
HPLC/LC
Maximise Sample Through-
put with Ascentis Express 
Fused-Core™ Technology 3

Ascentis® Express Capillary 
HPLC Columns  6

Is Methanol a Direct Replace-
ment for Acetonitrile? 8

High Performance Fitting 
for Agilent® 1100/1200 
HPLC Systems 9

Sample Handling
SPME of Pharmaceutical 
Compounds from Water 11

Dispersive SPE – 
QuEChERS 13

SupelMIP™ SPE of 
Fluoro quinolones from 
Kidney Tissue 14

GC
Determination of Free 
and Total Glycerin in 
B100 Biodiesel 17

Accessories and Reagents
New Hamilton C-Line 
Syringes for CTC 
Analytics 21

LC-MS CHROMASOLV® 
Solvents and Pre-Blended 
Mobile Phases  22

Determination of Free and Total 
Glycerin in B100 Biodiesel

Reporter
Volume 36, May 2009, International

The search for viable and renewable alternative fuel 
sources is being performed on a global scale



2

Don Hobbs
Director of Marketing

Dear Colleague,

Today’s researcher often fi nds a variety of columns, standards and reagents listed for an application and 
often struggles to fi nd the right quality to fi t their application. The Supelco and Fluka catalogues are two 
vehicles available to help solve this dilemma. Our application experts fi lled the pages of these catalogues 
with real applications run under conditions used by researchers every day. Our catalogues 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 fi nd the 
right product for your analysis. If you cannot fi nd what you need or a more personal approach is preferred, 
e-mail us at EurTechServ@sial.com. Our talented employees and knowledgeable technical support rep-
resentatives are available to assist you in application development and provide help in fi nding the cor-
rect solution to any questions you may encounter in your day-to-day activities.

Besides columns, we often state that the high-purity solvents and analytical standards utilised in the 
application make it easy to repeat. Our purpose in preparing the Supelco and Fluka catalogues is to 
accelerate our customers’ 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
Utilising 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 catalogue are more than 14,000 products 
that are specially designed for the most challenging analytical applications. From the Ascentis® Express 
HPLC columns and the new SLB™-IL GC columns to Fluka’s CHROMASOLV® head-space solvents and 
Supelco’s patent-pending HybridSPE™ plates, the new Supelco 2009/2010 catalogue delivers a broad 
range of high-quality chromatography and analytical products for our customers’ most demanding 
needs. In addition to products, hundreds of chromatograms covering a variety of industry and applica-
tions are also displayed. The Fluka catalogue lists over 12,000 analytical reagents, standards and certifi ed 
reference materials for all disciplines of analytical chemistry such as CHROMASOLV LC-MS® Solvents & 
Blends and TraceCERT® high-purity AAS/ICP standards along with HYDRANAL® Karl Fischer products.

Combining these two catalogues 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 
customers’ inputs and specifi c 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 scientifi c community into your lab.

Regards,

Don Hobbs
Director of Marketing
don.hobbs@sial.com

Reporter is published fi ve times a year by Sigma-Aldrich
MarCom Europe, Industriestrasse 25, CH-9471 Buchs SG, Switzerland
Publisher: Sigma-Aldrich Marketing Communications Europe
Publication Director: Ingo Haag, PhD
Editor: Isabell Davies-Falch

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

Quality Exceeding Your Analytical Expectations
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Maximise Sample Throughput with Ascentis Express Fused-Core™ Technology

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 (see diagram, Figure 1, page 6): 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 benefi ts 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 (thermodynamic) 
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 alter-
ing 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 fl ow 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. How-
ever, the maximum fl ow rate is limited by the most pressure-sensitive 
component of the system. Also, conventional HPLC particles have a 
distinct fl ow rate where maximum performance is obtained. Both 
below and above this fl ow rate, effi ciency is lost due to various 
kinetic parameters described in the van Deemter relationship shown 
in Figure 1.

Reducing column length also will increase analysis speed, both 
by reducing retention and permitting higher fl ow rates. However, 
for a typical 100,000 plate/m HPLC column, every cm in column 
length reduction also sacrifi ces 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 effi ciency at any practical fl ow 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 effi ciency. Pressure is the tradeoff, 
however, because it varies with the inverse square of the average 
particle diameter. This relationship is shown in Figure 2.

Wayne K. Way wayne.way@sial.com

(continued on page 4)

Figure 1 van Deemter Relationship Between Particle Size, Flow Rate 
and Separation Efficiency
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Figure 2 Influence of Flow Rate on Pressure for Various Particle Sizes
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Speed Benefits of Ascentis Express Compared to 
Conventional Particles
So the challenge is this: how can one combine the effi ciency benefi ts 
of small particles, with speed benefi ts of higher fl ow rates? Even 
further: can this be achieved on conventional HPLC systems? That’s 
where the innovative 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 effi ciency: Fused-Core technology and extremely 
narrow particle size distribution. Both of these properties work on 
the kinetics of the separation by positively infl uencing 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 typifi es the speed improvements that are 
possible with Ascentis Express over conventional HPLC particles, in 
this case over the workhorse HPLC particle, C18-bonded 5 μm po-
rous silica. In this example we took a typical 4-minute isocratic 
separation on a 5 μm C18 (panel A) and adjusted the fl ow rate and 
mobile phase composition to obtain equal N and k’ on a shorter 
Ascentis Express column (panel B). Injection volume was also re-
duced in proportion to the column length. Note that these simple 
changes gave nearly 5-fold increase in throughput. The fl ow 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 instru-
ment. If the analyst has available a mid-pressure system, the retention 
time could be further reduced by increasing fl ow 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 separation. 
It is important to note that these dramatic improvements in through-
put did not come at the expense of effi ciency. The resolution of a 
critical pair remained virtually constant throughout the experiment 
because of the fl at van Deemter plot.

