
Ascentis® HPLC Columns
Elevated HPLC Performance  
from a Wide Range of Phases

 Wide range of  
chromatographic  
selectivities

 Enhanced polar  
compound retention

 Ideal for LC-MS  
and all modern  
applications
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Ascentis: Elevated HPLC Performance
We have placed heavy emphasis on optimizing 

Ascentis phases with relation to the three terms of 

the resolution equation: efficiency, retention and 

selectivity. However, our strongest emphasis has been on 

the most powerful term, selectivity. Together, Ascentis 

bonded phases have a wide range of selectivities.  

It is likely that one or more Ascentis phase will accomplish  

any small molecule HPLC separation.

Packed in micro- to preparative hardware dimensions, 
Ascentis products cover all HPLC application areas, including 
the most sensitive trace-level analyses.

The General Features of the Ascentis Family Include:

 High purity, type B silica for inertness, reproducibility and stability

 Modern bonding processes that optimize bonded phase coverage  
and maximize stability, while minimizing bleed and unwanted 
secondary interactions

 Wide selection of bonded phase chemistries and bare silica

 Phases with enhanced polar compound retention

 Compatible with LC-MS and all of today’s sensitive instruments  
and methods

 Scalable selectivity from analytical to preparative

 High surface area silica for high preparative loading capacity

Ascentis HPLC columns represent a continuum of improvement through innovations in HPLC technology.

Ascentis Characteristics

Phase USP Code Key Competitive Feature Modes Primary Uses Page

Ascentis C18 L1 High surface area, inert surface Reversed-phase Small molecules and peptides 9

Ascentis RP-Amide  L60 Phase stability, low bleed Reversed-phase Excellent “first choice” alternative to C18 for routine 10 

    RP method development. Polar molecules, especially  

    phenolics and other H-bond donors, acids, bases  

    (uncharged), anilines

Ascentis Phenyl L11 Phase stability, low bleed Reversed-phase,  Ring systems and strong dipoles, -acids, -electron 12 

   HILIC acceptors, heteroaromatics, nitroaromatics

Ascentis ES Cyano L10 Phase stability Reversed-phase,  Polar compounds, strong dipoles, 14 

   HILIC, 100% Aqueous tricyclic antidepressants

Ascentis Silica L3 High loading capacity, controlled and Normal phase  Non-polar compounds (in NP mode), highly-polar 16 

  uniform surface activity (non-aqueous), HILIC compounds (in HILIC mode), nucleosides, amino acids

Ascentis C8 L7 High surface area, inert surface Reversed-phase Small molecules and peptides 18

Discovery® HS F5* L43 Orthogonal selectivity to C18, ours is Reversed-phase,  All electron and -electron donors, bases (charged), 20 

  well-characterized HILIC, ion-exchange  positional isomers

* We have chosen to include Discovery HS F5 in this brochure because of its complementary selectivity to the Ascentis phases and its benefits for certain analytes.

ordering: 800-247-6628 (US only) / 814-359-3441
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Developing HPLC Methods on Ascentis
Selecting An Ascentis Column

Column Screening: The Ascentis & Discovery  

Method Development “Tool Kit”

We recommend every HPLC method developer have these 
five columns in their arsenal. 

Ascentis C18 – Classic C18 selectivity will achieve  
most reversed-phase separations

Ascentis RP-Amide – For enhanced retention and 
performance of polar compounds, especially bases 
(uncharged) and compounds with H-bond potential

Ascentis Phenyl – For enhanced retention and performance 
of polar compounds, especially ring systems, dipoles, and 
nitroaromatics

Ascentis ES Cyano – Extra stable for low pH mobile phases 
due to sterically protected phase. Useful for polar selectivity 
in reversed-phase mode.  Also useful as an alternative to 
silica in HILIC mode

Discovery HS F5 – For enhanced retention and performance 
of polar compounds, especially bases (charged) and when the 
sample contains a mixture of non-polar and polar compounds

Simply screen these five columns in your desired mobile 
phase, using your preferred column.

Choosing an Ascentis or Discovery Phase Based on  

Compound Class and Separation Challenge or Objective

Typically, Ascentis C18 is the first choice for starting a new 
method. However, when a C18 doesn’t give the desired 
separation or your sample contains compounds that are 
known to be difficult to retain or resolve on a C18, consider 
changing the stationary phase. The range of selectivity 
provided by Ascentis and Discovery phases makes this easy. 
The flow chart below helps guide the selection of Ascentis 
or Discovery phase based on the particular compound type 
or separation challenge. For more information about each 
phase, and the other Ascentis phases, please refer to their 
dedicated pages in this brochure.

Column selection guidelines for Ascentis and Discovery phases based  

on compound class and separation challenge or objective.

Desire to Improve Retention 

or Resolution on C18

Non-Polar 

Compounds

Mixture of Polar and 

Non-Polar Compounds

Polar 

Compounds

Very Polar 

Compounds

Geometric 

Isomers

Poor Peak Spacing: Too much retention 

of non-polar compounds and/or too little  

retention of polar compounds

Too Much 

Retention

Not Enough 

Separation

Not Enough 

RP Retention, 

LC-MS

Poor Peak Shape

 (Basic Compounds)

Retention Too Short or Inad-

equate Separation

Normal 

Phase

Reversed- 

Phase

HILIC 

Mode

Basic 

Compounds

H-Bonding, 

Phenolic,  

Acidic or 

Hydroxylated 

Compounds

 Electron-

Acceptors

Nitro-

aromatics, 

Hetero-

aromatics

Strong 

Dipoles
 Electron-

Donors

UnchargedCharged

Ascentis 
C8

Discovery 
HS F5

Ascentis 
RP-Amide

Ascentis 
Phenyl

Discovery 
HS F5

Ascentis 
RP-Amide

Ascentis 
Silica

Discovery 
HS F5

Ascentis 
Silica

Ascentis ES 
Cyano

Ascentis ES 
Cyano

Ascentis ES 
Cyano

Ascentis ES 
Cyano

or or or or

TRADEMARKS: ACE - Advanced Chromatography Technologies; Ascentis, Discovery, CHIROBIOTIC, CYCLOBOND, CHIRALDEX, CHROMASOLV - Sigma-Aldrich Biotechnology LP; 

Fused-Core - Advanced Materials Technology, Inc.; Nucleosil - Machery-Nagel; Prodigy - Luna; Symmetry, XTerra - Waters Corporation; Zorbax - Agilent Technologies
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Harnessing the Power of  

Chromatographic Selectivity

The power of chromatographic selectivity is demonstrated in this 

example. The C18 column elutes the impurity in the downslope of the 

major peak, limiting the ability to detect and quantify the impurity. By 

using a column with different selectivity, in this case an Ascentis RP-

Amide, the impurity peak is eluted before the main peak.

Chromatographic resolution is a function of column 
efficiency (N), retention (k) and selectivity ( ). It is usually 
written in the form of the resolution equation:

When resolution is plotted vs. these three parameters in 
Figure 1, it becomes apparent that selectivity has the 
greatest affect on resolution.

The Power to Accomplish  

Difficult Separations

One of the most important reasons why selectivity is 
leveraged in HPLC is to resolve closely-eluting compounds.  
A good example of this is the need to quantify a compound 
that elutes in the tail of a more abundant compound, 
perhaps a low-level impurity in the presence of the parent 
compound, like shown in the Figure 2. By altering the 
stationary phase, in this case going from a C18 to an 
RP-Amide, the impurity can be eluted before the main peak, 
thereby allowing more sensitive and reliable quantification.

Figure 1. Affect of Selectivity on Improving Resolution

Figure 2. Impurity Eluted on the Downslope of the  

Main Peak on C18  — Difficult to Quantify

Impurity Eluted Before the Main Peak on  

Ascentis RP-Amide – Better Quantification

C18

Ascentis  

RP-Amide

I

I

technical service: 800-359-3041 (US and Canada only) / 814-359-3041
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Key Ascentis Application Areas
Polar Analytes: Enhanced Retention,  

Selectivity, and Compatibility with  

Highly-Aqueous Mobile Phases

Polar compounds are difficult to analyze by traditional 
reversed-phase because they lack the high proportion of 
hydrophobic character necessary for retention. Since most 
pharmaceutically- and biologically-active compounds are 
highly polar, this has presented a continual problem in 
HPLC. From the beginning of our commitment to HPLC 
innovation, we have focused on bonded phase to enhance 
polar compound retention.

Stationary Phases with Enhanced Polar Compound 

Retention Compared to C18

Rather than relying solely on dispersive forces to achieve 
retention, our column portfolio contains bonded phases 
that lend additional retentive character toward analytes 
with specific polar functional groups.

Figure 3. H-bonding (Ascentis RP-Amide)

 column: Ascentis RP-Amide & C18, 15 cm x 4.6 mm I.D., 5 μm particles

 mobile phase: 70:30, water with 0.1% TFA:acetonitrile

 f low rate: 1 mL/min

 temp.: 35 °C

 det.: UV at 220 nm

 injection: 10 μL

Figure 4. -  Interactions (Ascentis Phenyl)

 column: Ascentis C18, 15 cm x 4.6 mm I.D., 5 μm particles (581324-U)

  Ascentis Phenyl, 15 cm x 4.6 mm I.D., 5 μm particles (581616-U)

 mobile phase: 40:60, acetonitrile:water

 f low rate: 1.0 mL/min.

 temp.: 30 °C

 det.: UV at 210 nm

 injection: 5 μL

 sample: nitrobenzene, m-dinitrobenzene, 1,3,5-trinitrobenzene

Figure 5. Ion Exchange (Discovery HS F5)

 column:  Discovery HS F5, 15 cm x 4.6 mm I.D., 5 μm particles (567516-U)

  conventional C18, 15 cm x 4.6 mm I.D., 5 μm particles

 mobile phase: 30:70, 10 mM ammonium acetate (pH 6.98): CH3CN

 flow rate: 2.0 mL/min.

 temp.: 35 °C

 det.: photodiode array

 injection: 5 μL

Ascentis RP-Amide exhibits strong retention relative to C18 for phenols 

and organic acids.

Ascentis Phenyl exhibits strong π-π interactions with the π-acidic 

nitroaromatics. Addition of each nitro group increases retention.

Discovery HS F5 exhibits enhanced retention from ion exchange interac-

tions with ionized analytes.
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C18

 1. 4-Hydroxybenzoic Acid

 2. Acetylsalicylic Acid

 3. Benzoic Acid

 4. 2-Hydroxybenzoic Acid

 5. Ethyl paraben

Ascentis RP-Amide
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                     Min
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                     Min
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C18

Discovery HS F5
 1. Methcathinone

 2. Ephedrine

G004075

Ascentis C18

Ascentis Phenyl
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HILIC Mode: Enhanced Retention and High MS-Suitability

Highly-polar compounds, like underivatized amino acids, 
nucleosides and nucleotides, are not well-retained by 
reversed-phase HPLC. However, under HILIC (hydrophilic 
interaction chromatography) conditions, they can be 
retained. HILIC is a variation of normal phase HPLC where the 
mobile phase contains high percentages of organic modifier. 
It is also called “aqueous normal phase” or ANP. Under high 
organic conditions, polar interactions become prominent 
which can lead to increased retention. Ascentis Phenyl, 
Ascentis ES Cyano, Ascentis Silica and Discovery HS F5 exhibit 
HILIC character under highly-organic mobile phases. An 
added benefit of HILIC mobile phases is the high organic 
(often >90%) is amenable to MS detection. 

Figure 7. Separation of Organic Acids on  

Ascentis RP-Amide

 column: Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 5 μm particles (565324-U)

 mobile phase: 25 mM monobasic potassium phosphate  

  (pH 3.0 with phosphoric acid)

 f low rate: 1 mL/min.

 temp.: 35 °C

 det.: UV at 230 nm

 injection: 10 μL

 1. Dehydroascorbic acid

 2. Ascorbic acid

G004078 G002722

Stability in Highly-Aqueous Mobile Phases

Unless working in HILIC mode, mobile phases for polar 
compounds are often highly-aqueous, with only small 
percentages of organic modifiers. Under such conditions, C18 
phases are not wetted, which causes two problems. First, the 
bonded phase molecules coalesce resulting in phase collapse 
and subsequent loss of hydrophobic retention. Second, 
analytes have an unpredictable approach to the silica surface, 
resulting in irreproducible and unstable retention run-to-run 
and column-to-column. Ascentis Phenyl, Ascentis ES Cyano, 
Ascentis RP-Amide, and Discovery HS F5 are completely 
aqueous-compatible, and will not undergo phase collapse 
even in mobile phases that contain 100% water.
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Figure 6. Separation of Nucleosides on  

Ascentis Phenyl

 column: Ascentis Phenyl, 15 cm x 2.1 mm I.D., 5 μm particles (581613-U)

 mobile phase: 10 mM ammonium formate (pH 3.0 with formic acid)

 f low rate: 0.2 mL/min

 temp.: 35 °C

 det.: UV at 270 nm

 injection: 1 μL

 1. Cytidine (0.1 g/L)

 2. Deoxycytidine (0.1 g/L)

 3. Uridine (0.1 g/L)

 4. Guanosine (0.1 g/L)

 5. Adenosine (0.1 g/L)

 6. Deoxyguanosine (0.1 g/L)

 7. Deoxyadenosine (0.1 g/L)

 8. Thymidine (0.1 g/L)

Selecting the Right Buffer

A partial list of common buffers and their correspond-
ing useful pH range is supplied. Perhaps the most 
common buffer in HPLC is the phosphate ion. Although, 
with the growth of LC-MS, volatile buffers such as TFA, 
acetate, formate, and ammonia are becoming more 
frequently used. Remember, the purpose of a buffer in 
the mobile phase is to inhibit a pH change in the mobile 
phase after the introduction of a sample. When 
developing a method, it is important to select a mobile 
phase with a final pH at least one pH unit away from any 

analytes pK value. As a rule of thumb, one should work 
within a ±1 pH unit of the buffer pKa. Typical buffer 
concentrations for HPLC tend to be 10-100 millimolar level.

 Buffer pKa @ 25 °C Useful pH Range

 Trifluoroacetic acid (TFA) 0.5 <1.5

 Phosphate 1 2.1 1.1 - 3.1

 Formate 3.8 2.8 - 4.8

 Acetate 4.8 3.8 - 5.8

 Phosphate 2 7.2 6.2 - 8.2

 Ammonia 9.2 8.2 - 10.2

 Phosphate 3 12.3 11.3 - 13.3

1

2

ordering: 800-247-6628 (US only) / 814-359-3441

Ascentis Phenyl – 

100% Aqueous- 
Compatible

Ascentis RP-Amide – 

100% Aqueous- 
Compatible
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LC-MS Compatibility Through Phase  

Stability, Retentivity and Inertness

In today’s laboratory, HPLC columns and bonded phases 
must be compatible with mass spectrometric detection. 
Complete MS compatibility is an important design input for 
all Ascentis phases.

Negligible Phase Bleed

Loss of stationary phase can contribute to high back-
ground interference in all forms of detection, but it is most 
notable in MS detection where phase bleed can also lead to 
fouling of the instrument and subsequent downtime for 
cleaning and repair. Modern bonding procedures and an 
intelligent selection of the Ascentis phase chemistry 
combine to give all Ascentis phases low detectable bleed 
under MS and sensitive UV detection.

Amide Chemistry Avoids the Need for TEA  

and TFA Additives

Silanol-suppressing mobile phase additives, like TEA and 
TFA, are required for good peak shape on traditional HPLC 
phases. However, because they suppress the MS signal they 
should be avoided. Ascentis RP-Amide, by virture of the 
embedded amide group, does not require silanol-suppress-
ing additives for good peak shape. Formic acid is a suitable 
acidic modifier for use with Ascentis RP-Amide columns.

Ascentis pH Stability: Extending the 

Working pH Range

Occasionally, HPLC mobile phases outside the normal pH  
2-7 range are desired to control sample stability, solubility or 
ionization state, or for compatibility with detection methods.  
A limitation of most silica-based HPLC phases is their 
instability outside this range where hydrolysis of the bonded 
phase and dissolution of the underlying silica can occur. 
Ascentis columns have excellent stability compared to 
competitive silica-based columns. The high bonded phase 
coverage and proprietary endcapping combine to increase 
resistance to hydrolysis and dissolution. As a result, Ascentis 
columns can be used successfully between pH 1.5-10 under 
certain conditions. Note, however, that it is important to avoid 
storing Ascentis columns, and any silica-based column, in 
harsh mobile phases.

Ascentis Provides Scalable Separations 

from Microbore to Preparative

Time and precious samples are wasted during scale-up if 
the analytical and preparative columns do not give the same 
elution pattern. The high surface area of the underlying 
Ascentis silica provides high loading capacity to purify larger 
quantities of material. Additionally, bonded phase and silica 
chemistry are uniform across 3,5, and 10 μm particle sizes. 
These features combine to ensure that analytical separations 
that are developed on Ascentis 3 or 5 μm particles are 
completely scalable to preparative separations on Ascentis 
10 μm particles and larger columns. Additionally, separa-
tions developed on 5 or 10 μm particles can be scaled down 
for fast analysis on Ascentis 3 μm particles. 

  Ascentis 10 μm particles in large column dimensions are ideal for 
isolating and purifying mg to gram amounts of compounds for 
further characterization. 

  Ascentis 3 μm particles in short columns are ideal for rapid analysis 
and LC-MS applications. 

Guidelines for Preparing  

Mobile Phases

It should be understood that slight variations in pH and 
buffer concentration could have a dramatic affect on the 
chromatographic process; consistent and specific 
techniques should be a regular practice in the prepara-
tion of mobile phases. A common practice is to place a 
sufficient amount of pure water into a volumetric flask 
and add an accurate amount of buffer. The pH of the solu-
tion should be adjusted, if necessary, and then dilute to 
final volume of water prior to adding or blending of 
organic solvents. Then, add a volumetrically measured 
amount of organic solvent to obtain the final mobile 
phase. Thorough blending, degassing, and filtering prior 
to use is also recommended.

To view a listing of suitable HPLC and LC-MS additives 
and solvents, visit sigma-aldrich.com/lc-ms-solvents
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Ascentis C18
The First Choice for Classic C18 Retention and Selectivity 

Optimization of silica and bonded phases make Ascentis C18 a true workhorse for the vast majority of HPLC separations. High 
surface area and phase stability give it perfect character for demanding LC-MS and preparative separations.

Notes

Modern C18 columns have very similar selectivity, even for 
basic compounds, because silica quality and bonding 
techniques have improved to the point that silanol effects 
are minimal. Unless quality with your current column is the 
issue, the main reasons for evaluating different brands of 
C18 columns are for improved peak shape and for slight 
changes in selectivity.

 * Under certain conditions, the Ascentis family can be operated in the extended pH range. For 

more information, request an electronic file of “Acid/Base Stability of Silica Based on C8, C18, 

and Amide HPLC Columns” (T406018)

Features:

  Classic C18 selectivity
  High non-polar retentivity
  Symmetric peak shape
  Highly reproducible and stable
  Ideal for LC-MS

Key Applications: 

General reversed phase, hydrophobic and polar compounds

Properties:

 USP code: L1

 Bonded phase description: Octadecyl

 Endcapped: Yes

 Particle composition: Type B silica gel

 Particle purity: <5 ppm metals

 Particle shape: Spherical

 Particle size: 3, 5 and 10 μm

 Pore size: 100 Å

 Surface area: 450 m2/g

 Carbon load: 25%

 pH range (recommended): 2-8

 Extended pH range*: 1.5-10

Characterization of Chromatographic Performance on Ascentis C18

Use

The classic reversed-phase column, Ascentis C18 is suitable 
for any method that specifies a C18-type column. Its high 
surface area gives Ascentis C18 strong hydrophobic retention 
and high loading capacity for preparative applications. 

LC-MS Implications

Ascentis C18 is low-bleed for clean ESI and APCI traces. 
The high retentivity means that the mobile phase can 
contain high levels of organic modifier that are more 
readily desolvated.

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, W. Roe, J. Chromatogr. A, 1154 (2007)  

138-151. Ascentis data developed by Supelco/Sigma-Aldrich scientists using the Euerby methodology or obtained directly from cited references. Data for Aromatic selectivity is calculated  

as aTNB/NB/aTNB/DNT.

Acidic Ion Exchange Capacity at pH 2.7

Ion Exchange Capacity at pH 7.6

Hydrogen Bonding Capacity

Shape Selectivity

Hydrophobic Selectivity

Hydrophobic Retention

technical service: 800-359-3041 (US and Canada only) / 814-359-3041
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Ascentis C18: Top of Its Class in Hydrophobic Retentivity

Figure 8. Symmetrical Peaks for Basic Compounds Indicative of  

High Surface Deactivation of Ascentis Phases

 column: Ascentis C18, 15 cm x 4.6 mm I.D., 5 μm particles (565324-U)

 mobile phase: 30:70; 25 mM ammonium phosphate,  

  pH 7.0: methanol

 f low rate: 1.5 mL/min.

 temp.: 35 °C

 det.: UV at 254 nm

 inj.: 20 μL

 1. Desmethyl doxepin

 2. Protriptyline

 3. Desimpramine

 4. Nortriptyline

 5. Doxepin

 6. Impramine

 7. Amitriptyline

 8. Trimpramine

G003369
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Figure 9. Estrogenic Steroids on Ascentis C18

 column: Ascentis C18, 15 cm x 4.6 mm I.D., 5 μm particles (581324-U)

 mobile phase: 55:45, water:acetonitrile

 f low rate: 1 mL/min.

 temp.: 35 °C

 det.: UV at 220 nm

 inj.: 10 μL

 1. Estriol

 2. -Estriol

 3. -Estriol

 4. Estrone

Ascentis C18 is one of the most 
retentive reversed-phase columns 
available. High retentivity extends 
the linear range of loading capacity, 
making Ascentis C18 ideal for 
separations that are or might be 
used for preparative applications. 
High retentivity also means 
Ascentis C18 can accommodate the 
highly-organic mobile phases 
encountered in LC-MS.

Analysis of basic compounds at 
neutral pH often gives longer 
retention compared to acidic 
mobile phases, but sometimes 
causes poor peak shape due to 
silanol interactions. The highly-inert 
surface of Ascentis C18, as with all 
Ascentis phases, permits analysis in 
neutral pH mobile phases. In this 
example, a mix of tricyclic antide-
pressants at pH 7 shows excellent 
peak shape on Ascentis C18.

0 1 2 3 4 5 6 7 8 9

                  k
Pentylbenzene

Ascentis® C18

Prodigy® ODS-3

Zorbax® Extend-C18

Symmetry® C18

Luna® C18 (2)

Nucleosil® C18

ACE® C18

XTerra® MS C18

Discovery® C18

Ascentis C18 provides the 
selectivity and retention for a range 
of compounds including steroids.  
Ascentis C18 is a reliable first choice 
HPLC column that gives symmetric 
peak shape and excellent retention 
for even difficult compounds.

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, 

W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed by Supelco/Sigma-Aldrich scientists using the Euerby methodology or 

obtained directly from cited references. Data for Aromatic selectivity is calculated  

as aTNB/NB/aTNB/DNT.
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Ascentis RP-Amide
Ultra-Low Bleed Alkyl Amide Phase that Rivals C18 as a Generic Scouting Column. 

Excellent Peak Shape and Resolution, Especially for Polar Compounds or Mixtures 

of Compound Polarity

As pioneers in embedded polar group (EPG) phases for HPLC, Supelco is pleased to offer Ascentis RP-Amide, which has all the 
benefits of enhanced polar compound retention and selectivity, without any of the disadvantages of competitive EPG phases.

Features

  Improved peak shape for bases compared to C18
  Different selectivity than C18 or C8 for wide range 

of polar compounds (especially acids)
  Lower bleed than competitive EPG phases
  100% aqueous compatible

Key Applications

Small, water soluble molecules and peptides, H-bond donors, 

acids, phenols, basic compounds, polar compounds

Properties

 USP code:  L60

 Bonded phase description:  Stable amide group embedded in an  

  18-carbon chain

 Endcapped:  Yes

 Particle composition:  Type B silica gel

 Particle purity:  <5 ppm metals

 Particle shape:  Spherical

 Particle size:  3, 5 and 10 μm

 Pore size:  100 Å

 Surface area:  450 m2/g

 Carbon load:  19.5%

 pH range (recommended):  2-8

 Extended pH range*: 1.5-10

Characterization of Chromatographic Performance on Ascentis RP-Amide

Acidic Ion Exchange Capacity at pH 2.7

Ion Exchange Capacity at pH 7.6

Hydrogen Bonding Capacity

Shape Selectivity

Hydrophobic Selectivity

Hydrophobic Retention

Use

Ascentis RP-Amide can be used for many of the same 
separations as a C18 while avoiding some of the disadvan-
tages of C18 such as poor wettability in high aqueous mobile 
phases. In addition, it is much more retentive for those 
molecules that can interact by hydrophobic interactions and 
also by H-bonding with the amide group. Compared to 
alkyl-only phases, Ascentis RP-Amide has enhanced retention 
and selectivity for phenols, organic acids and other polar 
solutes due to strong H-bonding between the amide carbonyl 
(H-bond acceptor) and H-bond donors, like phenols and acids. 
Compared to other EPG phases, like carbamates, ureas, 
sulfonamides and ethers, Ascentis RP-Amide gives retention 
comparable to C18 and C8 for easy column comparison 
without the need to change mobile phase conditions. 

LC-MS Considerations 

Unlike other amide-based phases, Ascentis RP-Amide uses 
an amidosilane reagent and a one-step bonding method 
similar to C18. Polymeric reagents are also employed to 
achieve maximum stability and low bleed with all modern 
HPLC detectors. 

Notes

  Generally, acids are retained more and bases retained less on 
RP-Amide compared to C18 and C8 columns.

  Methanol can be comparable in elution strength to acetonitrile 
when compounds are retained by H-bonding mechanism on the 
RP-Amide phase.

