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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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NEARLY 
TWICE THE 
EFFICIENCY

1. Naphthalene
2. p-Xylene
3. Biphenyl

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

1
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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
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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

5
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

0 2 4 6 8 10 12 14
Min

0 2 4 6 8 10 12 14
Min

8.0 8.2 8.4 8.6 8.8 9.0
Min G004931

7.6 7.8 8.0 8.2 8.4 8.6
Min G004932

1
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7
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3

4,5
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Ascentis 
Express 
Peptide 
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Traditional 
5 μm  

Column
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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

 5    

 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
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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

C18
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Base Silica Step 1. Amide Phase

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
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Figure 2. Benzodiazepine Structures
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Total = 1750 psi
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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
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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
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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



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

World Headquarters

sigma-aldrich.com
Life Science, 

High Technology Service

Argentina
Free Tel: 0810 888 7446
Tel: (+54) 11 4556 1472
Fax: (+54) 11 4552 1698

Australia
Free Tel: 1800 800 097 
Free Fax: 1800 800 096
Tel: (+61) 2 9841 0555
Fax: (+61) 2 9841 0500

Austria
Tel: (+43) 1 605 81 10
Fax: (+43) 1 605 81 20

Belgium
Free Tel: 0800 14747
Free Fax: 0800 14745
Tel: (+32) 3 899 13 01
Fax: (+32) 3 899 13 11

Brazil
Free Tel: 0800 701 7425
Tel: (+55) 11 3732 3100
Fax: (+55) 11 5522 9895

Canada
Free Tel: 1800 565 1400
Free Fax: 1800 265 3858
Tel: (+1) 905 829 9500
Fax: (+1) 905 829 9292

Chile
Tel: (+56) 2 495 7395
Fax: (+56) 2 495 7396 

China
Free Tel: 800 819 3336
Tel: (+86) 21 6141 5566
Fax: (+86) 21 6141 5567

Czech Republic
Tel: (+420) 246 003 200
Fax: (+420) 246 003 291

Denmark
Tel: (+45) 43 56 59 00
Fax: (+45) 43 56 59 05

Finland
Tel: (+358) 9 350 9250
Fax: (+358) 9 350 92555

France
Free Tel: 0800 211 408
Free Fax: 0800 031 052
Tel: (+33) 474 82 28 88
Fax: (+33) 474 95 68 08

Germany
Free Tel: 0800 51 55 000
Free Fax: 0800 64 90 000
Tel: (+49) 89 6513 0
Fax: (+49) 89 6513 1160

Hungary
Ingyenes telefonszám: 06 80 355 355
Ingyenes fax szám: 06 80 344 344
Tel: (+36) 1 235 9063
Fax: (+36) 1 269 6470

India

Telephone
Bangalore: (+91) 80 6621 9400

New Delhi: (+91) 11 4358 8000

Mumbai: (+91) 22 2570 2364

Hyderabad: (+91) 40 4015 5488

Kolkata: (+91) 33 4013 8003

Fax
Bangalore: (+91) 80 6621 9550

New Delhi: (+91) 11 4358 8001

Mumbai: (+91) 22 4087 2364

Hyderabad: (+91) 40 4015 5488

Kolkata: (+91)  33 4013 8000

Ireland
Free Tel: 1800 200 888
Free Fax: 1800 600 222
Tel: (+353) 402 20370
Fax: (+ 353) 402 20375

Israel
Free Tel: 1 800 70 2222
Tel: (+972) 8 948 4100
Fax: (+972) 8 948 4200

Italy

Free Tel: 800 827 018
Tel: (+39) 02 3341 7310
Fax: (+39) 02 3801 0737

Japan
Tel: (+81) 3 5796 7300
Fax: (+81) 3 5796 7315

Korea

Free Tel: (+82) 80 023 7111

Free Fax: (+82) 80 023 8111

Tel: (+82) 31 329 9000

Fax: (+82) 31 329 9090

Malaysia

Tel: (+60) 3 5635 3321

Fax: (+60) 3 5635 4116

Mexico

Free Tel: 01 800 007 5300

Free Fax: 01 800 712 9920

Tel: (+52) 722 276 1600

Fax: (+52) 722 276 1601

The Netherlands

Free Tel: 0800 022 9088

Free Fax: 0800 022 9089

Tel: (+31) 78 620 5411

Fax: (+31) 78 620 5421

New Zealand

Free Tel: 0800 936 666

Free Fax: 0800 937 777

Tel: (+61) 2 9841 0555

Fax: (+61) 2 9841 0500

Norway

Tel: (+47) 23 17 60 00

Fax: (+47) 23 17 60 10

Poland

Tel: (+48) 61 829 01 00

Fax: (+48) 61 829 01 20

Portugal

Free Tel: 800 202 180

Free Fax: 800 202 178

Tel: (+351) 21 924 2555

Fax: (+351) 21 924 2610

Russia

Tel: (+7) 495 621 5828

Fax: (+7) 495 621 6037

Singapore

Tel: (+65) 6779 1200

Fax: (+65) 6779 1822

Slovakia
Tel: (+421) 255 571 562
Fax: (+421) 255 571 564 

South Africa
Free Tel: 0800 1100 75
Free Fax: 0800 1100 79
Tel: (+27) 11 979 1188
Fax: (+27) 11 979 1119

Spain
Free Tel: 900 101 376
Free Fax: 900 102 028
Tel: (+34) 91 661 99 77
Fax: (+34) 91 661 96 42

Sweden
Tel: (+46) 8 742 4200
Fax: (+46) 8 742 4243

Switzerland
Free Tel: 0800 80 00 80
Free Fax: 0800 80 00 81
Tel: (+41) 81 755 2828
Fax: (+41) 81 755 2815

United Kingdom
Free Tel: 0800 717 181
Free Fax: 0800 378 785
Tel: (+44) 1747 833 000
Fax: (+44) 1747 833 313

United States
Toll-Free: 800 325 3010
Toll-Free Fax: 800 325 5052
Tel: (+1) 314 771 5765
Fax: (+1) 314 771 5757

Vietnam
Tel: (+84) 3516 2810
Fax: (+84) 6258 4238

Internet

LRW
T409118A



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