Figure 3 Throughput Improvements on Ascentis Express

 column: Totally porous particle 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

 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

 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

 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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Rugged, High-Speed Separations
The narrow particle size distribution around the average of 2.7 μm 
means Ascentis Express columns can achieve this remarkable per-
formance using 2 μm porosity frits. The presence of fi nes in sub-2 
μm particles and conventional 3 μm particles forces the use of much 
fi ner porosity frits, which can foul more easily and reduce the life-
time of the columns. Sub-2 μm particles typically require 0.2 μm 
frits, while 3 μm typically need 0.5 μm frits. Figure 4 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.

Figure 4 Comparison of Particle Size Distribution of Ascentis Express 
and Conventional 3 μm HPLC Particles
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+
Featured Products
I.D. (μm) 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 53913-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

Did you know 
that just 25 % of the earth 

is covered by land?

You can reduce your solvent 
consumption to 25 % by using 

Ascentis Express HPLC columns.
For more information, see 

sigma-aldrich.com/save_acetonitrile

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 
(see page 6) I.D. For technical and ordering information, please visit 
sigma-aldrich.com/express 

The following table presents a partial listing of Ascentis Express 
columns.
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+
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

Ascentis® Express Capillary HPLC Columns – Fused-Core Technology Columns

Ascentis Express columns provide a breakthrough in HPLC column 
performance. Based on Fused-Core particle technology, Ascentis 
Express provides the benefi ts of high speed and high effi ciencies 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 intro-
duced 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 effi ciency 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 effi ciency 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.

Robert F. Wallace bob.wallace@sial.com

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

Ascentis Express Particle Totally Porous Particle
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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
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Ascentis Express
Fused-Core™ Technology
Redefi ning the Limits of Your HPLC

Based on Fused-Core™ particle technology, Supelco’s Ascentis Express 
columns provide a breakthrough in HPLC column performance.

 Double the effi ciencies of conventional 3 μm particles
 Equal effi ciencies of sub-2 μm columns but at half of the backpressure
 Robust, dependable and now with new chemistries

The Future is Now! For further information please contact 
EurTechServ@sial.com or order the Ascentis Express Brochure 
(code JHD) by selecting it on the Business Reply Card.

For additional information, visit us on the web: sigma-aldrich.com/express

C18
C8
HILIC Silica
RP-Amide
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Is Methanol a Direct Replacement for Acetonitrile?

As you might be aware, there is currently a global shortage of ace-
tonitrile that is likely to last into the fi rst half of 2009. Any practising 
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 % ace-
tonitrile, 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 
fi gures demonstrate this point quite dramatically. On both C18 and 
RP-Amide phases, a mixture of representative compounds with vari-
ous 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 Ascentis RP-
Amide. The neutral component naphthalene is relatively stable 
(isoeluotropic).

A full description of the mechanism is beyond the scope of this 
short report. Suffi ce 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 infl uence 
effi ciency and symmetry. This is again due to solvation effects and 
the solvent’s ability to infl uence hydrogen bonding between analytes 
and polar groups on the sorbent.

If you would like help reformulating an established method that 
employs acetonitrile, please e-mail Sigma-Aldrich technical service 
at EurTechServ@sial.com

William Campbell william.campbell@sial.com

Figure 1 Acetonitrile vs. Methanol on Ascentis C18 HPLC Column Figure 2 Acetonitrile vs. Methanol on Ascentis RP-Amide 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

 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

Ascentis RP-Amide

Peak IDs for Figures 1 and 2
 1.  Uracil (T0 marker)
 2.  Dihydroquinidine
 3.  Quinidine
 4.  Fluoxetine
 5.  Diphenhydramine
 6.  Naphthalene1
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High Performance 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 fl ow 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 is no longer suitable in 

high-performance HPLC. PEEK can slip, stretch 
or deform, which translates to a decrease in per-

formance. Supelco High Performance Interconnects maintain the 
integrity of your HPLC systems all the way to 15,000 psi.

Key Benefits
 Eliminates dead volume that contributes to decreased resolution
 Sliding ferrule design allows for use in any port and eliminates 
dispersion
 Fingertight to 15,000 psi
 Available in rigid and flexible, double- and single-ended versions

Agilent 1100/1200 Fitting
A new, high-performance fi tting is now available for the Agilent 
1100/1200 HPLC system. Semi-rigid 316 stainless steel tubing con-
nects one end to the heater outlet, and allows use of columns by any 
manufacturer with confi dence that the high-performance UHPLC 
fi tting is completely seated in the column inlet port. An important 
feature of this fi tting 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

These Interconnects are ideal for use with all high-performance sub-2 μm 
HPLC columns. For details on the Ascentis Express Fused-Core column 
range, visit sigma-aldrich.com/express

! Related Information

E001014

High Performance Interconnects – 
a complete range of ultra-low dead volume 
HPLC column connectors 

The easy way to maximise column effi ciency, 
especially on ultra-high performance columns

HIGH PERFORMANCE HPLC INTERCONNECTS
P/N Description Length (cm) ID (in) ID (mm) OD (inch) OD (mm)

