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Dear Colleague,

Today’s researcher often finds a variety of columns, standards and reagents listed for an application and 
often struggles to find the right quality to fit their application. The Supelco and Fluka catalogs are two 
vehicles available to help solve this dilemma. Our application experts filled the pages of these catalogs with 
real applications run under conditions used by researchers every day. Our catalogs provide an abundance 
of technical information on selectivity, column interactions and reagent purity as well as chromatograms, 
which we have run and documented in our own labs and with various beta-sites.

Our Technical Service Representatives represent decades of expertise and can assist you to find the right 
product for your analysis. If you cannot find what you need or a more personal approach is preferred,  
call our technical experts at (814) 359-3041 or (800) 359-3041 or email us at techservice@sial.com,  
our talented employees and knowledgeable technical support representatives are available to assist you  
in application development and provide help in finding the correct solution to any questions you may 
encounter in your day-to-day activities.

Besides columns, we often state the high purity solvents and analytical standards utilized in the application 
to make it easy to repeat. Our purpose in preparing the Supelco and Fluka catalogs is to accelerate our 
customer’s success by identifying and addressing critical customer needs with proprietary, unique, and 
quality products and valued application solutions.

Over 20,000 Products Covering all Areas of Analytical Chemistry

Utilizing our intellectual property and proprietary capabilities and by assessing current market needs and 
technologies, Supelco and Fluka were able to develop new and improved products and protocols that have 
extreme value in today’s markets. Included in the Supelco catalog are more than 14,000 products that are 
specially designed for the most challenging analytical applications. From the Supelco Ascentis® Express 
HPLC columns and the new Supelco SLB™-IL GC columns to Fluka’s CHROMASOLV® head-space solvents 
and Supelco’s patent pending HybridSPE™ plates, the new Supelco 2009/2010 catalog delivers a broad 
range of high quality chromatography and analytical products for our customer’s most demanding needs. 
In addition to products, hundreds of chromatograms covering a variety of industry and applications are 
also displayed. The Fluka catalog lists over 12,000 analytical reagents, standards and certified reference 
materials for all disciplines of analytical chemistry such as CHROMASOLV LC-MS Solvents & Blends and 
high purity AAS/ICP standards along with HYDRANAL® Karl Fischer products.

Combining these two catalogs provides the researcher with over 20,000 products that cover all areas within 
their analytical laboratory, making them a convenient and essential resource for your laboratory. Both Supelco 
and Fluka are committed to developing innovative solutions driven by our customer’s inputs and specific 
market needs. Supelco chromatography products and Fluka analytical reagents and standards are an ideal 
match to bring quality products that exceed the expectations of the scientific community into your lab.

Regards,

Don Hobbs

Director of Marketing
don.hobbs@sial.com

Don Hobbs

Director of Marketing

Reporter 
Visit us on the web at  
sigma-aldrich.com/thereporter

Reporter is published 5 times a year by  
Supelco Marketing, 595 North Harrison Road, 
Bellefonte, PA 16823-0048.
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Determination of Free and Total Glycerin  
in B100 Biodiesel

Michael D. Buchanan, Katherine K. Stenerson,  
and Vicki Yearick
techservice@sial.com

Introduction

In the last decade, escalating oil prices, concerns over a 

reliable petroleum supply, and the persistent environmen-

tal problems associated with the extraction, transport, 

production/refinement, and combustion of oil and its 

by-products have driven research into alternate fuel 

sources. Remarkably, this search for viable and renewable 

alternative fuel sources is being performed on a global 

scale. One such area of research is biodiesel.

What is Biodiesel?

Biodiesel is a renewable, alternative diesel fuel pro-

duced from vegetable oils, animal fats, or recycled 

restaurant grease. This non-toxic, biodegradable liquid 

fuel consists of mono-alkyl esters of long chain fatty acids 

(also known as fatty acid methyl esters, or FAMEs) and 

may be used alone or blended with petroleum-based 

diesel fuels. The most common process for producing 

biodiesel involves two steps:

 1. Through the transesterification reaction, triglycerides 
(i.e. oils or fats) are chemically reacted with an alcohol, 
usually methanol, in the presence of a catalyst, like 
sodium or potassium hydroxide, yielding fatty acid 
methyl esters (FAMEs) and glycerin by-product.

 2. The FAMEs and glycerin by-product are then 
separated and purified.

 a. The glycerin fraction is sold for use in soaps and 
other products.

 b. Biodiesel is the name given to the FAME fraction 
retained for use as fuel.

The resulting biodiesel contains no sulfur or fossil fuel 

aromatics. Biodiesel is almost 10% oxygen, making it an 

oxygenated fuel, which aids combustion in fuel-rich 

circumstances. Biodiesel can be used pure (B100 biodiesel 

= 100% biodiesel) or blended (for example, B20 biodiesel = 

20% biodiesel and 80% petroleum diesel). Before being 

used or blended, B100 biodiesel must be tested for 

contaminants that may cause problems in diesel engines. 

Table 1 lists these contaminants, the problem they cause, 

their source, and the appropriate method for testing.

The remainder of this article will focus on the analysis of 

B100 biodiesel for glycerin and glyceride contaminants, 

providing the chromatographer with several tips and tricks 

for performing this application.

ASTM D6751, ASTM D6584 and EN 14105

The specifications that must be met for B100 biodiesel 

to be considered an acceptable fuel source are outlined in 

standard specification ASTM D6751, and include a 

maximum limit for glycerin content. The actual testing of 

B100 biodiesel for glycerin is outlined in methods ASTM 

D6584 and EN 14105. Both methods provide for the 

quantitative determination of free and total glycerin in 

B100 biodiesel by high temperature gas chromatography 

after silylating the sample with N-methyl-N-(trimethylsilyl) 

trifluoroacetamide (MSTFA).

(continued on page 4)

Table 1. B100 Biodiesel Contaminants
Contaminant Problem Source Test

Glycerin Clogs fuel systems Incomplete separation of FAMEs and glycerin into two fractions GC per ASTM D6584 or EN 14105

Mono-/Diglycerides Clogs fuel systems Incomplete conversion of triglycerides to FAMEs GC per ASTM D6584 or EN 14105

Triglycerides Clogs fuel systems Not converted to FAMEs GC per ASTM D6584 or EN 14105

Methanol Stresses engines Remains after manufacturing GC per EN 14110

Moisture Stresses engines;  Remains after manufacturing or from condensation in Karl Fischer coulometric titration 
 corrodes fuel systems;  storage tanks per EN 14214 or ISO 12937 
 gelling of fuel through  
 ice crystal formation  
 and nucleation; and  
 microbial growth  

Sigma-Aldrich/Supelco truly offers  
one stop convenience for the products  

you need for B100 biodiesel testing

Calibration Standards

Glycerin determination by methods D6584 and/or EN 

14105 requires the use of two internal standards and 

multi-component calibration solutions, each containing 

glycerin, monoolein, diolein, and triolein, in varying 

concentrations. Analysts following method ASTM D6584 

are required to prepare five different multi-component 

solutions, while those adhering to method EN 14105 must 

prepare only four different multi-component solutions.
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Although these chemicals are readily available, the 

preparation can be time consuming and requires working 

with pyridine. Calibration standards preparation for both 

methods is made easier with pre-made Supelco brand 

multi-component, varied concentration solutions. Use of 

these standards saves time and reduces exposure to 

pyridine. Step-by-step preparation instructions are 

included, and were purposefully developed to be similar 

to those used in preparing B100 biodiesel samples. This 

ensures that error, due to variation in the preparation of 

samples vs. standards, will be minimized.

Preparation of method ASTM D6584 calibration 

standards involves transferring a known amount of each of 

our five standard solutions into separate vials along with 

both internal standards (butanetriol and tricaprin) and 

MSTFA silylation reagent. After allowing the standard 

mixtures 20 minutes to fully derivatize, each is diluted with 

n-heptane. The standards are now ready for GC analysis.

Because our method EN 14105 standard solutions 

already include both internal standards, preparation of 

method EN 14105 calibration standards simply requires 

transferring a known amount of each of our four standard 

solutions into separate vials along with MSTFA silylation 

reagent. After allowing the standard mixtures 20 minutes 

to fully derivatize, each is diluted with n-heptane. The 

standards are now ready for GC analysis.

(continued from page 3) Monoglyceride Stock Solution

Due to the possible overlap of FAME and derivatized 

monoglyceride peaks in the chromatographic analysis, EN 

14015 also recommends use of a monoglyceride mixture 

containing monopalmitin, monolein, and monostearin to 

aid in peak identification. Supelco offers a monoglyceride 

stock solution that can be used for this purpose.

Derivatization Reagents

Because of the moisture-sensitive nature of derivatiza-

tion-grade MSTFA, special precautions should be taken. It 

is strongly recommended to purchase and use the smallest 

reagent package practical for the work at hand. Storing 

the reagent in a tightly sealed container, such as a 

refrigerated desiccator, will provide the best shelf life. 

Carefully drying all glassware and syringes that will come 

into contact with the MSTFA reagent during sample 

preparation minimizes the opportunity for the reagent to 

become inactive.

Storage of Derivatized Standards and Samples

To store derivatized standards and samples, blanket the 

vial’s headspace with dry nitrogen, tightly seal the vial, 

and place in a refrigerated area. Carefully stored standards 

have been shown to be stable for up to one week. 

Refrigerated standards and samples must be brought to 

room temperature prior to analysis.