 * Under certain conditions, the Ascentis family can be operated in the extended pH range. For 

more information, request an electronic file of “Acid/Base Stability of Silica Based on C8, C18, 

and Amide HPLC Columns” (T406018)

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed 

by Supelco/Sigma-Aldrich scientists using the Euerby methodology or obtained directly from cited references. Data for Aromatic selectivity is calculated as aTNB/NB/aTNB/DNT.

ordering: 800-247-6628 (US only) / 814-359-3441
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Because the amide group lies near the silica surface, it is 
believed to suppress tailing of basic solutes by electrostatic 
shielding (repulsion) or by interacting preferentially with the 
silanols (H-bonding between the phase and the substrate). 
The absence of unwanted silanol and other secondary 
interactions gives the Ascentis RP-Amide excellent peak 
shape for both acids and bases. This example of internal 
deactivation with acetaminophen and pseudoephedrine 
(Figure 11) shows the dramatic effect of changing stationary 
phase: not only are the peaks more symmetrical, but elution 
order is reversed. 

Figure 11. Improved Efficiency, Selectivity and 

Resolution of Ascentis RP-Amide vs. C18

 column: Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 5 μm particles (565324-U)

  Ascentis C18, 15 cm x 4.6 mm I.D., 5 μm particles (581324-U)

 mobile phase: 15:85, acetonitrile: 25 mM potassium phosphate

 flow rate: 1 mL/min.

 temp.: 35 °C

 det.: UV at 214 nm

 inj.: 10 μL

 1. Acetaminophen

 2. Pseudoephedrine

G003788

Figure 12. Enhanced Phenolic Compound Reten-

tion via H-bonding on Ascentis RP-Amide

 column: Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 5 μm particles (565324-U)

 mobile phase: 75:25, 20 mM phosphoric acid:acetonitrile

 f low rate: 1.5 mL/min

 temp.: 30 °C

 det.: UV at 270 nm

 injection: 1 μL

 1. Resorcinol 

 2. Catechol 

 3. 2-Methyl resorcinol 

 4. 4-Methyl catechol 

 5. 2,5-Dimethyl resorcinol 

 6. 3-Methyl catechol

 7. 4-Nitro catechol

G003789

Ascentis RP-Amide

Ascentis C18

Figure 10. Structure of Ascentis RP-Amide

G003757

An Ascentis RP-Amide column is more retentive and 
selective for phenolic compounds, like catechols and 
resorcinols, compared to a C18 and an ether-type polar 
embedded phase (Figure 12). The ether phase does not 
have the ability to H-bond with phenolic groups like the 
amide group does. Although comparing an ether phase to 
a C18 phase may be useful if only slightly different selectiv-
ity is needed, the most dramatic results for acids such as 
phenols and carboxylic acids will be obtained with 
amide-based phases, like Ascentis RP-Amide.

0 2 4
Min

1 2

3

5

4

G003593

G003790

G003592

1

2

3

4

5

6

7

1
2

3

4

5

6
7

Ascentis RP-Amide
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Ascentis Phenyl
Ultra-low Bleed Phenyl Phase with Enhanced Phenyl Selectivity

Phenyl-based reversed-phases were one of the first alternatives to C18 selectivity. Our Ascentis Phenyl has been improved to offer 
exceptional phase stability and enhanced phenyl retention. Ascentis Phenyl offers versatility by also operating in the HILIC mode.

Features

  Low-bleed for MS or UV gradient applications 
due to the use of trifunctional bonding reagent

  Outstanding phenyl selectivity due to high 
phase loading and short butyl spacer

  100% aqueous-compatible for highly-polar 
compounds

Key Applications

Small, water soluble molecules and peptides, π-acceptors, nitroaromatics, 

polar compounds, dipoles, heterocyclics, HILIC mode

Properties

 USP code: L11

 Bonded phase description: Phenyl ring with short butyl spacer

 Endcapped:  Yes

 Particle composition:  Type B silica gel

 Particle purity:  <5 ppm metals

 Particle shape:  Spherical

 Particle size:  3, 5 and 10 μm

 Pore size:  100 Å

 Surface area:  450 m2/g

 Carbon load:  19.5%

 pH range (recommended):  2-8

 Extended pH range*: 1.5-10

Characterization of Chromatographic Performance on Ascentis Phenyl

Acidic Ion Exchange Capacity at pH 2.7

Ion Exchange Capacity at pH 7.6

Hydrogen Bonding Capacity

Shape Selectivity

Hydrophobic Selectivity

Hydrophobic Retention

Use

Phenyl phases are -basic (electron donating) and are 
similar in overall retention to alkyl and EPG phases for easy 
column screening. The alternate selectivity of phenyl phases 
is often explained by the -  interactions available through 
the phenyl ring. Compounds that appear to exhibit differen-
tial selectivity on the phenyl phase include: 

  hydrophobic bases (TCAs, tetracyclines)

  moderate bases (anesthetics and narcotic analgesics)

  benzodiazepines

  some acidic compounds such as ACE inhibitors and  
quinoline antibiotics

  nucleosides (e.g. cytidine)

  nitro, azide and sulfonyl compounds

Notes

  Methanol can be a more selective mobile phase  
component than acetonitrile.

  Activate HILIC mode by using highly-aqueous  
(>90%) mobile phases.

 * Under certain conditions, the Ascentis family can be operated in the extended pH range. For 

more information, request an electronic file of “Acid/Base Stability of Silica Based on C8, C18, 

and Amide HPLC Columns” (T406018)

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed 

by Supelco/Sigma-Aldrich scientists using the Euerby methodology or obtained directly from cited references. Data for Aromatic selectivity is calculated as aTNB/NB/aTNB/DNT.

technical service: 800-359-3041 (US and Canada only) / 814-359-3041
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Figure 14. Better Phenyl Selectivity on Ascentis Phenyl Compared to  

Competitive Phases

 column: Ascentis Phenyl, 15 cm x 4.6 mm I.D., 5 μm particles (581616-U)

 mobile phase: 40:60, 10 mM ammonium acetate (pH 5.5 with acetic acid):acetonitrile

 f low rate: 1 mL/min.

 temp.: 35 °C

 det.: UV at 254 nm

 injection: 1 μL

Aromatic Selectivity - Phenyl

Ascentis® Phenyl

Luna Phenyl Hexyl 

XBridge Phenyl

Ace Phenyl

Inertsil Phenyl

Zorbax SB Phenyl

Gemini Phenyl Hexyl

Hypersil (BDS) Phenyl

Betabasic Phenyl

XTerra Phenyl

Hypersil Phenyl

0 0.5 1 1.5 2 2.5 3

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, 

W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed by Supelco/Sigma-Aldrich scientists using the Euerby methodology 

or obtained directly from cited references. Data for Aromatic selectivity is calculated  

as aTNB/NB/aTNB/DNT.

Most commercially-available phenyl 
phases actually show a great deal of 
C18-like selectivity, negating their 
impact on improving the separation. 
With the highest level of true phenyl 
character among all phases tested, 
Ascentis Phenyl has excellent aromatic 
selectivity, making it a true alternative 
to traditional C18.

The short, butyl spacer of Ascentis 
Phenyl does not dilute the phenyl 
character as conventional hexyl 
spacers do. Figure 14 shows the 
stronger contribution of -electron 
interactions from the phenyl ring on 
Ascentis Phenyl compared to the 
phenylhexyl phase allowing it to 
resolve buspirone and trazadone.  
The phenyl and alkyl selectivity tend to 
cancel each other out on the competi-
tive phenylhexyl phase in this case.

G004105
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Phenyl Hexyl 

type

Ascentis Phenyl
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                                     Min

SiSi

Figure 13. Structure of  

Ascentis Phenyl

G004119

G004104
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 1. Trazadone

 2. Buspirone

G003218

Trazadone

G003603

Buspirone
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Ascentis ES Cyano
Extra stable for low pH mobile phases due to sterically protected phase

Useful for polar selectivity in the reversed-phase mode, including -  and dipole-dipole interacting compounds. Can also be 
used in HILIC mode and normal phase chromatography.

Features:

  Enhanced stability at low pH
  Operates in reversed-phase, HILIC and normal 

phase modes of chromatography
  Low MS bleed
  100% aqueous compatible
  Available as 3 μm and 5 μm particles

Key applications:  

polar compounds, nitroaromatics, tricyclic antidepressants, steroids 

Properties:

 USP Code: L10

 Bonded phase description: diisopropyl cyano propyl

 Endcapped: Yes

 Particle composition:  Type B silica gel

 Particle purity:  < 5 ppm metals

 Particle shape: Spherical

 Particle size:  3 and 5 μm

 Pore size:  100 Å

 Surface area:  450 m2/g

 Carbon load:   10 %

 pH range recommended:  1-8

Use

Cyano phases have become very popular because of their 
unique selectivity for polar groups and double bonds. Their 
potential for dipole/dipole and dipole/induced-dipole 
interaction made them one of the earliest stationary phase 
functional groups when alternate selectivity was needed.  In 
the past, stability of the cyano phase under reversed-phase 
and HILIC conditions has been poor. Exposure to aqueous 
organic mobile phases, acidic pH and elevated temperatures 
can create gradual retention and selectivity loss that is 
reportedly due to stationary phase hydrolysis. A new Ascentis 
ES Cyano column, based on 3 and 5 μm porous silica sub-
strate, has been developed. This new phase compares very 
favorably in stability to C18, C8, Amide and Phenyl.

Notes

  Can be used in reversed, HILIC and normal phase modes

  It is best to dedicate a specific column to one mode of  
chromatography mentioned above.

  Methanol gives more selectivity than acetonitrile in the  
reversed phase mode.

  Cyano phases are used in EPA Method 8330 (1) for the  
analysis of explosives and nitroaromatics.

Figure 15. Structure of Ascentis ES Cyano

G004970

 1. US EPA Method 8330A, “Nitroaromatics and Nitramines by High Performance Liquid Chromatog-

raphy (HPLC)” Revision 1 (February 2007), obtained from the www.epa.gov web site.

ordering: 800-247-6628 (US only) / 814-359-3441
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Figure 16. Comparison of  Tricyclic Antidepressants on Ascentis ES Cyano 

and a Competitor Cyano Phase

 column: as indicated; 15 cm x 4.6 mm, 5 μm particle

 mobile phase A: 20 mM potassium phosphate, dibasic (pH 7.0 with phosphoric acid)

 mobile phase B: acetonitrile

 mobile phase C: methanol

 mixing proportions: A:B:C, 25:60:15

 flow rate: 2.0 mL/min

 temp.: 25 °C

 det.: 215 nm

 injection: 5 μL

 sample: 100 μg /mL in 70:30, water: methanol

Cyano columns have been used for 
the analysis of tricyclic antidepressants 
for some time. A comparison of the 
most popular competitor column and 
the Ascentis ES Cyano phase is shown 
to the right. Better resolution is seen 
using the ES Cyano than the competi-
tor column for three critical peak pairs. 
In addition, note the selectivity change 
of the trimipramine and doxepin 
(peaks 1 and 2) between these two 
phases under these conditions.

 1. Trimipramine

 2. Doxepin

 3. Amitriptyline

 4. Imipramine

 5. Nordoxepin

 6. Nortriptyline

 7. Desipramine

 8. Protriptyline
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Figure 17. Structures of Tricyclic Antidepressants

Doxepin Amitriptylin

DesipramineImipramine
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Ascentis ES Cyano

Competitor Cyano
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G004087

Cortisone

Ascentis Silica
High Surface Area and High Surface Deactivation Combine to Give Ascentis Silica  

Exceptional Performance as a Normal Phase, HILIC and Preparative HPLC Material

Besides being the underlying support for all Ascentis phases, Ascentis Silica has applications in its own right. Silica is widely 
used to separate positional isomers in normal phase mode, and polar compounds in HILIC (aqueous normal phase modes). Silica 
is also used in organic synthesis to purify reaction mixtures. In each case, a high purity, controlled and uniform surface is neces-
sary to impart the desirable chromatographic performance.

Features

  High-loading capacity
  Operates in both normal-phase  

and HILIC modes
  Tested in both modes and shipped in  

ethanol, Ascentis Silica is ready to use  
in either mode

  Ultra-pure, spherical silica
  Available in 3, 5, and 10 μm

Figure 18. Ascentis Silica: Normal Phase Separation of Geometric Isomers  

and Closely-Related Compounds

 column: Ascentis Si, 15 cm x 4.6 mm I.D., 5 μm particles (581512-U)

 mobile phase:  88:12, hexane:ethanol

 f low rate: 1.0 mL/min.

 temp.: 35 °C

 det.: UV at 245 nm

 injection: 10 μL

 sample: 50 μg/mL in 85:15, hexane: 2-propanol

 1. Cortisone

 2. Prednisone

 3. Prednisolone

Key Applications

Small molecular weight positional (geometric) isomers, non-polar compounds 

(in NP mode), vitamins, steroids, polar compounds (in HILIC mode)

Properties

 USP code: L3

 Bonded phase description: None (surface comprises silanol, -Si-OH,  

  and siloxane, -Si-O-Si-, groups)

 Endcapped:  No

 Particle composition:  Type B silica gel

 Particle purity:  <5 ppm metals

 Particle shape:  Spherical

 Particle size:  3, 5 and 10 μm

 Pore size:  100 Å

 Surface area:  450 m2/g

 Carbon load:  0%

 pH range (recommended):  2-6

Use

  Normal phase and HILIC HPLC modes

  Preparative chromatography

  Purification (organic synthesis)

  LC-MS

 The classic use of silica columns  
is for normal phase HPLC. The rigid 
structure of the silica surface, as 
opposed to the flexible nature of 
bonded phases, allows it to distin-
guish between molecules with 
different footprints that may have 
the same hydrophobicity. Geometric 
isomers and closely-related sub-
stances, like the steroids shown in 
Figure 15, can be separated on 
Ascentis Silica under normal phase 
conditions. Normal phase is also 
widely used in preparative chroma-
tography because the mobile phase 
is more easily removed by evapora-
tion than the water-containing 
reversed-phase mobile phases.

G004084

1

2 3

G004085

Prednisolone

G004086

Prednisone

technical service: 800-359-3041 (US and Canada only) / 814-359-3041
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Ascentis Silica is used successfully 
in the aqueous normal-phase or 
HILIC mode. In this mode, water is 
the strong modifier and the organic 
is the weak modifier of the mobile 
phase. Like reversed-phase, HILIC 
offers the flexibility of using pH and 
ionic strength to control retention. 

HILIC is ideal for very polar  

compounds and is highly  

compatible with LC-MS. 

Elution order is generally opposite 
to that obtained under reversed-
phase conditions. Figure 16 compares 
Ascentis Silica with two competing 
silicas, demonstrating better resolu-
tion by virtue of excellent peak shape 
and high retentivity.

Figure 19. Ascentis Silica in HILIC Mode Gives Better Peak Shape and  

Retention of Basic Drugs than Competitive Silicas

 column:  15 cm x 4.6 mm I.D., 5 μm particles

 mobile phase:  10:90, 0.1% ammonium acetate in water (pH unadjusted): 

  0.1% ammonium acetate in acetonitrile

 temp.:  35 °C

 f low rate:  2 mL/min.  

 det.:  UV at 254 nm

 1. Heroin

 2. Oxycodone

 3. Codeine

 4. Morphine

G004088
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Figure 20. Ascentis Silica in HILIC Mode: Amino Acids

 column: Ascentis Si, 15 cm x 2.1 mm I.D., 5 μm particles (581509-U)

 mobile phase A: 100 mM ammonium formate  

  (pH 3.0, with formic acid)

 mobile phase B: water

 mobile phase C: acetonitrile

 temp.: 35 °C

 f low rate: 0.3 mL/min

 det.: ESI (+), full scan

 inj.: 2 μL

 sample: in 10:90, (50 mM ammonium formate/  

  formic acid, pH 3.0):acetonitrile

 Gradient

 Min %A %B %C

 0 5 10 85

 40 5 18 77

Polar biomolecules, like amino 
acids, nucleotides and nucleosides, 
typically require derivatization for 
their analysis by reversed phase 
HPLC. The HILIC mode offered by 
Ascentis Silica permits the retention 
and resolution of these compounds 
without derivatization, eliminating a 
time-consuming sample preparation 
step (Figure 17).

 1. Threonine 

 2. Serine 

 3. Asparagine 

 4. Glutamine 

 5. Glutamatic acid 
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Ascentis C8
One of The Most Hydrophobic C8 Phases Available

Leveraging the improvements to silica and bonded phase properties that made Ascentis C18 so useful, its shorter alkyl chain 
cousin, Ascentis C8, is also suitable for routine HPLC and LC-MS.

Features:

  Selectivity similar to C18 for  
non-polar compounds

  Different selectivity for polar compounds
  Less hydrophobic than C18, more  

hydrophobic than other C8 phase
  Symmetric peak shape
  Highly reproducible and stable
  Ideal for LC-MS

Characterization of Chromatographic Performance on Ascentis C8

Key Applications:

Small, water soluble molecules and peptides, less hydrophobic retention 

than C18 but comparable selectivity, LC-MS 

Properties:
 USP code:  L7

 Bonded phase description:  Octyl

 Endcapped:  Yes

 Particle composition:  Type B silica gel

 Particle purity:  <5 ppm metals

 Particle shape:  Spherical

 Particle size:  3 and 5 μm

 Pore size:  100 Å

 Surface area:  450 m2/g

 Carbon load:  15%

 pH range (recommended):  2-8

 Extended pH range*: 1.5-10

Acidic Ion Exchange Capacity at pH 2.7

Ion Exchange Capacity at pH 7.6

Hydrogen Bonding Capacity

Shape Selectivity

Hydrophobic Selectivity

Hydrophobic Retention

Use

Ascentis C8 is suitable for any 
method that specifies a C8-type 
column. Although C8 columns often 
show similar selectivity to C18 
columns, shorter alkyl chains 
sometimes show different selectivity 
toward polar compounds because 
they can solvate differently with the 
mobile phase and interact differently 
due to the size and shape of certain 
molecules. Also, C8 reagents are 
smaller than C18 reagents and have 
improved primary phase coverage, 
thereby requiring less end-capping. 
Ascentis C8 has excellent peak shape 
and very high phase stability. 

Ascentis C8: Top of Its Class in Hydrophobic Retentivity

Among commercially available C8 columns, Ascentis C8 has the highest degree 
of hydrophobic retention. This permits the use of higher percentages of organic 
modifier, a benefit to LC-MS users.

 * Under certain conditions, the Ascentis family can be operated in the extended pH range. For more information, request an electronic 

file of “Acid/Base Stability of Silica Based on C8, C18, and Amide HPLC Columns” (T406018)

Ascentis® C8

Symmetry® C8 

Nucleosil® C8 HD

RP Select B C8

Genesis C8

Zorbax® SB-C8

HyPurity C8

YMC Basic C8

XTerra MS C8

Discovery C8

0 1 2 3 4 5

                   k
Pentylbenzene

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed 

by Supelco/Sigma-Aldrich scientists using the Euerby methodology or obtained directly from cited references. Data for Aromatic selectivity is calculated as aTNB/NB/aTNB/DNT.

Data cited from same source as above.

ordering: 800-247-6628 (US only) / 814-359-3441
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Figure 21. Fast Gradient Analysis on Ascentis Columns

 column: Ascentis C8, 3 cm x 3.0 mm I.D., 5 μm particles (581440-U)

 mobile phase A: 95:5, 10 mM ammonium phosphate:acetonitrile, pH 2.5 

 mobile phase B: 40:60, 10 mM ammonium phosphate:acetonitrile, pH 2.5

 f low rate: 3.5 mL/min

 temp.: 35 °C

 det.: 220 nm

 inj.: 10 μL

 gradient: 0% B to 100% B in 4 min.

 1. p-Toluidine

 2. p-Nitroaniline

 3. p-Nitrophenol

 4. p-Cresol

 5. p-Nitrobenzoic acid

 6. p-Methylbenzoic acid

 7. p-Nitrotoluene

 8. p-Xylene
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G003377

Ascentis C8 often yields enhanced 
retention than Ascentis C18 for small 
polar molecules under highly 
aqueous conditions. Greater retention 
for Ascentis C8 may be related to 
greater wettability of Ascentis C8 as 
compared to Ascentis C18.

Figure 22. Polar Molecules Under Highly Aqueous Conditions

 column: Ascentis C8, 15 cm x 4.6 mm I.D., 5 μm particles (581424-U)

 mobile phase: 3:97, methanol:water with 0.1% TFA

 flow rate: 1 mL/min.

 temp.: 35 °C    

 det.: UV at 220 nm

 inj.: 10 μL

 1. L-tartaric

 2. Lactic Acid

 3. Citric Acid

 4. Fumaric Acid

 5. Acrylic Acid
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G003368

Analysis of bases at neutral pH 
often yields enhanced retention over 
acidic mobile phase but sometimes 
causes poor peak shape with C18 and 
C8 columns due to silanol interac-
tion. In this example, a mix of tricyclic 
antidepressants at pH 7 shows 
excellent peak shape on Ascentis C8.

Figure 23. Pharmaceutical Bases at pH 7

 column: Ascentis C8, 15 cm x 4.6 mm I.D., 5 μm particles (581424-U)

 mobile phase: 30:70; 25 mM ammonium phosphate, pH 7.0: methanol

 f low rate: 1.5 mL/min.

 temp.: 35 °C

 det.: UV at 254 nm

 inj.: 20 μL

 1. Desmethyl Doxepin

 2. Protriptyline

 3. Desimpramine

 4. Nortriptyline

 5. Doxepin

 6. Impramine

 7. Amitriptyline

 8. Trimpramine
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Ascentis C8 is an excellent choice 
for fast gradient analysis. Ascentis  
C8 is typically more retentive at low 
organic composition that C18 and 
less retentive at high organic 
composition. Furthermore, Ascentis 
C8 has better aqueous compatibility 
for gradients that start at 100% 
aqueous composition.
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Discovery HS F5
Unique Reversed-phase Selectivity Compared to C18 and C8

Discovery HS F5 provides reversed-phase separations that are distinctly different from C18 columns. However, compounds will 
generally elute within the same retention time window, making most C18 methods easily transferable.

Features

  Unique (orthogonal) selectivity compared  
to C18 and C8

  Stable, low-bleed LC-MS separations
  Both reversed-phase and HILIC modes
  Possesses multiple types of interactions: 

dispersive, dipole-dipole, π-π, charge-transfer

Key Applications

Small, water soluble molecules and peptides, polar compounds, basic 

compounds, positional isomers

Properties

 USP code:  L43

 Bonded phase description:  Pentafluorophenylpropyl

 Endcapped:  Yes

 Particle composition:  Type B silica gel

 Particle purity:  <10 ppm metals

 Particle shape:  Spherical

 Particle size:  3, 5 and 10 μm

 Pore size:  120 Å

 Surface area:  300 m2/g

 Carbon load:  12%

 pH range (recommended):  2-8

Notes

Compared to a C18: Generally, bases are retained longer 
on the HS F5 than on a C18, hydrophobic compounds are 
retained less. Increasing the organic content of a C18 
separation 5 to 10 percent will generally provide similar 
retention on a HS F5. Also, as a general rule, solutes with log 
Po/w values less than 2.5 will be retained longer on HS F5 
compared to a C18. 

Compared to a phenyl phase: Although aromatic in 
nature, the pentafluorophenylpropyl (F5) phase does not 
resemble a phenyl phase in retention or selectivity. The F5 is a 
strong Lewis acid due to the electron withdrawing effects of 
five fluorine groups; the F5 ring is electron deficient whereas 
the phenyl ring is electron rich.

Characterization of Chromatographic Performance on Discovery HS F5

Acidic Ion Exchange Capacity at pH 2.7

Ion Exchange Capacity at pH 7.6

Hydrogen Bonding Capacity

Shape Selectivity

Hydrophobic Selectivity

Hydrophobic Retention

Figure 24. Structure of Discovery HS F5

G004120

All competitive data obtained from M. R. Euerby, P. Perterson, J. Chromatogr. A, 994 (2003) 13-36; or  M. R. Euerby, P. Perterson, W. Campbell, W. Roe, J. Chromatogr. A, 1154 (2007) 138-151. Ascentis data developed 

by Supelco/Sigma-Aldrich scientists using the Euerby methodology or obtained directly from cited references. Data for Aromatic selectivity is calculated as aTNB/NB/aTNB/DNT.

technical service: 800-359-3041 (US and Canada only) / 814-359-3041
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Guidelines for Transferring a C18 

Method to Discovery HS F5

Generally, bases are longer retained 
on the HS F5 than on a C18. Increas-
ing the organic content of a C18 sepa-
ration 5 to 10 percent will generally 
provide similar retention on a HS F5. 
Results with other compounds are 
highly variable. However, it is 
generally true that solutes with 
logPo/w values less than 2.5 will be 
retained longer on HS F5 compared to 
a C18. The degree of difference is 
highly solute dependent.

Figure 25. HS F5 Provides Excellent Separation - Solutes Are Not  

Retained on C18

 column: Discovery HS F5, 15 cm x 4.6 mm I.D., 5 μm particles (567516-U)  

  Conventional C18, 15 cm x 4.6 mm I.D., 5 μm particles

 mobile phase: 30:70, 10 mM Ammonium  Acetate (pH 6.98): CH
3
CN

 flow rate: 2.0 mL/min

 temp.: 35 °C

 det.: Photodiode Array

 inj.: 5 μL

0 2 4 6 8

  Min G001673

0 2 4 6 8

  Min G001672

Discovery HS F5

Conventional C18 – 

No Retention

In Figure 25, cytidine and related 
compounds provide another example 
of the power of HS F5 to provide 
unique and valuable separations 
compared to a C18. An added benefit 
of the HS F5 is its resistance to phase 
collapse under 100% aqueous 
conditions.

Figure 26. Unique Selectivity of HS F5 Resolves Compounds Better  

than C18

 column: Discovery HS F5, 15 cm x 4.6 mm I.D., 5 μm particles (567516-U) 

  Conventional C18, 15 cm x 4.6 mm I.D., 5 μm particles

 mobile phase: 10 mM KH
2
PO

4
, pH 3.0 with H

3
PO

4
, (C18 separation has 5% CH

3
CN)

 f low rate: 1 mL/min

 temp.: 30 °C

 det.: UV at 280 nm

 inj.: 10 μL, each compound 100 μg/mL

Discovery HS F5

Conventional C18

 1. Methcathinone (100 μg/mL) 

 2. (+/-) Ephedrine (200 μg/mL)

G001932

 1. Cytidine

 2. Cytosine

 3. 2’-Deoxycytidine
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The demand for increased sample throughput and speed of results has driven HPLC users to search for breakthroughs in 
HPLC instrument and column technology. Although improvements have been realized, setbacks have been encountered. 
Reductions in column ruggedness, costly replacements of existing instrumentation, and difficulties in transferring methods to 
new systems have often made these past “improvements” unappealing to analysts.

