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Extending the Market Segment Approach 

In the last Reporter we talked about our new market segment approach to presenting our products 

and applications in the Reporter. Following on this theme we have developed new brochures to 

support this market based approach and below is an overview of the four new market brochures.

Pharmaceutical & Bioanalysis

LC-MS is a work-horse in bioanalysis and our new Maximize Speed 
and Sensitivity of Bioanalysis Assays brochure shows some of our 

key LC-MS products including sample prep, analytical columns, MS 

grade solvents, and mobile phase additives, as well as, pharmaceutical 

secondary standards.

Food Analysis

Insuring the safety and nutritional benefits of the food supply 

are critical to maintaining human and animal health. The Food & 
Beverage Analysis brochure shows our wide range of products from 

sample prep devices, HLPC/GC columns, and analytical standards for 

pesticide residue analysis, to HYDRANAL® reagents for Karl Fischer 

moisture determination.

Environmental Sampling and Analysis

Air monitoring/sampling is one important aspect of environmental 

sampling and analysis. The new Environmental Sampling and 
Analysis brochure shows the air sampling products plus our products 

for sampling and analysis of water and soil; such as, purge traps and 

headspace solvents to name a few.

Chromatographic Purification

Purification is a technique used by many chromatographers, but for 

most people it is used very infrequently, and therefore they don’t 

always keep abreast of new products and techniques. Our new 

Chromatographic Purification brochure shows the broad range of 

capabilities from pack your own columns and bulk media to custom 

purification services.

You will find more detailed information on the brochures inside this issue 

of the Reporter. To request copies of any of these brochures visit our 

website: sigma-aldrich.com/lit-request

Daniel Vitkuske

Market Segment Manager

Sample Preparation

Best regards,

Daniel Vitkuske

Market Segment Manager

Sample Preparation

daniel.vitkuske@sial.com
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Improved Recovery of the Fungicide Carbendazim 
from Various Orange Juice Matrices by Employing 
QuEChERS Cleanup
Olga Shimelis and Emily Barrey

olga.shimelis@sial.com

Introduction

Fungicide carbendazim can some times be used to combat mold 

on citrus fruits including oranges. Recently, low residue levels of 

the fungicide were reported to be present in the bulk orange juice 

import shipments to the USA. Because this compound can persist 

through processing steps and may be found in the final consumer 

product, many government agencies have established maximum 

residue limits (MRLs) to ensure the safety of their population. For 

example, the carbendazim MRL in orange juice is 10 ppb in the 

USA, and 200 ppb in the European Union (1-2).

Final consumer products include juice that is pulp-free, juice 

with pulp, or frozen concentrate. Each of these matrices 

contains a different amount of solids which may interfere with 

sample preparation and/or analysis. For this work, we evaluated 

several sample preparation methods to determine if a single 

method could 1) achieve acceptable recoveries, and 2) reduce 

interference, for each matrix. These goals are desirable as they 

would allow food analysts to process various matrices in a single 

workflow.

Experimental

Pulp-free orange juice, orange juice with pulp, and frozen 

concentrate samples were purchased from a local grocery 

store. Each matrix was subjected to three sample preparation 

methods prior to LC-MS/MS analysis. A comparison of the three 

methods is presented in Table 1. Method 1 is simple physical 

manipulation (centrifuge and filter), and is not suitable for the 

frozen concentrate sample. Method 2 is a solvent extraction 

that uses salts to drive analytes into the organic layer. Method 3 

incorporates a QuEChERS cleanup following solvent extraction.

The Quick-Easy-Cheap-Effective-Rugged-Safe (QuEChERS) 

cleanup uses bulk materials instead of traditional tube-based 

hardware, which simplifies the procedure (3). The main sorbent 

used is a primary-secondary amine (PSA) which provides high 

capacity for the removal of sugars, organic and fatty acids, and 

polar pigments. Depending on the sample, C18 silica sorbent 

can be added for the cleanup of fat-containing samples, and/

or carbon sorbent can be added for the cleanup of highly 

pigmented samples. Based on the interferences expected in 

orange juice samples, PSA/C18 sorbent was selected.

Unspiked and replicate spiked samples were prepared for each 

matrix using each method. Following sample preparation, all 

calibration standards and extracts were analyzed using LC-MS/MS 

on a short, narrow-bore, Ascentis® Express C18 column. Two mass 

transitions were monitored to identify carbendazim (m/z 192/160 

and 192/132). The abundant response of carbendazim allowed an 

instrumental limit of detection of 0.1 ppb to be achieved.