Figure 2. ASTM D6584 Calibration Standard on the  
MET-Biodiesel
Same conditions as Figure 1 except for sample.

 sample: ASTM D6584 Standard Solution 1 (44899-U) plus Butanetriol  
  Internal Standard (44896-U) and Tricaprin Internal Standard  
  (44897-U), derivatized with MSTFA (394866) then diluted in  
  n-heptane

 1. Glycerin
 2. Butanetriol (I.S.)
 3. Monoolein
 4. Tricaprin (I.S.)
 5. Diolein
 6. Triolein

G004410
0 10 20

Min
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3
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5 6

G004446
0 10 20

Min

Figure 1. Blank Containing Internal Standards Only on 
the MET-Biodiesel

 column: MET-Biodiesel, 14 m x 0.53 mm I.D., 0.16 μm with integrated  
  2 m x 0.53 mm I.D. guard (28668-U)
 oven: 50 °C (1 min.), 15 °C/min. to 180 °C, 7 °C/min. to 230 °C,  
  30 °C/min. to 380 °C (10 min.)
 det.: FID, 380 °C
 carrier gas: helium, 3.0 mL/min.
 injection: 1 μL, cold on-column
 sample: Method blank consisting of Butanetriol  
  Internal Standard (44896-U) and  
  Tricaprin Internal Standard (44897-U),  
  derivatized with MSTFA (394866) then  
  diluted in n-heptane

 1. Butanetriol (I.S.)
 2. Tricaprin (I.S.)

1

2
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Figure 4. B100 Biodiesel Sample on the MET-Biodiesel 
Same conditions as Figure 1 except for sample.

 sample: B100 Biodiesel plus Butanetriol Internal Standard (44896-U)  
  and Tricaprin Internal Standard (44897-U), derivatized with  
  MSTFA (394866) then diluted in n-heptane

 1. Glycerin
 2. Butanetriol (I.S.)
 3. Monopalmitin  
  (C16:0)
 4. Monoolein  
  (C18:1),  
  Monolinolein  
  (C18:2),  
  Monolinolenin  
  (C18:3)
 5. Monostearin  
  (C18:0)
 6. Tricaprin (I.S.)

G004435
0 10 20

Min
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Monoglycerides

Diglycerides

Triglycerides

sigma-aldrich.com/biofuels

Four analyses, each using a different mix, were per-

formed to illustrate the chromatographic results that can 

be obtained with this column. Run conditions that comply 

with ASTM D6584 and EN 14105 were used. Figure 1 

(page 4) shows a method blank consisting of just the two 

internal standards. Note the stable baseline, even after an 

oven temperature of 380 °C is reached (at 21.81 minutes) 

and subsequently held. Figure 2 is of a low level ASTM 

D6584 calibration standard, showing good peak shape for 

all glycerin/glyceride analytes. Figure 3 shows good 

resolution of all analytes in a monoglyceride calibration 

standard. Figure 4 shows the analysis of a real-world B100 

biodiesel sample. Note the good peak shape and resolu-

tion as well as low bleed.

The rugged metal MET-Biodiesel column requires 

different care and use than fused silica columns.

To identify the integrated guard: An aluminum tab 

is bent over a section of the integrated guard. Tailing 

peaks may indicate the column is installed backward.

To cut a metal column: Score hard/saw with a 

ceramic wafer, grab the end to be discarded with 

needle-nose pliers, and then snap off.

Specialized equipment: For Agilent® 5890/6850/ 

6890/7890 systems with a cool-on-column injector, an 

insert for 0.53 mm I.D. metal columns is recommended 

instead of an insert for 0.53 mm I.D. fused silica col-
(continued on page 6)

Capillary GC Column

Cool-on-column (COC) injection beginning at 50 °C is 

used with these methods. Use of a heated injection port 

can lead to sample discrimination and is not suggested as 

a replacement for COC. The syringe needle used in this 

method must have a diameter small enough to fit inside 

the 0.53 mm I.D. guard column. Automated injection is 

highly recommended for consistency.

The Supelco MET-Biodiesel capillary GC column was 

designed specifically for the determination of free and 

total glycerin in B100 biodiesel samples. Features and 

benefits of this column include:

  Provides good peak shape and resolution for all 
glycerin/glyceride impurities of interest

  Able to separate glycerin in addition to mono- and 
diglycerides (as methyl esters) plus triglycerides from 
the FAMEs

  A maximum temperature of 380 °C (isothermal) and 
430 °C (programmed) exceeds the temperature 
limitations specified in biodiesel methods such as 
ASTM D6584 and EN 14105

  Metal was selected as the column material because 
it holds up better than fused silica under the method 
conditions, virtually eliminating column breakage

  The integrated guard will protect the analytical 
column from excess reagent and non-volatile 
compounds, extending column life with a leak-free 
connection

  The integrated guard also acts as a retention gap, 
minimizing peak broadening

Figure 3. EN 14105 Monoglyceride Calibration  
Standard on the MET-Biodiesel
Same conditions as Figure 1 except for sample.

 sample: EN 14105:2003 Monoglyceride Stock Solution (49446-U)   
  plus Butanetriol Internal Standard (44896-U) and Tricaprin  
  Internal Standard (44897-U), derivatized with MSTFA 
   (394866) then diluted in n-heptane

 1. Butanetriol (I.S.)
 2. Monopalmitin (C16:0)
 3. Monoolein (C18:1)
 4. Monostearin (C18:0)
 5. Tricaprin (I.S.)
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Featured Products+
Description Cat. No.

Internal Standards

Butanetriol (CAS# 42890-76-6), 1000 μg/mL in pyridine, 5 mL 44896-U

Tricaprin (CAS# 621-71-6), 8000 μg/mL in pyridine, 5 mL 44897-U

ASTM D6584 Calibration Standard Mixes and Kit 
(Mixes require the addition of internal standards prior to analysis)

ASTM D6584 Standard Solution 1, in pyridine, 1 mL 44899-U 
 Diolein, 50 μg/mL; Glycerin, 5 μg/mL; Monoolein, 100 μg/mL;  
 Triolein, 50 μg/mL

ASTM D6584 Standard Solution 2, in pyridine, 1 mL 44914-U 
 Diolein, 100 μg/mL; Glycerin, 15 μg/mL; Monoolein, 250 μg/mL; 
 Triolein, 100 μg/mL

ASTM D6584 Standard Solution 3, in pyridine, 1 mL 44915-U 
 Diolein, 200 μg/mL; Glycerin, 25 μg/mL; Monoolein, 500 μg/mL; 
 Triolein, 200 μg/mL

ASTM D6584 Standard Solution 4, in pyridine, 1 mL 44916-U 
 Diolein, 350 μg/mL; Glycerin, 35 μg/mL; Monoolein, 750 μg/mL; 
 Triolein, 350 μg/mL

ASTM D6584 Standard Solution 5, in pyridine, 1 mL 44917-U 
 Diolein, 500 μg/mL; Glycerin, 50 μg/mL; Monoolein, 1000 μg/mL; 
 Triolein, 500 μg/mL

ASTM D6584 Standard Solution Kit with Internal Standards 44918-U 
 Kit contains 1 ea: 44899-U, 44914-U, 44915-U, 44916-U,   
 44917-U, 44896-U, and 44897-U

ASTM D6584 Individual Calibration Standards and Kit

Glycerin (CAS# 56-81-5), 5000 μg/mL in pyridine, 1 mL 44892-U

Monoolein (CAS# 111-03-5), 5000 μg/mL in pyridine, 3 mL 44893-U

Diolein (CAS# 2465-32-9), 5000 μg/mL in pyridine, 2 mL 44894-U

Triolein (CAS# 122-32-7), 5000 μg/mL in pyridine, 2 mL 44895-U

ASTM D6584 Individual Standard Kit with Internal Standards 44898-U 
 Kit contains 1 ea: 44892-U, 44893-U, 44894-U, 44895-U,   
 44896-U, and 44897-U

EN 14105:2003 Calibration Standard Mixes and Kit

EN 14105:2003 Standard Solution 1, in pyridine, 1 mL 49441-U 
 Butanetriol, 80 μg/mL; 1,3-Diolein, 50 μg/mL; Glycerol, 5 μg/mL; 
 Monoolein, 250 μg/mL; Tricaprin, 800 μg/mL; Triolein, 50 μg/mL

EN 14105:2003 Standard Solution 2, in pyridine, 1 mL 49442-U 
 Butanetriol, 80 μg/mL; 1,3-Diolein, 200 μg/mL; Glycerol, 20 μg/mL; 
 Monoolein, 600 μg/mL; Tricaprin, 800 μg/mL; Triolein, 150 μg/mL

EN 14105:2003 Standard Solution 3, in pyridine, 1 mL 49443-U 
 Butanetriol, 80 μg/mL; 1,3-Diolein, 350 μg/mL; Glycerol, 35 μg/mL; 
 Monoolein, 950 μg/mL; Tricaprin, 800 μg/mL; Triolein, 300 μg/mL

EN 14105:2003 Standard Solution 4, in pyridine, 1 mL 49444-U 
 Butanetriol, 80 μg/mL; 1,3-Diolein, 500 μg/mL; Glycerol, 50 μg/mL; 
 Monoolein, 1250 μg/mL; Tricaprin, 800 μg/mL; Triolein, 400 μg/mL

EN 14105:2003 Standard Solution Kit 49445-U 
 Kit contains 1 ea: 49441-U, 49442-U, 49443-U, and 49444-U

EN14105:2003 Monoglyceride Stock Solution

EN 14105:2003 Monoglyceride Stock Solution, in pyridine, 1 mL 49446-U 
 Monoolein, 10 mg/mL; Monopalmitin, 10 mg/mL; Monostearin, 10 mg/mL

MSTFA Derivatization Reagent and Heptane Solvent

MSTFA, derivatization grade, 5 mL 394866-5ML

MSTFA, derivatization grade, 10 x 1 mL 394866-10X1ML

MSTFA, derivatization grade, 25 mL 394866-25ML

n-Heptane, PESTANAL®, solvent for residue analysis, 2.5 L 34495-2.5L

n-Heptane, PESTANAL, solvent for residue analysis, 4 x 2.5 L 34495-4X2.5L

MET-Biodiesel Capillary GC Column and Accessories

14 m x 0.53 mm I.D., 0.16 μm with  28668-U 
 integrated 2 m x 0.53 mm I.D. guard 

Ceramic scribe for cutting capillary columns, pack of 10 Z290254-1PAK

Needle-nose pliers, 7½ inch length 22437

umns. This will help prevent damage to autosampler 

syringe needles.

  The insert for 0.53 mm I.D. metal columns has  
4 lines on it (Agilent P/N 19245-20780)

  The insert for 0.53 mm I.D. fused silica columns  
has no lines on it (Agilent P/N 19245-20580)

Recommended conditioning: Install, establish flows, 

wait 15 minutes, confirm flows, and then run through the 

oven temperature program three times. Hold at the upper 

temperature 30 minutes at the end of each cycle.

Conclusion

It is hoped that the information presented here will assist 

analysts in their work. For further clarification of any of the 

information presented here or for additional questions that 

you may have, contact the chromatography experts in 

Supelco Technical Service: 800-359-3041 (US and Canada 

only), 814-359-3041, or techservice@sial.com

References
 1. ASTM D6584; Standard Test Method for Determination of Free and Total Glycerin in 

B100 Biodiesel Methyl Esters by Gas Chromatography.