Extreme Performance on Any LC System

Ascentis Express has changed all of that.

Ascentis Express with Fused-Core™ Particle Technology 
provides the ultimate solution for today’s separation demands 
- high speed and high efficiency with low backpressure. 

By simply changing to Ascentis Express Columns,  

sample throughput can be improved by 400%! 

Ascentis Express C18, 10 cm x 4.6 mm I.D., 2.7 μm particles (53827-U)

0 10

0 10 20 30 40  Min

 mobile phase: 65:35, water:acetonitrile

 f low rate: 1 mL/min.

 temp.: ambient

 det.: UV at 254 nm

 1. Oxazepam: FW = 286

 2. Alprazolam: FW = 311

 3. Cloazepam: FW = 315

 4. N-desmethyldiazepam: FW = 270

 5. Diazepam:  FW = 284

Do More Work in Less Time without Changing your Method

With identical conditions, the Ascentis Express C18 column performs 4 X  as many separations as a standard C18 column in 
less time.

   CONDITIONS   Theoretical Standard C18 Ascentis C18 

Sample Prep Flow Rate System Pressure HPLC System Plates Throughput Throughput

 SAME SAME SAME SAME SAME 1X 4X

1X

41. 5 Min.

1X 
9. 5 Min.

2X 
19 Min.

3X 
28. 5 Min.

4X 
38 Min.

C18, 25 cm x 4.6 mm I.D., 5 μm particles

0 10 0 10 0 10 Min

No longer will you have to make changes to:

 sample prep
 flow rate
 system pressure

And no new instrumentation is required!

For more information on this exciting new technology, 
visit our website: sigma-aldrich.com/express

ordering: 800-247-6628 (US only) / 814-359-3441



23Chromatography Products for Analysis and Purification

Ordering Information
Particle ID  Length Ascentis Ascentis Ascentis Ascentis Ascentis Ascentis Discovery 

Size (mm) (cm) C18 RP-Amide Phenyl ES Cyano Silica C8 HS F5

3 μm         

 1 5 581311-U 565309-U inquire inquire inquire 581412-U inquire
 1 10 581364-U 565389-U 581600-U inquire 581520-U 581435-U inquire
 1 15 581365-U 65566-U 581601-U inquire 581521-U 581436-U inquire
 2.1 2 581312-U 565313-U inquire inquire inquire 581413-U inquire
 2.1 3 581313-U 565314-U 581602-U inquire 581522-U 581414-U 567501-U
 2.1 5 581300-U 565300-U 581603-U 577308-U 581500-U 581400-U 567500-U
 2.1 10 581301-U 565301-U 581604-U 577309-U 581501-U 581401-U 567502-U
 2.1 15 581302-U 565302-U 581605-U 577310-U 581502-U 581402-U 567503-U
 3 2 581314-U 565315-U inquire inquire inquire 581415-U inquire
 3 3 581302-U 565310-U 581606-U inquire 581523-U 581403-U 567505-U
 3 5 581307-U 565311-U inquire inquire inquire 581404-U inquire
 3 10 581308-U 565312-U 581607-U inquire 581503-U 581405-U 567581-U
 4.6 2 581315-U 565316-U inquire inquire inquire 581416-U inquire
 4.6 3 581316-U 565317-U inquire inquire inquire 581417-U 567509-U
 4.6 5 581320-U 565320-U 581608-U 577311-U 581504-U 581406-U 567504-U
 4.6 10 581321-U 565321-U 581609-U 577312-U 581505-U 581407-U 567505-U
 4.6 15 581322-U 565322-U 581610-U inquire 581506-U 581408-U 567507-U

5 μm         

 2.1 2 581368-U 565391-U inquire inquire inquire 581439-U inquire
 2.1 3 581327-U 565331-U inquire inquire inquire 581430-U inquire
 2.1 5 581303-U 565303-U 581611-U 577300-U 581507-U 581420-U 567508-U
 2.1 10 581326-U 565304-U 581612-U 577301-U 581508-U 581419-U 567510-U
 2.1 15 581304-U 565305-U 581613-U 577303-U 581509-U 581421-U 567511-U
 2.1 25 581305-U 565306-U 581614-U inquire 581510-U 581422-U 567512-U
 3 2 581328-U 565332-U inquire inquire inquire 581431-U inquire
 3 3 581369-U 565392-U inquire inquire inquire 581440-U inquire

 3 5 581329-U 565333-U inquire inquire inquire 581432-U inquire
 4.6 2 581330-U 565335-U inquire inquire inquire 581433-U inquire
 4.6 3 581331-U 565336-U inquire inquire inquire 581434-U inquire
 4.6 5 581323-U 565323-U 581615-U 577304-U 581511-U 581423-U 567513-U
 4.6 10 inquire 565328-U inquire 577305-U inquire inquire 567515-U
 4.6 15 581324-U 565324-U 581616-U 577306-U 581512-U 581424-U 567516-U
 4.6 25 581325-U 565325-U 581617-U 577307-U 581513-U 581425-U 567517-U
 10 5 581340-U 565340-U inquire inquire inquire inquire 567518-U
 10 10 581341-U 565341-U inquire inquire inquire inquire 567537-U
 10 15 581342-U 565343-U inquire inquire inquire inquire 567519-U
 10 25 581343-U 565344-U 581618-U inquire 581514-U inquire 567520-U
 21.2 5 581344-U 565345-U inquire inquire inquire inquire inquire
 21.2 25 581347-U 565348-U 581619-U inquire 581515-U inquire 567523-U

10 μm         

 4.6 15 581350-U 565352-U inquire inquire inquire inquire inquire
 4.6 25 581351-U 565353-U inquire inquire 581524-U inquire inquire
 10 5 581352-U 565354-U inquire inquire inquire inquire inquire
 10 10 581353-U 565355-U inquire inquire inquire inquire inquire
 10 15 581354-U 565356-U inquire inquire inquire inquire inquire

 10 25 581355-U 565357-U inquire inquire 581516-U inquire inquire
 21.2 5 581356-U 565358-U inquire inquire inquire inquire inquire
 21.2 10 581357-U 565359-U inquire inquire inquire inquire inquire
 21.2 15 581358-U 565360-U inquire inquire inquire inquire 567528-U
 21.2 25 581359-U 565361-U inquire inquire 581517-U inquire 567529-U

 ID  Length  Particle Size Ascentis Ascentis Ascentis Ascentis Ascentis Discovery

 (mm) (cm) (μm) C18 RP-Amide Phenyl  Silica  C8 HS F5

Ascentis Supelguard Cartridges

Kit 2.1 2 3 581376-U inquire inquire inquire inquire 567571-U
Pack of 2 2.1 2 3 581377-U inquire inquire inquire inquire 567570-U
Pack of 2 2.1 2 5 581370-U 565372-U inquire inquire inquire 567574-U
Kit 2.1 2 5 581371-U 565373-U inquire inquire inquire 567575-U
Pack of 2 3 2 5 581374-U 565374-U inquire inquire inquire inquire
Kit 3 2 5 581375-U 565375-U inquire inquire inquire inquire
Kit 4 2 3 581378-U inquire inquire inquire inquire 567573-U
Pack of 2 4 2 3 581379-U inquire inquire inquire inquire 567572-U
Pack of 2 4 2 5 581372-U 565370-U 581620-U 581518-U 581426-U 567576-U
Kit 4 2 5 581373-U 565371-U 581621-U 581519-U 581427-U 567577-U

Kits include one cartridge, stand alone holder, a piece of tubing, 2 nuts and 2 ferrules.

Ascentis Validation Packs

 4.6 15 5 581390-U 565394-U 581695-U inquire inquire inquire

 4.6 25 5 581391-U 565395-U 581696-U inquire inquire inquire

Validation Packs include 3 columns, each from a different bond lot.         
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Extreme Performance on Any LC System

  Hyper-Fast Separations

  High Definition Resolution

 Super-Sensitive

  Super-Rugged

Ascentis Express HPLC Columns 
with Fused-Core Technology
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A Breakthrough in HPLC Performance
The Fused-Core Advantage

Ascentis Express provides the high speed and high 

efficiency of sub-2 μm particles, but at approximately half 

the backpressure for the same column length. This lower 

pressure means that Ascentis Express can be run on 

conventional HPLC and LC-MS systems, as well as 

mid-pressure, UPLC™ and other ultra-high pressure 

systems. Lower pressure also means longer columns can 

be used for additional resolving power. Ascentis Express 

offers these benefits over sub-2 μm particles, along with 

excellent column lifetime.

At the heart of Ascentis Express is the 2.7 μm Fused-

Core™ particle which comprises a 1.7 μm solid core and a 

0.5 μm porous shell (Figure 1). Compared to totally 

porous particles, the Fused-Core particles have a much 

shorter diffusion path because of the solid core. This 

partial porosity reduces axial dispersion of solutes and 

minimizes peak broadening. Other features, such as a very 

tight particle size distribution and high packing density, 

result in Ascentis Express columns that are capable of 

240,000 N/m. This is comparable to the efficiency of 

sub-2 μm particle columns and nearly twice the efficiency 

possible with 3 μm particles.

While the Ascentis Express efficiency is as high as sub-2 

μm columns, the larger particle size delivers approximately 

half the backpressure for the same column dimensions and 

conditions. This allows Ascentis Express to turn any HPLC 

system into an extreme performance workhorse for your lab

Figure 1. Fused-Core Structure of Ascentis Express Compared to Totally Porous Particles

Ascentis Express Particle Totally Porous Particle
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Ascentis Express FAQs
What is unique about Ascentis Express?  
Ascentis Express columns provide a breakthrough in HPLC 

performance. Based on Fused-Core particle technology, Ascentis 

Express provides the benefits of sub-2 μm particles but at much 

lower backpressure. These benefits include the capability of 

providing fast HPLC and higher resolution chromatography. The 

Fused-Core particle consists of a 1.7 μm solid core and a 0.5 μm 

porous shell. A major benefit of the Fused-Core particle is the 

small diffusion path (0.5 μm) compared to conventional fully 

porous particles. The shorter diffusion path reduces axial 

dispersion of solutes and minimizes peak broadening.   

What phases are available in Ascentis Express?  
Currently, C18, C8, RP-Amide, and HILIC (bare silica) phases are 

available for Ascentis Express.

When are additional phases expected?
Additional phases are being developed. The best way to track 

new products is to visit sigma-aldrich.com/express for the 

latest updates.

Can I use Ascentis Express on any type  
of HPLC system?
Ascentis Express HPLC columns are capable of use on standard 

HPLC systems as well as UHPLC systems. Columns are packed in 

high pressure hardware capable of withstanding the pressures 

used in UHPLC systems.

Is there anything I need to do to my HPLC  
system to use Ascentis Express?
Nothing special is required to use Ascentis Express HPLC 

columns. To obtain the full benefits of Ascentis Express, one 

should minimize dispersion or instrument bandwidth in the 

HPLC system (tubing, detector flow cell) as well as confirm the 

detector response system is set at a fast level. For more 

information, request Guidelines for Optimizing Systems for 

Ascentis Express Columns (T407102) or visit sigma-aldrich.

com/express and download.

How can I measure my instrument bandwidth 
(IBW) and determine what columns can be 
used with minimal efficiency loss created by 
too much internal instrument volume?
For simple instructions on how to measure IBW, request Guide 

to Dispersion Measurement (T408143) or visit our website 

sigma-aldrich.com/express and download.

Do I need special fittings and tubing  
to connect Ascentis Express columns?
While operating pressures may not exceed the 400 bar (6,000 

psi) capability of your traditional instruments, sustained pressures 

of about 200 bar (3,000 psi) will exceed the recommended 

pressure for conventional PEEK tubing and fittings at the column 

inlet. We recommend changing to stainless steel fittings in all 

high pressure locations and have designed special low-dispersion 

connectors (pg. 14) that will stay tight at pressures of 1,000 bar 

(15,000 psi) or greater, even when elevated column temperatures 

are employed. 

Can I use Ascentis Express on a UHPLC system?
Yes. Ascentis Express columns are packed in a way making them 

suitable for these ultra high pressure instruments. In fact, 

Ascentis Express outperforms sub-2 μm columns on many 

applications since Ascentis Express provides the benefits of sub-2 

μm particles but at much lower backpressure.    

Can Ascentis Express columns be used for LC-MS?
Ascentis Express Fused-Core particles were designed with LC-MS 

in mind. Even extremely short column lengths exhibit sufficient 

plate counts to show high resolving power. The flat van Deemter 

plots permit resolution to be maintained at very high flow rates 

to maximize sample throughput. All Ascentis stationary phases 

have been evaluated for MS compatibility during their develop-

ment, and the Express phases are no exception. A bonus of 

Ascentis Express columns for high throughput UHPLC and LC-MS 

is that they are extremely rugged and highly resistant to 

plugging, a very common failure mode for competitor columns.

What flow rate should I use with  
Ascentis Express columns?
Based on the minimum in the van Deemter curves, higher flows 

than 5 μm particle columns are required in order to maximize 

Ascentis Express column efficiency. 

 Ascentis Express Suggested Starting Point 
 HPLC Column ID for Flow Rate

 4.6 mm I.D.   1.6 mL/min
 3.0 mm I.D.   0.8 mL/min
 2.1 mm I.D.   0.4 mL/min

Are guard columns available?
Guard columns packed with Ascentis Express are currently not 

available. Ascentis Express columns are rugged and almost all users 

prefer operation of Ascentis Express columns without a guard 

column. If you would like to use a guard column, we recommend 

the Ascentis guard columns.
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Hyper-Fast Separations
Double the Speed 
  Designed for high flow rates 
  Half the backpressure of sub-2 μm particles

Compared to sub-2 μm particles, the 2.7 μm Ascentis 

Express particles generate approximately half the back-

pressure. This permits both longer columns and faster 

flow rates. 

Figure 2 shows the separation of a steroid mixture on 

Ascentis Express (top) and a conventional sub-2 μm 

column (lower) of the same dimensions. Because higher 

flow rates on Ascentis Express – even doubled in this 

example – generate similar backpressure, hyper fast 

separations are possible that have efficiency and resolu-

tion equal to the sub-2 μm particle column.

Shown in Figure 3 is a comparison against a traditional 

15 cm, 5 μm column  and a 5 cm, Ascentis Express. The 

chromatograms further illustrate the high-speed 

capabilities of Ascentis Express at backpressures man-

ageable by all HPLC systems. High flow rates are quite 

amenable to Ascentis Express HPLC columns due to the 

Fused-Core particle. 

Figure 2. Hyper-Fast Separations on Ascentis Express: 
Twice the Speed at Equivalent Pressure

 columns: Ascentis Express C18, 10 cm x 2.1 mm I.D., 2.7 μm particles  
  (53823-U) and sub-2 μm particle column (same dimensions)
 mobile phase: 49:51 or 55:45, water:acetontrile
 flow rate: 0.4 or 0.2 mL/min.
 temp.: ambient
 det.: UV at 200 nm
 injection: 1 μL
 1. Estradiol
 2. -Estradiol
 3. Impurity
 4. Estrone
 5. Estrone degradant

G003975

G003976

1
2

3

4

5

1

2

3

4

5

Ascentis Express C18
0.4 mL/min flow rate

C18 Sub-2 μm
0.2 mL/min flow rate

TWICE 
THE SPEED
AT EQUAL 
PRESSURES

3000 psi

3000 psi

Figure 3. Hyper-Fast Separations on Ascentis Express:  
Eight Times the Speed of Traditional Columns

 column: Ascentis Express C18, 5 cm x 3.0 mm I.D. and  
  5 μm particle column, 15 cm x 3.0 mm I.D.
 mobile phase: 31:69, water:acetonitrile
 flow rate: 1.2 mL/min or 0.4 mL/min
 temp.: 35° C
 inj.: 0.5 μL

G004158

 1. Uracil
 2. Phenol
 3. Acetophenone
 4. Benzene
 5. Toluene
 6. Naphthalene

EIGHT 
TIMES 

FASTER

G004157

0.0 1.0 2.0 3.0 4.0
Min

0
20

40
m
AU

1

2

3

4
5

6

0 10 20 30

0
20

40
m
V

Sec

1

2

3

4

5

6

Ascentis Express C18
1.2 mL/min flow rate

C18 5 μm
0.4 mL/min flow rate



5technical service: 800-359-3041 (US and Canada only) / 814-359-3041

High Definition “HD”-Resolution
Double the Efficiency
  Short analyte diffusion path
  Twice the efficiency of 3 μm particles
  Longer columns permit doubling the plates over 

sub-2 μm particles

Compared to conventional 3 μm and 5 μm particles, 

Ascentis Express HPLC columns provide sharper peaks 

under the same conditions. By simply swapping in an 

Ascentis Express HPLC column of the equivalent dimensions 

to your current 3 μm and 5 μm particle HPLC columns, an 

improvement in resolution can be achieved. This improve-

ment is shown in Figure 4. Note:  Remember Ascentis 

Express HPLC column recommended flow rates are higher 

than that for conventional 3 μm and 5 μm particles. 

Ascentis Express and sub-2 μm columns of the same 

dimensions give approximately the same number of 

theoretical plates (efficiency). However, because 

Ascentis Express columns are more permeable and 

exhibit half the backpressure, you can use longer 

columns for even more resolving power. The high 

backpressure generated by the sub-2 μm particles 

precludes the use of longer columns, even on ultra-high 

pressure systems under ambient conditions.

An example of the HD-Resolution is shown in Figure 5 

where the additional theoretical plates on the 10 cm 

Ascentis Express column provided significantly better 

resolution of -estradiol and the impurity compared to 

the 5 cm sub-2 μm column at comparable backpressures. 

Figure 4. HD-Resolution on Ascentis Express:  Sharper 
Peaks than Traditional Columns

Figure 5. HD-Resolution on Ascentis Express Compared 
to Sub-2 μm Columns

 columns: Ascentis Express C18, 10 cm x 2.1 mm I.D., 2.7 μm particles  
  (53823-U) and sub-2 μm particle column, 5 cm x 2.1 mm I.D.
 mobile phase: 55:45 or 54:46, water:acetontrile
 flow rate: 0.2 mL/min.
 temp.: ambient
 det.: UV at 200 nm
 injection: 1 μL
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Super-Sensitive
High Sample Loading Capacity and Signal/Noise  
for Trace Analysis
  High column efficiency for high S/N
  High sample loading from thick, porous shell layer

Trace analysis benefits from high column efficiency. 

Efficient peaks are taller and provide higher S/N ratios. As 

discussed in earlier sections of this brochure, the Ascentis 

Express columns can provide higher efficiency than any 

traditional particle. The added sensitivity of the higher 

efficiency Ascentis Express particles is visualized as the 

“sensitivity gap” in Figure 6.

Figure 8 shows how Ascentis Express extends the 

dynamic range. It has the high efficiency of sub-2 μm 

particles needed for trace analysis, and the high surface 

area of totally porous particles needed for high sample 

capacity.

Figure 7. Higher Loading Capacity of Ascentis Express 
Compared to Sub-2 μm Particles

Pe
ak

 S
ym

m
et

ry
 a

s 
a 

M
ea

su
re

 o
f 

O
ve

rl
oa

d

Concentration (μL/mL)

1.50

1.30

1.10

0.90

0.70

0.50
0.00 5.00 10.00 15.00 20.00 25.00

Sub-2 μm 
Quickly 

Overloads

Ascentis Express C18
 HAS HIGH LOADING CAPACITY

Figure 8. Extended Dynamic Range of Ascentis Express
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Figure 6.  Higher Efficiency of Ascentis Express Provides 
Better Sensitivity than Traditional Columns

 columns: as indicated; 10 cm x 4.6 mm I.D.
 mobile phase : acetonitrile:water
  flow rate: 1.8 mL/min
 temp.: 35° C
 det.: 254 nm
 injection: 5 μL

 1. Uracil
 2. Acetophenone
 3. Benzene
 4. Toluene
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Although they have a solid core, the 0.5 μm-thick 

“shell” of the Fused-Core particles provides roughly 75% 

of the surface area as a totally porous particle of the same 

diameter. Only the pores with very long diffusion paths 

are fused in the Ascentis Express HPLC columns. The 

resulting particles have effective surface areas of ~225 

m²/g; comparable to totally porous particles. The higher 

surface area gives higher sample loading capacity 

compared to sub-2 μm particles, as evidenced by the 

symmetry vs. concentration relationship in Figure 7. Above 

5 ppm, the sub-2 μm experiences sample overload and 

subsequent loss of peak shape.
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Super-Rugged Columns
Extended Column Lifetime Compared to Both 3 μm and 
sub-2 μm Columns
  Narrow particle size distribution allows  

use of 2 μm frits
  Dense particles for more stable bed

Fused-Core particles are produced in a way that yields 

an extremely narrow particle size distribution (Figure 9). 

This narrow particle size distribution permits the use of 

frits with nominal 2 μm pores, the same as used on most 

columns packed with 5 μm particles. In comparison,  

sub-2 μm particles require frits with much smaller pore 

size – 0.5 μm or smaller – that are prone to fouling, lead 

to peak-splitting and high backpressure, and ultimately 

shorten the column lifetime. Another feature of the 

Fused-Core particles that contributes to their ruggedness 

is that they are denser than totally porous particles and 

form highly stable beds in the packed column. 

Figure 9. Narrow Particle Size Distribution of  
Ascentis Express

Ascentis Express
NARROW PARTICLE 
SIZE DISTRIBUTION

Porous Particle - 
Broad Particle Size 

Distribution
Absence of 

Fine Particles 
in Ascentis Express 

Allows Larger  
Pore Size Frits

Sample Prep Simplicity
Combines the simplicity of protein 
precipitation and the selectivity 
of SPE for the targeted removal 

of phospholipids and proteins 
from biological samples

NEW! HybridSPE™  – Precipitation Technology
  Reduce ion-suppression
  100% removal of phospholipids & precipitated proteins
  Minimal to no method development
  Available in 96-well and 1 mL cartridge dimensions

To learn more, visit our website: sigma-aldrich.com/hybridspe-ppt or contact Supelco Technical Service at  

800-359-3041/814-359-3041 and techservice@sial.com
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Alternative Selectivity with  
Ascentis Express RP-Amide 
Ascentis Express RP-Amide can solve 
  Co-eluting peaks
  Unresolved components
  Poor retention of polar compounds
  Peak tailing of basic compounds
  Silanol interactions causing poor reproducibility

While the Ascentis Express C18 provides classic 

reversed-phase selectivity, the Ascentis Express RP-Amide 

provides increased selectivity for polar compounds, 

especially those that can act as a hydrogen-bond donor. 

Other attributes of the RP-Amide include improved peak 

shape for bases, 100% aqueous compatibility, and low 

bleed for LC-MS applications.

The amide group provides enhanced selectivity with 

analytes that have hydrogen bonded to a heteroatom. 

Phenols, carboxylic acids, amines and, to a lesser extent, 

alcohols show enhanced retention on the RP-Amide phase 

when compared to neutral non-polar analytes. An 

example of the power of the hydrogen bonding mecha-

nism is shown in Figure 10. The Ascentis Express C18 and 

RP-Amide columns are compared. The analyte mixture 

contains neutral, non-polar analytes (benzene and 

toluene) and protic analytes (p-methoxyphenol, p-ni-

trobenzoic acid, and p-chlorophenol). As observed from 

the chromatograms in Figure 1, the neutral molecules 

show slightly reduced retention on the RP-Amide, but the 

protic molecules show greatly enhanced retention yielding 

a chromatogram with very different selectivities and even 

a change in elution order. The potential for solving 

separations difficulties is tremendous. 

Two other points should be noted. The Ascentis Express 

RP-Amide has the same high efficiency as the Ascentis 

Express C18 with the same low back-pressure. Secondly, 

both separations were carried out in the same mobile 

phase. This is important since it simplifies method 

development. If a separation is not adequate on an 

Express C18, there is no need to change mobile phase to 

optimize the separation, simply switch to the Ascentis 

Express RP Amide and if protic moieties are present, a 

change in selectivity will be achieved.

Figure 10. Alternative Selectivity Provided by Ascentis 
Express RP-Amide Compared to C18

 columns: Ascentis Express RP-Amide, 10 cm x 4.6 mm I.D.
  Ascentis Express C18, 10 cm x 4.6 mm I.D.
 mobile phase: 40:60, 0.1% formic acid in water:methanol
 flow rate: 1.0 mL/min
 temp.: 25° C
 det.: 254 nm
 injection: 5 μL

 1. Uracil
 2. p-Methoxyphenol
 3. Acetophenone
 4. p-Nitrobenzoic acid
 5. p-Chlorophenol
 6. Benzene
 7. Toluene
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0 2 64
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Ascentis Express C18

Ascentis Express RP-Amide

G004315

G004316

Ascentis Express RP-Amide Applications
  Natural products
  Phenolics
  Bases
  Metabolites
  Polar Compounds
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Polar Compound Retention with  
Ascentis Express HILIC 
Benefits of HILIC Separation
  Retention of highly polar analytes like metabolites 
  Complimentary selectivity to reversed-phase  

chromatography
  Increased MS sensitivity
  Quick transfer from final steps of sample prep  

(SPE, protein precipitation, etc.)

HILIC chromatography is gaining popularity due to 

increased retention of polar compounds. Many classes of 

polar compounds can be retained in HILIC. These include 

polar neutrals, polar acids, and polar and non-polar basic 

amines. Both polar and ionic interactions can contribute to 

retention and selectivity in this mode of chromatography. 

How HILIC works 

HILIC separates compounds by using a mostly organic 

mobile phase across a polar stationary phase, causing 

solutes to elute in order of increasing polarity-the opposite 

of Reversed-Phase. Retention in HILIC is likely to be a 

combination of hydrophilic interaction, ion-exchange, and 

some reversed-phase retention. A typical mobile phase 

consists of 60-95% acetonitrile and an aqueous buffer. 

10-20 mM ammonium acetate or ammonium formate are 

useful due to volatility and solubility. The sample solvent 

should be similar in type and strength as the mobile phase. 

The sample solvent can contain a higher amount of organic 

than the mobile phase, but should not contain more water 

than the mobile phase.