Double-ended Interconnects:
53681-U Column coupling, column to detector, 10 cm 10 0,005 1,3 1/32 8 linear/flexible
53682-U Injector to column link, 20 cm 20 0,005 1,3 1/32 8 linear/flexible
53683-U Pump to injector link, 30 cm 30 0,005 1,3 1/32 8 linear/flexible
53684-U General long length link, pump to injector 40 0,005 1,3 1/32 8 linear/flexible
53685-U High-flow flexible link 20 0.010 2,5 1/32 8 linear/flexible
53686-U Column couple, U-shaped 10 0.005 1,3 1/16 16 U-shaped/rigid
53687-U Column coupler, straight 10 0.005 1,3 1/16 16 linear-rigid
53688-U High-flow, general purpose 10 0.010 2,5 1/16 16 linear/rigid
53689-U High-flow, general purpose 20 0.010 2,5 1/16 16 linear/rigid
54252-U General long length 55 0.005 1,3 1/16 16 General, long length/rigid
54253-U General long length 55 0.007 1,8 1/16 16 General, long length/rigid
53690-U Replacement ferrules (pk 10)

Single-ended Interconnects:
53613-U Single-ended flexible Interconnect fitting 10 0,005 1,3 1/32 8 linear/flexible
53614-U Single-ended flexible Interconnect fitting 20 0,005 1,3 1/32 8 linear/flexible
53617-U Single-ended flexible Interconnect fitting 30 0,005 1,3 1/32 8 linear/flexible
53625-U Single-ended flexible Interconnect fitting 40 0,005 1,3 1/32 8 linear/flexible
53627-U Single-ended flexible Interconnect fitting 55 0.007 1,8 1/32 8 linear/flexible
53628-U Single-ended flexible Interconnect fitting 55 0,005 1,3 1/32 8 linear/flexible
53629-U Special fitting for Agilent 1100/1200 15 0,005 1,3 1/16 16 heater to column end
53690-U Replacement ferrules for High Performance Interconnects pk of 10
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Couldn’t attend the 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.

SPME Applications CD – 7th Edition

700 new references added 
We’ve recently updated the SPME Applications CD with 
more than 700 references to include a total of almost 
3,000 for the use of SPME in environmental, food and 
beverage, forensic, and other analytical sample-prepa-
ration applications. The CD includes SPME literature 
and video demonstrations of various aspects of SPME 
including manual sampling and autosampler use. 

NEW! HybridSPE™ – Precipitation Technology

Features & Benefits:
 Merges both Protein Precipitation (PPT) & 
Solid Phase Extraction (SPE)

  – Offers simplicity & generic nature of protein 
precipitation
 Selectivity approaches SPE via the targeted  –
removal of phospholipid

 2-3 step generic procedure

 Reduced ion-suppression
 100 % removal of phospholipids & precipitated proteins
 No to minimal method development
 Available in 96-well and 1 mL cartridge dimensions
 Patent pending technology based on zirconia-coated silica 

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

Combines the simplicity of protein 
precipitation and the selectivity of 
SPE for the targeted removal of 
phospholipids and proteins from 

biological samples

Removal of 
Proteins and Phospholipids

sigma-aldrich.com/pittcon
Request your free copy of the new 7th Edition SPME 

Applications CD at sigma-aldrich.com/spme 

If you would like to try the HybridSPE, 
please request a sample pack of the 
1 mL SPE tubes for free and/or con-
tact our Technical Service
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SPME for the Extraction of Pharmaceutical Compounds from Water

In a previous edition of the Supelco Reporter (Reporter 34), we pre-
sented data showing the use of a new, solvent stable, biocompatible, 
SPME fi bre for the extraction of a common beta-blocker drug and its 
metabolite from a plasma matrix. The inert fi bre was coated with a 
polar-embedded reversed-phase bonded silica. In a continuation of 
work with these fi bres, 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.

Experimental
The pharmaceutical compounds used for this study (Table 1) were 
selected to represent commonly used prescription and over-the-coun-
ter products. Biocompatible SPME fi bres coated with polar-embedded 
reversed-phase bonded silica were used to extract these compounds 
from both deionised 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 
desorbed SPME extracts were then analysed by LC-MS/TOF.

Reproducibility
To evaluate the reproducibility of the SPME procedure, multiple repli-
cates of deionised water samples spiked at 50 μg/L were extracted, 
and the average response factors and percent relative standard devia-
tions 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). It was later discovered that a 
contaminant introduced by the desorption solvent was causing inter-
ference with the analysis of this compound.

Linearity 
A linearity experiment was conducted using both spiked deionised 
water and treated wastewater samples to determine the quantitative 
ability of the SPME extraction. A comparison of spiked treated waste-
water and deionised 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 wastewater sam-
ples (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.

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

Compound Use

Verapamil Cardiovascular drug

Loratadine (Claritin®) Antihistamine

Fluoxetine Antidepressant

Ranitidine (Zantac®) Histamine/H2 receptor 
antagonist basic

Propranolol Beta-blocker

Table 1 Pharmaceutical Compounds Extracted Using Biocompatible SPME

Sample Size: 1 mL

Fibre Conditioning/Equilibration: 30 min @ methanol and water

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 2 SPME Extraction Conditions

Compound % RSD, n=10

Fluoxetine  6 %

Loratadine (Claritin)  2 %

Propranolol  5 % 

Ranitidine (Zantac)  19 %

Verapamil  2 %

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

(continued on page 12)
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For more information, request Publication T408176, Use of 
Bonded Silica SPME Fibers for the Extraction of Pharma-
ceuticals From Water, or visit sigma-aldrich.com/spme 
(Available in electronic form only. Please provide e-mail 
address on the request form to ensure delivery.)