 2. EN 14105; Fat and Oil Derivatives – Fatty Acid Methylester (FAME) – Determination 
of Free and Total Glycerol and Mono-, Di-, and Tri-glyceride Content.

(continued from page 5)

Did you know...?

In addition to the products listed here, Sigma-Aldrich/

Supelco also offers:

  DOWEX® DR-G8 dried cation exchange resin 
designed as a processing aid to reduce and remove 
trace levels of glycerin, salts, soaps, and other 
organics from crude biodiesel streams

  Chemical standards and capillary GC columns for 
determining methanol content and identifying  
FAME profiles

  A large selection of vials and syringes for preparing 
chemical standards and B100 biodiesel samples  
prior to GC analysis

  HYDRANAL® reagents for determining moisture 
content by Karl Fischer

With over 40 years of manufacturing experience and 

knowledge, Sigma-Aldrich/Supelco truly offers one stop 

convenience for the products you need for B100 

biodiesel testing.

For more information, request Determination of Free and Total 
Glycerin and Moisture in B100 Biodiesel, T107943 (JLH) or visit 
our website sigma-aldrich.com/biofuels. (Available in 
electronic form only. Please provide email address on the request 
form to ensure delivery.)

Related Information!
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Katherine K. Stenerson
katherine.stenerson@sial.com

Introduction

Those doing gas chromatography must routinely 

measure gas flows when setting up an instrument, 

developing a method, or troubleshooting. Many chro-

matographers rely on electronic pressure control (EPC) for 

setting flow rates, however a flowmeter is still an essential 

tool to have in case troubleshooting is necessary. Also, 

many older gas chromatographs still in use do not have 

EPC, requiring that flows be set manually using a flowme-

ter. There are a variety of flow measuring devices available 

for doing this, and each has its advantages and limita-

tions. Gas flowmeters generally fall into two different 

categories, volumetric and mass. In this article, we will 

discuss the difference between these, along with com-

monly used examples of each type.

Volumetric Flow Measurements and  

Bubble Flowmeters

If we measure the amount of gas exiting the column in a 

specific time period, this will give us the column flow rate. 

If the amount of gas exiting is measured in units of volume, 

the flow rate determined is volumetric in nature. For 

example, measuring the volume of gas in milliliters (mL) per 

unit time in minutes will result in a 

volumetric flow rate in mL/min.

The most common device for 

measuring a volumetric flow rate is 

a bubble flowmeter. These devices 

are used to determine flow by 

measuring the time required for a 

gas stream to move a soap bubble 

through a specific volume. The 

most basic configuration of a 

bubble flowmeter is illustrated in 

Figure 1. A stopwatch is required to 

manually time the bubble’s 

movement up the calibrated tube 

between two markings. Elec-

tronic versions of the bubble 

flowmeter are also 

available as shown in 

Figure 2. The principle 

is the same as the 

manual version, except 

sigma-aldrich.com/gc
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Measuring Flows For Gas Chromatography – 
Volumetric vs. Mass

that an optical sensor 

detects when the 

bubble enters and exits 

the calibrated tube. A 

microprocessor then 

calculates the resulting 

volumetric flow rate 

and displays it on a 

small screen.

There are several 

important consider-

ations when using a 

bubble flowmeter:

 1. The flow measure-
ment is based on 
volume, and can be affected by atmospheric 
pressure and temperature conditions.

 2. If water vapor is present, it can result in an elevated 
flow rate measurement.

 3. The gas being measured can diffuse rapidly through 
the soap bubble resulting in an erroneously low flow 
rate measurement. This is especially a consideration 
for helium and hydrogen.

Usually, flow rates are measured at ambient tempera-

ture and pressure. If it is necessary to compare flow rates 

taken under different temperature and/or pressure 

conditions, a correction factor relative to a set standard 

temperature and pressure should be applied:
 Fref = Famb [Pamb/Pref] [Tref/Tamb]
Where: Fref = flow corrected to reference conditions
 Famb = flow measured at ambient conditions
 Pamb = atmospheric pressure at ambient  

conditions
 Pref = pressure at reference conditions  

(1 atm commonly used)
 Tref = temperature at reference conditions in 

Kelvin (K) (298 K commonly used)
 Tamb = temperature at ambient conditions in K

In the case of water vapor, a correction factor can be 

applied to the flow measurement to compensate:

 Corrected
 flow = measured flow x (1-pw/pamb)
Where: pw = vapor pressure of water at ambient temp.
 pamb = ambient pressure

To minimize the error introduced by diffusion of air, one 

can purge the flowmeter tube with several volumes of the 

gas being measured prior to taking the flow reading.

(continued on page 8)

Figure 1. Manual 
Bubble Flowmeter

E001023

Figure 2. Optiflow 520 Digital 
Bubble Flowmeter

E001024
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Featured Products+
Description Cat. No.

Digital Bubble Flowmeters 1, 2

Optiflow 520, 0.5-500 mL/min. 28679-U
Optiflow 650, 5-5000 mL/min. Inquire

Manual Bubble Flowmeters 1

0.5 mL, with 2 magnetic clamps 23762-U
0.5 mL, with stand 23771
10 mL, with 2 magnetic clamps 20562
25 mL, with 2 magnetic clamps 20431
50 mL, with 2 magnetic clamps 20432
100 mL, with 2 magnetic clamps 20433-U
500 mL, with stand 20414
1000 mL, with stand 20415

Liquid Leak Detector

Snoop®, 8 oz. bottle 20434

Mass Flowmeters 3, 4

Veri-Flow 500, 1-500 mL/min., 110 V 23143
Veri-Flow 500, 1-500 mL/min., 230 V 23142
Aalborg, 0-500 mL/min. 503924
Aalborg, 0-5000 mL/min. 503940
Aalborg battery kit, 110 V 503266
Aalborg battery kit, 230 V 503274
Aalborg power supply, 110 V 503282
Aalborg power supply, 230 V 503290

 1 All bubble flowmeters include a short length of flexible tubing and a  
squeeze bulb.

 2 Optiflow models use a replaceable standard 9 V battery.

 3 Veri-Flow models include a charger for the internal battery.

 4 Aalborg models require either a battery kit or a power supply.
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Mass Flow Measurements and Mass Flowmeters

If we determine the amount of gas exiting a GC column 

as mass per unit time, the result is a mass flow rate 

measurement. Unlike volumetric flow rate, this measure-

ment is not affected by atmospheric temperature or 

pressure changes. Also, no compensation for water vapor 

effect is required. The devices used for mass flow 

measurements in GC are usually thermal flowmeters, 

which are commonly referred to as mass flowmeters. Two 

examples of mass flowmeters are shown in Figure 3. The 

operating principle for both meters is similar: gas flow 

transfers heat between two sensors in proportion to the 

mass and velocity of the gas flow. The resulting heat 

imbalance produces an electrical signal in the flow sensor, 

which is used to calculate mass flow in mass/unit time. 

This measurement is then converted to a volumetric value 

using constant temperature and pressure values, as well as 

the density of the gas. Fluctuations due to ambient 

temperature are minimized by the heat. Because gases 

have differing thermal conductivities and densities, the 

meter must be calibrated for the specific gas to be 

measured. In contrast, a volumetric flowmeter is non-

specific, i.e., it can be used for any gas.

Choosing a Flowmeter

In choosing a flowmeter for an application, the 

following points should be considered:

 1. What is the flow rate range to be measured?
 2. Under what type of temperature and atmospheric 

conditions is the meter to be used?
 3. Will the flow rates measured with the meter be used 

for comparison with another instrument?
 4. What gases will the meter be used to measure?

All flowmeters have specifications for usable flow ranges. 

Using a meter outside of its specified flow range will result 

in inaccurate measurements. If the meter is going to be 

used in a “non-typical” laboratory environment, outside for 

example, consider using a mass flowmeter if you do not 

want to apply correction factors for temperature and 

atmospheric pressure. Make sure the meter is calibrated for 

(continued from page 7) use with the gases you will be measuring. For bubble 

flowmeters, this is not an issue since they are non-specific. 

If the flow measurements to be taken will be compared 

with another system or instrument, it is advisable to use the 

same type of flowmeter used for the later. Finally, mass 

flowmeters must be calibrated for the gas to be measured. 

Most are calibrated for use with the typical GC gases: 

helium, hydrogen, nitrogen, air, and 5% argon/methane.

Conclusion

When choosing a flowmeter, it is essential to consider 

the attributes and needs of the application for which it is 

to be used. In this article, we provided information related 

to measuring flow by both volume and mass using 

flowmeters available from Supelco. If you need additional 

assistance in selecting a flowmeter, please contact our 

technical service chemists for help in determining the best 

device for your application.

References
1. Electronic Pressure Control in Gas Chromatography; Stafford, Sally S. Ed.; Agilent® 

Technologies, Little Falls Operation: Wilmington, DE 19808-1610, 1995; pp 163-
166.

2. The Effect of Temperature and Pressure on GC Flow Measurements, Supelco Ap-
plication Note 76, 1997.

 3. Hinshaw, J.V., GC Connections – Measuring Flow, LC-GC, 1995, 13(2), 100-108.

 4. Hinshaw, J.V., GC Connections – Measuring Column Flow and Velocity, LC-GC, 
2002, 20(10), 948-952.

 5. Humonics Veri-Flow 500 Electronic Flowmeter, Supelco Product Specification, 1997.

Figure 3. Mass Flowmeters: Veri-Flow 500 and Aalborg 
Mass FlowmetersMass Flowmeters

E000956
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Maximize Sample Throughput with  
Ascentis Express Fused-Core Technology

Wayne K. Way
wayne.way@sial.com

Because most analytical laboratories will at some point 

experience the need to do more and do it faster, product 

development in the HPLC arena has focused largely on 

approaches that improve resolution or reduce analysis 

time. Equally important, however, are the economics, for 

any innovation that is too costly will not be widely and 

readily adopted. Ascentis Express with Fused-Core 

technology is the rare innovation: it accomplishes both 

high resolution and high speed. Moreover, because it can 

be run on any HPLC instrument, it is an economical 

alternative to technologies that require capital investment 

for special instruments, like sub-2 μm particles designed 

for ultra high pressure HPLC (UHPLC).