Shown in Figure 11 is a comparison of the analysis of 

highly polar molecules on Ascentis Express HILIC and 

Ascentis Express C18.

Figure 11. Comparison of the Analysis of Polar Molecules 
on Ascentis Express HILIC and Ascentis Express C18

 columns: Ascentis Express HILIC, 10 cm x 2.1 mm ID,  
  2.7 μm particles (53939-U)
  Ascentis Express C18, 10 cm x 2.1 mm ID,  
  2.7 μm particles (53823-U)
 mobile phase:  10:90; 100 mM ammonium formate, pH 3.0 with  
  concentrated formic acid:acetonitrile
 flow rate: 0.4 mL/min
 temp.: 35 °C
 det.:  UV at 254 nm
 injection: 1 μL

 1. Acenaphthene, 80 μg/mL in mobile phase  
 2. Adenosine, 35 μg/mL in mobile phase  
 3. Cytosine, 75 μg/mL in mobile phase  

0 2 3 541
Min

1

2

3

1

2,3

G003620

Adenosine

G003033

Cytosine

G004182

Acenaphthene

Ascentis Express HILIC

Ascentis Express C18
G004183

G004184

Ascentis Express HILIC Applications
  Amino acids
  Small, polar acids – (metabolomics) 
  Biogenic amines – (neurotrans-

mitters, contaminants in food & 
beverage)

  Phosphates – (pesticides, herbicides)
  Sugars
  Drug metabolites and conjugates
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Improving HPLC Sample Throughput 
Do More Work in Less Time Without Changing  
Your Method 

The demand for increased sample throughput and speed 

of results has driven HPLC users to search for break-

throughs in HPLC instruments and column technology. 

Although improvements have been realized, setbacks have 

been encountered. Reduction in column ruggedness, costly 

replacements of existing instrumentation, and difficulties in 

transferring methods to new systems have often made 

these past improvements unappealing to analysts.

The Fused-Core HPLC particle technology behind 

Ascentis Express permits 4- to 6-fold reduction in analysis 

time, with a subsequent increase in sample throughput 

compared to conventional HPLC columns, without 

sacrificing resolution or column ruggedness and without 

the need to change systems or sample prep procedures 

The current high resolution column for traditional HPLC 

methods is a 25 cm column packed with 5 μm particles. 

Until now, this dimension provided the most efficiency 

within the pressure limit of a conventional HPLC system. 

With the high efficiency Ascentis Express, one can now 

achieve the same number of plates as a 25 cm column 

packed with 5 μm particles with a 10 cm column or even 

more efficiency and resolution with a 15 cm Ascentis 

Express column. Therefore, by simply changing columns 

and keeping all other conditions the same, you can reduce 

the runtime and increase the resolution of your method. 

Figure 12 compares the resolution of a five-component 

sample on 25 cm, 5 μm C18 and 10 cm Ascentis Express 

C18 columns. Each column has approximately the same 

number of theoretical plates and hence the same resolv-

ing power. However the shorter Ascentis Express column 

delivers this separation in a much shorter time, in this case 

less than one-fourth the time as the 25 cm column. 

1X
9.5 Min.

2X
19 Min.

3X
28.5 Min.

4X
38 Min.

0 10 0 10 0 10 0 10

Figure 12. Increase Sample Throughput by Using Ascentis Express

0 10 20 30 40 Min

 1. Oxazepam: FW = 286
 2. Alprazolam: FW = 311
 3. Cloazepam: FW = 315
 4. N-desmethyldiazepam: FW = 270
 5. Diazepam:  FW = 284

1X
41.5 Min.

G004039

G004040

 mobile phase: 65:35, water:acetonitrile
 flow rate: 1 mL/min
 temp.: ambient
 det.: UV at 254 nm

C18, 25 cm x 4.6 mm I.D., 5 μm particles

Ascentis Express C18, 10 cm x 4.6 mm I.D., 2.7 μm particles (53827-U)

Ready to do more work in less time?  
See the flow chart on the next page.
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YES

3.2: 
Select shorter column  

or faster flow rate

Selecting the Optimal Ascentis Express Column

Email Supelco  
Technical Service  

to assist in  
selecting an  

optimal  
Ascentis Express 

Column

techservice@sial.com

*Read Guidelines for Optimizing Systems for Ascentis Express Columns (T407102) and Guide to Dispersion Measurement (T408143).

3.3:  
Is additional 

throughput or  
resolution  
desired?

YES

NO

Improved sample 
throughput with 
Ascentis Express 
and your existing 

HPLC system

 
Is  

your  
column a  

25 cm (5 μm),  
15 cm (5 μm), or  
10 cm (3 μm)?

YES

NO

3.2: 
Select longer 

column

3.1:  
Is resolution  
maintained? NO

Convert to Ascentis Express 
HPLC Columns for Both!

IMPROVE RESOLUTION  
& SPEED

1A.1: Conversion Table
 Current Ascentis 
 Column Express

 25 cm (5 μm) 10 cm
 15 cm (5 μm) 7.5 cm
 10 cm (3 μm) 5 cm

1B.1: Conversion Table
 Current Ascentis 
 Column Express

 25 cm (5 μm) 15 cm
 15 cm (5 μm) 10 cm
 10 cm (3 μm) 7.5 cm

2: Maximize flow rate within system pressure constraints *
 Ascentis Express Suggested Starting Point
 HPLC Column ID for Flow Rate

 4.6 mm I.D.   1.6 mL/min
 3.0 mm I.D.   0.8 mL/min
 2.1 mm I.D.   0.4 mL/min

MAXIMIZE 
SPEED

3: Confirm method suitability parameters

Do  
you want to  

MAXIMIZE SPEED 
or IMPROVE  

RESOLUTION & 
SPEED?
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Fast HPLC for Rapid Screening of 
Pharmaceutical Compounds
Ideal for Walk-up LC-MS Systems

HPLC is critical to the discovery, development and 

eventual commercialization of pharmaceutical products. 

HPLC is the benchmark analytical method in the pharma-

ceutical industry due to its ability to score such high marks 

in analytical validation characteristics including accuracy, 

precision, limit of detection, specificity, linearity and 

range, and ruggedness. No other analytical techniques 

can consistently score high in all characteristics on 

compounds and matrices that are of interest to the 

pharmaceutical industry.

Furthermore, it has been generally accepted that a 

typical HPLC analysis takes 15-30 minutes with some as 

great as an hour. When multiplied by the number of 

samples to be analyzed either in discovery or product 

release, the total instrument time required is staggering. 

This overwhelming amount of instrument time has 

resulted in a growing number of instruments, around-the-

clock analysis, and a push for faster methods.

Fast HPLC, using short columns (3-10 cm) packed with 

small particles (<3 μm) and high flow rates has recently 

become an effective means to reduce analysis time. This is 

primarily due to the improved quality of sub-3 μm particle 

columns and the introduction of new instrumentation to 

meet the requirements of higher column backpressure and 

low instrument dispersion. The reasons for using sub-3 

μm particle columns in fast HPLC are evident by 

examining Van Deemter plots for various particle 

sizes. The smaller particles yield lower HETP 

or higher efficiency 

Figure 13.  TCAs on Ascentis Express
column:  Ascentis Express C18, 10 cm x 2.1 mm ID (53823-U)

instrument:  Jasco X-LC
 mobile phase A:  100 mM ammonium acetate (pH 7.0; titrated 
  with ammonium hydroxide)
 mobile phase B:  water
 mobile phase C:  methanol
 mobile phase ratios:  A:B:C = 10:30:60
 flow rate:  0.3 mL/min
 temp.:  55 °C
 det.:  Thermo LCQ Advantage; ESI(+), m/z 250-320
 injection:  1 μL

 1. Nordoxepin
 2.  Desipramine
 3.  Nortiptyline
 4.  Doxepin
 5.  Norclomipramine
 6.  Imipramine

G004062
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3

4

5
6

per unit length. Furthermore, the optimum flow rate is 

higher for smaller particles. Smaller particle columns have 

less efficiency loss at high flow rates because mass transfer 

is less sensitive to velocity changes as illustrated by “flatter” 

Van Deemter plots.

Unfortunately, column backpressure increases at a 

greater rate than column efficiency as you decrease 

particle size. This increase in backpressure is so great for 

sub-2 μm particle columns that they are practically 

unusable using standard HPLC systems. 

Shown in Figures 13-15 are the chromatograms for the 

separation of three sets of closely related pharmaceutical 

compounds. These examples include both basic and 

neutral as well as polar and non-polar compounds. While 

each example utilizes 2.1 mm I.D. columns, three different 

flow rates and three unique mobile phase conditions are 

presented to demonstrate the versatility of fast HPLC with 

Fused-Core particle columns.
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Figure 14. -Blockers on Ascentis Express
 column:  Ascentis Express C18, 5 cm x 2.1 mm ID (53822-U)
 instrument:  Agilent 1100
 mobile phase A:  0.1% acetic acid in water
 mobile phase B:  0.1% acetic acid in acetonitrile
 mobile phase ratios:  A:B = 74:26
 flow rate:  0.2 mL/min
 temp.:  35 °C
 det.:  ABI 3200 QT; ESI(+), MS/MS
 injection:  1 μL

 1. Atenolol
 2. Pindolol
 3. Timolol
 4. Metoprolol

G004063

1

2

3

4

Figure 15. Steroids on Ascentis Express 
 column:  Ascentis Express C18, 10 cm x 2.1 mm ID (53823-U)
 instrument: Jasco X-LC
 mobile phase:  55:45 water:acetonitrile
 flow rate:  0.6 mL/min
 temp.: ambient
 det.:  200 nm
 injection:  1 μL

 1.  Estriol
 2.  -Estradiol
 3.  Impurity
 4.  Estrone
 5.  Estrone degradant

G004064
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4

5

Shown in Figure 13 is the separation of six tricyclic 

antidepressants (TCAs). The separation of these closely 

related compounds was performed under isocratic mobile 

phase conditions with mass spectrometric (MS) detection. 

Baseline resolution was achieved with a total separation 

time of 3 minutes demonstrating not only the potential 

speed of the Ascentis Express columns but also the 

resolving power. Note the MS compatible mobile phase 

and flow rate. Furthermore, the use of 2.1 mm I.D. columns 

provides a reduction in solvent consumption compared to 

typical flow rates for 4.6 mm I.D. or monolithic columns. 

Data in Figure 14 further illustrates the speed in which 

closely related compounds can be resolved using the 

Fused-Core particle. In this example, four -blockers are 

resolved in less than one minute under isocratic conditions 

utilizing MS detection. While a 10 cm column was utilized 

for the TCAs separation, a 5 cm column was used for the 

-blockers example. 

The separation of three steroids as well as a related 

impurity and degradant is shown in Figure 15. A high 

mobile phase flow rate of 0.6 mL/min was utilized and is 

suitable for Ascentis Express columns due to the Van 

Deemter curve associated with these columns. Isocratic 

mobile phase conditions were utilized as well as UV 

detection at 200 nm, a common detection wavelength 

for impurity profiling. Again, baseline resolution was 

achieved for all compounds with a total runtime of less 

than two minutes. It should be noted that the isocratic 

conditions used in these examples further enhances 

sample throughput versus gradient conditions due to no 

need for column re-equilibration. With a backpressure of 

just 4500 psi, this analysis could be performed on almost 

any HPLC system. A similar separation was attempted 

using a sub-2 μm particle column but was not possible 

given the same instrument constraints put on the 

Ascentis Express column.
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Ultra-High Resolution HPLC:  
Column Coupling
Maximize the Resolution of UHPLC systems

Column coupling in HPLC is gaining interest since LC 

systems are being designed to withstand column back 

pressures of up to 15,000 psi. Column coupling is a simple 

and practical way to increase resolution by simply 

increasing column length. Because Ascentis Express HPLC 

columns provide higher efficiencies at any pressure 

compared to 3 μm and sub-2 μm particles, the coupling 

of Ascentis Express columns enables significantly higher 

resolution than any other column on any commercial 

HPLC system.

Efficiencies greater than 150,000 plates/column are 

possible and demonstrated in the isocratic separation of 

benzene and toluene with various deuterium substitutions. 

Figure 16 shows the efficiency obtained by coupling 5 

Ascentis Express 15 cm columns together. 

Column Coupling Applications
  Natural product chemistry
  Tryptic digests
  Synthetic peptide mapping
  Stress studies of APIs
  LC-NMR

Figure 16.  Column Coupling of Ascentis Express  
Provides over 100,000 Plates per Separation 

 column: Ascentis Express C18, 15 cm x 3 mm I.D., x5
 mobile phase: 56:44, water:acetonitrile  
 flow rate: 0.6 mL/min
 temp.: 60° C
 pressure: 13500 psi (930 bar)

 1.  Uracil
 2.  Acetophenone
 3.  Benzene
 4.  Toluene
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High Performance HPLC  
Fittings/Interconnects

Improve HPLC performance 

with these fittings only from 

Supelco.

Key Benefits
  Eliminate dead volume 

that contributes to peak  
broadening and decreased resolution

  Sliding ferrule design allows for use in any port 
  Fingertight fittings, no tools required
  Rated to 15,000 psi

For a complete list, visit sigma-aldrich.com and enter 

the keywords: High Performance Fitting
TRADEMARKS:  
Ascentis, HybridSPE – Sigma-Aldrich Biotechnology LP 
Fused-Core – Advanced Materials Technology 
UPLC – Waters Associates, Inc.

Body

P
00

12
55

Use No Tools!
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Ascentis Express Properties
Stationary Phase Support
  Ultra-pure, Type B silica
  1.7 μm solid core particle with  

0.5 μm porous silica shell (effective 2.7 μm)
  150 m2/gram surface area  

(comparable to ~225 m2/g porous particle)
  90 Å pore size

Bonded Phase
 Coverage 
 μmoles/m2 pH Range Endcapping

C18 3.5 2-9 Yes
C8 3.7 2-9 Yes
RP-Amide 3.0 2-9 Yes
HILIC n/a 2-8 No

Ordering Information
Analytical

 ID  Length Ascentis  Ascentis  Ascentis Ascentis  
 (mm) (cm) Express C18 Express C8 Express RP-Amide Express HILIC

 2.1 3 53802-U 53839-U 53910-U 53933-U
 2.1 5 53822-U 53831-U 53911-U 53934-U
 2.1 7.5 53804-U 53843-U 53912-U 53938-U
 2.1 10 53823-U 53832-U 53913-U 53939-U
 2.1 15 53825-U 53834-U 53914-U 53946-U
 3.0 3 53805-U 53844-U 53915-U 53964-U
 3.0 5 53811-U 53848-U 53916-U 53967-U
 3.0 7.5 53812-U 53849-U 53917-U 53969-U
 3.0 10 53814-U 53852-U 53918-U 53970-U
 3.0 15 53816-U 53853-U 53919-U 53972-U
 4.6 3 53818-U 53857-U 53921-U 53974-U
 4.6 5 53826-U 53836-U 53922-U 53975-U
 4.6 7.5 53819-U 53858-U 53923-U 53977-U
 4.6 10 53827-U 53837-U 53929-U 53979-U
 4.6 15 53829-U 53838-U 53931-U 53981-U

Capillary    

   Ascentis Express C18 Ascentis Express C8
   Length Length
  5 cm 15 cm 5 cm 15 cm
 75 μm I.D. 53982-U 54219-U 53983-U 54229-U
 100 μm I.D. 53985-U 54256-U 53987-U 54260-U
 200 μm I.D. 53989-U 54261-U 53991-U 54262-U
 300 μm I.D. 53992-U 54271-U 53997-U 54272-U
 500 μm I.D. 53998-U 54273-U 53999-U 54275-U
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Fused-Core Particles Traditional Porous Particles

The “A” term in the van Deemter equation accounts for the effects of inhomogeneities in 
the packed bed of an HPLC column. Narrow particle size distributions form a more consis-
tent packed bed and a consistent path length, minimizing analyte diffusion through the 
column. This eddy diffusion is effectively independent of mobile phase velocity.

The innovative manufacturing process for Fused-Core particles produces a very narrow 
particle size distribution. A narrow particle size distribution allows for the use of large  
porosity frits that resist clogging, resulting in a more rugged column. Traditional porous 
particles are not manufactured in a way to yield extremely narrow particle size distributions.
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The Fused-Core™ Advantage

The short diffusion path of the Fused-Core particle yields sharper peaks than traditional 
porous particle columns. The minimized resistance to mass transfer, the “C” term in the 
van Deemter equation, of the Fused-Core particle provides sharper peaks than traditional 
porous particles. The short diffusion path also permits the use of higher flow rates with-
out peak broadening.
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Available Resources

US Technical Service  
  phone: 800-359-3041 (US and Canada only)  
   814-359-3041
  fax: 800-359-3044/814-359-5468
  email: techservice@sial.com

  EU Technical Services  
  email: EurTechServ@sial.com

  Internet:  sigma-aldrich.com/express
  Webinars: sigma-aldrich.com/videos  
   (available 24 hours/day)
Email updates:  Fused-Core Report  (register  
  at  sigma-aldrich.com/express)
  Twitter: twitter.com/HPLCSessions

Extreme performance on any LC system

Half the backpressure of sub-2 μm columns
 Twice the performance of 5 μm columns
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Introducing Ascentis Express… 
Now, High Speed and High Efficiency HPLC Separations are Possible on Any LC System

Increasing speed and resolution of HPLC analyses are drivers for 
innovation in both HPLC column and hardware design. While columns 
packed with 5 μm particles have been the standard, reducing particle 
size has been the strategy of many column manufacturers and users 
alike. Smaller particles result in faster chromatography. The cost for the 
improved speed is higher column backpressures. To obtain the benefit of 
the small particles, instrumentation beyond conventional HPLC is 
required.

Ascentis Express columns provide a breakthrough in HPLC column 
performance. Based on Fused-Core particle technology, Ascentis Express 
provides the benefits of high speed of much smaller particles but at a 
backpressure suitable to conventional HPLC systems. Due to this 
fundamental performance advantage, Ascentis Express can benefit both 
conventional HPLC users as well as UPLC™ or other ultra pressure system 
users. 

Exceeding the Performance of Other “Fast” HPLC Particles

Designed to deliver speed and resolution on all LC systems, Ascentis Express meets and exceeds the benefits of competitive 
particles, including 3 μm and sub-2 μm particles. Under the same conditions, Ascentis Express columns deliver the same 
efficiencies at half the backpressure of sub-2 μm particles and nearly twice the efficiency of 3 μm particles.

Compared to Sub-2 μm Particles:
Advantage:  Ascentis Express columns can be run successfully on conventional, mid-pressure and ultra high pressure HPLC and 

LC-MS instruments.

Advantage:  Double the flow rate. Run Ascentis Express columns at higher flow rates for faster analyses. 

Advantage:  Double the column length. Longer Ascentis Express columns can be used, giving additional resolving power.

Compared to 3 μm Particles: 
Advantage:  Double the efficiency. Ascentis Express columns have nearly twice the column efficiency of 3 μm particles.
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Practical Recommendations for Success
Use 0.005 in. I.D. inlet and outlet tubes.  Broadening is 
much less sensitive to the tube length than to the I.D.  
Minimize lengths of the inlet and outlet tubes for best 
performance, but do not worry about having a few 
extra centimeters of length if it makes maintenance or 
column installation easier.

 If high pressure becomes a problem, then use ac-
etonitrile as modifier and elevate the column tempera-
ture whenever possible.  If methanol, THF, or another 
more viscous modifier is required, then elevating the 
temperature  becomes even more beneficial.  Even a 
modest temperature increase will greatly reduce the 
mobile phase viscosity and the required pressure while 
improving mass transfer.

 Use only 4.6 mm diameter Fused-Core columns on 
conventional HPLC systems to minimize broadening 
problems from the remaining system components. 
Extra column broadening worsens as the column 
diameter is decreased.  

 Keep the sample volumes small — 5 μL or less if the 
peaks of interest elute early (k = 1).  Up to 20 μL is 
acceptable if k exceeds 10.

 Avoid sample solvents that are stronger than the 
mobile phase.

 Use data rates of 10 Hz or greater, and watch out for 
bunching factors.
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Figure 1. Fused-Core Structure of Ascentis Express Compared to Totally Porous Particles

The Particle Platform Innovations Behind  

Ascentis Express 

Like most modern HPLC particles, Ascentis Express 
particles are high surface area spheres made from high 
purity silica gel. The total particle diameter is 2.7 μm. 
However, here the comparison ends. What sets apart 
Ascentis Express from conventional HPLC particles is the 
patent pending Fused-Core technology. Ascentis Express 
particles comprise a solid 1.7 μm diameter silica core that is 
encapsulated in a 0.5 μm thick layer of porous silica gel. 

There are five distinct properties of Ascentis Express 
particles that account for their high performance and are 
worth emphasizing:

 1. The solid core 

  Because of the solid core, analytes cannot diffuse as 
deeply into the particle, resulting in less band 
broadening, and hence higher efficiency and 
sensitivity, compared to totally porous particles of the 
same diameter.

 2. The 0.5 μm porous shell surrounding  
the solid core

  The porous shell gives the particles a surface area 
comparable to totally porous particles for excellent 
phase loading and sample capacity.

 3. The total particle diameter (2.7 μm)

  Compared to sub-2 μm porous particles, Ascentis 
Express yields half the column backpressure, allowing 
longer columns and faster flow rates (Figures 2 and 3).

  Compared to 3 μm porous particles, Ascentis Express 
yields nearly twice the efficiency (Figure 4).

 4. The narrow particle size distribution.

  Compared to both sub-2 μm and 3 μm particles, 
Ascentis Express provides longer column lifetime 
because the narrow particle size distribution allows us 
to use larger pore size frits (2 μm vs. 0.5 μm) that are 
less susceptible to fouling.

 5. The high particle density

  By virtue of the solid core, Ascentis Express particles 
yield a more densely packed bed for added stability 
and long column lifetime.

Figure 2. Hyper-Fast Separations on Ascentis Express

column: Ascentis Express C18, 10 cm x 2.1 mm I.D., 2.7 μm particles   
  (53823-U) and sub-2 μm particle column (same dimensions)
 mobile phase: 49:51 or 55:45, water:acetontrile
 flow rate: 0.4 or 0.2 mL/min.
 temp.: ambient
 det.: UV at 200 nm
 injection: 1 μL
 1. Estradiol
 2. -Estradiol
 3. Impurity
 4. Estrone
 5. Estrone degradant

G003975

G003976

1
2

3

4

5

1

2

3

4

5

TWICE 
THE SPEED
AT EQUAL 

PRESSURES

3000 psi

3000 psi

G004388

Ascentis Express C18
0.4 mL/min flow rate

Ascentis Express Particle Totally Porous Particle

Sub-2 μm competitor 2

0.2 mL/min flow rate
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Figure 3. HD-Resolution on Ascentis Express Compared to 

Sub-2 μm Columns

column: Ascentis Express C18, 10 cm x 2.1 mm I.D., 2.7 μm particles   
  (53823-U) and sub-2 μm particle column, 5 cm x 2.1 mm I.D.
 mobile phase: 55:45 or 54:46, water:acetontrile
 flow rate: 0.2 mL/min.
 temp.: ambient
 det.: UV at 200 nm
 injection: 1 μL

Figure 4. HD-Resolution on Ascentis Express Compared to 

3 μm Particles

column: Ascentis Express C18, 15 cm x 4.6 mm I.D., 2.7 μm particles   
  (53829-U) and C18, 15 cm x 4.6 mm I.D., 3 μm particles
 mobile phase: 35:65 or 27.5:72.5, water:acetontrile
 flow rate: 1.5 mL/min.
 temp.: ambient
 det.: UV at 220 nm
 injection: 2 μL

G003979

G003980

G003973

G003974

C18, 3 μm

1400 psi

1650 psi

Ascentis Express C18
10 cm length
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1
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3
5
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NEARLY 
TWICE THE 
EFFICIENCY

1. Naphthalene
2. p-Xylene
3. Biphenyl

 1. Estradiol
 2. -Estradiol
 3. Impurity
 4. Estrone
 5. Estrone degradant

1

2

3

36,800

37,100

35,700

21,700

21,600

21,100

Ascentis Express: High Speed, High Efficiency  

Separations Adaptable Equally to R&D and  

Routine Analysis Settings

The recent introduction of UPLC™ and other ultra high 
pressure LC systems addressed the need for high through-
put separations. However, speed is not the only important 
criteria: the need for more sensitivity, more resolution and 
improved ruggedness of the technique has lead to a 
continual stream of new LC and LC-MS instruments. 
Coupled with the large installed base of conventional HPLC 
instruments, the result is that most laboratories have a 
mixture of instruments, old and new. Whereas columns 
packed with sub-2 μm particles require ultra high pressure 
instruments, Ascentis Express columns can be run on any 
LC system. Methods developed on Ascentis Express can be 

readily and reliably validated and transferred from R&D to 
routine analysis labs, whether across the building or across 
the world.

We hope this article has sparked an interest in Ascentis 
Express and the benefits it can bring to your laboratory. 
Subsequent articles will develop the Ascentis Express 
message by focusing on specific features and application 
areas.

TWICE THE 
RESOLUTION

AT EQUAL 
PRESSURE

Ascentis Express C18

C18 Sub-2 μm

5 cm length

In
tr

o
d

u
c

ti
o

n



6 sigma-aldrich.com/express ordering: 800-247-6628 (US only) / 814-359-3441

Rapid, Sensitive, General-Purpose Cleaning  

Validation Using Ascentis Express HPLC Columns

S. Bannister, M. Talbott, F. Hanciles 

Xcelience LLC, Tampa, FL

Verification of the removal of drug residue from multi-
product manufacturing equipment is required by GMP 
regulations and the suitability of applied analytical 
methods is judged with a combination of sensitivity, 
selectivity, and because the release of equipment is 
dependent - speed. The FDA does not set quantitative 
acceptance specifications, but the commonly used limit is 
based on not more than 0.1% of a dose carried over into a 
single dose of the next product. Translation of this into an 
analytical limit combines the total product contact area, the 
mass (or volume) of product contacting the surface, the 
mass (or volume) of each dose unit, the sampled area, the 
rinse volume and the fraction of the rinse sample used for 
analysis. The requisite limits are commonly measured in ng/
mL of injected sample. 