! Related Information

Comparison of Fibre Chemistries
This extraction procedure was then used for a broader 
range of pharmaceutical compounds. In this study, two 
different fi bre chemistries were evaluated. A bio-com-
patible SPME fi bre, coated with C18 bonded silica, was 
compared to the polar-embedded reversed phase fi bre. 
Samples of deionised water spiked at 500 μg/L were 
extracted, and the absolute responses of each compound 
were compared for each fi bre. The results are sum-
marised in Figure 2. All compounds were extracted by 
each stationary phase, but a higher recovery was ob-
served using the C18 than the polar-embedded re-
versed-phase fi bre for a majority of the compounds.

Conclusion
Biocompatible SPME fibres can quantitatively extract 
pharmaceutical compounds from water.
Extraction conditions should be optimised for the 
particular compound list of interest.
For the compounds studied, levels down to 5 μg/L 
were successfully detected. Lower levels may be pos-
sible for some compounds, depending on extraction 
conditions and LC-MS ionisation efficiencies.
Both the polar-embedded and C18 fibres have utility 
for this application. Depending on the analytes, the 
C18 may show better recovery than the polar-embed-
ded reversed-phase fibre chemistry.

References
US EPA Method 1694: Pharmaceuticals and Personal 1] 
Care Products in Water, Soil, Sediment, and Biosolids 
by LC/MS/MS, Dec. 2007.
Batt, M. Kostich, J. Lazorchak. “Analysis of Ecologically 2] 
Relevant Pharmaceuticals in Wastewater and Surface 
Water Using Selective Solid Phase Extraction and 
UPLC-MS/MS.” Anal. Chem. 2008, 80 (13), 5021-5030.
C. Aurand, K. Stenerson, R. Shirey, D. Vuckovic, J. 3] 
Pawiliszyn, “Extraction of Propranolol and Metabolite 
from Rat Plasma Using Biocompatible Solid Phase Micro-
extraction (SPME)”. Supelco Publication T408089, 2008.

 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 

Figure 1 Linearity of Extractions from Deionised Water and Treated Wastewater 
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Figure 2 Comparison of Recovery of Extraction of Pharmaceutical Compounds from 
Deionised Water Using C18 and Polar-embedded Biocompatible SPME Fibres
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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

Set of Analytes 2

Set of Analytes 1
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Dispersive SPE – QuEChERS
Quick and simple sample cleanup for determination of pesticides in fruits and vegetables

Efficient and economic cleanup

 Pre-weighed amounts of sorbents and salts 
save labour and lab time

High-purity reagents from Sigma-Aldrich 

Ready to use in 15 mL centrifuge tubes 

QuEChERS employing dispersive SPE is a simple and fast method to 
clean up food samples for pesticide analysis. (QuEChERS – Quick, 
Easy, Cheap, Effective, Rugged, Safe; pronounced [catchers]) 

The core of the method is an adsorbent based on a primary and 
secondary amine phase (PSA), providing a high capacity for removal 
of matrix components like sugars, organic and fatty acids as well as 
polar pigments. The Supelco QuEChERS centrifuge tubes contain 
pre-weighed salt and sorbent in proportions exactly as described in 
the method by M. Anastassiades, one of the developers of the 
QuEChERS method. 

The product portfolio covers 
extraction tubes with salts for 
adjusting the pH during sample 
extraction with acetonitrile, 
cleanup tubes with PSA and 
MgSO4 and cleanup tubes with PSA and additions of carbon for 
more pigmented samples or C18 for lipophilic matrices.

To read more about the dispersive SPE products and the  
QuEChERS method visit us at sigma-aldrich.com/quechers. 
Literature is available for download including the overview chart 
JWP (see below, available as pdf fi le) with the complete product 
listing. To try this method contact our technical service to request 
your free sample pack.

For a comprehensive listing of our 
SPE products, download your copy 
of our most recent SPE brochure at 
sigma-aldrich.com/spe
For more sample preparation 
& purification products (SPE, 
SPME, Flash Chromatography, 
Air Monitoring) visit us under 
sigma-aldrich.com/sampleprep

! Related Information

+
Featured Products
Description Qty. Cat. No.

Dispersive SPE (dSPE) Products, packed in 15 mL centrifuge tube 

Citrate Extraction Tube 50 55227-U 

4 g MgSO4, 1 g NaCl, 0.5 g sodium citrate dibasic 
sesquihydrate, 1 g sodium citrate tribasic dihydrate 

MgSO4 Extraction Tube 50 55234-U 

6 g magnesium sulphate, 1.5 g sodium acetate 

PSA SPE CleanUp Tube 1 50 55228-U 

150 mg Supelclean PSA (Cat. No. 52738-U), 
900 mg MgSO4 

PSA/C18 SPE CleanUp Tube 1 50 55229-U 

150 mg Supelclean PSA, 150 mg Discovery 
DSC-18, 900 mg MgSO4 

PSA/ENVI-Carb SPE CleanUp Tube 1 50 55230-U 

150 mg Supelclean PSA, 15 mg Supelclean ENVI-Carb, 
900 mg MgSO4 

PSA/ENVI-Carb SPE CleanUp Tube 2 50 55233-U 

150 mg Supelclean PSA, 45 mg Supelclean ENVI-Carb, 
900 mg MgSO4 

Bulk Adsorbents and Salts 

Supelclean PSA, bulk sorbent 100g 52738-U 

Supelclean ENVI-Carb, bulk sorbent 50g 57210-U 

Discovery DSC18, bulk sorbent 100g 52600-U

MgSO4 var. 63135 

Sodium citrate dibasic sesquihydrate var. 71635 

Sodium citrate tribasic dihydrate var. 32320 

Sodium chloride var. 71379 

Sodium acetate var. 241245 

(JWP)
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Molecularly Imprinted Polymer SPE for the Highly Selective Extraction of 
Fluoroquinolones from Bovine Kidney

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 envi-
ronment 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 chain, 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 enrofl oxacin 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 fl uoroquinolones.