Throughout a series of Reporter articles, we have 

systematically described the various features of Ascentis 

Express, and how analysts can put these benefits into 

practice to achieve high resolution, high throughput HPLC 

separations. In this article, we will focus on the speed 

component.

Methods to Improve the Speed of an HPLC Separation

There are both physical (kinetic) and chemical (thermo-

dynamic) techniques to reduce analysis time. Chemically, 

one can change the stationary phase to one that is less 

retentive, using a C8 instead of a C18, for example, or 

increase the strength of the mobile phase. However, these 

approaches may adversely affect resolution by altering the 

selectivity. Temperature also can be increased to decrease 

retention, but this requires special instrumentation and 

has limits in practice for many reasons. Physical methods 

to increase speed include increasing the flow rate, 

decreasing the column length and decreasing the particle 

size. These also have practical limits.

Flow rate is the easiest approach to reduce analysis 

time. However, the maximum flow rate is limited by the 

most pressure-sensitive component of the system. Also, 

conventional HPLC particles have a distinct flow rate 

where maximum performance is obtained. Both below 

and above this flow rate, efficiency is lost due to various 

kinetic parameters described in the van Deemter relation-

ship shown in Figure 1.

Reducing column length also will increase analysis 

speed, both by reducing retention and permitting higher 

flow rates. However, for a typical 100,000 plate/m HPLC 

Figure 1. van Deemter Relationship Between Particle 
Size, Flow Rate and Separation Efficiency
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column, every cm in column length reduction also 

sacrifices 1,000 theoretical plates.

Particle size provides an interesting lever to reduce 

analysis time. The van Deemter relationship in Figure 1 

shows that smaller particles provide higher efficiency at 

any practical flow rate. Note the different shapes of the 

curves in Figure 1. The smaller the particle size, the faster 

it can be run without loss of efficiency. Pressure is the 

tradeoff, however, because it varies with the inverse 

square of the average particle diameter. This relationship 

is shown in Figure 2.

(continued on page 10)

Figure 2. Influence of Flow Rate on Pressure for Various 
Particle Sizes
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(continued from page 9)

Speed Benefits of Ascentis Express Compared to 

Conventional Particles

So the challenge is this: How can one combine the 

efficiency benefits of small particles, with speed benefits 

of higher flow rates? Even further: Can this be achieved 

on conventional HPLC systems? That’s where the innova-

tive Ascentis Express comes in.

Compared to conventional porous particles, including 

the 3 μm HPLC and sub-2 μm UHPLC particles, Ascentis 

Express has two important physical attributes that permit 

high-speed operation without loss of efficiency: Fused-

Core technology and extremely narrow particle size 

distribution. Both of these properties work on the kinetics 

of the separation by positively influencing the A and C 

terms of the van Deemter equation shown in Figure 1. 

  Compared to 3 μm HPLC particles, the speed benefit 
of Ascentis Express is derived from the flat van 
Deemter relationship shown in Figure 1. Ascentis 
Express with 2.7 μm particles has comparable 
pressure per unit column length as 3 μm particles, 
but it permits faster analysis because it can be run at 
higher flow rates without loss of efficiency. It also 
has nearly twice the efficiency as 3 μm particles at 
any flow rate.

  Compared to sub-2 μm particles for UHPLC, the 
speed benefit of Ascentis Express is derived from the 
pressure relationship shown in Figure 2. Ascentis 
Express with 2.7 μm particles has comparable 
efficiency per unit column length as sub-2 μm 
particles, but it permits faster analysis because it 
generates less than half the pressure. If using a 
UHPLC system, Ascentis Express can provide even 
higher efficiency than sub-2 μm particles because 
longer columns can be used.

The example in Figure 3 typifies the speed improve-

ments that are possible with Ascentis Express over 

conventional HPLC particles, in this case over the work-

horse HPLC particle, C18-bonded 5 μm porous silica. In 

this example we took a typical 4 minute isocratic separa-

tion on a 5 μm C18 (panel A) and adjusted the flow rate 

and mobile phase composition to obtain equal N and k’ 

on a shorter Ascentis Express column (panel B). Injection 

volume was also reduced in proportion to the column 

length. Note that these simple changes gave nearly 5-fold 

increase in throughput. The flow rate was then increased 

on the Ascentis Express column to 1.2 mL/min. (panel C), 

which reduced the analysis time to 23 seconds – a nearly 

10-fold improvement in throughput on a conventional 

HPLC instrument. If the analyst has available a mid-pres-

sure system, the retention time could be further reduced 

by increasing flow rate, as in panel D. Here, we show an 

analysis time of only 14 seconds at 6400 psi, a 15-fold 

increase in throughput over the original 4 minute separa-

Figure 3. Throughput Improvements on Ascentis Express

A. column: Conventional C18, 15 cm x 3 mm I.D., 5 μm particles
 flow: 0.4 mL/min.
 mobile phase: 20:80, water:acetonitrile
 inj.:  1.5 μL
 temp.: 35° C
 pressure: 885 psi (61 bar)
 N(naphthalene): ~11,000
 k(naphthalene): 1.78

Peak IDs for A-D 
 1. Uracil
 2. Phenol
 3. Acetophenone
 4. Benzene
 5. Toluene
 6. Naphthalene

B. column: Ascentis Express C18, 5 cm x 3 mm I.D., 2.7 μm particles  
  (53811-U)
 flow: 0.6 mL/min.
 mobile phase: 31:69, water:acetonitrile
 inj.: 0.5 μL
 temp.: 35° C
 pressure: 1750 psi (121 bar)

 N(naphthalene): ~11,000
 k(naphthalene): 1.75
 Rs(acetophenone): 3.2

C. column: Ascentis Express C18, 5 cm x 3 mm I.D., 2.7 μm particles  
  (53811-U)
 flow: 1.2 mL/min.
 mobile phase: 31:69, water:acetonitrile
 inj.:  0.5 μL
 temp.: 35° C
 pressure: 3700 psi (255 bar)
 Rs(acetophenone): 3.1

D. column: Ascentis Express C18, 5 cm x 3 mm I.D., 2.7 μm particles  
  (53811-U)
 flow: 2.0 mL/min.
 mobile phase: 31:69, water:acetonitrile
 inj.: 0.5 μL
 temp.: 35° C
 pressure: 6400 psi (441 bar)
 Rs(acetophenone): 2.8
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Featured Product+
 I.D. (mm) Length (cm) Cat. No.

Ascentis Express C18  

 2.1 5 53822-U
 2.1 10 53823-U
 2.1 15 53825-U
 4.6 5 53826-U
 4.6 10 53827-U
 4.6 15 53829-U

Ascentis Express C8  

 2.1 5 53831-U
 2.1 10 53832-U
 4.6 15 53838-U

Ascentis Express RP-Amide

 2.1 5 53911-U
 2.1 10 59313-U
 4.6 15 53931-U

Ascentis Express HILIC Silica

 2.1 5 53934-U
 2.1 10 53939-U
 4.6 15 53981-U

tion. It is important to note that these dramatic improve-

ments in throughput did not come at the expense of 

efficiency. The resolution of a critical pair remained 

virtually constant throughout the experiment because of 

the flat van Deemter plot.

Rugged, High-Speed Separations

The narrow particle size distribution around the average 

of 2.7 μm means Ascentis Express columns can achieve 

this remarkable performance using 2 μm porosity frits. 

The presence of fines in sub-2 μm particles and conven-

tional 3 μm particles forces the use of much finer porosity 

frits, which can foul more easily and reduce the lifetime of 

the columns. Sub-2 μm particles typically require 0.2 μm 

frits, while 3 μm typically need 0.5 μm frits. Figure 4 

Figure 4. Comparison of Particle Size Distribution of  
Ascentis Express and Conventional 3 μm HPLC Particles
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2.77 μm +/- 6%

3.78 μm +/- 19%

compares the particle size distribution of Ascentis Express 

to typical porous HPLC particles. Rugged Ascentis Express 

columns last longer, like 5 μm columns, a valuable 

attribute for both method development and routine 

sample assay.

Ascentis Express columns are currently available in four 

phases, C18, C8, RP-Amide and HILIC, and from 2.1 to  

4.6 mm I.D. New capillary dimensions of Ascentis Express 

range from 75 to 500 μm I.D. For technical and ordering 

information, please visit sigma-aldrich.com/express. 

The following table presents a partial listing of Ascentis 

Express columns.

Did you know
that just 25% of the earth 

is covered by land?

...and you can reduce your  
solvent consumption to 25%  

by using Ascentis Express  
HPLC columns.
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Ascentis Express Capillary HPLC Columns -  
Fused-Core Technology Columns

Robert F. Wallace
bob.wallace@sial.com

Ascentis Express columns provide a breakthrough in 

HPLC column performance. Based on Fused-Core particle 

technology, Ascentis Express provides the benefits of 

high speed and high efficiencies of sub-2 μm particles. 

The Fused-Core particle consists of a 1.7 μm solid core 

and a 0.5 μm porous shell allowing for a smaller 

diffusion path (0.5 μm) compared to conventional fully 

porous particles (Figure 1).

Ascentis Express Capillary Columns

Increasing speed and resolution of HPLC analyses are 

drivers for innovation in HPLC column and hardware 

design. To achieve higher peak capacities than traditional 

HPLC columns, Supelco has introduced a line of Ascentis 

Express capillary columns. The new C8 and C18 capillary 

columns provide classic reversed-phase selectivity with 

lower backpressure than sub-2 μm columns. Figure 2 shows 

how the Ascentis Express capillary columns, with their 

90-angstrom pore size, are ideal for peptides and digests 

(3000 D or less).

Improved Efficiency

Ascentis Express capillary columns exhibit another step 

improvement in efficiency over sub-2 μm columns. The 

unique Fused-Core particle design allows higher plate 

counts and narrower peaks at lower pressures than 

porous particles. Compared to sub-2 μm columns, 

Fused-Core particles produce much higher efficiency and 

faster results at similar pressures. Ascentis Express C8 and 

C18 capillary columns, with their superior performance, 

are an excellent choice for improving your HPLC analyses.