The ubiquity of HPLC in drug analysis makes it an 
attractive choice for cleaning validation. Methods qualified 
for cleaning validation are often adaptations of drug-sub-
stance methods. The original methods are capable of 
determining the drug and its related impurities, but the 
ability to simultaneously measure multiple closely related 
analytes comes at the expense of run time and is not 
needed in cleaning validation.

This work was undertaken to investigate the use of rapid 
gradients using recently introduced FCP columns on 
conventional instrumentation in the development of 
general-purpose methods for cleaning validation. The 
benefits include high sensitivity and reductions in the time 
needed to set up and run the method. 

Resolution, limits of detection and quantitation, and run 
time in HPLC analyses are improved by reducing the width 
of eluted bands. Contributions to bandwidth include both 
column (particle size, packing structure and resistance to 
mass transfer in the stationary and mobile phases) and 
extracolumn volumes (injection, unswept and tubing). 
Columns packed with 5 μm fully porous particles have been 
the standard for conventional HPLC for twenty-five years. 
Smaller-particle packings (3 μm) have been available almost 
as long and offer higher efficiency (lower band dispersion) 

The following was generated by an outside source using  

Sigma-Aldrich products. Technical content provided by:

Figure1. Acidic and Neutral Drug Panel

column: Ascentis Express C18, 10 cm x 4.6 mm I.D. (53827-U)
 mobile phase A: water with 0.1% phosphoric acid
 mobile phase B: acetonitrile with 0.1% phosphoric acid
 temp.: ambient
 flow rate: 1.76 mL/min
 det.: UV at 215 nm
 inj.: 100 μL
 gradient: Min %A %B
  0 70 30
  2 60 40
  4 5 95

1

0 1 2  3 4 5 
   Min

2

3 4

5

6

7

8

G004212

 1.  Hydrochlorothiazide (9)
 2.  Chlorthalidone (2)
 3.  Prednisolone (2)
 4.  Pravastatin (4)
 5.  Carbamazepine (2)
 6.  Diclofenac (14)
 7.  Ibuprofen (15)
 8.  Progesterone (2)

Figure 2.  Basic Drug Panel

column: Ascentis Express C18, 10 cm x 4.6 mm I.D. (53827-U)
 mobile phase A: water with 0.05M potassium phosphate and 0.1% TEA  
  and 0.6% OSA-Na at pH = 2.9
 mobile phase B: acetonitrile 
 temp.: ambient
 flow rate: 1.76 mL/min
 det.: UV at 215 nm
 inj.: 100 μL
 gradient: Min %A %B
  0 63 37
  5 59 41

0 1 2 3 4 5 6 7
    Min G004213

1

2

3

4
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6

 1.  Quinidine (5)
 2.  Dipyridamole (29)
 3.  Propranolol (12)
 4.  Haloperidol (8)
 5.  Amlodipine (29)
 6.  Fluoxetine (3)
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dispersion) on conventional instrumentation, but require 
higher pumping pressures due to lower bed permeability. 
Efficiency can be further increased by the use of particles 
smaller than 3 μm but only with the use of instrumentation 
optimized with respect to both pressure and extra-column 
effects.

Supelco has recently introduced reversed-phase 
packings based on 2.7 μm silica particles in which a 0.5 μm 
layer of 90-Å porous silica has been deposited onto a 1.7 
μm solid spherical core. Advantages of columns packed 
with these particles include high efficiency, lower backpres-
sure due to a very narrow particle size distribution, and 
smaller efficiency losses with increasing velocity due to 
improved mass-transfer kinetics in the shallow porous layer. 
The narrow particle size distribution allows the use of larger 
pore column frits, which combined with the greater 
stability of the packed bed should produce longer column 
lifetimes in routine use.

The high resolving power of gradient elution in the analy-
sis of closely related substances is the result of the reduc-
tion of peak width as a band moves through the column. 
The back of the band is accelerated by the stronger solvent. 
A broad gradient will elute a wide range of substances and 
a steep gradient will elute them quickly.

Versatile Separations

To judge the utility of Ascentis Express columns in cleaning 
validation, an Agilent 1100 component system with standard 
components (including a 10 mm/13 μL flow cell) was used to 
develop a short gradient separation using Ascentis Express 
C18, 10 cm x 4.6 mm for each of two panels: eight acidic or 
neutral drugs (AN) and six basic drugs (B). For each separation, 
the flow rate was 1.76 mL/min, detection was at 215 nm, and 
100 μL injections were made of aqueous solutions represent-
ing the final equipment rinse. The separations are shown in 
Figures 1 & 2. Limits of detection (ng/mL) are listed next to 
each analyte in Figures 1 and 2.

These separations demonstrate the capabilities of Ascentis 
Express columns on conventional, robust, instrumentation in 
rapid analyses of multiple drugs at low ppb levels suitable for 
development as methods for cleaning validations in 
multiproduct manufacturing facilities.

Selecting the Right Buffer
A partial list of common buffers and their correspond-

ing useful pH range is supplied. Perhaps the most 
common buffer in HPLC is the phosphate ion. Although, 
with the growth of LC-MS, volatile buffers such as TFA, 
acetate, formate, and ammonia are becoming more 
frequently used. Remember, the purpose of a buffer in 
the mobile phase is to inhibit a pH change in the mobile 
phase after the introduction of a sample. When 
developing a method, it is important to select a mobile 
phase with a final pH at least one pH unit away from any 

Guidelines for Preparing Mobile Phases
water prior to adding or blending of organic solvents. 
Then, add a volumetrically measured amount of organic 
solvent to obtain the final mobile phase. Thorough 
blending, degassing, and filtering prior to use is also 
recommended.

To view a listing of suitable HPLC and LC-MS additives 
and solvents, visit sigma-aldrich.com/lc-ms-solvents

It should be understood that slight variations in pH and 
buffer concentration could have a dramatic affect on the 
chromatographic process; consistent and specific tech-
niques should be a regular practice in the preparation of 
mobile phases. A common practice is to place a sufficient 
amount of pure water into a volumetric flask and add an 
accurate amount of buffer. The pH of the solution should 
be adjusted, if necessary, and then dilute to final volume of 

analytes pK value. As a rule of thumb, one should work 
within a ±1 pH unit of the buffer pKa. Typical buffer 
concentrations for HPLC tend to be 10-100 millimolar level.

 Buffer pKa @ 25 °C Useful pH Range

 Trifluoroacetic acid (TFA) 0.5 <1.5
 Phosphate 1 2.1 1.1 - 3.1
 Formate 3.8 2.8 - 4.8
 Acetate 4.8 3.8 - 5.8
 Phosphate 2 7.2 6.2 - 8.2
 Ammonia 9.2 8.2 - 10.2
 Phosphate 3 12.3 11.3 - 13.3
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Ascentis Express Peptide ES-C18 Expands the Fused-Core 

Particle Platform into Bioseparations

Introduction

Ascentis Express Peptide ES-C18 columns were specifically 
engineered to separate higher molecular weight compounds 
such as peptides and small proteins. These columns contain 
advanced Fused-Core particles that have bigger pores (160 Å 
versus 90 Å in standard Ascentis Express), which greatly 
expands the application range for Ascentis Express columns.

Key Applications for Ascentis Express Peptide ES-C18:

 Pharmaceutical/therapeutic peptides
 Peptide mapping
 Natural and synthetic peptide analysis
 Oligonucleotide analysis

Key Advantages:

 Higher peak capacity providing greater resolution
 Amenable to higher flow rates for faster analysis
 Exceptional ruggedness providing long column 

lifetime

Ascentis Express Peptide ES-C18 columns utilize a steric-
protected C18 bonded-phase with extremely high resistance 
to acid-catalyzed hydrolysis of the siloxane bond that 
attaches the C18 chain to the surface. Thus, the combination 
of low pH and elevated temperature operation of the column 
is well tolerated. Peptide separations are efficiently conduct-
ed using low pH mobile phase modifiers, often at 0.01-0.1% 
concentration, most popularly employing trifluoroacetic acid 
(TFA), and the related perfluorocarboxylic acids, pentafluoro-
propionic acid (PFPA) and heptafluorobutyric acid (HFBA). 
These acids exhibit desirable low UV transparency, volatility, 
and peptide ion-pairing properties. Additional opportunities 
for low pH operation include the normal short chain carboxy-
lic acids, formic acid and acetic acid, as well as mineral acids, 
such as phosphoric acid (0.001-0.02 M).

Shown in Figure 1 is the chromatographic separation of a 
peptide mix. The peptide mix contains a range of peptides in 
terms of molecular weight, basicity, and hydrophobicity. 
Excellent peak shape and peak width are achieved with a 
standard acetonitrile gradient and 0.1% TFA modifier. The 
resolution of small baseline impurities are shown in the inset, 
demonstrating the resolving power of the Ascentis Express 
Peptide ES-C18 column versus a traditional 5 μm column.
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For more information on the Ascentis Express Peptide ES-C18, request 
brochure T410043 (MII).

Figure 1.  Comparison of Peptide Test Mix with Ascentis 

Express Peptide ES-C18 and Traditional Column

column: Ascentis Express Peptide ES-C18, 10 cm x 4.6 mm I.D. (53324-U)  
 mobile phase A: 10% acetonitrile / 90% water / 0.1% trifluoroacetic acid
 mobile phase B: 75% acetonitrile / 25% water / 0.1% trifluoroacetic acid
 gradient: 0% to 50% B in 15 min
 flow rate: 1.5 mL/min.
 det: UV at 220 nm
 temp: 30 °C
 injection: 5 μL

Peptide Test Mix

 1. Gly-Tyr MW = 252
 2. Val-Tyr-Val MW = 379
 3. Met Enkephalin MW = 574
 4. Angiotensin II MW = 1032

G004928

G004929

 5. Leu-Enkephalin MW = 555.62
 6. Ribonuclease MW = 13,700
 7. Bovine Insulin MW = 5733
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Min G004931
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Contributed Article

Improving the Current USP Method for the Analysis of  

Lansoprazole Drug Substance Using HPLC Columns Based on  

Fused-Core Particle Technology

Introduction

Compendial methods from the USP (United States 
Pharmacopeia) are widely used in pharmaceutical drug 
product and raw materials testing. However, not all 
methods in the USP use modern technologies. In chromato-
graphic methods, it is not uncommon that older brands of 
columns are specified. Therefore, the USP methods are 
under continuous revision to improve existing procedures 
or to allow the user to obtain better results. 

instability, use of different columns and samples prepara-
tions for the evaluation of assay and impurity, the require-
ment of using internal standard for assay and a long HPLC 
runtime (60 min). A new HPLC column, Ascentis Express 
C18, based on Fused-Core particle technology was 
investigated for this study. The Ascentis Express HPLC 
column claims high efficiencies as a result of a 0.5 μm layer 
of porous silica on a 1.7 μm solid silica core. An additional 
advantage to the column is that standard HPLC instrumen-
tation can be used as opposed to UHPLC that is required for 
sub-2 μm columns.

Results and Discussion

Initially, a traditional 5 μm C18 column as specified in  
the USP monograph was compared to the 2.7 μm Ascentis 
Express C18 using the standard USP conditions for chro-
matographic purity for lansoprazole (1, 2). Improved 
resolution and sensitivity were obtained using the Fused-
Core column that allowed us to make several significant 
improvements to the method. Due to the improved 
resolving power of Fused-Core particles, the method was 
optimized with a shorter runtime without sacrificing 
resolution. The total run time was reduced from 60 min to 
40 min (Table 1). Moreover, the improved sensitivity 
allowed for the reduction in concentration of the test 
sample for chromatographic purity from 250 mg/mL to 100 
mg/mL, the level required for assay in the USP monograph. 
Therefore, simultaneous evaluation of assay and chromato-
graphic purity is achieved. Finally, a change of diluent pH, 
was implemented to improve sample solution stability 
removing the requirement of injecting sample within 10 
minutes after preparation.

Table 1. Method Parameters for Improved  

Lansoprazole Method

 column: Ascentis Express C18, 15 cm x 4.6 mm, 2.7 μm (53829-U)
 mobile phase A: Water
 mobile phase B: Acetonitrile: 0.5% Triethylamine in Water, pH=7.0 [80:20]
 flow rate: 0.8 mL/minute
 column temp.: Ambient
 autosampler Temp.: 5 °C
 injector volume: 15 μL
 detector wavelength: 285 nm
 run time: 40 min
 gradient:  Time (Min) %A %B
   0.0 90 10
   30.0 20 80
   35.0 20 80
   35.1 90 10
   40.0 90 10

Due to the improved resolving power  
of Fused-Core particles, the method  

was optimized with a shorter runtime  
without sacrificing resolution.

In an effort to improve the compliance of drug product, 
drug substance, and excipient monographs with current 
scientific/regulatory standards, USP is seeking the submis-
sion of proposals for improved methods. The intent is to 
replace the current procedures that may be deficient, 
flawed, or unsafe (e.g. http://www.usp.org/USPNF/submit-
Monograph/improveMon.html). Requests for revision of an 
existing monograph are encouraged by USP in light of 
advances in analytical technologies. Furthermore, ease of 
operation, suitability for automation, and potential for 
high-throughput analysis can be considered in a revision. 
To develop the best possible analytical test method for its 
intended use, a fully integrated method development 
process such as the selection of column, mobile phase, 
detection technology, and LC hardware by utilizing the 
most advanced technologies viable should be considered 
to ensure the methods are robust, consistent, and easy to 
use.

In this study, the USP method for lansoprazole was 
considered for improvement. Several drawbacks in the 
current USP monograph for lansoprazole prompted the 
investigation. These drawbacks include sample solution 

The following was generated by an outside source using  

Sigma-Aldrich products. Technical content provided by:

Kai Li, Jiajie He, and Xiaoya Ding
 PPD - 8551 Research Way, Suite 90, Middleton, WI  53562
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The new method was shown to be linear from 0.05% to 
150% of nominal concentration of 100 mg/mL, with 
quantitation limit less than 0.05%. The broad range of 
linearity allows for simultaneous impurity and assay 
analysis. The linearity data are shown in Figures 1 and 2. 
The RSD of 5 replicate injections of standard solution was 
0.11%. In additional experiments, the method was evalu-
ated by analysis of degraded lansoprazole drug substance. 
Lansoprazole was stressed under four separate conditions 
by exposure to acid, base, heat and hydrogen peroxide. The 
chromatograms of the acid and peroxide exposed drug 
substance along with the unstressed drug substance are 
shown for reference. The resolving power of the Ascentis 
Express HPLC column makes it very suitable for these types 
of studies.

Figure 1. Linearity Curve from 50 to 150% Nominal  

Concentration

Figure 2. Linearity Curve from 0.05 to 2.0% Nominal  

Concentration 

Figure 3. Analysis of Lansoprazole Using Improved  

Method with Ascentis Express C18 HPLC Column
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Conclusion

The method developed using 2.7 μm Fused-Core C18 
column provided significant improvements in comparison 
with the original USP method in terms of resolution, run 
time and sensitivity. As a result, the consolidated single 
method can be used for both assay and impurity quantita-
tion. The advantages of Fused-Core columns as an 
alternative for sub-2 μm columns without using new 
UHPLC instruments could be appealing for pharmaceutical 
testing. Furthermore, this paper has presented one of the 
ways (a road map) that could be utilized by analytical 
scientists in the pharmaceutical field to improve USP 
monographs for their intended purposes using modern 
analytical technologies.
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Selecting an Ascentis Express Phase

Ascentis Express C18 is the first choice for starting a new method.  However, when a C18 doesn’t give the desired separation 
or your sample contains compounds that are known to be difficult to retain or resolve on a C18, consider changing stationary 
phases.  The range of selectivity provided by Ascentis Express makes this easy.  The flow chart below helps guide in the 
selection of an Ascentis Express phase, based on the particular compound type or separation challenge.
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Profiling of Stevia rebaudiana Extract by Accurate Mass Using HILIC 

and Reversed-Phase Chromatography

Introduction

There is growing public interest in low-calorie alterna-
tives to carbohydrate-based sweeteners. Synthetic 
sweeteners are often regarded as having an undesirable 
aftertaste. Recent publications have shown a dramatic 
increase in attention toward natural extracts including the 
Stevia rebaudiana plant, not only for its sweetening effect 
but also for additional health benefits attributed to the 
plant. The major sweetening components are stevioside, 
rebaudioside A, rebaudioside C, and dulcoside A, each of 
which is over 300 times sweeter than sucrose-based 
sweeteners. The concern with the human consumption of 
the stevia leaf had been attributed to the possible muta-
genic properties of steviol, but more recent studies 
conducted by the World Health Organization have estab-
lished the safety for steviol and its glycosides.

In this study, an evaluation of the Stevia rebaudiana plant 
extract was conducted using modern chromatographic and 
mass spectrometry techniques for the determination of 
extracted components. The purpose was to evaluate the 
utility of performing two different modes of chromato-
graphic separation for component identification. An 
accurate mass time of flight (TOF) mass spectrometer was 
used in the detection and identification of components. A 
novel software package was then utilized for the determi-
nation of common components between the two chro-
matographic modes and to depict the impact of chromato-
graphic selectivity.

The concept behind the study was to utilize both reversed-
phase chromatography and HILIC chromatography for the 
determination of extract components. By using two different 
modes of selectivity, components that co-retain, do not 
retain, or do not elute under one chromatographic mode 
may be resolved under a separate mode. By resolving a 
component chromatographically, a more accurate assess-
ment of the component can be made without relying 
specifically on accurate mass data.

With traditional reversed-phase chromatography, analytes 
are primarily retained on an alkyl based stationary phase by 
partitioning interaction between the non polar stationary 
phase and the analyte. Though this mode of chromatogra-
phy is widely accepted for separation of moderately polar to 
non-polar compounds, highly polar analytes often have 
minimal or no retention on these phases. More popular polar 
embedded stationary phases address this issue with the 
addition of a polar functional group within the alkyl chain. 

 Stevia rebaudiana

Polar embedded phases can enhance retention of polar 
compounds, but it is not a solution for all applications. Often 
highly polar analytes require alternative modes of chromato-
graphic retention. In particular, HILIC chromatography allows 
for alternative selectivity by utilizing a highly polar stationary 
phase with a relatively non polar mobile phase. Under HILIC 
conditions, the partitioning of analytes is achieved through a 
preferential solvation of an aqueous environment on the 
polar surface. More polar analytes will partition more into the 
surface solvent and thus be retained longer than a less polar 
analyte. In addition to the partitioning, the polar surface of 
the stationary phase allows for adsorptive interactions via 
hydrogen bonding, dipole, etc. When ionic samples are 
separated, the potential for ion-exchange interactions also 
exists and in many cases becomes the dominant retention 
mechanism. Using silica-based stationary phases, ionized 
surface silanol groups may interact via ion-exchange with 
positively charged analytes.

Experimental

In this study, both reversed-phase and HILIC separations 
were conducted using the Ascentis® Express RP-Amide and 
Ascentis Express HILIC. The polar embedded group of the 
Amide was chosen over traditional C18 phases to increase 
the retention of the polar analytes in the stevia 
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extract. The Ascentis HILIC allowed for alternative selectivi-
ties for polar analytes. Because of the large amount of 
unknown components in the stevia extract, using both 
reversed-phase and HILIC modes enabled orthogonal 
selectivity to resolve co-retained components and enable 
better determination of components in the extract with 
confirmation between the two modes.

Stevia leaves were obtained from Sigma Aldrich (S5381). 
Sample extraction of the stevia leaves was performed by 
weighing 400 mg of crushed stevia leaves into a 7 mL 
amber vial. A total of 4 mL of 50:50 acetonitrile:water was 
added and the sample was vortexed and sonicated for 3 
minutes. The sample was then centrifuged for 2 minutes at 
15000 rpm. The supernatant was then collected and 
analyzed directly.

The sample extract was analyzed using a gradient elution 
profile for both HILIC and reversed-phase chromatographic 
modes. Analysis was conducted using an Agilent® 1200SL 
Rapid Resolution system in sequence with an Agilent 6210 TOF 
mass spectrometer. The TOF enabled the use of accurate mass 
for determination of components. The acquired data was 
processed using the Mass Hunter software package. The data 
was pushed to the Mass Profiler package for statistical compar-
ison of the two chromatographic modes. This software 
package enabled the identification of common components 
between the two chromatographic separations of the stevia 
extract. By performing this type of statistical comparison, the 
components attributed to the stevia extract were differenti-

0 10 20 30 40
Min G004744G004745

0 10 20 30 40
Min

ated from components attributed to chromatographic anoma-
lies. From this comparison the major components of the stevia 
extract were determined. Available standards were then used 
to confirm the identification of several of the components.

Results and Discussion

Figure 1 and Figure 2 represent the total ion chromatogram 
for the stevia extract under both HILIC and reversed-phase 
conditions. Both of these chromatographic separations 
demonstrate the complexity of the stevia extract. Table 1 
depicts the major components that were common in both the 
reversed-phase and HILIC separations of the stevia extract. 
More than 250 components were identified with this compari-
son, but only the major components were targeted in this 
study. The highlighted components in Table 1 depict co-reten-
tion of analytes under reversed-phase conditions. A good 
example of using this orthogonal approach is observed in the 
case of steviobioside and ducloside A. Under the reversed-
phase separation, these components were co-retained. By 
performing the separation under HILIC conditions, steviobio-
side and ducloside A were well separated. Other unidentified 
major components that were unresolved under the reversed-
phase conditions were also separated under the HILIC 
conditions. The data in  
Table 1 also depicts the selectivity difference between the two 
chromatographic modes. Polar components that were poorly 
retained in the reversed-phase conditions were 

Figure 1. Component Chromatogram of Stevia Extract  

on Ascentis Express HILIC

column: Ascentis Express HILIC, 15 cm x 2.1 mm I.D., 2.7 μm with 
 upchurch inline filter

 flow: 0.2 mL/min.
 mobile phase A: 2 mM ammonium formate (98:2 acetonitrile:water)
 mobile phase B:  2 mM ammonium formate (80:20 acetonitrile:water)
 temp.: 35 °C
 inj. vol.: 1 μL
 system: Agilent 1200SL 6210 TOF, ESI(+)
 datafile: 1228082.d

 gradient:  Time %A %B Flow
   0.00 100 0 0.2
   10.00 100 0 0.2
   40.00 0 100 0.2
   45.00 0 100 0.2
   45.01 100 0 0.4
   57.00 100 0 0.2
   60.00 100 0 0.2

Figure 2. Component Chromatogram of Stevia Extract  

on Ascentis Express RP-Amide

column: Ascentis Express RP-Amide, 15 cm x 2.1 mm I.D., 2.7 μm 
  with Upchurch inline filter
 flow: 0.2 mL/min.
 mobile phase A: 10 mM ammonium formate water
 mobile phase B:  10 mM ammonium formate (95:5 acetonitrile:water)
 temp.: 35 °C
 inj. vol.: 1 μL
 system: Agilent 1200SL 6210 TOF, ESI(+)
 datafile: 012009002.d

 gradient:  Time %A %B Flow
   0.00 100 0 0.2
   10.00 100 0 0.2
   40.00 0 100 0.2
   45.00 0 100 0.2

  45.01 100 0 0.4
  57.00 100 0 0.2
  60.00 100 0 0.2

(continued on page 16)
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strongly retained under HILIC conditions. In two cases, where 
known components were identified, it was necessary to use 
standards to confirm their retention. Figures 3 and 4 depict the 
extracted ion chromatogram for the accurate mass of steviol 
and stevioside. As can be seen in both chromatograms, 
multiple peaks are observed for each of the accurate masses. 
In the case of stevioside, it is isobaric with rebaudioside B 
making identification difficult. A stevioside standard (Sigma 
Aldrich) was used for positive identification. In addition, the 
reversed-phase separation of the extract resulted in multiple 
peaks observed for the accurate mass of steviol. This was due 
to fragments from additional glycosides that resulted in a 
steviol fragment ion, again it was necessary to confirm the 
steviol retention with a standard.

Conclusions

The profiling of the Stevia rebaudiana extract demonstrates 
the utility of performing orthogonal chromatographic modes 
when handling complex samples. The two modes of chroma-
tography were complimentary for the determination of major 
components from the stevia extract. In most cases where 
coelution occurred in one chromatographic mode, the 
components were separated under the orthogonal mode. 
Though component identification was made easier through 
the accurate mass of the TOF, it was still necessary to have 
good chromatographic resolution to confirm component 
identity. In both cases, the Fused-Core™ particle demonstrated 
the ability to perform complex matrix analysis in both HILIC 
and reversed-phase separations.

Figure 3. Stevia Extract on Ascentis Express RP-Amide, 

Extracted Ion Chromatogram for Steviol

Figure 4. Stevia Extract on Ascentis Express RP-Amide, 

Extracted Ion Chromatogram for Stevioside
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Table 1. Major Component Retention Comparison  

Between HILIC and Reversed-Phase Modes

 Accurate Ascentis Express Ascentis Express
Component Mass HILIC RP-Amide

  RT RT
 137.0476 44.397 1.429
 120.0574 34.695 3.075
 102.0473 29.394 3.077
 368.1698 18.414 15.502
 120.0574 31.082 17.166
 402.1518 15.471 17.196
 162.1405 8.727 19.128
 378.2242 8.736 19.13
Rebaudioside A/E 966.4281 34.439 21.755
 516.1254 20.784 23.016
 498.1154 20.714 23.016
Stevioside 804.3743 26.52 23.63
Steviolbioside 642.3234 19.213 24.356
Dulcoside A 788.3817 26.247 24.475
 338.2448 2.248 25.737
 176.1555 2.049 26.026
 284.2134 3.372 26.028
 246.1977 3.359 26.06
 380.255 2.002 26.672
 284.2131 2.811 27.881
 360.083 1.867 28.187
 444.2002 1.825 30.391
Steviol 318.2186 1.91 32.19
 592.2655 2.239 42.539

(continued from page 13
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Colors of the World: Fast Separation of Dyes with Ascentis Express

Dyes surround us everywhere every day. They can be 
found in common places like the printing ink in magazines or 
books and in plastics, textiles, and leather, but also in unusual 
places like diesel fuel and tattoo color. Most of these 
synthetic colors are based on aromatic ring structures 
containing heteroatoms and tend to have a high potential for 
causing cancer; as a result, they are not intended for use in 
food coloring. But since 2003, there have been several 
incidents of Sudan I contamination in chili powder. This 
situation necessitates the analysis of spice mixtures to 
determine if they have been adulterated (1, 2). 