Table 1. Method Descriptions

Method 1 (Filter and Shoot)

1. Add 1 mL of orange juice to a 2 mL centrifuge tube

2. Centrifuge at 10,000 rpm for 5 min

3. Filter supernatant through a 0.45 μm PVDF filter

4. Analyze via LC-MS/MS

Method 2 (Acetonitrile Extraction)

1. Add 10 mL of orange juice, or 10 g of orange concentrate,  

to a 50 mL empty extraction tube (55248-U)

2. Add 10 mL acetonitrile, and mix well for 1 min

3. Add contents of citrate extraction tube (55227-U), shake well,  

and mix for 1 min

4. Centrifuge at 3,200 rpm for 5 min

5. Dilute the acetonitrile layer with water 1:1

6. Analyze via LC-MS/MS

Method 3 (Acetonitrile Extraction + QuEChERS Cleanup)

1. Follow Method 2 through step 4

2. Mix 0.7 mL of the acetonitrile layer with contents of the 

PSA/C18 cleanup tube (55288-U)

3. Recover 0.25 mL of the supernatant and mix with 0.25 mL water

4. Analyze via LC-MS/MS

Results and Discussion

Figure 1 shows chromatograms of an unspiked and a spiked 

replicate of the juice with pulp sample following sample preparation 

using Method 3. The choice of an Ascentis Express column allowed 

efficient chromatography in a short time. In fact, a benefit of this 

column line is that great efficiency can be obtained on any system, 

regardless if used with HPLC or UHPLC equipment.

Very low levels of carbendazim were detected in two of the three 

unspiked samples. Note that the levels observed are below the 

MRLs for both the USA and European Union. Average recovery 

and %RSD values were calculated and are summarized in Table 2,  

by matrix and method. As stated previously, Method 1 is 

unsuitable for a solid matrix, such as the frozen concentrate. 

Based on the data presented, Method 3 achieves the first goal 

of this work; to identify a single method which can achieve 

acceptable recoveries for each matrix.

The methods were also evaluated as to which best removed 

matrix interference. This was quantified by comparing actual 

and expected concentrations for spiked samples. The closer 

the actual measured concentrations are to expected values, 

the lower the ion-suppression. The observed ion suppression 

values are displayed in Figure 2. As shown, sample cleanup using 

Method 3 results in the least amount of ion-suppression and out-

performs the others in this aspect.
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Conclusion

We presented a single method, involving fast and effective 

QuEChERS cleanup, suitable for various orange juice matrices. 

The choice of PSA/C18 sorbents reduced interferences, resulting 

in greater recoveries and less ion-suppression. Because the 

QuEChERS method is fast, it only adds a few minutes to the 

sample preparation procedure. Sample processing using 

QuEChERS with PSA/C18 allows analysts to accurately process 

various matrices in a single workflow, with very little additional 

sample preparation time.
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Featured Products+
Description Qty. Cat. No.

Supel™ QuE QuEChERS Products

Citrate Extraction Tube, 12 mL 50 55227-U

PSA/C18 Tube, 2 mL 100 55288-U

Empty Tube, 50 mL 50 55248-U

Ascentis Express HPLC Column

C18, 5 cm x 2.1 mm, 2.7 μm particles 1 53822-U

Analytical Standards

Carbendazim, PESTANAL® 250 mg 45368-250MG

Related Products+
Description Qty. Cat. No.

Iso-Disc™ PVDF Syringe Tip Filters, 0.45 μm pores

25 mm diameter, red 50 54125-U

13 mm diameter, red 50 54136-U

Analytical Reagents and Solvents

Ammonium acetate, eluent additive for LC-MS, ≥99.0% 73594

Acetonitrile, LC-MS CHROMASOLV®, >99.9%  34967

Methanol, LC-MS CHROMASOLV, >99.9%  34966

Related Web Pages+
Supel QuE QuEChERS: sigma-aldrich.com/quechers

Ascentis Express HPLC columns: sigma-aldrich.com/express

Analytical standards: sigma-aldrich.com/standards

Analytical reagents and solvents: sigma-aldrich.com/
analytical_reagents

Did you know . . .