Featured Products+
 I.D. (μm) Length (cm) C18 C8

Ascentis Express Capillary Columns

 75 5 53982-U 53983-U
 75 15 54219-U 54229-U
 100 5 53985-U 53987-U
 100 15 54256-U 54260-U
 200 5 53989-U 53991-U
 200 15 54261-U 54262-U
 300 5 53992-U 53997-U
 300 15 54271-U 54272-U
 500 5 53998-U 53999-U
 500 15 54273-U 54275-U

For more information on the complete line of Ascentis Express 
columns request the Ascentis Express HPLC Columns with 
Fused-Core Technology Brochure, T407044 (JHD), or visit 
sigma-aldrich.com/express

Related Information!

Figure 2. Tryptic Peptide Test Mix on Ascentis Express C18
column: Ascentis Express C18, 5 cm x 300 μm I.D. (53992-U)

mobile phase A: 5:95, acetonitrile:water with 0.1% formic acid
 mobile phase B: 95:5, acetonitrile:water with 0.1% formic acid
 flow rate: 10 μL/min.
 det: MS
 gradient: 5-45% B, 0-10 minutes

 1. (mw 869) H-Tyr-Gly-Gly-Phe-Leu- 
  Arg-Arg-OH
 2. (mw 877) H-Tyr-Ile-Tyr-Gly-Ser- 
  Phe-Lys-OH
 3. (mw 1262) H-Ile-Ser-Arg-Pro-Pro- 
  Gly-Phe-Ser-Pro-Phe-Arg-OH
 4. (mw 1353) H-Gly-Phe-Val-Phe-Thr- 
  Leu-Thr-Val-Pro-Ser-Glu-Arg-OH

1

2
3

4

G004443
0 5 10 15

Min

Figure 1. Fused-Core Structure of Ascentis Express Compared to Totally Porous Particles
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sigma-aldrich.com/lc-ms-solvents

0 1 2 3 4 5
Min

Figure 1. Acetonitrile vs. Methanol on Ascentis C18 
HPLC Column

 column: Ascentis C18, 15 cm x 4.6 mm I.D., 5 μm particles (581324-U)
 flow: 1.5 mL/min.
 mobile phase: 30:70, 10 mM ammonium phosphate, pH 7:methanol
 inj.: 10 μL
 temp.: 45° C

Caveat About Directly Replacing Acetonitrile with 
Methanol in HPLC Mobile Phases

William Campbell
william.campbell@sial.com

As you might be aware, there is currently a global 

shortage of acetonitrile that is likely to last into the first half 

of 2009*. Any practicing chromatographer knows the 

importance of acetonitrile as a mobile phase component 

for reversed-phase separations. With the uncertain supply 

of acetonitrile, and other reasons, many laboratories have 

replaced it, or are looking into replacing it with methanol. 

There is a general rule of thumb to increase the organic 

component by ten percentage units when changing from 

acetonitrile to methanol in a reversed-phase method. This is 

based on the relative eluotropic strength of the two 

solvents. That is, if a method uses 60% acetonitrile, the 

same elution strength, and retention time, is achieved with 

70% methanol.

We want to point out to our readers that switching 

solvents not only affects retention time, but selectivity as 

well. The accompanying figures demonstrate this point 

quite dramatically. On both C18 and RP-Amide phases, a 

mixture of representative compounds with various 

functional groups shows different selectivity in the two 

systems. The selectivity differences even result in peak 

order reversal, as is the case of the Dihydroquinidine/

Quinidine pair on the RP-Amide. The neutral component 

naphthalene is relatively stable (isoeluotropic).

A full description of the mechanism is beyond the scope 

of this short report. Suffice it to say that the selectivity 

differences are based on the different solvation properties 

of acetonitrile and methanol, and are especially noticeable 

with polar compounds. In addition to selectivity, the type 

of solvent used may also influence efficiency and symme-

try. This is again due to solvation effects and the solvent’s 

ability to influence hydrogen bonding between analytes 

and polar groups on the sorbent.

If you would like help reformulating an established 

method that employs acetonitrile, please email Sigma-

Aldrich technical service at techservice@sial.com
 * Sigma-Aldrich has been able to maintain a stable supply of acetonitrile for our 

established customer base. We have a reliable supply chain based on multiple-
sourcing from a number of our business partners producing the raw materials.

Figure 2. Acetonitrile vs. Methanol on Ascentis RP-Amide 
HPLC Column

 column: Ascentis RP-Amide, 15 cm x 4.6 mm I.D., 5 μm particles (565324-U)
 flow: 1.5 mL/min.
 mobile phase: 30:70, 10 mM ammonium phosphate, pH 7:methanol
 inj.: 10 μL
 temp.: 45° C

Conditions same as above, except:
 mobile phase: 40:60, 10 mM ammonium  
  phosphate, pH 7:acetonitrile

60% Acetonitrile

70% Methanol

Peak IDs for Figures 1 and 2
 1.  Uracil (T0 marker)
 2.  Dihydroquinidine
 3.  Quinidine
 4.  Fluoxetine
 5.  Diphenhydramine
 6.  Naphthalene
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Conditions same as above, except:
 mobile phase: 40:60, 10 mM ammonium  
  phosphate, pH 7:acetonitrile1
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High Performance Replacement Fitting for 
Agilent 1100/1200 HPLC Systems

Fast HPLC as well as high resolution HPLC is pushing 

HPLC systems towards their pressure limits. Whether you 

are increasing flow rates or column lengths or reducing 

particle size to gain an advantage 

in HPLC, these all increase the 

backpressure in your system. Using 

PEEK tubing as interconnects is no longer 

suitable in high performance HPLC. PEEK 

can slip, stretch, or deform which translates to 

a decrease in performance. Supelco High Performance 

Fittings maintain the integrity of your HPLC systems all the 

way to 15,000 psi.

Key Benefits
 Eliminates dead volume that contributes to  

peak broadening and decreased resolution
 Sliding ferrule design allows for use in any port
 Fingertight fittings, no tools required
 Safe to install; will not damage HPLC ports  

even if over-tightened
 Rated to 15,000 psi
 316 stainless steel construction

Agilent 1100/1200 Fitting

A high performance fitting is now available for the 

Agilent 1100/1200 HPLC system. Semi-rigid 316 stainless 

steel tubing connects one end to the heater outlet, and 

allows use of columns by any manufacturer with confi-

dence that the high performance UHPLC fitting is 

completely seated in the column inlet port. An important 

feature of this fitting is the ‘service loop’, which allows the 

column to be semi-rigidly supported.

Featured Products+
Description Cat. No.

High Performance Fitting for Agilent 1100/1200

15 cm x 1/16 inch O.D., 0.005 I. D. 53629-U

For more information on the complete line of high performance 
fittings, request the High Performance HPLC Fittings/Intercon-
nects, T407140 (KDK), or visit sigma-aldrich.com/hplc

Related Information!
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Solid Phase Microextraction (SPME) Training Course
Organized by the inventor of SPME, Prof. Janusz 

Pawliszyn, and held several times per year, this two-day 

course, has been a big success. The course covers the 

following topics presented during 8 hours of lecture:

 Introduction to SPME
 Theoretical principles of SPME
 Method development
 Selected aspects of GC analysis for SPME
 Examples of applications
 Future directions

University of Waterloo Course Only
In addition to the lectures, 8 hours of laboratory 

hands-on experiments are also provided. The experi-

ments are devoted to method development, analysis of 

semi-volatile compounds in liquid matrices and the affect 

of sample volume on analysis results. Advanced experi-

ments can also be arranged for more experienced users.

Upcoming Courses for 2009:
March 2009 (Pittcon 2009, Chicago, IL, 
USA) Lecture component only

April 30 –May 1 (Waterloo, ON, Canada) 
Hands-on training included

For more information contact:

SPME Course, c/o Prof. Janusz Pawliszyn

Department of Chemistry, University of Waterloo

200 University Avenue West 

Waterloo, ON N2L 3G1 Canada

Phone: (519) 888-4567 ext.36940

Fax: (519) 746-0435

E-mail: janusz@uwaterloo.ca

mmonton@uwaterloo.ca

http://www.science.uwaterloo.ca/chemistry/pawliszyn
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PITTCON
®

 2009 Oral & Poster Presentations
Oral Presentations

SUNDAY, MARCH 8

1:20 pm

Retention Mechanisms in Chiral Chromatography:  
LC-MS Analysis Using Macrocyclic Glycopeptide and 
Cyclodextrin Chiral Stationary Phases
Presenter: Dr. Richard A. Henry 
Location: Room S404bc

2:00 pm

Separation Mechanisms on 2.7 μm Superficially  
Porous Particle Phases for UHPLC
Presenter: Dr. Richard A. Henry 
Location: Room S503A

TUESDAY, MARCH 10

8:20 am

New Insights into Retention and Selectivity in  
Aqueous-Normal Phase/HILIC Separations
Presenter: Craig Aurand 

Location: Room S503A

Poster Presentations
All posters are located in the center of the exposition floor.

SUNDAY, MARCH 8

PM Session

Electrochemical and Isotopic Investigation of Oxalic Acid
Author: Dr. Michael May

TUESDAY, MARCH 10

PM Session

Extended Performance of LC Instruments with  
Fused-Core Particle Columns
Author: Hillel Brandes

Phospholipid Depletion in Bio Analysis Using  
HybridSPE Technology
Author: Craig Aurand

Chiral LC-MS Analysis of Drug Substances (Beta-Blockers) 
from Plasma Using Macrocyclic Glycopeptide Chiral 
Stationary Phases
Author: David Bell

Distribution of 1H and 2H in Deuterated NMR Solvents 
and 2H Atom % Determination Using Binominal Model
Author: Dr. John Kuo

WEDNESDAY, MARCH 11

PM Session

New 300Å Zirconia and Titania Micropipette Tips  
for the Concentrations and Analyses of Phosphopeptides 
in Biological Matrices
Author: William Betz

Newly Developed SPME Fibers Specifically for HPLC Use
Author: Robert Shirey

High Throughput Removal of Both Phospholipids and 
Proteins in Bioanalytical Sample Preparation
Author: Michael Ye

THURSDAY, MARCH 12

AM Session

Simplification of Sample Cleanup for Difficult Matrices 
Using Molecularly Imprinted Polymers
Author: Olga Shimelis

Benefits of Preparative Chiral Separations with Macrocy-
clic Glycopeptide CSPs in Reversed-Phase and Polar Ionic/
Polar Organic Modes
Author: JT Lee

Chiral Purification Using Macrocyclic Glycopeptide CSPs 
with Simulated Moving Bed (SMB) Technology
Author:  JT Lee

Can’t attend PITTCON 2009?  
Request the 2009 Sigma-Aldrich  

PITTCON PRESENTATIONS CD  
Get all our posters and presentations from  
this year’s show without making the trip.