In this report, we discuss the extraction of FQLs from bovine kid-
ney using molecularly imprinted polymer SPE technology (SupelMIP™ 

SPE – Fluoroquinolones); and compared the technique against a 
tandem mixed mode SPE method. Note that SupelMIP FQL proce-
dures have also been developed for honey and milk [2]. The specifi c 
FQLs examined in this report include: sarafl oxacin, norfl oxacin, 
enrofl oxacin, and ciprofl oxacin (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 compounds with high selectivity. Selectivity is 
introduced during MIP synthesis in which a template molecule, de-
signed to mimic the analyte, guides the formation of specifi c cavities 
that are sterically and chemically complementary to the target 
analyte(s). As a result, multiple interactions (e.g., 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.

Anna-Karin Wihlborg, Olga Shimelis and An Trinh an.trinh@sial.com

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

Contributed Article>

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

1. Condition/Equilibrate: 1 mL methanol followed by 2 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.

Table 1 SupelMIP SPE – Fluoroquinolones SPE Procedure

Figure 1 Structures of Fluoroquinolones

Sarafl oxacin Norfl oxacin

Enrofl oxacin Ciprofl oxacin
G002551 G002422

G002550 G002548

Extraction of FQLs from Bovine Kidney
Sarafl oxacin, norfl oxacin, enrofl oxacin, and ciprofl oxacin were 
spiked into bovine kidney at the levels of 0-75 μg/kg and I.S. d5 – 
norfl oxacin 75 μg/kg. 2 g of spiked kidney sample was homoge-
nised with 30 mL 50 mM sodium hydrophosphate, pH 7.4 and cen-
trifuged for 10 min at 5000 rpm. The resulting supernatant was 
fi ltered using a 0.45 μm fi lter 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.
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Table 2 Tandem Polymer MAX/MCX SPE Procedure [3] Figure 2 LC-MS/MS Chromatogram of Blank Kidney Extracted with 
SupelMIP SPE (coloured lines represent m/z transitions monitored)

Figure 3 LC-MS/MS Chromatogram of Fluoroquinolone Spiked Kidney 
(3 μg/kg) Extracted with SupelMIP SPE (coloured lines represent m/z 
transitions monitored)

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
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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.  Neutralise/
Volume adjustment:

Neutralise with formic acid and bring 
to 1 mL volume with methanol

SupelMIP SPE Offers Low Background
Bovine kidney was spiked with FQLs and extracted and analysed 
using the procedures described in Tables 1 and 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, respec-
tively. 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 procedures across a range of 
spike levels tested were comparable. 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 pro-
cedures for sample cleanup.

The decision and detection limits for both the SupelMIP and 
tandem polymer MAX/MCX approach were calculated. The CCα 
(decision limit where alpha error is 1 %) and CCβ (detection capability 
where beta error is 5 %) were calculated (Table 5). Note that both 
decision and detection limits, CCα and CCβ values, were lower than 
the Polymer MAX/MCX SPE approach.

(continued on page 16)
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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 e-mail address on the request form to ensure 
delivery.)

! Related Information

Conclusion
In this report, we discussed the use of a molecularly imprinted 
polymer SPE procedure engineered and optimised for the selective 
extraction of fl uoroquinolones in diffi cult 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 signifi cantly reducing overall 
assay time. In addition, decision (CCα) and detection limits (CCβ) 
were lower on the SupelMIP method relative to the tandem poly-
mer MAX/MCX procedure.

References
Fluoroquinolone resistance – Overuse of fluoroquinolones in human 1] 
and veterinary medicine can breed resistance, Piddock L, BMJ 1998; 
317:1029-1030.
SupelMIP SPE – Fluoroquinolones Data/Instruction Sheet – 2] 
Available at sigma-aldrich.com/etc/medialib/docs/Supelco/Product_
Information_Sheet/t708009.Par.0001.File.tmp/t708009.pdf

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

Detection Limit (μg/kg) Sarafloxacin Norfloxacin Enrofloxacin Ciprofloxacin

SupelMIP CCα (Decision Limit) 3.9 3.5 6.1 4.5

SupelMIP CCβ (Detection Limit) 7.4 6.0 10.8 7.9

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

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

Table 4 Absolute & Relative Recovery of FQLs in Bovine Kidney using SupelMIP SPE 

Table 5 Detection Limits for FQLs in Bovine Kidney using SupelMIP and Tandem Polymer MAX/MCX SPE 

Fluoroquinolone Antibiotics in Beef Kidney – Tandem Oasis MAX-3] 
MCX Method (Excerpt from Oasis Applications Notebook) – Available 
at waters.com/waters/library.htm?locale=en_US&lid=1534786
European Commission Council Directive 2002/657/EC on implementing 4] 
Council Directive 96/23/EC concerning the performance of analytical 
methods and the interpretation of results.

NEW! Supel
™

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

Supel-Select HLB SPE is a hydrophilic modifi ed 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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(continued on page 18)

Determination of Free and Total Glycerin in B100 Biodiesel

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

Introduction
In the last decade, escalating oil prices, concerns over a reliable 
petroleum supply, and the persistent environmental problems as-
sociated with the extraction, transport, production/refi nement, 
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 produced from vege-
table 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 transesterifi cation 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 puri-
fi ed.
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 sulphur 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 contami-
nants that may cause problems in diesel engines. Table 1 lists these 

contaminants, the problem they cause, their source, and the appro-
priate 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 specifi cations that must be met for B100 biodiesel to be consid-
ered an acceptable fuel source are outlined in standard specifi cation 
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 quanti-
tative determination of free and total glycerin in B100 biodiesel by 
high-temperature gas chromatography after silylating the sample 
with N-methyl-N-(trimethylsilyl) trifl uoroacetamide (MSTFA).