Further, a sensitive HPLC method is needed for quality 
control testing of dyes and the identification of byproducts. 
Supelco’s Ascentis Express HPLC columns provide outstand-
ing sensitivity and resolution for such applications. 

Method Development for Dyes

Table 1 contains a list of dyes added to one sample and 
dissolved in a mixture of methanol and acetonitrile. The 
sample was injected on an Ascentis Express C8 HPLC column 
under varying mobile phase conditions to determine the best 
separation parameters. Temperature, injection volume, 
detector settings, and flow rate were kept constant. 

Table 1. Structure and Mass of the Dyes in the Sample Mixture. Most of the Compounds are Detected as [M+H]+ Ions except 
(5), which gives [M]+ Ions

G004779

G004780

G004781

G004782

G004783

G004784

G004785

The chemical and physical properties of the dyes differ 
strongly, so the first step in developing a suitable HPLC 
method was the use of a gradient run ranging from 25% 
acetonitrile to 100% acetonitrile (B) and 0.1% formic acid in 
water as an aqueous counterpart (A). The UV chromato-
gram of the combined wavelengths 360, 550, and 620 nm 
showed good chromatography of all compounds except for 
the poor peak shape of Sudan 410 at 17.35 minutes (Figure 
1A).

To optimize that peak shape, methanol was added to the 
organic mobile phase (acetonitrile:methanol, 90:10); the 
gradient run was repeated, resulting in better peak shape 
for Sudan 410 (Figure 1B). In a final experiment, the gradient 
profile was changed and optimum conditions were 
attained (see Table 2). Figure 1C shows the step-by-step 
improvements in the chromatography. 

Only three runs were needed to get the final method, 
showing how easy and fast it is to develop methods with 
Ascentis Express columns. Further, Ascentis Express 
columns contain Fused-Core particles that allow for faster 
run times; even separations performed on standard HPLC 
systems can be sped up by up to 30% with Ascentis 
Express.

 Peak No. Structure Name / Exact Mass
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 6    

 7    
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Figure 1 shows UV chromatograms of Sudan III (Peak 6) 
and Sudan 410 (Peak 7) after three optimization steps. An 
organic phase mixture of methanol:acetonitrile (10:90) and a 
final gradient composition of 98% organic mobile phase 
resulted in the best overall peak shapes with a minimum of 
tailing of compounds (Peak 7). Figure 3 shows the final 
chromatogram with very good separation of all analytes. 

Figure 2 is a UV chromatogram of the final HPLC method. 
Resolution, sensitivity, and peak symmetry were optimal for 
all analytes. The total run time on a standard HPLC instru-
ment (Agilent 1100) was 25 minutes, but the separation 
could easily be performed faster on ultra-performance 
instruments. 

Figure 1. UV Chromatograms of Sudan III and Sudan 410.  (A) 
Initial Conditions, (B) Addition of Methanol to Mobile Phase, 
(C) Final Conditions after Adjusting Gradient

Figure 2. UV Chromatogram of the Final HPLC Method

G004786

G004787

Figure 1A

Figure 1B

Figure 1C

Table 2. Initial and Final HPLC Method Settings for Separation of the Seven Dyes Listed in Table 1, After Optimization

Fixed Parameters 

column: Ascentis Express C8, 10 cm × 4.6 mm I.D., 2.7 μm particles
 flow rate: 0.8 mL/min
 temp: 55 °C
 UV DAD: 200–950 nm
 MS: ESI(+), SPS target 500 m/z, stability 100%, trap lvl. 100%, optimize normal,  
  range 100–1500 m/z, nebulizer 50 psi, dry gas 12 L/min, dry temp. 365 °C.
 injection volume: 3 μL
 run time: 25 min (5 min posttime)

Variable Parameters 

Initial Conditions Final Conditions

solvents: (A) water with 0.1% formic acid (A) water with 0.1% formic acid 
  (B) acetonitrile (B) acetonitrile:methanol (90:10)
 gradients: Time %A %B Time %A %B
  0.0 75 25% 0.0 75 25% 
  1.5 75 25% 1.5 75 25% 
  15.0 0 100% 15.0 2 98% 
  22.0 0 100% 22.0 2 98% 
  25.0 75 25% 25.0 75 25%
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Figure 3. Expanded View of UV Chromatogram Showing 

Unknown Impurity at 7.7 min. and Malachite Green (5)
The inset shows the UV spectra of malachite green (blue) and the unknown impurity (red).  
The mass spectra are of malachite green (top) and unknown impurity (bottom).

Ascentis Express HPLC Columns: High  

Efficiency and  LC-MS Compatibility

Using Ascentis Express columns on standard  
HPLC, fast LC, and ultra-performance instruments can 
yield heightened sensitivity (Figure 2). Mass detectors in  
LC-MS systems are very sensitive to contaminants in 
solvents and column bleed, both of which are very low 
with Ascentis Express columns combined with the right 
set of Fluka®  LC-MS solvents and additives. Both aspects, 
high efficiency and low column bleed, are basic require-
ments in trace analysis of small target analyte concentra-
tions or in identification of byproducts which may 
influence dramatically the quality and application of dyes. 
Figure 3 shows an example of the identification of low 
concentrations of byproducts even in very complex 
mixtures. The unknown substance at the retention time of 
7.68 minutes shows a nearly identical UV spectrum to 
Malachite Green (Peak 5 at 8.10 minutes), but the mass is 
14 Da lower. This may correspond to the exchange of a 
methyl residue with a proton at a position in the Malachite 
Green molecule that has no influence on the chro-
mophore. Only the displayed molecular structures fit the 
UV and mass spectroscopic results. 

G004788

To get optimal results from your  LC-MS system and 
accurate UV and mass spectra of impurities with a high 
signal-to-noise level, it is best to use high purity  LC-MS 
solvents from Fluka and high performance HPLC columns 
such as Ascentis Express from Supelco.
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 Ascentis Express Properties

Stationary Phase Support
  Ultra-pure, Type B silica
  1.7 μm solid core particle with  

0.5 μm porous silica shell (effective 2.7 μm)
  150 m2/gram surface area  

(comparable to ~225 m2/g porous particle)
  90 Å pore size, 160 Å for Peptide ES C-18

Bonded Phase

 Coverage 
 μmoles/m2 pH Range Endcapping

C18 3.5 2-9 Yes
C8 3.7 2-9 Yes
RP-Amide 3.0 2-9 Yes
HILIC n/a 2-8 No
Phenyl-Hexyl 3.4 2-9 Yes
Peptide ES-C18 3.5 1-9 No
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Ascentis Express RP-Amide: 
Combining an Embedded Polar Group Stationary Phase  
and Fused-Core

 
Particles

Ascentis Express RP-Amide HPLC columns are the most 
recent product additions to the Supelco HPLC product line. 
Combining an embedded polar group (EPG) stationary 
phase with the Fused-Core particles, Ascentis Express 
RP-Amide provides a host of useful benefits to the HPLC 
chromatographer. The benefits come from both the phase 
technology and the particle technology and can be 
summarized as: 

Fused-Core Benefits

 Higher efficiency than traditional HPLC columns  
(3 and 5 μm)

 Half of the backpressure of sub 2 micron columns
 Capable of UHPLC performance on traditional  

HPLC systems

RP-Amide Benefits

 Alternative reversed-phase selectivity to C18
 Improved peak shape for bases
 100% aqueous compatible reversed-phase column

At the heart of the Ascentis Express RP-Amide is the 2.7 μm 
Fused-Core particle that comprises a 1.7 μm solid core and a 
0.5 μm porous shell. Compared to totally porous particles, 
the Fused-Core particles have a much shorter diffusion path 
because of the solid core. This partial porosity reduces 
dispersion of solutes and minimizes peak broadening. Other 
features, such as a very tight particle size distribution and 
high packing density, result in Ascentis Express columns 
capable of delivering extreme performance to any HPLC 
system. In fact, there have been many reports on the vast 
improvements in efficiency and speed provided by Ascentis 
Express HPLC columns versus traditional HPLC columns. The 
improvements provide UHPLC performance on traditional 
HPLC systems.

While the Ascentis Express C8 and C18 provide classic 
reversed-phase selectivity, the RP-Amide phase offers an 
alternative selectivity. Supelco first commercially introduced 
the EPG phase in 1988. At that time, large tailing factors for 
basic analytes continued to plague conventional C18 and C8 
bonded phases. The EPG phase was found to improve peak 
shape of basic analytes. The early generation EPG phases 
were based on a two-step bonding process (Figure 1). The 
first step was the bonding of an aminopropylsilane to the 
bare silica surface creating a surface with amine functionality. 
In step two, palmitoyl chloride was reacted with the amine to 
create a long chain amide. Not all amines would be convert-
ed in the process, leaving a mixed system. These early 
generation EPG phases suffer from poor reproducibility. 

Next generation phases, including Ascentis Express 
RP-Amide, are produced using a one-step process (Figure 
2). In the single step process, no free amino ligands occur 
since the amide is introduced as a whole unit. This one-step 
bonding process yields excellent batch-to-batch reproduc-
ibility. Interestingly, not all EPG phases on the market use 
the modern, one-step bonding approach.

Improved Peak Shape for Basic Compounds

As previously mentioned, Ascentis Express RP-Amide 
phase reduces silanol interactions with basic analytes 
improving peak shape. A good test to demonstrate this 
effect is highly basic compounds using a mobile phase pH of 
7. At this pH, many of the residual silanols are in the ionized 
form and the basic compounds are protonated.  
The protonated (charged) bases interact with the charged 
silanols via ion exchange and result in a tailing peak. A test
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Figure1. Early Generation Two-step Bonding Process for EPG Amide Phases

Incomplete converson to amide phase

Step 2. Amide PhaseStep 1. Aminopropyl Phase

A
lt

e
rn

a
te

 S
e

le
c

ti
v

it
y



21technical service: 800-359-3041 (US and Canada only) / 814-359-3041

A
lt

e
rn

a
te

 S
e

le
c

ti
v

it
y

mix of tricyclic antidepressants was analyzed on Ascentis 
Express RP-Amide and a C18 column with a mobile phase pH 
of 7 (Figure 3). As shown in Figure 3, the RP-Amide produces 
more symmetrical peaks than the C18 for these difficult test 
probes. Asymmetry data is summarized in Figure 4 for 
doxepin, imipramine, and amitriptyline.

Alternative Selectivity

Ascentis Express RP-Amide provides increased selectivity 
for polar compounds, especially those that can act as a 
hydrogen-bond donor. Phenols, carboxylic acids, amines, and 
to a lesser extent, alcohols show enhanced retention on the 
RP-Amide phase when compared to neutral, non-polar 
analytes. An example of the power of the hydrogen bonding 
mechanism is shown in Figure 5. The phenolic nature of 
catechols and resorcinols provides a good test for demon-
strating enhanced selectivity of the RP-Amide phase. The 
RP-Amide phase shows complete baseline resolution of these 
related compounds while the C18 phase shows reduced 
retention, resolution, and selectivity for the phenolics. In 
comparing the Ascentis Express RP-Amide to the Waters™ BEH 
Shield RP18,  
a competitive EPG phase, the selectivity is very similar. The 
difference in this example is the Ascentis Express RP-Amide 
yields a backpressure half of the 1.7 μm column. This differ-
ence in backpressure means the Ascentis Express column is 
suitable for traditional HPLC systems while the 1.7 μm column 
is not.

The selectivity differences between the RP-Amide and 
the C18 can be a useful tool in method development. In 
many cases, when peaks co-elute on a C18 phase, the 
RP-Amide can be substituted to achieve separation without 
a change in mobile phase. 
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Figure 3. Separation of Tricyclic Antidepressants on  

Ascentis Express RP-Amide and Conventional C18

columns: as indicated; 10 cm x 4.6 mm I.D.
 mobile phase: 35:65, 14 mM ammonium phosphate in water,  
  pH = 7 : methanol
 flow rate: 1.5 mL/min.
 temp.: 35° C
 det.: 254 nm
 injection: 0.5 μL
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 1. Maleate 
 2. Nordoxepin
 3. Protripyline
 4. Desipramine
 5. Nortriptyline
 6. Doxepin
 7. Imipramine
 8. Amitriptyline
 9. Trimipramine
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Figure 4. Asymmetry Factors for Difficult Bases on  

Ascentis Express RP-Amide and Conventional C18
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 1.  Resorcinol
 2.  Catechol
 3.  2-Methylresorcinol
 4.  4-Methylcatechol
 5.  2,5-Dimethylresorcinol
 6.  3-Methylcatechol
 7.  4-Nitrocatechol
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Figure 6. Separation of Small Organic Acids Under  

100% Aqueous Conditions 

column: Ascentis Express RP-Amide, 10 cm x 2.1 mm I.D.
 mobile phase: 0.1% TFA (v/v) in water
 flow rate: 0.3 mL/min.
 temp.: 35° C
 det.: 210 nm
 injection: 1 μL
 sample: in mobile phase; tartaric acid, 2 g/L; lactic acid, citric acid, 
  4 g/L; acrylic acid, 0.5 g/L; fumaric acid, 0.2 g/L

 1.  Tartaric acid
 2.  Lactic acid
 3.  Citric acid
 4.  Acrylic acid
 5.  Fumaric acid
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Aqueous Compatible Reversed-Phase Column

Ascentis Express RP-Amide provides stable and reproduc-
ible analyte retention in 100% aqueous mobile phases. Many 
C18 phases are known to suffer from phase collapse under 
highly aqueous mobile phase conditions causing loss of 
retention. Shown in Figure 6 is a mix of organic acids 
analyzed under 100% aqueous conditions. Excellent 
selectivity and peak shape is noted for all the test probes, 
even citric acid, which is a notoriously difficult analyte.

Conclusion

Ascentis Express RP-Amide is a blend of modern phase 
technology and innovative particle technology. The Fused-
Core particle provides benefits in terms of speed, resolution, 
sensitivity, and ruggedness. The one-step RP-Amide bonding 
chemistry provides benefits in terms of selectivity, aqueous 
stability, and improved peak shape for bases.
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Ascentis Express C18, 2.7 μm

pressure: 4400 psi

Ascentis Express RP-Amide, 2.7 μm

pressure: 4400 psi

Waters BEH Shield RP18, 1.7 μm 

pressure: 8250 psi

Figure 5. Separation of Phenolics on Ascentis Express RP-

Amide & C18, & Waters BEH Shield RP18, 1.7 μm

columns: as indicated; 10 cm x 2.1 mm I.D.
 mobile phase A: 20 mM phosphoric acid, pH 2 (unadjusted)
 mobile phase B: water
 mobile phase C: acetonitrile
 mobile phase ratios: A:B:C = 75:5:20
 flow rate: 0.3 mL/min.
 temp.: 35° C
 det.: 270 nm
 injection: 1 μL
 sample: 50 mg/L ea. in  
  20 mM phosphoric acid
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doubled the plates per meter possible with traditional 5 μm 
columns, resolution still cannot be routinely achieved in 
every case without the ability to adjust retention and 
selectivity by proper selection of column stationary and 
mobile phases. This article features Ascentis Express 
Phenyl-Hexyl phase, a new addition to the Fused-Core 
column family, and describes how column selectivity and 
higher efficiency can be coupled to achieve much faster 
separations than have previously been possible. 

The vast majority of UHPLC separations have been 
carried out with C18 columns in the classic reversed-phase 
(RP) mode; however, suppliers now offer many different 
phases. Although no one would dispute the fact that 
UHPLC columns with different phases are needed, very little 
has been published yet on the performance that can be 
expected from UHPLC columns having different, comple-
mentary selectivity to C18 and C8. Two of the most popular 
polar-RP phases are RP-Amide, which is often categorized 
as an embedded polar-group phase, and Phenyl, which can 
interact with solutes by -  mechanisms. A brief retention 
and selectivity comparison for the Ascentis Express column 
family is given in Table 1.

C18 and C8 phases are highly popular because they are 
stable, reproducible, and easy-to-use. Retention correlates 
closely with log P values, which have been established for 
many solutes. Solute ionization causes retention to 
decrease in a predictable manner and is relatively easy to 
control by adding dilute acids, bases, and buffers to the 
mobile phase. Changing the organic component of the 
mobile phase between acetonitrile and methanol (or 
other solvents) allows the user to tweak resolution 
because solvation affects phase structure and selectivity. 
Temperature is also a useful variable for optimizing phase 
selectivity. Columns with C18 and C8 phases will frequent-
ly give optimum resolution when solutes are nonpolar or 
slightly polar; however, columns with polar-RP phases 
such as RP-Amide or Phenyl-Hexyl will often show 
improved retention and selectivity for more polar solutes. 
It should be emphasized that even polar-RP phases have a 
significant alkyl phase character in addition to their polar 
character. The same mobile phase solvents and tech-
niques may be employed with polar-RP phases, with 
comparable phase stability to C18.

The RP-Amide phase is complementary to C18 because 
the amide group has several unique features: 1) strong 
interaction by H-bonding when solutes can donate or 
accept protons, 2) effective shielding of silanols by internal 
H-bonding between amide group and silica surface, and 3) 
the ability to wet and operate well, even in 100% aqueous 
solvents. H-bonding allows solutes with carboxyl and 
phenol groups to be retained much longer and separate 
much better on RP-Amide than on C18 or C8. Shielding 
prevents solutes with amino groups from interacting with 
silanols and can result in shorter retention and sharper 
peaks on amide phases. Another interesting feature of 
amide phases is that methanol and other alcohols become 
much stronger solvents when H-bonding between phase 
and solute occurs. Except for the special situations listed 
above, an RP-Amide phase often performs similar to C18 
due to the long alkyl chain extending away from the 
surface.

The Phenyl phase has unique selectivity arising from 
solute interaction with the aromatic ring and its delocalized 
electrons. It is complementary (orthogonal) to both C18 and 
RP-Amide phases because of this unique aromaticity. An 
unsubstituted phenyl ring is a -donor or Lewis base, which 
interacts strongly with -acceptors and any electron-defi-
cient Lewis acid. Phenyl phases also tend to exhibit good 
shape selectivity, which may originate from solute multipoint 
interaction with the planar ring system. More retention and 
selectivity will often be observed for solutes with aromatic 
electron-withdrawing groups (fluorine, nitro, etc.) or with a 
delocalized heterocyclic ring system such as the benzodiaz-
epine compounds.

Table 1. Brief Overview of Ascentis Express Column  

Retention and Selectivity

Ascentis Express  Principle Principle
Fused-Core Phase Retention Mode Solute Interaction 

C18  Reversed-Phase (RP) Hydrophobic (dispersive)
C8 Reversed-Phase (RP) Hydrophobic (dispersive)
RP-Amide RP with embedded Hydrophobic and 
 polarity H-bonding
Phenyl-Hexyl RP with pendant Hydrophobic and -   
 aromaticity
HILIC (Silica) HILIC (or normal Hydrophilic (dipole,   
 phase) H-bonding, ion exchange)

Ascentis Express Phenyl-Hexyl: 
Combining the popular Phenyl-Hexyl Stationary Phase  
and Fused-Core

 
Particles
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Figure 3. Comparison of Phenyl Column Selectivity for 

Benzodiazepines

column: as indicated, 10 cm x 3 mm I.D.
 mobile phase A: water
  mobile phase B: acetonitrile
 mobile phase ratios: A:B = 65:35
 flow rate: 0.6 mL/min.
 temp.: 35°C
 det.: UV, 250 nm
 injection: 2 μL

Sample (0.1 g/L ea.)
1. Oxazepam
2. Alprazolam
3. Clonazepam
4. N-desmethyldiazepam
5. Diazepam

0 2 4 6 8 10
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Figure 2. Benzodiazepine Structures
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Phenyl-Hexyl

Total = 3000 psi
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Column B   

Phenyl, 3 μ

Total = 1750 psi
Col = 1110 psi

UHPLC Results with Ascentis Express Phenyl-Hexyl

Low-pressure drop with high efficiency and a flat van 
Deemter curve have been confirmed for Phenyl-Hexyl, as 
shown in Figure 1. In general, more than twice the column 
efficiency of 5 μm particles can be expected for all Ascentis 
Express Fused-Core columns at pressures that are easily 
managed with all HPLC instruments. Note that 20,000 plates 
have been achieved for a 10 cm x 3 mm I.D. column operating at 
optimum flow. A Jasco X-LC HPLC instrument was used for the 
study. Figure 2 illustrates the benzodiazepine chemical 
structures used in this study.  As shown in Figure 3, the 
selectivity of Ascentis Express Phenyl-Hexyl is very similar 
to that of other commercial Phenyl columns, so methods 
can be readily transferred between columns.  
The difference in efficiency and pressure drop for the two 
porous 3 μm columns can be explained by different particle 
size distributions.

Figures 4-5 show comparisons of five benzodiazepines 
separated on the four Ascentis Express RP phases in 
water:acetonitrile and water:methanol mobile phases. No 
additives were employed in order to observe the interaction 
between these polar solutes and the different phases; 
however, a dilute buffer will normally be used for develop-
ment of a validated method. The addition of 10-20 mM buffer 
at neutral pH typically has little or no effect upon the 
separation with these highly deactivated column phases.

Figure 1. Flow Performance of Ascentis Express Phenyl-

Hexyl Column with Neutral Probes

10 cm x 3 mm I.D. column, water:acetonitrile, 50:50, 35 °C, 250 nm, 2 μL
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Note that overall retention in acetonitrile is similar for the 
four bonded phases, but elution order is different. The two 
less polar compounds, diazepam and desmethyldiazepam, 
elute late and show the same order for all columns due to 
predominance of hydrophobic interactions. The more polar 
solutes, however, elute earlier and interact differently with 
Phenyl-Hexyl and the other phases. 

Reference

1. Kazakevitch, Y. V., et al. J. Chromatogr., A. 2005, 1082, 158–165.
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Figure 4. Benzodiazepines in 35% Acetonitrile Mobile 

Phase with no Additive

column: Ascentis Express, as indicated, 10 cm x 3 mm I.D.,  
 2.7 μm particles

 mobile phase A: water 
 mobile phase B: acetonitrile
 mobile phase ratios: A:B = 65:35
 flow rate: 0.6 mL/min.
 pressure: 3000 psi total, 2360 psi column
 temp.: 35 °C
 det.: UV, 250 nm
 injection: 2 μL
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Phenyl-Hexyl

C18

C8

Sample (0.1 g/L ea.)
1. Oxazepam

 2. Alprazolam
 3. Clonazepam
 4. N-desmethyldiazepam
 5. Diazepam

G004809

G004808

G004807

G004806

RP-Amide

With this test sample and operating conditions, three of the 
four Ascentis Express RP columns provide good resolution 
with different selectivity, however, Phenyl-Hexyl shows the 
best retention and selectivity.

A switch to water:methanol in Figure 5 shows a dramatic 
change in retention for Ascentis Express Phenyl-Hexyl. In 
water:methanol mobile phase, the phenyl group interacts 
much more strongly than the other phases with the solute 
heterocyclic ring system, presumably by a -  mechanism. 
Kazakevitch (1) has published evidence that methanol forms 
only monolayer coverage on aromatic phases (and also thinly 
solvates other phases), which allows the aromatic selectivity 
to shine through more strongly. Elution order for the polar 
compounds also changes from that of water:acetonitrile 
conditions. For this test sample, Ascentis Express Phenyl-
Hexyl selectivity is clearly superior in water:methanol to the 
other phases.

Phenyl-Hexyl

C8 

C18

RP-Amide

 Sample (0.1 g/L ea.)
 1. Oxazepam
 2. Alprazolam
 3. Clonazepam
 4. N-desmethyldiazepam
 5. Diazepam
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Min G004831

3
1

2

4

5

3 1,2

4

5

3 1

2

4

5

3
1

2
4

5

G004830

G004829

G004828

Figure 5. Benzodiazepines in 60% Methanol Mobile Phase 

with no Additive

column: Ascentis Express, as indicated10 cm x 3 mm I.D.
 mobile phase A: water 
 mobile phase B: methanol
 mobile phase ratios: A:B = 40:60
 flow rate: 0.6 mL/min
 pressure: 4200 psi total;  
  3420 psi column
 temp.: 35 °C
 det.: UV, 250 nm
 injection: 2 μL

Conclusion

A new Phenyl-Hexyl phase has been paired with Fused-
Core particles to complete the primary Ascentis Express 
column family. High performance with lower pressure drop 
than other UHPLC columns has been confirmed for all 
Fused-Core particle phases. Ascentis Express Phenyl-Hexyl 
correlates well to other Phenyl phases for easy method 
development or method transfer. Selectivity for benzodiaz-
epine compounds has been compared to the other Ascentis 
Express RP phases in water:acetonitrile and water:methanol. 
The extra retention possible with Phenyl phases in 
water:methanol has been demonstrated for these heterocy-
clic aromatic compounds. The potential for faster, more 
sensitive assays using Ascentis Express Phenyl-Hexyl and all 
Ascentis Express phases has been shown.
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Ascentis Express FAQs
What is unique about Ascentis Express?  
Ascentis Express columns provide a breakthrough in HPLC 
performance. Based on Fused-Core particle technology, Ascentis 
Express provides the benefits of sub-2 μm particles but at much 
lower backpressure. These benefits include the capability of 
providing fast HPLC and higher resolution chromatography. The 
Fused-Core particle consists of a 1.7 μm solid core and a 0.5 μm 
porous shell. A major benefit of the Fused-Core particle is the 
small diffusion path (0.5 μm) compared to conventional fully 
porous particles. The shorter diffusion path reduces axial 
dispersion of solutes and minimizes peak broadening.   

Can I use Ascentis Express on any type of HPLC system?

Ascentis Express HPLC columns are capable of use on standard 
HPLC systems as well as UHPLC systems. Columns are packed in 
high pressure hardware capable of withstanding the pressures 
used in UHPLC systems.

Is there anything I need to do to my HPLC system to use 
Ascentis Express?

Nothing special is required to use Ascentis Express HPLC columns. 
To obtain the full benefits of Ascentis Express, one should 
minimize dispersion or instrument bandwidth in the HPLC system 
(tubing, detector flow cell) as well as confirm the detector 
response system is set at a fast level. For more information, 
request Guidelines for Optimizing Systems for Ascentis Express 
Columns (T407102) or visit sigma-aldrich.com/express and 
download.