Request LED on the attached card.

Stop by PITTCON Booth 4332
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SPME for the Extraction of Pharmaceutical 
Compounds From Water

Katherine K. Stenerson, Craig Aurand,  
and Robert Shirey
katherine.stenerson@sial.com

In a previous edition of the Supelco Reporter (Reporter 

26.4), we presented data showing the use of a new, 

solvent stable, biocompatible, SPME fiber for the extrac-

tion of a common beta-blocker drug and its metabolite 

from a plasma matrix. The inert fiber was coated with a 

polar-embedded reversed-phase bonded silica. In a 

continuation of work with these fibers, we evaluated their 

use for the extraction of pharmaceutical compounds from 

water. This topic has recently gained notoriety with the 

discovery of low levels of pharmaceutical and personal 

care products in drinking water sources.

It was later discovered that a contaminant introduced by 

the desorption solvent was causing interference with the 

analysis of this compound.

Linearity 

A linearity experiment was conducted using both spiked 

deionized water and treated wastewater samples to 

determine the quantitative ability of the SPME extraction. 

A comparison of spiked treated wastewater and deionized 

water samples was performed to evaluate any possible 

matrix effects on recovery of the compounds. The 

samples were spiked with the analytes indicated in Table 1 

at levels from 5 μg/L to 100 μg/L, and internal standards 

were added to each sample prior to extraction.

Overall, no matrix effects were observed in the waste-

water samples (Figure 1). Very little difference in response 

and linearity was observed between the two sample 

matrices, and all compounds were detected down to  

5 μg/L. The response of ranitidine was found to be less 

linear than the other compounds, due to the interference 

described earlier.

Table 1. Pharmaceutical Compounds Extracted  
Using Biocompatible SPME

Compound Use

Verapamil Cardiovascular drug

Loratadine (Claritin®) Antihistamine

Fluoxetine Antidepressant

Ranitidine (Zantac®) Histamine/H2 receptor   
 antagonist basic

Propranolol Beta-blocker

Experimental

The pharmaceutical compounds used for this study  

(Table 1) were selected to represent commonly used 

prescription and over-the-counter products. Biocompat-

ible SPME fibers coated with polar-embedded reversed-

phase bonded silica were used to extract these com-

pounds from both deionized and treated wastewater 

samples. A summary of the SPME procedure used is 

presented in Table 2. Samples were buffered to pH=7 

with potassium phosphate prior to extraction. The des-

orbed SPME extracts were then analyzed by LC-MS/TOF.

Reproducibility

To evaluate the reproducibility of the SPME procedure, 

multiple replicates of deionized water samples spiked at 

50 μg/L were extracted, and the average response factors 

and percent relative standard deviations were determined. 

As is common in SPME experiments, internal standards 

were added prior to extraction and used in the calculation 

of the response factors. Good reproducibility was 

demonstrated with the exception of ranitidine (Table 3).  

Table 2. SPME Extraction Conditions

 Sample Size: 1 mL

 Fiber Conditioning/ 30 min @ methanol and water 
 Equilibration: 

 Extraction: 30 min. with rotation

 Desorption: 30 min with rotation into  
  200 μL of 90:10 methanol: 
  20 mM ammonium acetate,  
  pH=4

 Dry Down: 40 °C, 20 min, under 
  nitrogen stream

 Reconstitution: 100 μL, 10 mM ammonium  
  acetate:acetonitrile (90:10)

Table 3. Reproducibility of Relative Response;  
Extractions from Deionized Water Spiked at 50 μg/L 

Compound %RSD, n=10

Fluoxetine 6%

Loratadine (Claritin) 2%

Propranolol 5% 

Ranitidine (Zantac) 19%

Verapamil 2%
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 9. Umbelliferone 
 10. p-Acetophenetidide 
 11. Lincomycin
 12. Nizatidine 
 13. Memantine HCl 
 14. Atrazine 
 15. Losartan
 16. Fluoxetine HCl 

 1. Phenylbutazone
 2. Gabapentin 
 3. Procainamide 
 4. Fluvastatin
 5. Tripelennamine 
 6. Quinapril 
 7. Erythromycin 
 8. Levetiracetam 

For more information, request Publication 
T408176, Use of Bonded Silica SPME Fibers 
for the Extraction of Pharmaceuticals From 
Water, or visit sigma-aldrich.com/spme.  
(Available in electronic form only. Please 
provide email address on the request form to 
ensure delivery.)

Related Information!

Figure 3. Comparison of Recovery of Extraction of Pharmaceutical  
Compounds from Deionized Water Using C18 and Polar-embedded 
Biocompatible SPME Fibers

Comparison of Fiber Chemistries

This extraction procedure was then used 

for a broader range of pharmaceutical 

compounds. In this study, two different 

fiber chemistries were evaluated. A bio- 

compatible SPME fiber, coated with C18 

bonded silica, was compared to the polar- 

embedded reversed phase fiber. Samples 

of deionized water spiked at 500 μg/L 

were extracted, and the absolute respons-

es of each compound were compared for 

each fiber. The results are summarized in 

Figures 2 and 3. All compounds were 

extracted by each stationary phase, but a 

higher recovery was observed using the C18 

than the polar-embedded reversed-phase 

fiber for a majority of the compounds.

Conclusion
  Biocompatible SPME fibers can 

quantitatively extract pharmaceutical 
compounds from water.

  Extraction conditions should be 
optimized for the particular com-
pound list of interest.

  For the compounds studied, levels 
down to 5 μg/L were successfully 
detected. Lower levels may be possible 
for some compounds, depending on 
extraction conditions and LC-MS 
ionization efficiencies.

  Both the polar-embedded and C18 
fibers have utility for this application. 
Depending on the analytes, the C18 
may show better recovery than the 
polar-embedded reversed-phase 
fiber chemistry.

References
 1. US EPA Method 1694: Pharmaceuticals and Personal Care 

Products in Water, Soil, Sediment, and Biosolids by LC/MS/
MS, Dec. 2007

 2. Batt, M. Kostich, J. Lazorchak. “Analysis of Ecologically 
Relevant Pharmaceuticals in Wastewater and Surface Water 
Using Selective Solid Phase Extraction and UPLC-MS/MS.” 
Anal. Chem. 2008, 80 (13), 5021-5030.

 3. C. Aurand, K. Stenerson, R. Shirey, D. Vuckovic, J. 
Pawiliszyn, “Extraction of Propranolol and Metabolite from 
Rat Plasma Using Biocompatible Solid Phase Microextrac-
tion (SPME). Supelco Publication T408089, 2008.

Figure 1. Linearity of Extractions from Deionized Water and Treated 
Wastewater  
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Figure 2. Comparison of Recovery of Extraction of Pharmaceutical  
Compounds from Deionized Water Using C18 and Polar-embedded 
Biocompatible SPME Fibers
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 10. Buspirone 
 11. Mirtazapine 
 12. Propazine 
 13. Quetiapine fumarate 
 14. Mianserin HCl 
 15. Clarithromycin 
 16. Haloperidol 
 17. Imipramine 
 18. Mesoridazine 

 1. Imiquimod 
 2. Dofetilide 
 3. Dextromethorphan 
 4. Pyrimethamine 
 5. Methapyrilene 
 6. Clomipramine 
 7. Hydroquinidine HCl 
 8. Doxepin 
 9. Desipramine 

G004456

Polar-embedded

C18
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Molecularly Imprinted Polymer SPE for the  
Highly Selective Extraction of Fluoroquinolones 
from Bovine Kidney

hydrogen bonding, ionic, Van der Waals, hydrophobic) can 

take place between the MIP cavity and analyte functional 

groups. The strong retention offered between a MIP phase 

and its target analyte(s) allows for the use of exhaustive 

wash procedures during solid phase extraction that results in 

superior sample cleanup prior to analysis.

Extraction of FQLs from Bovine Kidney

Sarafloxacin, norfloxacin, enrofloxacin, and ciprofloxacin 

were spiked into bovine kidney at the levels of 0-75 μg/kg 

and I.S. d5 – norfloxacin 75 μg/kg. 2 g of spiked kidney 

sample was homogenized with 30 mL 50 mM sodium 

hydrophosphate, pH 7.4 and centrifuged for 10 min. at 

5000 rpm. The resulting supernatant was filtered using a 

Table 1. SupelMIP SPE –  
Fluoroquinolones SPE Procedure

SPE Cartridge:  SupelMIP SPE – Fluoroquinolones, 
25 mg/3 mL (Cat. No. 53269-U)

1. Condition / Equilibrate: 1 mL methanol followed by 1.5 mL  
DI water 

2. Load: 1 mL of sample extract

3. Wash in the described order:  3 mL DI Water

Apply strong vacuum through the  
cartridge for 2 min.

1 mL acetonitrile

1 mL 0.5% acetic acid in acetonitrile

Apply a strong vacuum through the  
cartridge for 2 min.

1 mL 0.1% ammonia in DI water

Apply a strong vacuum through the
cartridge for 2 min.

4. Elute:  Elute FQLs with 1 mL 2% ammonia  
in methanol

5. Evaporate / Reconstitute: The SPE eluent was evaporated  
gently under nitrogen at 35 ºC and  
reconstituted 150 μL 50% 
acetonitrile in 0.1% formic acid prior  
to analysis.

Sarafloxacin Norfloxacin

Enrofloxacin Ciprofloxacin
G002551 G002422

G002550 G002548

Figure1. Structures of Fluoroquinolones

Anna-Karin Wihlborg1, Olga Shimelis2,  
and An Trinh2

1. MIP Technologies AB, Scheelevägen 22, 220 07, Lund, Sweden

2. Supelco, a division of Sigma-Aldrich, 595 N. Harrison Rd.,  
Bellefonte, PA 16823, USA

an.trinh@sial.com

Introduction

Fluoroquinolones (FQLs) are a class of broad-spectrum 

antibiotics heavily used in veterinary and human medicine. 