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 fi ve different multi-component solutions, 
while those adhering to method EN 14105 must prepare only four 
different multi-component solutions.

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 

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; 
corrodes fuel systems; 
gelling of fuel through 
ice crystal formation 
and nucleation; and 
microbial growth

Remains after manufacturing or from condensation in storage tanks Karl Fischer coulometric titration 
per EN 14214 or ISO 12937
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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 pur-
posefully 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 minimised.

Preparation of method ASTM D6584 calibration standards involves 
transferring a known amount of each of our fi ve 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 derivatise, 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 calibra-
tion 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 derivatise, each is diluted with n-heptane. The standards are 
now ready for GC analysis.

Monoglyceride Stock Solution
Due to the possible overlap of FAME and derivatised monoglyceride 
peaks in the chromatographic analysis, EN 14015 also recommends 
use of a monoglyceride mixture containing monopalmitin, mono-
lein, and monostearin to aid in peak identifi cation. Supelco offers a 
monoglyceride stock solution that can be used for this purpose.

Derivatisation Reagents
Because of the moisture-sensitive nature of derivatisation-grade 
MSTFA, special precautions should be taken. It is strongly recom-
mended to purchase and use the smallest reagent package practi-
cal 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 come into 
contact with the MSTFA reagent during sample preparation mini-
mises the opportunity for the reagent to become inactive.

Storage of Derivatised Standards and Samples
To store derivatised standards and samples, blanket the vial’s head-
space with dry nitrogen, tightly seal the vial, and place in a refriger-
ated 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.

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 fi t inside the 0.53 mm I.D. guard column. Automated 
injection is highly recommended for consistency.

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), derivatised with MSTFA (394866) then diluted in 
n-heptane

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

1

2

3

4

5 6

0 10 20
Min

0 10 20
Min

 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), 
derivatised with MSTFA (394866) then 
diluted in n-heptane

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

1

2

Figure 1 Blank Containing Internal Standards Only on the MET-Biodiesel Figure 2 ASTM D6584 Calibration Standard on the MET-Biodiesel

G004410G004446
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The Supelco MET-Biodiesel capillary GC column was designed 
specifi cally for the determination of free and total glycerin in B100 
biodiesel samples. Features and benefi ts 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 ex-
cess reagent and non-volatile compounds, extending column life 
with a leak-free connection
The integrated guard also acts as a retention gap, minimising 
peak broadening

Four analyses, each using a different mix, were performed 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 shows a method blank consisting of just the two 
internal standards. Note the stable baseline, even after an oven tem-
perature 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 resolution 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 aluminium tab is bent 
over a section of the integrated guard. Tailing peaks may indicate 
the column is installed backwards.

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.

Specialised 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 columns. 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)

Same conditions as Figure 1 except for sample.
 sample: B100 Biodiesel plus Butanetriol Internal Standard (44896-U) 
  and Tricaprin Internal Standard (44897-U), derivatised 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.)

1

2

3

4

5

6

Monoglycerides

Diglycerides

Triglycerides

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), derivatised 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.)

1

2 3 4 5

0 10 20
Min

0 10 20
Min

Figure 3 EN 14105 Monoglyceride Calibration Standard on the 
MET-Biodiesel

Figure 4 B100 Biodiesel Sample on the MET-Biodiesel 

G004392
G004435

(continued on page 20)
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Recommended conditioning: Install, establish fl ows, wait 15 
minutes, confi rm fl ows, and then run through the oven temperature 
programme three times. Hold at the upper temperature 30 minutes 
at the end of each cycle.

Conclusion
In conclusion, the MET-Biodiesel capillary column, 14 m x 0.53 
mm I.D., 0.16 μm with integrated 2 m x 0.53 mm I.D. guard 
(28668-U), is the best choice for scientists who work on petro-
chemical, trigliceride, and heavy polar compound applications, in 
which high column temperatures are required.

The column’s inertness, high thermal stability and low bleed en-
sure good peak shape and resolution for all glyceride impurities of 
interest. Furthermore, the metal construction virtually eliminates 
the risk of column breakage when performing applications at high 
temperatures, and the integrated precolumn extends column life.

It is hoped that the information presented here will assist analysts 
in their work. For further clarifi cation of any of the information pre-
sented here or for additional questions that you may have, please 
contact your local Chromatography specialist at Sigma-Aldrich or 
our Technical Service Specialists at EurTechServ@sial.com

References
ASTM D6584; Standard Test Method for Determination of Free and 1] 
Total Glycerin in B100 Biodiesel Methyl Esters by Gas Chromatography.
EN 14105; Fat and Oil Derivatives – Fatty Acid Methylester (FAME) – 2] 
Determination of Free and Total Glycerol and Mono-, Di-, and Tri-
glyceride Content.