Key Technical Literature (available by request through technical service)

Code Publication Title

T409113 Method Optimization using Alternative Selectivities in Fused-Core Particle HPLC Column Technology
T409110 Increased Bioanalytical Throughput Using Fused-Core HPLC with Selective Phospholipid Depletion
T409041 Extended Performance of LC Instruments with Fused-Core Particle Columns
T408141 Utilizing Fused-Core Technology for LC-MS Applications
T408088 Transfer and Speedup of Methods to Fused-Core Particle Columns
T408087 Optimization of HPLC Instrumentation for High Efficiency Separations
T408077 Achieving Sub-2 μm LC-MS Performance at Moderate Pressures using Fused-Core Particle Technology
T408035 High-Resolution HPLC Through Coupling Columns
T408034 High Resolution HPLC Performance Under Both Isocratic and Gradient Conditions
T408033 Achieving Optimum UHPLC Column Performance by Measuring and Reducing Overall System Dispersion
T408031 Achieving Ultra-HPLC Column Performance with Older Instruments
T407127 Achieving Efficient Bioanalytical Separations at Moderate Pressures using Fused-Core Particle Technology
T407078 Optimizing HPLC Particles and Column Dimensions for Fast, Efficient Separations
T407102 Guidelines for Optimizing Performance with Ascentis Express HPLC Columns
T408143 Guide to Dispersion Measurement

Can I use Ascentis Express on a UHPLC system?

Yes. Ascentis Express columns are packed in a way making them 
suitable for these ultra high pressure instruments. In fact, Ascentis 
Express outperforms sub-2 μm columns on many applications 
since Ascentis Express provides the benefits of sub-2 μm particles 
but at much lower backpressure.    

Can Ascentis Express columns be used for LC-MS?

Ascentis Express Fused-Core particles were designed with LC-MS 
in mind. Even extremely short column lengths exhibit sufficient 
plate counts to show high resolving power. The flat van Deemter 
plots permit resolution to be maintained at very high flow rates to 
maximize sample throughput. All Ascentis stationary phases have 
been evaluated for MS compatibility during their development, 
and the Express phases are no exception. A bonus of Ascentis 
Express columns for high throughput UHPLC and LC-MS is that 
they are extremely rugged and highly resistant to plugging, a very 
common failure mode for competitor columns.

What flow rate should I use with Ascentis Express columns?

Based on the minimum in the van Deemter curves, higher flows 
than 5 μm particle columns are required in order to maximize 
Ascentis Express column efficiency. 

 Ascentis Express Suggested Starting Point 
 HPLC Column ID for Flow Rate

 4.6 mm I.D.   1.6 mL/min
 3.0 mm I.D.   0.8 mL/min
 2.1 mm I.D.   0.4 mL/min

FA
Q

s



27technical service: 800-359-3041 (US and Canada only) / 814-359-3041

O
rd

e
ri

n
g

 I
n

fo
rm

a
ti

o
n

Ordering Information
Analytical Ascentis Express Columns

ID (mm) Length  (cm) C18 C8 Phenyl-Hexyl HILIC RP-Amide Peptide ES -C18

2.1 2 53799-U  — — — — — 
2.1 3 53802-U 53839-U 53332-U 53933-U 53910-U 53299-U
2.1 5 53822-U 53831-U 53334-U 53934-U 53911-U 53301-U
2.1 7.5 53804-U 53843-U 53335-U 53938-U 53912-U 53304-U
2.1 10 53823-U 53832-U 53336-U 53939-U 53913-U 53306-U
2.1 15 53825-U 53834-U 53338-U 53946-U 53914-U 53307-U
3.0 3 53805-U 53844-U 53341-U 53964-U 53915-U 53308-U
3.0 5 53811-U 53848-U 53342-U 53967-U 53916-U 53311-U
3.0 7.5 53812-U 53849-U 53343-U 53969-U 53917-U 53312-U
3.0 10 53814-U 53852-U 53345-U 53970-U 53918-U 53313-U
3.0 15 53816-U 53853-U 53346-U 53972-U 53919-U 53314-U
4.6 3 53818-U 53857-U 53347-U 53974-U 53921-U 53316-U
4.6 5 53826-U 53836-U 53348-U 53975-U 53922-U 53318-U
4.6 7.5 53819-U 53858-U 53351-U 53977-U 53923-U 53323-U
4.6 10 53827-U 53837-U 53352-U 53979-U 53929-U 53324-U

4.6 15 53829-U 53838-U 53353-U 53981-U 53931-U 53328-U

Length (cm) I.D. (μm) Cat. No.

C18

  5 75 53982-U
  15 75 54219-U
  5 100 53985-U
  15 100 54256-U
  5 200 53989-U
  15 200 54261-U
  5 300 53992-U
  15 300 54271-U
  5 500 53998-U
  15 500 54273-U

C8

  5 75 53983-U
  15 75 54229-U
  5 100 53987-U
  15 100 54260-U
  5 200 53991-U
  15 200 54262-U
  5 300 53997-U
  15 300 54272-U
  5 500 53999-U
  15 500 54275-U

Capillary Ascentis Express Columns Ascentis Express Guard Columns

Universal Guard Holder

Description Cat. No.

Holder w/EXP Titanium Hybrid Ferrule --  
cartridge not included with holder 53500-U

Ascentis Express Guard Cartridges

Description I.D. (mm) Pkg. Size Cat. No.

C18 2.1 3 53501-U
C18 3.0 3 53504-U
C18 4.6 3 53508-U

C8 2.1 3 53509-U
C8 3.0 3 53511-U
C8 4.6 3 53512-U

RP-Amide 2.1 3 53514-U
RP-Amide 3.0 3 53516-U
RP-Amide 4.6 3 53519-U

HILIC 2.1 3 53520-U
HILIC 3.0 3 53521-U
HILIC 4.6 3 53523-U

Phenyl-Hexyl 2.1 3 53524-U
Phenyl-Hexyl 3.0 3 53526-U
Phenyl-Hexyl 4.6 3 53531-U

Peptide ES-C18 2.1 3 53536-U
Peptide ES-C18 3.0 3 53537-U
Peptide ES-C18 4.6 3 53542-U

 
Trademarks

Ascentis, Fluka, HybridSPE – Sigma-Aldrich Biotechnology LP 
Fused-Core – Advanced Materials Technology 
Agilent – Agilent Technologies, Inc. 
UPLC – Waters Corp.

E001103
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 Improved Peak Shape  
 on any HPLC System

 Extreme Stability with  
 TFA and Other Additives

 Rugged  HPLC Column  
 Design

Ascentis Express Peptide 
ES-C18 HPLC Columns
The Fused-Core Advantage for Bioseparations



Ascentis Express Peptide ES-C18
Ascentis® Express Peptide ES-C18 is a high-speed, high-perfor-

mance liquid chromatography column based on a new 160Å Fused-
Core™ particle design. The Fused-Core particle provides a thin po-
rous shell of high-purity silica surrounding a solid silica core. This 
particle design exhibits very high column efficiency for high MW 

solutes (up to 20 kDa) due to 
the shallow diffusion paths 
in the 0.5-micron thick po-
rous shell and the small 
overall particle size of 2.7-mi-
crons. The non-end-capped, 
sterically protected C18 
bonded phase of Ascentis 
Express Peptide ES-C18 pro-

A Breakthrough in Bioseparations Performance

acid adjusted to pH 3.5 (with ammonium hydroxide, for instance), 
especially with basic peptides. This is likely due to greater avail-
ability of formate anion for ion pairing.

Pharmaceutical Peptides

Many peptides have been investigated as therapeutic pharma-
ceutical drugs and are active vasodilators, vasoconstrictors, 
hormones, and neuropeptides. Using reversed-phase HPLC, it is 
possible to solve the tasks of identification, purity monitoring, 
and quantitative analysis in many cases, including those where 
the application of other methods is impossible.

Synthetic Peptides

The difficulty with synthetic peptides involves the production 
of many “deletion variants”. A deletion may occur at any point in 
the peptides synthesis and so several versions of the peptide are 
produced which are absent one, two or three amino acids from 
the desired product. This makes for an interesting chromato-
graphic problem because the resultant peptide mix contains 
peptides that are very similar in structure.

Peptide Mapping

Protein analysis and characterization has become more crucial 
due to many biopharmaceutical advances. Peptide mapping via 
LC-MS is one such technique that is commonly used today. A 
typical procedure involves the preparation of a tryptic digest 
from the protein, with subsequent characterization using re-
versed-phase, gradient HPLC separation followed by mass 
spectral analysis and database search. 

Ordering Information

Ascentis Express Peptide ES-C18 Columns  

 I.D.   Length (cm)

 (mm) 3 5 7.5 10 15

 2.1 53299-U 53301-U 53304-U 53306-U 53307-U

 3.0 53308-U 53311-U 53312-U 53313-U 53314-U

 4.6 53316-U 53318-U 53323-U 53324-U 53328-U

Table 1. Specifications for  

Ascentis Express Peptide ES-C18 

 Silica High Purity Type B

 Phase Sterically protected C18

 pH range 1 – 9

 Temperature 100 °C

 Average pore diameter  160 Å

 Surface area, nitrogen  80 sq.m/g

 Pore volume  0.30 mL/g

 Particle density  1.3 g/cc

Applications

The Ascentis Express Peptide ES-C18 columns are best utilized with 
mobile phases that are mixtures of acetonitrile and water or metha-
nol and water. Higher levels of the organic solvent component will 
typically reduce the retention of the sample compounds. Using el-
evated temperatures (e.g., 40 – 100 °C) will reduce the viscosity of 
the mobile phase and allow the use of faster flow rates and lower 
column pressure for high sample throughput. Gradient-elution 
techniques using 5 -10% organic component as the initial mobile 
phase and increasing to 100% organic component as the final mobile 
phase often can affect separations of complex sample mixtures in 
minimal time. 

Ionizable compounds, such as acids and bases, are generally best 
separated with mobile phases buffered at pH of 2 to 3. The use of 
10-50 mM buffers is always recommended for optimum results and 
long-term stability when separating ionizable compounds. 

Ascentis Express Peptide ES-C18 columns utilize a steric-protected 
C18 bonded phase with extremely high resistance to acid-catalyzed 
hydrolysis of the siloxane bond that attaches the C18 chain to the 
surface. Thus, the combination of low pH and elevated temperature 
operation of the column is well tolerated. Peptide separations are ef-
ficiently conducted using low pH mobile phase modifiers, often at 0.1% 
concentration. Most popularly employing trifluoroacetic acid (TFA), 
and the related perfluorocarboxylic acids, pentafluoropropionic acid 
(PFPA) and heptafluorobutyric acid (HFBA). These acids exhibit desir-
able low UV transparency, volatility, and peptide ion pairing properties. 
Additional opportunities for UV detection at low pH operation is with 
mineral acids such as phosphoric acid (1-20 mM). For MS detection 
0.1% formic acid is most commonly employed (sometimes acetic acid), 
but significant benefit to peak shape can be realized with 0.1% formic 

vides a stable, reversed phase packing with a pore structure 
and pore size that is optimized for reversed-phase HPLC sepa-
rations of peptides and polypeptides, using typical acidic 
mobile phases favored for protein structure-function and 
proteomic applications. 

sigma-aldrich.com/express-peptide



Difficult Separations on Ascentis Express Peptide ES-C18

Figure 1.  Basic Peptides 

 column: Ascentis Express Peptide ES-C18, 10 cm x 2.1 mm I.D. (53306-U)

 mobile phase A: 0.1% additive in water

  mobile phase B: 25:75, (0.4 % additive):acetonitrile

 additive: formic acid, pH 3.5 (adjusted with ammonium hydroxide)

 gradient: initial = 15% B, slope = 2% MeCN / column volume

 flow rate: 0.3 mL/min

 temp.: 35 °C

 det.: ESI(+)-TOF

 injection: 1 μL

 sample: 5 mg/L peptide 1 & 3, 1 mg/L peptide 2, 15 mg/L peptide 4

Peptide probes (listed in order of elution):
 1. ac-GGGLGGAGGLKG monoisotopic mass: 941.5

 2. ac-KYGLGGAGGLKG monoisotopic mass: 1118.6

 3. ac-GGAVKALKGLKG monoisotopic mass: 1139.7

 4. ac-KYALKALKGLKG monoisotopic mass: 1330.8

Figure 2.  Peptide Test Mix 

 column: Ascentis Express Peptide ES-C18, 10 cm x 4.6 mm I.D. (53324-U)

 mobile phase A:  90:10, (0.1 % TFA):acetonitrile

  mobile phase B: 25:75, (0.1% TFA):acetonitrile

 gradient: initial = 0% B to 50% B in 15 min. 

 f low rate: 1.5 mL/min

 temp.: 30 °C

 det.: UV at 220 nm

 injection: 5 μL

The test mix employed contains the following peptides
 1. Gly-Tyr MW = 252 

 2. Val-Tyr-Val MW = 379

 3. Met Enkephalin MW = 574

 4. Angiotensin II MW = 1032

 5. Leu-Enkephalin MW = 555

 6. Ribonuclease MW = 13,700

 7. Bovine Insulin MW = 5733

Figure 3.  Carbonic Anhydrase Tryptic Digest

 column: Ascentis Express Peptide ES-C18, 10 cm x 4.6 mm I.D. (53324-U)

 mobile phase A:  0.1 % TFA in water

  mobile phase B: 40:60, (0.1% TFA):acetonitrile

 gradient: initial = 3% B to 100% B in 53 min. 

 f low rate: 1.0 mL/min

 temp.: 30 °C

 det.: UV at 215 nm

 injection: 20 μL

Figure 4.  Small Proteins 

 column: Ascentis Express Peptide ES-C18, 10 cm x 4.6 mm I.D. (53324-U)

 mobile phase A:  90:10, (0.1% TFA):acetonitrile

  mobile phase B: 25:75, (0.1% TFA):acetonitrile

 gradient: initial = 25% B to 40% B in 15 min.; then to 60% B at 20 min. 

 f low rate: 1.5 mL/min

 temp.: 30 °C

 det.: UV at 220 nm

 injection: 4 μL

 1. Ribonuclease MW = 13,700 

 2. Porcine Insulin MW = 5,780

 3. Bovine Insulin MW = 5,730

 4. Human Insulin MW = 5,800

 5. Cytochrom C MW = 12,327

 6. Lysozyme MW = 14,700
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Competitor Comparison

Some Quantitative Comparisons

  Peak 1   Peak 2   Peak 3   Peak 4

Column w½ h/w½ TF0.1 w½ h/w½ TF0.1  w½ h/w½ TF0.1 w½ h/w½ TF0.1

A. Ascentis Express Peptide ES-C18, 2.7 μm 0.0258 9725 1.20 0.0224 1520 1.00 0.0344 11321 1.00 0.0267 9706 1.30

B. Competitor Z C18, 3.5 μm 0.0344 4082 1.14 0.0344 572 1.25 0.0387 8267 1.08 0.0387 3871 1.74

C. Competitor V C18, 1.5 μm 0.0344 4418 1.03 0.0344 548 1.06 0.0516 3044 2.69 0.0430 1281 2.38

D. Competitor W C18, 1.7 μm 0.0258 7568 1.10 0.0241 1203 1.20 0.0241 1942 1.00 0.0301 6684 1.30

Basic Peptides 

Columns run under equivalent conditions of gradient slope  
(  % MeCN per column volume).

 column: C18, 10 cm x 2.1 mm I.D.

 mobile phase A: 0.1% additive in water

  mobile phase B: 25:75, (0.4 % additive):acetonitrile

 additive: formic acid, pH 3.5 (adjusted with ammonium hydroxide)

 gradient: initial = 15% B, slope = 2% MeCN / column volume

 flow rate: 0.3 mL/min

 temp.: 35 °C

 det.: ESI(+)-TOF

 injection: 1 μL

 sample: 5 mg/L peptide 1 & 3, 1 mg/L peptide 2, 15 mg/L peptide 4

Experimental Setup: Columns and Elution Gradients

  Pore     Grad slope

Column μm  (Å) ID (mm) L (cm) CV (mL)* start %B [  % MeCN / CV ]

A. Ascentis Express Peptide ES-C18 2.7 160 2.1 10 0.190 15 2

B. Competitor Z C18 3.5 300 2.1 10 0.216 15 2

C. Competitor V C18  1.5 120 2.0 10 0.205 15 2

D. Competitor W C18 1.7 130 2.1 10 0.186 15 2

* CV determined as follows:  t0 = r.t. of unretained component.  d0 = r.t. of unretained component with ZDV union in place of column.  CV = (t0 - d0) x mL/min 

A. Ascentis Express Peptide ES-C18, 2.7μm

D. Competitor W C18, 1.7μmB. Competitor Z C18, 3.5μm

C. Competitor V C18, 1.5μm
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Peptide probes (listed in order of elution):
 1. ac-GGGLGGAGGLKG Monoisotopic mass: 941.5

 2. ac-KYGLGGAGGLKG Monoisotopic mass: 1118.6

 3. ac-GGAVKALKGLKG Monoisotopic mass: 1139.7

 4. ac-KYALKALKGLKG Monoisotopic mass: 1330.8

Peptide probes increase in basicity and hydrophobicity.
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Fused-Core Particles Traditional Porous Particles

The “A” term in the van Deemter equation accounts for the effects of inhomogeneities in the packed bed of an HPLC 
column. Narrow particle size distributions form a more consistent packed bed and a consistent path length, minimizing 

analyte diffusion through the column. This eddy diffusion is effectively independent of mobile phase velocity.

The innovative manufacturing process for Fused-Core particles produces a very narrow particle size distribution. A narrow 
particle size distribution allows for the use of large porosity frits that resist clogging, resulting in a more rugged column. 
Traditional porous particles are not manufactured in a way to yield extremely narrow particle size distributions.
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The Fused-Core Advantage

The short diffusion path of the Fused-Core particle yields sharper peaks than traditional porous particle columns.  
The minimized resistance to mass transfer, the “C” term in the van Deemter equation, of the Fused-Core particle provides 
sharper peaks than traditional porous particles. The short diffusion path also permits the use of higher flow rates without 
peak broadening.
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“Chiral by Nature”

  Columns for versatile,  
robust chiral HPLC and  
LC-MS separations

  Aqueous and non-aqueous 
separations on the same column

  No solvent or additive  
memory effects

  Wide applicability, especially 
suited to polar and ionizable 
compounds

  Predictable scale-up from 
analytical to prep

CHIROBIOTIC
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CHIROBIOTIC
Versatile Chiral HPLC and LC-MS Separations of  
Polar, Ionizable and Neutral Compounds

CHIROBIOTIC™ CSPs (chiral stationary phases) interact 

with polar, ionizable and neutral analytes via multiple 

molecular interactions. This versatility means that the 

same CHIROBIOTIC column can be successfully used in a 

variety of mobile phases, a significant benefit over CSPs 

that operate only in a single mode, normal or reversed-

phase, for example, and must be dedicated to those 

mobile phase systems. However, the most interesting 

feature of CHIROBIOTIC CSPs is the presence of ionic 

interactions, which allows them to be used in polar ionic 

and reversed-phase modes for sensitive LC-MS operation.

Key application areas
  Drug Discovery – High enantioselectivity, fast 

screening protocols, scalability to prep, 
reproducibility for reliable methods, polar and 
non-polar analytes

  Organic Synthesis – Compatible with all HPLC 
solvents to optimize sample solubility, fully 
scalable to prep

  Bioanalytical, Drug Metabolism – High 
throughput, MS-compatibility, aqueous 
samples, short run times, rugged columns

  Amino Acid and Peptide Analysis – Resolves 
underivatized natural and synthetic chiral 
amino acids and peptides, different selectivity 
and higher preparative capacity than C18 for 
achiral amino acids

What is the CHIROBIOTIC family?
Developed originally by Advanced Separations Technolo-

gies (Astec), the CHIROBIOTIC family comprises highly 

enantioselective CSPs based on macrocyclic glycopeptides 

that have been bonded through multiple covalent linkages to 

high purity silica particles. CHIROBIOTIC CSPs offer flexibility 

in choice of mobile phase conditions, both aqueous and 

non-aqueous, and are ideal for analytical and preparative 

separations of neutral, polar and ionic compounds.

How do CHIROBIOTIC CSPs separate 
enantiomers?

CHIROBIOTIC CSPs offer six different types of molecular 

interactions: ionic, H-bond, - , dipole, hydrophobic and 

steric. They also possess multiple inclusion sites that 

influence selectivity based on the molecular shape of the 

analyte. The optimization of enantiomer resolution is 

achieved by changing the mobile phase to leverage the 

types and relative strengths of the various interactions.

What makes CHIROBIOTIC CSPs unique?
The bonded macrocyclic glycopeptide itself (Figure 1), 

in terms of its morphology, molecular composition and 

multiple covalent linkages to the silica surface, is what 

makes CHIROBIOTIC CSPs unique and gives them 

significant and valuable benefits over other CSPs. The 

truly differentiating feature of CHIROBIOTIC CSPs is the 

presence of ionic interactions. These interactions are 

unique to CHIROBIOTIC CSPs and are responsible in 

large part for their desirable retention characteristics 

toward polar and ionizable analytes in aqueous and 

non-aqueous solvents.

How do the CHIROBIOTIC CSPs differ?
The various CHIROBIOTIC phases share the benefits of 

robustness, flexibility in mobile phase options, ionic 

interactions, compatibility with polar compounds and 

LC-MS and preparative scalability. However, CHIROBIOTIC 

CSPs differ in selectivity, primarily because of their 

differing number and types of interaction sites, and the 

number, type and accessibility of ionic sites in the bonded 

macrocyclic glycopeptide.

The CHIROBIOTIC CSP Family
CHIROBIOTIC CSPs are based on 5, 10 or 16 μm, 

high purity, porous silica gel. They differ in the nature 

of the bonded macrocyclic glycopeptide and resulting 

enantioselectivity.

  CHIROBIOTIC V and V2* – Vancomycin
  CHIROBIOTIC T and T2* – Teicoplanin
  CHIROBIOTIC R – Ristocetin
  CHIROBIOTIC TAG – Teicoplanin Aglycone

*CHIROBIOTIC V and T differ from V2 and T2, respectively, in their bonding chemistry that gives them different selectivity and preparative capacity for certain classes of analytes.
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Key features of CHIROBIOTIC CSPs:
 Aqueous and non-aqueous separations on the 

same column – CHIROBIOTIC CSPs have H-bond, 
ionic, dispersive, - , dipole stacking, steric and 
inclusion mechanisms, usually multiple types of 
interactions per analyte. 

 Wide applicability – Applications cover a very broad 
range of compound classes, with the different 
CHIROBIOTIC CSPs showing complementary selectivity.

 LC-MS compatibility – The wide choice of mobile 
phases makes CHIROBIOTIC CSPs ideal for LC-MS, 
where analyte ionization and detection sensitivity are 
of critical concern. 

 No solvent or additive memory effect – The same 
CHIROBIOTIC column can be used alternately in polar, 
reversed-phase and normal phase solvents without 
damage, unlike cellulosic and amylosic phases that 
require dedicated operation.

 Robust columns with long lifetimes – Each 
macrocyclic glycopeptide molecule is linked to the 
silica surface via four or five covalent bonds for 
exceptional stability and long column life. They are 
designed to withstand high pressure and flow rates, 
as well as rapid changes in mobile phase conditions.

 Solvent choices maximize sample solubility –  
CHIROBIOTIC CSPs operate in highly aqueous and 
non-aqueous polar mobile phases for polar com-
pound solubility. They also operate in normal phase 
mobile phases to maximize solubility of non-polar 
compounds. CHIROBIOTIC CSPs are compatible with 
all organic solvents.

 Excellent preparative scalability and capacity –  
From narrowbore to prep, separations on CHIROBI-
OTIC are fully scalable, even with polar analytes.  
By relying on primarily aqueous eluents, the use  
and disposal of toxic organic solvents are eliminated. 
Additionally, preparative methods in the non-aqueous 
polar ionic mode are just as easy to process as normal 
phase solvents.

 Fast kinetics for speed and efficiency – The kinetics 
of the molecular interactions between the analyte and 
the CHIROBIOTIC CSP are fast, providing efficient sepa-
rations and relatively short retention times.

 Orthogonal selectivity to other CSPs – The six 
CHIROBIOTIC CSPs are different from each other, 
and from other types of CSPs to offer choices in 
enantioselectivity, like reversal of elution order.

Figure 1. Proposed Structure of Vancomycin-based CHIROBIOTIC V and V2
CHIROBIOTIC chiral HPLC stationary phases are macrocyclic glycopeptides attached to the surface of high purity, porous 

silica by four or more covalent bonds. Vancomycin is shown here, but all four CHIROBIOTIC CSPs possess multiple func-

tional groups that can undergo different types of interactions. The CHIROBIOTIC surface is essentially ionic, allowing the 

use of polar ionic and aqueous mobile phases. Additionally, the glycopeptide structure has several inclusion sites that 

provide selectivity based on the molecular structure of the analyte. 
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Incorporating CHIROBIOTIC CSPs into Your  
Chiral Column Screening Protocol

We recommend that you incorporate CHIROBIOTIC into 

your routine screening protocol. Experience has shown 

that one or more of the CHIROBIOTIC CSPs, particularly 

V2, T and TAG, will perform the majority of chiral 

separations. Even if other CSPs give adequate resolution, a 

CHIROBIOTIC CSP may allow use of mobile phases that 

are better suited to your sample and detection method, or 

the CHIROBIOTIC method may be faster, more efficient or 

more robust. A CHIROBIOTIC method may also have 

advantages from a preparative standpoint in terms of 

solvent selection and sample capacity. 

For developing a new chiral HPLC method, we have 

created and use routinely in our laboratories a simple 

and rapid chiral column screening protocol (Table 1). It is 

important to keep in mind that a single CHIROBIOTIC 

Table 1. The CHIROBIOTIC Screening Protocol
 columns: CHIROBIOTIC V2, T, R and TAG
 procedure:  Method development follows a simple strategy that tests polar ionic, polar organic, reversed-phase and normal phase modes.

column possesses multiple types of molecular interac-

tions that are different in each of the four distinct 

modes. The same column can be exposed to all of the 

conditions outlined in the screening protocol shown in 

Table 1 without any change or loss of performance. This 

versatility is just one advantage that CHIROBIOTIC CSPs 

have over other CSPs.