Widespread usage of this class of antibiotics has resulted in 

the emergence of resistant bacterial strains (1). The presence 

of this antibiotic class in the environment at sub-therapeutic 

levels can lead to multiple FQL resistant bacterial strains. In 

addition, when used to treat animals, FQLs may end up in the 

human food change causing potential allergic reactions when 

consumed. The surveillance of FQLs is mandated by law. The 

EU has set strict Maximum Residue Limits (MRLs), the values 

of which depend on the particular compound and matrix. For 

example, the MRL for enrofloxacin in bovine kidney is set at 

200 μg/kg. The US, Canada and Japan have also set MRLs 

but for a more limited range of fluoroquinolones.

In this report, we discuss the extraction of FQLs from 

bovine kidney using molecularly imprinted polymer SPE 

technology (SupelMIP™ SPE – Fluoroquinolones); and 

compared the technique against a tandem mixed mode 

SPE method. Note that SupelMIP FQL procedures have 

also been developed for honey and milk (2). The specific 

FQLs examined in this report include: sarafloxacin, 

norfloxacin, enrofloxacin, and ciprofloxacin (Figure 1).

What are SupelMIPs  

(Molecularly Imprinted Polymers)?

SupelMIPs are based on molecularly imprinted polymers 

(MIPs). MIPs are a class of highly cross-linked polymer-based 

molecular recognition elements engineered to bind one 

target compound or a class of structurally related com-

pounds with high selectivity. Selectivity is introduced during 

MIP synthesis in which a template molecule, designed to 

mimic the analyte, guides the formation of specific cavities 

that are sterically and chemically complementary to the 

target analyte(s). As a result, multiple interactions (e.g., 

The following was generated by an outside source using 
Sigma-Aldrich products. Technical content provided by: 

Contributed Article
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0.45 μm filter and processed using the SupelMIP procedure 

described in Table 1 and the tandem polymer MAX and 

MCX procedure described in Table 2 (3). LC-MS/MS analysis 

was conducted using the method described in Table 3.

SupelMIP SPE Offers Low Background

Spiked bovine kidney was spiked with FQLs and 

extracted and analyzed using the procedures described in 

Tables 1-3. LC-MS/MS chromatograms of both blank and 

spiked (3 μg/kg) kidney using the SupelMIP approach are 

described in Figures 2 and 3, respectively. The SupelMIP 

approach provided low background and good analyte 

response at the mass transitions monitored.

Recovery & Decision/Detection Limit  

Determination using SupelMIP SPE

Absolute and relative recovery values for both the 

SupelMIP and tandem polymer mixed-mode SPE proce-

dures across a range of spike levels tested were compa-

rable. Absolute and relative recovery values for the 

SupelMIP approach are described in Table 4. Recovery 

values for polymer MAX/MCX SPE methods are not 

shown. Note that although the recovery values were 

comparable, the SupelMIP procedure only required one 

SPE cartridge. In contrast, the tandem polymer MAX/

MCX SPE approach required two separate SPE procedures 

for sample cleanup.

The decision and detection limits for both the SupelMIP 

and tandem polymer MAX/MCX approach were calcu-

lated. The CC  (decision limit where alpha error is 1%) 

and CC  (detection capability where beta error is 5%) 

Table 2. Tandem Polymer MAX/MCX SPE Procedure (3)
SPE Cartridge 1:  Polymer Mixed-Mode Anion   
 Exchange (MAX) SPE, 150 mg/6 mL

1. Condition / Equilibrate: 1 mL methanol followed by 1 mL 5N  
 NaOH and 1 mL DI water

2. Load: 5 mL of bovine kidney sample   
 extract

3. Wash in the described order: 1 mL 5% ammonia in DI water  
 1 mL methanol

4. Elute:  Elute FQLs with 2 mL 0.2 N HCl  
 in methanol

SPE Cartridge 2:  Polymer Mixed-Mode Cation   
 Exchange (MCX) SPE, 30 mg/1 mL

5. Condition / Equilibrate: 1 mL methanol

6. Load: 2 mL MAX eluent obtained from  
 step 4

7. Wash in the described order: 2 mL methanol

8. Elute:  0.5 mL 10% ammonium hydroxide  
 in methanol into a 1 mL volumetric  
 flask

9. Neutralize/Volume adjustment: Neutralize with formic acid and bring  
 to 1 mL volume with methanol

Table 3. LC-MS/MS Conditions for  
Fluoroquinolones Analysis 

 column: Ascentis C18, 5 cm x 3 mm I.D., 3 μm particles (581307-U) 
  w/ guard column
 instrument: LC-MS/MS Triple Quadrupole
 mobile phase A: 0.1% formic acid
 mobile phase B: acetonitrile
 temp.: ambient
 flow rate: 0.5 mL/min.
 gradient:  Min %A %B
     0.0 95 5
     7.0 85 15
     7.2 20 80
     8.2 5 5
   11.0 95 5
 det.: MS/MS, MRM transitions sarafloxacin (386.1/299.1), 
  norfloxacin (320.6/276.2), enrofloxacin (360.2/245.2), 
  ciprofloxacin (332.4/288.2), d5-norfloxacin I.S. (325.3/288.1)
 polarity: Positive
 ion source: Turbospray
 ion spray voltage: 4500 V
 decluster potential: sarafloxacin – 46 V, norfloxacin – 41 V, enrofloxacin – 49 V,  
  ciprofloxacin – 45 V, d5- norfloxacin – 46 V
 entrance potential: sarafloxacin – 5 V, norfloxacin – 3 V, enrofloxacin – 4 V,  
  ciprofloxacin – 4 V, d5- norfloxacin – 4 V
 source temp: 500 °C
 collision gas: 5 psi
 curtain: 15 psi
 Ion-source gas 1: 50 psi
 Ion-source gas 2: 60 psi
 dwell time: 200 msec.
 run time: 10 min.
 inj.: 3 μL

Figure 2.  LC-MS/MS Chromatogram of Blank Kidney 
Extracted with SupelMIP SPE (colored lines represent 
m/z transitions monitored)
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Figure 3.  LC-MS/MS Chromatogram of Fluoroquinolone 
Spiked Kidney (3 μg/kg) Extracted with SupelMIP SPE 
(colored lines represent m/z transitions monitored)
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(continued on page 20)
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Featured Products+
Description Cat. No.

SupelMIP SPE - Fluoroquinolones, 25 mg/3 mL, pk. 50 53269-U
Ascentis C18, 5 cm x 3 mm I.D., 3 μm particles 581307-U

For more information on SupelMIP SPE, please visit our 
website: sigma-aldrich.com/supelmip

For related application information such as FQLs in Honey, 
please see The Selective Extraction of Fluoroquinolones in 
Veterinary Samples using Molecularly Imprinted Polymer SPE, 
T408177 (LCC). (Available in electronic form only. Please provide 
email address on the request form to ensure delivery.)

Related Information!

were calculated (Table 5). Note that both decision and 

detection limits, CC  and CC  values, were lower than 

the Polymer MAX/MCX SPE approach.

Conclusion

In this report, we discussed the use of a molecularly 

imprinted polymer SPE procedure engineered and 

optimized for the selective extraction of fluoroquinolones 

in difficult sample matrices such as bovine kidney. The 

SupelMIP SPE – FQL procedure was compared against a 

method using tandem polymer MAX/MCX SPE. For the 

comparison study, recovery values were comparable 

across the two techniques; however, the SupelMIP 

approach only required one SPE method whereas the 

tandem polymer MAX/MCX approach required two SPE 

methods thereby significantly reducing overall assay time. 

In addition, decision (CC ) and detection limits (CC ) 

were lower on the SupelMIP method relative to the 

tandem polymer MAX/MCX procedure.

Table 4. Absolute & Relative Recovery of FQLs in Bovine Kidney using SupelMIP SPE 
 Recovery (%) Sarafloxacin Norfloxacin Enrofloxacin Ciprofloxacin
 Spike Level Absolute Relative Absolute Relative Absolute Relative Absolute Relative

 3 μg/kg  78 113 95 165 48 85 60 132
 7.5 μg/kg 70 79 105 123 56 68 90 111
 15 μg/kg 65 84 83 112 47 63 75 104
 45 μg/kg 72 84 93 106 54 63 94 109
 75 μg/kg 77 78 106 106 60 60 103 103

(continued from page 19) References
1. Fluoroquinolone resistance – Overuse of fluoroquinolones in human and veterinary 

medicine can breed resistance, Piddock L, BMJ 1998; 317:1029-1030.

2. SupelMIP SPE – Fluoroquinolones Data/Instruction Sheet – Available at http://www.
sigmaaldrich.com/etc/medialib/docs/Supelco/Product_Information_Sheet/t708009.
Par.0001.File.tmp/t708009.pdf

3. Fluoroquinolone Antibiotics in Beef Kidney – Tandem Oasis MAX-MCX Method 
(Excerpt from Oasis Applications Notebook) – Available at http:// www.waters.com/
waters/library.htm?locale=en_US&lid=1534786.

 4. European Commission Council Directive 2002/657/EC on implementing Council 
Directive 96/23/EC concerning the performance of analytical methods and the 
interpretation of results.

Table 5. Detection Limits for FQLs in Bovine Kidney using SupelMIP and Tandem Polymer MAX / MCX SPE 
 Detection Limit 
  (μg/kg) Sarafloxacin Norfloxacin Enrofloxacin Ciprofloxacin

SupelMIP CC  (Decision Limit) 3.9 3.5 6.1 4.5

SupelMIP CC  (Detection Limit) 7.4 6.0 10.8 7.9

Polymer MAX / MCX CC  (Decision Limit) 7.4 4.1 11.3 3.7

Polymer MAX/MCX CC  (Detection Limit) 12.3 6.5 19.1 5.8

NEW! Supel
™

-Select HLB  SPE
Sample Prep Performance at the Price you Desire

Supel-Select HLB SPE is a hydrophilic modified styrene-based polymer  
developed for solid phase extraction. (HLB: Hydrophilic Lipophilic Balance)
   Generic Methodology 
    Extracts and Recovers a Broad Range of Analytes
     Low UV & MS Extractables

To learn more about Supel-Select HLB SPE, and to also request a FREE product sample,  
please visit sigma-aldrich.com/supel-select
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New Hamilton C-Line Syringes for CTC Analytics
Hamilton and CTC Analytics have worked together to 

develop a new line of Microliter syringes for CTC PAL 

instruments. This new C-Line series of autosampler 

syringes offers the following advantages.