+
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
Diolein, 50 μg/mL; Glycerin, 5 μg/mL; 
Monoolein, 100 μg/mL; Triolein, 50 μg/mL

44899-U

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

44914-U

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

44915-U

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

44916-U

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

44917-U

ASTM D6584 Standard Solution Kit with 
Internal Standards

Kit contains 1 ea: 44899-U, 44914-U, 44915-U, 44916-U, 
44917-U, 44896-U, and 44897-U

44918-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

Kit contains 1 ea: 44892-U, 44893-U, 44894-U, 44895-U, 
44896-U, and 44897-U

44898-U

EN 14105:2003 Calibration Standard Mixes and Kit

EN 14105:2003 Standard Solution 1, in pyridine, 1 mL
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

49441-U

EN 14105:2003 Standard Solution 2, in pyridine, 1 mL
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

49442-U

EN 14105:2003 Standard Solution 3, in pyridine, 1 mL
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

49443-U

EN 14105:2003 Standard Solution 4, in pyridine, 1 mL
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

49444-U

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

49445-U

EN14105:2003 Monoglyceride Stock Solution

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

49446-U

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 integrated 
2 m x 0.53 mm I.D. guard

28668-U

Ceramic scribe for cutting capillary columns, Pk.10 Z290254-1PAK

Needle-nose pliers, 7½ inch length 22437

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 e-mail address on the request form to ensure delivery.)

! Related Information

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 deter-
mining 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.

Did you know?>
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New Hamilton C-Line Syringes for CTC Analytics

Pre-Cut Septa for HPLC Applications

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:

 Closures using pre-cut septa are now available in a variety 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 benefi ts of this product design are numerous. Less pressure 
is required for the autosampler needle to penetrate 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 
formation. This design provides the needle with a larger target area 

Zero carryover
An innovative, cemented needle design that eliminates all inter-
action 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 posi-
tion every time
A more chemically resistant and temperature-tolerant PTFE/poly-
mer 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 Depart-
ment by e-mail at EurTechServ@sial.com or visit us on the web at 
sigma-aldrich.com/syringes

for penetration even when the needle doesn’t come down in the 
centre of the septa.

The products are available in four closures styles that can be 
used with 12 x 32 mm crimp style and screw thread headspace 
vials. They are 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 
e-mail at EurTechServ@sial.com or visit us 
on the web at sigma-aldrich.com/vials

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

Closure Type Size (mm) Cap Colour Septa Type Septa Colour 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/transparent 
blue silicone

3.0 mm 45 durometer 29495-U

Magnetic Crimp Seal 20 Gold UltraClean red PTFE/white silicone 1.5 mm 55 durometer 29496-U

Syringes for GC PAL (C-Line) - GC Sampling syringes, cemented needle (51 mm long)

E001028

Needle Directly Attached to Barrel

New PTFE/Polymer Sealant

New Flange Design

Adjustable Plunger

E001029
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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) minimised baseline and 
artefacts, 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-transmittance, additive content: 
0.093 – 0.107 % TFA, 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 %)

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

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

Shyam Verma shyam.verma@sial.com

Fast-LC methods or high-effi ciency separations on HPLC systems 
especially in combination with mass spectrometers require high-
quality solvents. High purity of chemicals for sample preparation, 
mobile phase and post column treatment is necessary to meet de-
mands on sensitivity, specifi city 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 sol-
vent 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 fi ltration and precipitation, compounds 
adsorbed from the atmosphere, and packaging 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 
components, and 4) resulting in cluster ion formation that prevents 
reliable identifi cation and quantifi cation.

LC-MS CHROMASOLV Water
Sigma-Aldrich offers LC-MS CHROMASOLV Water with quality 
suitable for both gradient HPLC and MS applications. This product 
offers tremendous advantages over other quality grades. It can be 
used in both UV and MS detection methods, without any compro-
mise. Figure 1 clearly shows differences between LC-MS CHRO-
MASOLV Water and a 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 

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

! Related Information

m
A

U
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E001026

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

Pre-blended LC-MS CHROMASOLV Additives

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

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; Zantac – GlaxoSmithKline

Derivatization Reagents Brochure
Listing over 400 Derivatization Reagents
To order your free copy either go to sigma-aldrich.com/derivatization, call your local Sigma-Aldrich 
offi ce or e-mail EurTechServ@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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Fax: (+54) 11 4552 1698

Australia
SIGMA-ALDRICH PTY LTD. 
Free Tel: 1800 800 097  
Free Fax: 1800 800 096 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Austria
SIGMA-ALDRICH HANDELS GmbH 
Tel: (+43) 1 605 81 10 
Fax: (+43) 1 605 81 20

Belgium
SIGMA-ALDRICH NV/SA.
Free Tel: 0800 14747 
Free Fax: 0800 14745 
Tel: (+32) 3 899 13 01 
Fax: (+32) 3 899 13 11

Brazil
SIGMA-ALDRICH BRASIL LTDA.
Free Tel: 0800 701 7425 
Tel: (+55) 11 3732 3100 
Fax: (+55) 11 5522 9895

Canada
SIGMA-ALDRICH CANADA LTD.
Free Tel: 1800 565 1400 
Free Fax: 1800 265 3858 
Tel: (+1) 905 829 9500 
Fax: (+1) 905 829 9292

China
SIGMA-ALDRICH (SHANGHAI)  
TRADING CO. LTD.
Free Tel: 800 819 3336 
Tel: (+86) 21 6141 5566 
Fax: (+86) 21 6141 5567

Czech Republic
SIGMA-ALDRICH spol. s r. o. 
Tel: (+420) 246 003 200 
Fax: (+420) 246 003 291

Denmark
SIGMA-ALDRICH DENMARK A/S 
Tel: (+45) 43 56 59 10 
Fax: (+45) 43 56 59 05

Finland
SIGMA-ALDRICH FINLAND OY
Tel: (+358) 9 350 9250 
Fax: (+358) 9 350 92555 

France
SIGMA-ALDRICH CHIMIE S.à.r.l. 
Free Tel: 0800 211 408
Free Fax: 0800 031 052
Tel: (+33) 474 82 28 00 
Fax: (+33) 474 95 68 08