The four CHIROBIOTIC CSPs we recommend in the 

screening protocol are available in 25 cm or 10 cm column 

kits. Also, you can further expand the screening field by 

incorporating the CYCLOBOND™ bonded cyclodextrin and 

P-CAP™ chiral polymer CSPs into your screening protocol to 

accommodate other types of compounds not covered by 

the routine screen.

Separation  Types of Screening Parameters 
Mode Description Compound Mobile Phase to Optimize

Polar Ionic Polar organic solvents  Acids, Bases, Zwitterions (100:0.1:0.1, v:v:v) Change acid-base ratio, 
 (CH3OH or CH3CN)   CH3OH:Acetic Acid: change the type of acid or 
 containing small amounts   Triethylamine base, add a volatile salt (test 
 of acid and base or salt    different ammonium salts)

Reversed-Phase Typical RP eluents, water  Acids, Bases, Zwitterions,  (30:70) CH3CN:20mM Change the % and type of 
 or buffers with CH3OH Neutrals Ammonium Acetate, pH 4.0 organic modifier, adjust pH,   
 or CH3CN   buffer type and ionic strength

Polar Organic Polar organic solvents  Neutrals 100% Ethanol Use other polar organic 
 without ionic additives   solvents or blends

Normal Phase Non-polar organic solvents  Neutrals (30:70) Ethanol:Heptane Increase % of polar modifier, 
 with polar solvent modifiers   change both solvents

Method Optimization: Acid-Base Ratio, Temperature and Flow Rate in Polar Ionic Mode
Using CHIROBIOTIC CSPs in the polar ionic mode has 

the highest probability of success. Optimizing resolution 

usually involves changing the contribution to retention of 

ionic interactions between the analytes and functional 

groups in the macrocyclic glycopeptide structure by:
 Changing the ratio of acid to base (Figure 2)
 Adding a soluble, volatile salt (instead of the acid 

and base) directly to the methanol

The acid, base or salt that is ultimately selected is 

based on its compatibility with the detection method 

(e.g. LC-MS), sample solubility and whether the separa-

tion will be scaled up to preparative.
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Figure 2. Demonstration of Polar Ionic Mode Mechanism: Effect of Acid:Base Ratio

Column CHIROBIOTIC V

Mobile Phase CH3OH/Acetic Acid/Triethylamine

100/0.1/0.1

Acid:base ratio=1:1

100/0.15/0.05

Acid:base ratio=3:1

100/0.05/0.15

Acid:base ratio=1:3

High acid: Nitrogen on mianserin is positively 
charged, while -COOH group on vancomycin is nega-
tively charged: strong ionic interaction

High base: Nitrogen on mianserin group is free 
amine, but -COOH group on vancomycin is fully 
charged: weak ionic interaction
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TRADEMARKS:  
CHIROBIOTIC, CYCLOBOND, HybridSPE, P-CAP – Sigma-Aldrich Biotechnology LP
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CHIROBIOTIC: Ideally Suited for LC-MS of  
Polar, Ionizable and Neutral Compounds

Each of the various ionization sources has an optimal 

set of mobile phase conditions. Outside this set, ionization 

may be suppressed with resulting loss in sensitivity. 

CHIROBIOTIC phases are uniquely able to operate across 

all mobile phase systems. CSPs that are limited to normal 

phase operation, like many cellulosic and amylosic CSPs, 

reduce the options in detection methods.

 ESI – Operate CHIROBIOTIC CSPs in  
reversed-phase and unique  
polar ionic modes. 

 APCI – Operate CHIROBIOTIC CSPs in  
polar ionic mode.

 APPI – Operate CHIROBIOTIC CSPs in  
normal phase mode.

Typical polar ionic mobile phases are methanol with low 

concentrations (0.1 – 0.001%) of volatile salts like ammo-

nium acetate or ammonium formate. Figures 3 and 4 show 

examples of CHIROBIOTIC CSPs for LC-MS in reversed-

phase and polar ionic mode mobile phases, respectively.

In addition to mobile phase compatibility, the allowable 

high flow rates and short columns make them ideally 

suited to fast MS applications.

CHIROBIOTIC columns can be used in conjunction with 

HybridSPE™-PPT plates to enhance sensitivity by completely 

removing endogenous proteins and phospholipids. This 

approach was used to resolve the enantiomers of clen-

buterol on a CHIROBIOTIC T column in Figure 4. 

Figure 3. ESI-MS of Ketoprofen on CHIROBIOTIC R in Reversed-phase Mode
 column: CHIROBIOTIC R, 15 cm x 2.1 mm, 5 μm particles (13019AST)
 mobile phase:  (30:70) CH3OH:20 mM ammonium acetate, pH 5.6
 flow rate: 0.2 mL/min.
 det.: ESI(-)
 temp.: 35 °C
 analyte:  Ketoprofen

Figure 4. ESI-MS of Clenbuterol Extracted from Plasma on CHIROBIOTIC T in Polar Ionic Mode
 column: CHIROBIOTIC T, 10 cm x 2.1 mm, 5 μm particles (12018AST)
 mobile phase:  10 mM ammonium formate in CH3OH
 flow rate: 0.3 mL/min.
 det.: ESI(+)
 temp.: 30 °C
 analyte:  Clenbuterol in rat plasma (10 ng/mL)
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Unique Polar Ionic Mode
A valuable feature of CHIROBIOTIC CSPs, the novel and 

very versatile polar ionic mode is popular because its 

mobile phases are polar organic solvents containing 

volatile additives that are ideally suited for preparative and 

LC-MS applications. An example is shown in Figure 5. 

Additionally, compared to normal phase separations, the 

polar ionic mode has speed, efficiency and sensitivity 

advantages, all valuable assets for LC-MS.

Figure 5. Beta-Receptors on CHIROBIOTIC T in Polar Ionic Mode
 column: CHIROBIOTIC T, 25 cm x 4.6 mm, 5 μm particles (12024AST)
 mobile phase:  15 mM ammonium formate in CH3OH
 flow rate: 1 mL/min.
 det.: UV at 220 nm
 temp.: 25 °C
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Multi-modal Interactions Permit Use in  
Aqueous and Non-aqueous Solvents

All CHIROBIOTIC CSPs possess multiple interaction 

sites on the same column. Changing the mobile phase 

affects the relative strength of specific types of interac-

tions. The power and flexibility of multi-modal CHIROBI-

OTIC CSPs are demonstrated in Figures 6 through 10. 

The vancomycin-based CHIROBIOTIC CSPs were used 

successfully in four different modes.

Polar Ionic Mode
A valuable feature of CHIROBIOTIC, the novel and very 

versatile polar ionic mode mobile phase system is 

desirable because of its high volatility and beneficial 

ionization effect for LC-MS (Figure 6).

Reversed-phase Mode
Also highly suitable for LC-MS and polar analytes, 

reversed-phase (RP) is a mode familiar to all chromatogra-

phers. CHIROBIOTIC CSPs have RP character and can be 

used in a wide range of buffers and solvents (Figure 7).  

Polar Organic Mode
Enantiomers of polar neutral analytes have been 

successfully separated on CHIROBIOTIC in the polar 

organic mode where the mobile phase is typically a polar 

organic solvent or solvent blend. Reaction mixtures, even 

in pyridine, can be run on CHIROBIOTIC in this mode 

(Figure 8).

Normal Phase Mode
Normal phase chiral separations are desirable to 

maintain solubility of hydrophobic compounds and when 

analyzing reaction mixtures in non-polar organic solvents. 

CHIROBIOTIC CSPs have the flexibility to operate in 

normal phase mode. The same column can be used with 

normal phase and polar/aqueous solvents and additives 

without memory effects (Figure 9). 

Figure 6. Polar Ionic Mode
 column: CHIROBIOTIC V2, 25 cm x 4.6 mm, 5 μm particles (15024AST)
 mobile phase:  15 mM ammonium formate in CH3OH
 flow rate: 1 mL/min.
 det.: UV at 230 nm
 temp.: 25 °C
 analyte:  Fluoxetine

Figure 7. Reversed-phase Mode
 column: CHIROBIOTIC V, 25 cm x 4.6 mm, 5 μm particles (11024AST) 
 mobile phase:  (30:70) CH3CN:5 mM ammonium acetate, pH 4.1
 flow rate: 1 mL/min.
 det.: UV at 254 nm
 temp.: 25 °C
 analyte:  Warfarin

0 4 8
Min G004345

4.65

5.22

G004346

Warfarin

G004350

Fluoxetine

G004351

0 7 14
Min

8.47

9.95

R
es

po
ns

e
R

es
po

ns
e

*

*



9technical service: 800-359-3041 (US and Canada only) / 814-359-3041

Preparative Applications Using CHIROBIOTIC CSPs
  Scalability across all CHIROBIOTIC particle sizes
  Low retention times give high throughput

CHIROBIOTIC columns can be used in all preparative 

HPLC techniques, including elution and recycle chromatog-

raphy, mass-directed prep, SFC and simulated moving bed 

(SMB). Scale-up is highly predictable because the same 

bonded phase chemistry is employed across all particle 

sizes. Multiple covalent bonds attach the CHIROBIOTIC 

macrocyclic glycopeptides to the silica surface, meaning no 

CSP ligand will contaminate the product. Preparative 

separations on CHIROBIOTIC columns often have speed 

and efficiency benefits over other CSPs. In terms of loading 

capacity, a 25 cm x 21.2 mm column has medium to high 

loadings, from a few mg to over 300 mg per injection.

Prep separations on CHIROBIOTIC are reproducible and 

scalable. Figure 10 shows the separation of phenylalanine 

isomers in reversed-phase mode on columns packed with 

5, 10, and 16 μm particles of CHIROBIOTIC T.

Figure 10. Scalability Across CHIROBIOTIC CSP Particle Sizes
 column: CHIROBIOTIC T, 25 cm x 4.6 mm
 mobile phase: (50:50) ethanol:water
 flow rate: 0.9 mL/min.
 det.:  UV at 220 nm
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Figure 9. Normal Phase Mode
 column: CHIROBIOTIC V, 25 cm x 4.6 mm, 5 μm particles (11024AST) 
 mobile phase:  (95:5) hexane:ethanol
 flow rate: 1 mL/min.
 det.: UV at 205 nm
 temp.: 25 °C
 analyte:  Mephenytoin
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Figure 8. Polar Organic Mode
 column: CHIROBIOTIC V2, 25 cm x 4.6 mm, 5 μm particles (15024AST)
 mobile phase:  CH3OH
 flow rate: 1 mL/min.
 det.: UV at 230 nm
 temp.: 25 °C
 analyte:  Thalidomide
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Preparative Applications (contd.)
A significant advantage of CHIROBIOTIC for preparative 

applications is the fact that the mobile phase can be chosen 

to optimize sample solubility – a critical preparative consider-

ation. The examples here show preparative CHIROBIOTIC 

separations in three different mobile phase systems. 

Preparative Reversed-phase and  
Polar Ionic Modes

Preparative separations in reversed-phase and polar 

ionic mode solvents have benefits over normal phase 

preparative separations in terms of solvent safety and 

waste disposal costs. Figure 11 shows the use of CHIROBI-

OTIC TAG in a preparative separation in polar ionic mode.

Preparative Polar Organic Mode
Figure 12 shows the analytical and preparative separa-

tions of thalidomide enantiomers on CHIROBIOTIC T. The 

analytical scale gave an  value of 3.35 in 100% metha-

nol and a retention time under 10 minutes. However, 

since thalidomide is fairly insoluble in pure methanol, it 

was possible to add 20% dioxane to the mobile phase  

to increase solubility 3.5-fold while still achieving the 

necessary separation.

Figure 11. Preparative Separation on CHIROBIOTIC  
TAG in Polar Ionic Mode

 column:  CHIROBIOTIC TAG, 25 cm x 21.2 mm,  
  5 μm particles (14044AST)
 mobile phase:  0.1% ammonium acetate in CH3OH
 flow rate:  35 mL/min.
 det.: UV at 300 nm
 throughput:  20 mg/g CSP/hr.
 load:  200 mg in 6 mL
 analyte:  N-Acetyl Tryptophan

Figure 12. Sample Solubility Considerations in Preparative 
  Analytical Scale 
 column:  CHIROBIOTIC V, 25 cm x 4.6 mm, 5 μm particles (11024AST)
 mobile phase: CH3OH
 det.: UV at 293 nm
 flow rate:  1 mL/min.
 analyte:  Thalidomide

  Prep Scale 
 column:  CHIROBIOTIC V, 25 cm x 21.2 mm, 5 μm particles (11044AST)
 mobile phase: (80:20) CH3OH:dioxane
 det.: UV at 313 nm
 flow rate:  20 mL/min.
 load:  70 mg in 12 mL
 analyte:  Thalidomide
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CHIROBIOTIC Product Listing
For more information and to review our complete offering of CHIROBIOTIC columns, please visit sigma-aldrich.com/chiral

Method Development Kits
  ID (mm) Length (cm) Cat. No.

 4.6 10 10300AST - One each of CHIROBIOTIC V2, T, TAG and R
  4.6 25 10305AST - One each of CHIROBIOTIC V2, T, TAG and R

CHIROBIOTIC Columns* V V2 T T2 TAG R
 ID (mm) Length (cm) Cat. No. Cat. No. Cat. No. Cat. No. Cat. No. Cat. No.

5 μm         

  2.1 15 11019AST 15019AST 12019AST 16019AST 14019AST 13019AST
  2.1 25 11020AST 15020AST 12020AST 16020AST 14020AST 13020AST
  4.6 5 11021AST 15021AST 12021AST 16021AST 14021AST 13021AST
  4.6 10 11022AST 15022AST 12022AST 16022AST 14022AST 13022AST
  4.6 15 11023AST 15023AST 12023AST 16023AST 14023AST 13023AST
  4.6 25 11024AST 15024AST 12024AST 16024AST 14024AST 13024AST
  10 25 11034AST 15034AST 12034AST 16034AST 14034AST 13034AST
  10 50 11036AST 15036AST 12036AST 16036AST 14036AST 13036AST
  21.2 25 11044AST 15044AST 12044AST 16044AST 14044AST 13044AST

10 μm

 4.6 25 11124AST 15124AST 12124AST 16124AST 14124AST 13124AST

*Other column dimensions, including guard columns and preparative dimensions are available on our website or by inquiring to techservice@sial.com.

CHIROBIOTIC V and V2
 Bonded Macrocylic 
 Glycopeptide: Vancomycin

 Chiral Centers: 18

 Sugar Moieties: 2

 Inclusion Cavities: 3

Separates a wide variety of secondary and tertiary amines in the 
polar ionic mode. Have many of the separation characteristics of 
protein-based stationary phases but with exceptional stability and 
much higher sample capacity. CHIROBIOTIC V2 and V differ in the 
chemistry used to bond the glycopeptide to the silica, which gives 
them differences in selectivity.

CHIROBIOTIC T and T2
 Bonded Macrocylic
 Glycopeptide: Teicoplanin

 Chiral Centers: 23

 Sugar Moieties: 3

 Inclusion Cavities: 4

These CSPs have resolved all of the known beta-blockers and 
dihydrocoumarins and many other compound classes. Generally 
reproduces chiral crown ether or ligand-exchange for amino acid 
separations. CHIROBIOTIC T2 and T differ in the chemistry used to 
bond the glycopeptide to the silica, which gives them differences 
in selectivity. 

Chiral Services: Column Screening and Small-Scale Purification
Consult Supelco to obtain a quotation for our expert services for chiral column screening (HPLC and GC), method devel-

opment and optimization, as well as isolation of up to 10 grams of purified enantiomer.

The complete listing of our chiral HPLC and GC columns can be found at sigma-aldrich.com/chiral, our corporate 

chiral web portal, where you can view our other products for chiral chemistry, like chiral catalysts, building blocks, mobile 

phase additives, derivatization reagents and more.

CHIROBIOTIC TAG
 Bonded Macrocylic 
 Glycopeptide: Teicoplanin Aglycone

 Chiral Centers: 8

 Sugar Moieties: 0

 Inclusion Cavities: 4

The removal of the three sugar moieties enhances resolution of many 
of the amino acids (alpha, beta, gamma and cyclic). CHIROBIOTIC 
TAG has shown remarkable selectivity for sulfur-containing 
molecules, such as sulfoxides and the amino acids methionine, 
histidine and cysteine. Neutral molecules, like oxazolidinones, 
hydantoins and diazepines, have shown enhanced resolution and, 
more remarkably, in single-solvent systems like methanol, ethanol 
and acetonitrile. Some acidic molecules have also shown increased 
selectivity.

CHIROBIOTIC R
 Bonded Macrocylic 
 Glycopeptide: Ristocetin A

 Chiral Centers: 38

 Sugar Moieties: 6

 Inclusion Cavities: 4

The presence of amines in the ristocetin structure makes it a good 
choice when screening acidic compounds.
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Astec P-CAP™ and 
P-CAP™-DP
Polycyclic amine polymer stationary phases 
for chiral HPLC

Stable, covalent chemistry

Reversible elution order

No solvent limitations or 
memory effects

High capacity for prepara-
tive applications

MS and SFC-compatible
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Chiral HPLC for Chemists: Ultimate Solvent Choice with  

High Capacity Using Astec’s P-CAP and P-CAP-DP
Useful for chiral HPLC and SFC separations, Astec P-CAP and P-CAP-DP polymeric chiral stationary 
phases (CSPs) have a thin, ordered layer of chiral polymer covalently bonded to the silica surface.  
They offer high stability, high sample loadability, easy scale-up, and no memory effect.

 Today’s chiral HPLC columns too often give excellent 
enantioselectivity at the expense of solvent choice. Sample 
solubility and its link to preparative separations can mean 
that a compromise has to be reached between selectivity 
and solvent choice. Astec P-CAP and P-CAP-DP chiral HPLC 
columns have no solvent restrictions, so the user can select 
a solvent that provides optimum enantioselectivity and 
analyte solubility.

Solvent Choice and Reversal of Elution Order

The P-CAP and P-CAP-DP polyamide CSPs feature a thin, 
ordered polymer layer chemically bonded to 5 μm or 3.5 μm 
spherical silica using a patented radical polymerization. This 
gives the phases high permeability across the surface and, 
because they are synthetic, they can be identically manufac-
tured in both R,R and S,S forms. This provides a predictable 
reversal of elution order in the same mobile phase (Figure 1). 

The P-CAP phases have no solvent or additive memory 
effects, so the same column can be used in a number of 
different mobile phases without any detrimental effects. 
These phases form a new generation bridge between the 
traditional ‘brush’ type CSPs and the conventional 
polymeric phases. 

Chiral method development is typically carried out either 
in normal phase (heptane/IPA or hexane/ethanol) or polar 
organic (acetonitrile/methanol) modes. For method 
optimization, a wide range of organic solvents can be used, 
from acetone to dichloromethane to dioxane, and many 
others. For acids and bases, the addition of 0.1% TFA often 

Astec P-CAP
– Bonded phase: Poly(trans-1,2-cyclohexanediyl-bis-acrylamide)

– Invented by Prof. Francesco Gasparrini (1), P-CAP is made from a 
diacryloyl -trans-1,2-diphenylethylenediamine polymerization, and 
utilizes hydrogen bonding and steric effects as enantiomer separation 
mechanisms. 

Astec P-CAP-DP
– Bonded phase: Poly(diphenylethylenediamine-bis-acryloyl) or 

Poly-DPEDA

– Invented by Prof. Daniel Armstrong (2), Astec P-CAP-DP introduces 
phenyl rings to add -  interactions, giving it one additional type of 
interaction compared to P-CAP. P-CAP-DP is less polar than P-CAP. 
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Figure 2. High-capacity Separations

Analyte: furoin
 column: (R,R) P-CAP-DP, 25 cm x 4.6 mm I.D., 5 μm particles (25024AST)

 mobile phase: 80:20, hexane:ethanol

 f low rate:  1.0 mL/min.

 temp.:  23 °C

 det.: UV at 235 nm

 injection: (a) 2 μL at 4 mg/mL (8 μg total)  

  (b) 50 μL at 20 mg/mL (1000 μg total) 

Figure 1. Predictable Elution Order Reversal

 columns: 25 cm x 4.6 mm I.D., 5 μm

 mobile phase: 95:5, methylene chloride:methanol

 f low rate: 1 mL/min.
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increases resolution and efficiency and decreases retention 
times. There are no known limitations on the kind of 
solvents that can be used with these phases. For MS 
detection, volatile acids and buffers such as ammonium 
acetate can be added to enhance peak efficiency or to 
enhance ionization when needed.

High Capacity for Preparative HPLC

Solvent flexibility and high loading capacity make P-CAP 
and P-CAP-DP CSPs ideal for analytical, preparative and 
process scale separations. The separation of furoin enantiom-
ers is shown in Figure 2 using an analytical 25 cm x 4.6 mm 
Astec (R,R) P-CAP-DP column and mobile phase of 80:20 
hexane:ethanol. Excellent separation is demonstrated with 
an injection of 8 μg of the furoin racemate. Increasing the 
load to 1 mg on this analytical column demonstrates the 
phase’s high loading capacity. 

MS-Compatible Operation

Astec P-CAP and P-CAP-DP operate in mobile phases 
that are amenable to MS-detection. Salt and/or acetic acid 
can be added to improve efficiency or enhance ionization 
and detection (Figure 3). 

Applications

Astec P-CAP CSPs have been used for a wide variety of 
molecular types and are ideal for medium to high polarity 
compounds. The mechanism of separation is either through 
hydrogen bonding for P-CAP, or through both hydrogen 
bonding (donor and acceptor) with additional π-π interac-
tion for the P-CAP-DP. Both also use dipole-dipole and 
steric interactions. Examples of the separations completed 
to date are shown in Table 1.

Table 1. Examples of P-CAP and P-CAP-DP  

Application Areas

Hydroxycarboxylic acids

Alcohols

Sulfoxides

Esters

Amides

N-blocked amino acids

Benzene sulfonamides

Binaphthols

Benzodiazepines

Phosphonic acids

Bis-Sulfones

Chromemones

Figure 3. Improved Analytical Separation with  

MS-Compatible Mobile Phases

 column: (R,R) P-CAP, 25 cm x 4.6 mm I.D., 5 μm particles (31024AST)

 f low rate: 1.0 mL/min.

 temp.: 25 °C

 det.: UV @ 254 nm

Separation of 1,1’-Bi-2-naphthol
 mobile phase: 95:5:10 mM ammonium acetate:methanol:acetate

G005148

Peak 1 = 7.91 min.

Peak 2 = 9.51 min.

Oxazepam
 mobile phase: 70:30:20 mM ammonium acetate:methanol:acetate

G005149

Peak 1 = 5.93 min.

Peak 2 = 7.73 min.

Lorazepam
 mobile phase: 70:30:20 mM ammonium acetate:methanol:acetate

G005150

Peak 1 = 5.97 min.

Peak 2 = 8.12 min.

Summary

Astec P-CAP and P-CAP-DP are rugged chiral HPLC 
phases, experience no memory effects, and can be run in 
a wide variety of solvents with speed and high efficiencies. 
For preparative applications, a combination of wide 
solvent choice and high capacity make them ideal for 
large-scale purification. 

References
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for HPLC. Zhong, Qiqing; Han, Xinxin; He, Lingfeng; Beesley, Thomas E.; Trahanovsky, Walter S.; Armstrong, 

Daniel W. Department of Chemistry, Iowa State University, Ames, IA, USA. Journal of Chromatography, A 

(2005), 1066(1-2), 55-70.

Complementary to Other Astec CSPs

Astec P-CAP and P-CAP-DP are complementary to Astec 
CHIROBIOTIC, CYCLOBOND and the polysaccharide-based 
CSPs. We suggest you incorporate them into your chiral 
column screening protocol.



Ordering Information

 Particle Size (μm) Length (cm) I.D. (mm) Cat. No.

Astec (R,R) P-CAP   

 3.5 5 4.6 30021AST
 3.5 10 4.6 30022AST
 3.5 15 4.6 30023AST
 5 5 4.6 31021AST
 5 10 2.1 31018AST
 5 10 4.6 31022AST
 5 15 2.1 31019AST
 5 15 4.6 31023AST
 5 25 2.1 31020AST
 5 25 4.6 31024AST
 5 25 10 31034AST
 5 25 21.2 31044AST
 10 25 4.6 31124AST

Guards*   

 5 2 1 31101AST
 5 2 4 31100AST

Astec (S,S) P-CAP   

 3.5 5 4.6 32021AST
 3.5 10 4.6 32022AST
 3.5 15 4.6 32023AST
 5 5 4.6 33021AST
 5 10 2.1 33018AST
 5 10 4.6 33022AST
 5 15 2.1 33019AST
 5 15 4.6 33023AST
 5 25 2.1 33020AST
 5 25 4.6 33024AST
 5 25 10 33034AST
 5 25 21.2 33044AST
 10 25 4.6 33124AST

Guards*   

 5 2 1 33101AST
 5 2 4 33100AST

 Particle Size (μm) Length (cm) I.D. (mm) Cat. No.

Astec (R,R) P-CAP-DP   

 3.5 15 4.6 34023AST
 5 15 2.1 35019AST
 5 15 4.6 35023AST
 5 25 4.6 35024AST
 5 25 10 35034AST
 5 25 21.2 35044AST

Guards*   

 5 2 4 35100AST
 

Astec (S,S) P-CAP-DP   

 3.5 15 4.6 36023AST
 5 15 2.1 37019AST
 5 15 4.6 37023AST
 5 25 4.6 37024AST
 5 25 10 37034AST
 5 25 21.2 37044AST

Guards*   

 5 2 4 37100AST

*Guard Column Holders   

Guard Holders for 4 mm I.D. cartridges   21150AST 

(holder not required for 1 mm I.D. guards)   

Visit sigma-aldrich.com/chiral to see our complete offering 
of chiral chemistry, separation products, and services.

CHIROBIOTIC, CYCLOBOND and P-CAP are trademarks of Sigma-Aldrich Biotechnology LP

Order/Customer Service  (800) 325-3010 Fax (800) 325-5052 

Technical Service  (800) 325-5832 sigma-aldrich.com/techservice

Development/Custom Manufacturing Inquiries  (800) 244-1173

Safety-related Information  sigma-aldrich.com/safetycenter
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