Syringes for GC PAL (C-Line) - GC Sampling syringes, cemented needle (51 mm long)
 Volume (μL) Model Description CTC Part Number Cat. No.

 1.2 7701.2 CTC 26s gauge, cone tip SyrC L1.2-26P-AS 28617-U
 5 75N CTC 26s gauge, cone tip SyrC L5-26S-AS 28613-U
 10 701N CTC Slim line 26s gauge, bevel tip SyrC L10-26S-2 28614-U
 10 701N CTC 26s gauge, cone tip SyrC L10-26S-AS 28615-U
 25 1702N CTC 26s gauge, cone tip SyrC G25-26S-AS 28649-U
 100 1710N CTC 26s gauge, cone tip SyrC G100-26S-AS 28651-U
 250 1725N CTC 26 gauge, cone tip SyrC G250-26-AS 28652-U

 Zero carry over
 An innovative, cemented needle design that 

eliminates all interaction between the sample and 
the glued surface

 An adjustable plunger protects the plunger tip from 
squeezing

 A unique flange design that aligns the syringe in the 
proper position every time

 A more chemically resistant and temperature tolerant 
PTFE/polymer sealant for the plunger tip

The C-Line syringes are available in all volumes from 5 μL 

to 1000 μL.

Sigma-Aldrich offers an extensive list of Hamilton 

products. For help with product selection, contact our 

Technical Service Department by email at techservice@sial.

com or visit us on the web at sigma-aldrich.com/syringes

E001028

Needle Directly Attached to Barrel

New PTFE/Polymer Sealant

New Flange Design

Adjustable Plunger

Pre-Cut Septa for HPLC Applications

Closure Type Size (mm) Cap Color Septa Type Septa Color Thickness Septa Hardness  Cat. No.

Hole Cap 9 Blue standard red PTFE/white silicone 1.0 mm 55 durometer 29498-U
Hole Cap 9 Clear standard red PTFE/white silicone 1.0 mm 55 durometer 29499-U
Snap Cap 11 Blue soft red PTFE/white silicone 1.0 mm 55 durometer 29491-U
Snap Cap 11 Clear soft red PTFE/white silicone 1.0 mm 55 durometer 29492-U
Snap Cap 11 Blue standard red PTFE/white silicone 1.0 mm 55 durometer 29491-U
Snap Cap 11 Clear standard red PTFE/white silicone 1.0 mm 55 durometer 29492-U
Magnetic Hole Cap 18 Silver standard red PTFE/white silicone 1.5 mm 55 durometer 29497-U
Magnetic Crimp Seal 20 Gold UltraClean Transparent PTFE/ 3.0 mm 45 durometer 29495-U 
    transparent blue silicone
Magnetic Crimp Seal 20 Gold UltraClean red PTFE/white silicone 1.5 mm 55 durometer 29496-U

 Closures using pre-cut septa are now available in a vari-

ety of caps and seals from Sigma-Aldrich. The pre-cut 

septa are manufactured by making a slit in the silicone 

layer, but leaving the PTFE barrier uncut.

The benefits of this product design are numerous. Less 

pressure is required for the autosampler needle to pen-

etrate the pre-cut septa as compared to 

non-slitted septa, resulting in fewer 

bent and/or broken needles. The 

uncut PTFE layer provides a better 

seal than other commercially sold 

slitted septa until the needle 

punctures the septa. The Y-shaped 

cut allows air to enter the vial eliminating vacuum forma-

tion. This design provides the needle with a larger target 

area for penetration even when the needle doesn’t come 

down in the center of the septa.

The products are available in four closures styles that can 

be used with 12 x 32 mm and crimp style and screw thread 

headspace vials. They are each sold in packs of 100 each.

Sigma-Aldrich offers an extensive list of vial products. 

For help with product selection, contact our Technical 

Service Department by email at techservice@sial.com or 

visit us on the web at sigma-aldrich.com/vials

etra
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For more information, request KCT, LC-MS Mobile Phase 
Additives - Tips and Tricks

Related Information!

Volume 27.1

LC-MS CHROMASOLV Solvents – Water and 
Pre-Blended Mobile Phase Additives

Shyam Verma
shyam.verma@sial.com

Fast-LC methods or high-efficiency separations on HPLC 

systems especially in combination with mass spectrom-

eters require high-quality solvents. High purity of chemi-

cals for sample preparation, mobile phase and post 

column treatment is necessary to meet demands on 

sensitivity, specificity and speed of analysis.

Water is frequently used in LC-MS experiments as a 

solvent or a pre-blended mobile phase additive. Impurities 

in a mobile phase solvent are the most common source of 

extraneous peaks and unstable LC-MS baselines. Solvent 

driven impurities do not condition out over time. Potential 

LC-MS contaminants from water may include inorganic 

ions, microbes and the compounds they excrete, particu-

late matter from improper filtration and precipitation, 

compounds adsorbed from the atmosphere, and packag-

ing materials. These contaminants adversely impact the 

analysis by: 1) collecting on the head of the HPLC column 

and elute as a distinct peak or as baseline rise, 2) causing 

lower sensitivity, 3) damaging sensitive instrument compo-

nents, and 4) resulting in cluster ion formation that 

prevents reliable identification and quantification.

LC-MS CHROMASOLV Water

Sigma-Aldrich offers LC-MS CHROMASOLV Water with 

quality suitable for both gradient HPLC and MS applica-

tions. This product offers tremendous advantages over 

other quality grades. It can be used in both UV and MS 

detection methods, without any compromise. Figure 1 

clearly shows differences between LC-MS CHROMASOLV 

Water and a non-gradient grade water.

Figure 1. UV Gradient at 205 nm, LC-MS Water (Cat. No. 
39253) and Non Gradient Grade Water

Pre-Blended LC-MS Solvents

The mobile phase composition plays a critical role in the 

success of an LC-MS experiment. Precise formulations 

provide accurate and reproducible results. Sigma-Aldrich 

offers pre-blended solutions of most commonly used LC-MS 

mobile phases prepared with precision and unsurpassed 

attention to quality. The water quality mentioned above 

also applies to all its blends. These pre-blended solvents 

offer: 1) time savings, 2) accurate composition, 3) minimized 

baseline and artifacts, and 4) ensured high quality.

Specifications:

Water Blends:
  LC gradient testing in UV and MS, metal impurities 

(Na<2 ppm, K, Mg, Ca <0.5 ppm), UV-transmit-
tance, additive content: 0.93-0.107TFA, FA, AA (v/v), 
ammonium acetate (w/v), pH: effective +/- 0.1.

Acetonitrile and Methanol Blends:
  LC gradient testing in UV and MS – similar to water 

blends; solvent content: (GC): >99.0% (Cat. No. 
34669 – acetonitrile with 0.1% ammonium acetate; 
solvent content (GC)>98%).

0 5 10 15 20 25 30
Retention Time (Min)

m
AU

80

60

40

20

0
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Non Gradient Grade Water

Gradient Grade Water 
LC-MS CHROMASOLV®

WVL 205 nm

E001026

The LC-MS solvents undergo 34 distinct tests to ensure 

quality for sensitive LC-MS analyses. Detailed analysis is 

available at sigma-aldrich.com/lc-ms-solvents
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Featured Products+
Description Qty. Cat. No.

Water with 0.1% TFA** 2.5 L 34978
Water with 0.1% formic acid and 0.01% TFA 2.5 L 34677
Water with 0.1% ammonium acetate** 2.5 L  34674
Water with 0.1 % formic acid** 2.5 L 34673
Water with 0.1% acetic acid** 2.5 L 34675
Acetonitrile with 0.1% TFA** 2.5 L 34976
Acetonitrile with 0.1% formic acid and 0.01% TFA 2.5 L 34676
Acetonitrile with 0.1% ammonium acetate** 2.5 L 34669
Acetonitrile with 0.1% formic acid** 2.5 L 34668
Acetonitrile with 0.1% acetic acid** 2.5 L 34678
Methanol with 0.1% TFA** 2.5 L 34974
Methanol with 0.1% ammonium acetate** 2.5 L 34670
Methanol with 0.1% acetic acid** 2.5 L 34672
Rinsing Solution: water/2-propanol (50:50, v:v) 1 L 34689

** LC-MS CHROMASOLV; Other blends available. Please inquire

Description Qty. Cat. No.

LC-MS CHROMASOLV solvents

Water 1 L 39253
Acetonitrile 1 L,  6 x 1 L, 2.5 L, 4 x 2.5 L 34967
Methanol 1 L,  6 x 1 L, 2.5 L, 4 x 2.5 L 34966
2-Propanol 1 L,  2.5 L, 4 x 2.5 L 34965
Ethyl acetate 1 L,  2.5 L 34972

LC-MS Eluent Additives

Trifluoroacetic acid 50 mL 40967
Formic acid 10 x 1 mL, 50 mL 56302
Acetic acid  50 mL 49199
Propionic acid 50 mL 49916
Ammonium formate 50 g 55674
Ammonium acetate 25 g 49638
Ammonium bicarbonate 50 g 40867
Ammonium hydroxide solution 25% 100 mL 44273
Triethylamine 50 mL 65897
Sodium citrate tribase dihydrate 50 g 61333

All chemicals are “puriss p.a”.

TRADEMARKS: Agilent – Agilent Technologies; Ascentis, CHROMASOLV, Fluka, HybridSPE, HYDRANAL, PESTANAL, SLB, Supel, Supelco, SupelMIP – Sigma-Aldrich Biotechnology 
LP; Claritin – Schering-Plough; DOWEX – Dow Chemical Co.; Fused-Core – Advanced Materials Technology, Inc.; PITTCON – The Pittsburgh Conference; Snoop® – Swagelok Co.; 
Zantac – GlaxoSmithKline

Derivatization Reagents Brochure
Listing over 400 Derivatization Reagents
To order your free copy either go to sigma-aldrich.com/derivatization, call 800-359-3041 (US and Canada) 

or 814-359-3041, email techservice@sial.com or request KDI on the attached card.

 Products sorted by GC, HPLC,  
Chiral and TLC techniques

 Reagents also listed by “Application”

 Vials, syringes and other useful items 
for derivatization reactions

 Up-to-date application information 
and references
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