Germany
SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800 51 55 000 
Free Fax: 0800 64 90 000 
Tel: (+49) 89 6513 0 
Fax: (+49) 89 6513 1160

Greece
SIGMA-ALDRICH (O.M.) LTD.
Tel: (+30) 210 994 8010 
Fax: (+30) 210 994 3831

Hungary
SIGMA-ALDRICH Kft 
Ingyenes zöld telefon: 06 80 355 355 
Ingyenes zöld fax: 06 80 344 344 
Tel: (+36) 1 235 9055 
Fax: (+36) 1 235 9050

India
SIGMA-ALDRICH CHEMICALS  
PRIVATE LIMITED 
Telephone 
Bangalore: (+91) 80 6621 9600 
New Delhi: (+91) 11 4165 4255 
Mumbai: (+91) 22 2570 2364 
Hyderabad: (+91) 40 4015 5488 
Fax 
Bangalore: (+91) 80 6621 9650 
New Delhi: (+91) 11 4165 4266 
Mumbai: (+91) 22 2579 7589 
Hyderabad: (+91) 40 4015 5466

Ireland
SIGMA-ALDRICH IRELAND LTD. 
Free Tel: 1800 200 888 
Free Fax: 1800 600 222 
Tel: (+353) 1 404 1900 
Fax: (+353) 1 404 1910

Israel
SIGMA-ALDRICH ISRAEL LTD.
Free Tel: 1 800 70 2222 
Tel: (+972) 8 948 4100 
Fax: (+972) 8 948 4200

Italy
SIGMA-ALDRICH S.r.l. 
Numero Verde: 800 827018 
Tel: (+39) 02 3341 7310 
Fax: (+39) 02 3801 0737 

Japan
SIGMA-ALDRICH JAPAN K.K. 
Tel: (+81) 3 5796 7300 
Fax: (+81) 3 5796 7315

Korea
SIGMA-ALDRICH KOREA 
Free Tel: (+82) 80 023 7111 
Free Fax: (+82) 80 023 8111 
Tel: (+82) 31 329 9000 
Fax: (+82) 31 329 9090

Malaysia
SIGMA-ALDRICH (M) SDN. BHD
Tel: (+60) 3 5635 3321 
Fax: (+60) 3 5635 4116

Mexico
SIGMA-ALDRICH QUÍMICA, S.A. de C.V.
Free Tel: 01 800 007 5300 
Free Fax: 01 800 712 9920 
Tel: (+52) 722 276 1600 
Fax: (+52) 722 276 1601

The Netherlands
SIGMA-ALDRICH CHEMIE BV
Free Tel: 0800 022 9088 
Free Fax: 0800 022 9089 
Tel: (+31) 78 620 5411 
Fax: (+31) 78 620 5421

New Zealand
SIGMA-ALDRICH NEW ZEALAND LTD. 
Free Tel: 0800 936 666 
Free Fax: 0800 937 777 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Norway
SIGMA-ALDRICH NORWAY AS 
Tel: (+47) 23 17 60 60 
Fax: (+47) 23 17 60 50

Poland
SIGMA-ALDRICH Sp. z o.o. 
Tel: (+48) 61 829 01 00 
Fax: (+48) 61 829 01 20

Portugal
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 800 202 180 
Free Fax: 800 202 178 
Tel: (+351) 21 924 2555 
Fax: (+351) 21 924 2610 

Russia
SIGMA-ALDRICH RUS, LLC 
Tel: (+7) 495 621 6037 
 (+7) 495 621 5828 
Fax: (+7) 495 621 5923

Singapore
SIGMA-ALDRICH PTE. LTD.
Tel: (+65) 6779 1200 
Fax: (+65) 6779 1822

Slovakia 
SIGMA-ALDRICH spol. s r.o. 
Tel: (+421) 255 571 562 
Fax: (+421) 255 571 564

South Africa
SIGMA-ALDRICH  
SOUTH AFRICA (PTY) LTD.
Free Tel: 0800 1100 75 
Free Fax: 0800 1100 79 
Tel: (+27) 11 979 1188 
Fax: (+27) 11 979 1119

Spain
SIGMA-ALDRICH QUÍMICA, S.A.
Free Tel: 900 101 376 
Free Fax: 900 102 028 
Tel: (+34) 91 661 99 77 
Fax: (+34) 91 661 96 42

Sweden
SIGMA-ALDRICH SWEDEN AB
Tel: (+46) 8 742 4200 
Fax: (+46) 8 742 4243

Switzerland
SIGMA-ALDRICH CHEMIE GmbH 
Free Tel: 0800 80 00 80 
Free Fax: 0800 80 00 81 
Tel: (+41) 81 755 2828 
Fax: (+41) 81 755 2815

United Kingdom
SIGMA-ALDRICH COMPANY LTD.
Free Tel: 0800 717 181 
Free Fax: 0800 378 785 
Tel: (+44) 1747 833 000 
Fax: (+44) 1747 833 313 
SAFC (UK) Free Tel: 01202 712305

United States
SIGMA-ALDRICH 
P.O. Box 14508 
St. Louis, Missouri 63178 
Toll-Free: 800 325 3010 
Toll-Free Fax: 800 325 5052 
Call Collect: (+1) 314 771 5750 
Tel: (+1) 314 771 5765 
Fax: (+1) 314 771 5757

Vietnam
SIGMA-ALDRICH Pte Ltd. VN R.O.  
133/27N Ngo Duc Ke Street,  
Ward 12 Binh Thanh District,  
Ho Chi Minh City  
Tel: (+84) 8 3516 2810  
Fax: (+84) 8 6258 4238

Internet 
sigma-aldrich.com