Our QuEChERS brochure efficiently 

describes the technique, and provides 

an explanation of the function of several 

materials. Products for EN 15662:2008 

and AOAC 2007.01 methodologies are 

clearly specified.

al

Dispersive SPE for  

“QuEChERS” Method

Prepacked Tubes 

 - EN 15662:2008  

 - AOAC 2007.01

Customization Service

Bulk Adsorbents & Salts

Related Products

Table 2. Average Recovery and %RSD (in parentheses) from  

1 ppb Spiked Samples (n=3)

Matrix Method 1 Method 2 Method 3

Juice, Pulp-Free 25% (79) 49% (7) 73% (5)

Juice, With Pulp 45% (18) 64% (14) 73% (15)

Concentrate, Frozen n/a 36% (13) 72% (20)

Figure 2. Ion-Suppression Values for Each Method
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Figure 1. LC-MS/MS Analysis of Unspiked and Spiked Orange 

Juice with Pulp

sample/matrix: add 10 mL of orange juice with pulp to a 50 mL empty  
  extraction tube (55248-U); add carbendazim at 1 ppb to  
  ‘spiked’ sample; add 10 mL acetonitrile; mix well for 1 min;  
  add contents of citrate extraction tube (55227-U); shake well;  
  mix for 1 min; centrifuge at 3,200 rpm for 5 min; mix 0.7 mL  
  of the acetonitrile layer with the contents of the PSA/C18  
  cleanup tube (55288-U); recover 0.25 mL of the supernatant;  
  mix with 0.25 mL water
 column: Ascentis Express C18, 5 cm x 2.1 mm I.D., 2.7 μm particles  
  (53822-U)
 mobile phase: (A) 10 mM ammonium acetate in water;  
  (B) 10 mM ammonium acetate in methanol
 gradient: 0-1 min: 30% B; 1.5-3.5 min: 100% B; 3.5-7 min: 30% B
 flow rate: 0-1 min: 0.3 mL/min; 1.5-7 min: 0.5 mL/min
 temp.: 30 °C
 detector: MS, ESI(+), MRM, m/z 192/160, 192/132
 injection: 5 μL

 1. Carbendazim

Spiked (at 1 ppb)

Unspiked

1

G005626
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Comprehensive Determination of Trans Fats in 
Cookies using SP-2560 and SLB-IL111 GC Columns 
after Silver-Ion SPE Fractionation
Katherine K. Stenerson

katherine.stenerson@sial.com

Trans Fat Labeling

Trans fats (trans unsaturated fatty acids) are fatty acids that contain 

at least one double bond in the trans orientation. This orientation 

causes carbon atoms to align in a straight configuration, similar to 

saturated fatty acids. Most naturally occurring unsaturated fatty 

acids have double bonds in the cis orientation, which is a bent 

configuration. Trans fats do not occur naturally in plant-based oils 

and fats. However, they can be produced commercially through 

a hydrogenation process, which is used to prevent foods from 

spoiling, and to produce specific structure effects (1). Examples of 

the structures of saturated, trans unsaturated, and cis unsaturated 

fatty acids are shown in Figure 1.

as their corresponding fatty acid methyl esters (FAMEs). The 

GC analysis method is chosen based on the sample matrix. In 

the case of vegetable oils and fats, AOCS Method Ce 1h-05 can 

be used. This method outlines the use of a 100 m highly polar 

cyanopropyl silicone capillary column for the single analysis of 

trans isomers, saturated, cis/trans monounsaturated, and cis/

trans polyunsaturated fatty acids (4). The length and high polarity 

of the column are necessary to facilitate resolution of the cis and 

trans monounsaturates in the oleic (C18:1) region.

Silver-Ion SPE (Ag-Ion SPE) Fractionation

Silver-ion (argentation) chromatography was originally pioneered 

for lipid analysis by Morris, who demonstrated the first practical 

applications by separating lipids based on degrees of unsaturation 

using TLC (5). In Ag-Ion SPE, silver ions are anchored onto 

strong cation exchange (SCX) phase functional groups through 

electrostatic interaction. As the FAME sample passes through, the 

SCX-silver counter-ions form specific polar complexes with double 

bonds of unsaturated FAMEs. The strength of the interaction 

increases with the number of double bonds, so saturated FAMEs 

are poorly retained. For unsaturated FAMEs, cis are retained more 

strongly than trans due to their greater steric accessibility to the 

SCX-silver ion phase. These differences in interaction strength are 

then used to separate FAMEs by degree of unsaturation, and also 

by cis/trans configuration.

In this application, a sample of commercially purchased cookies 

was extracted and methylated using the method described 

in AOCS Ce 1k-09. The extract was then fractionated using 

Discovery® Ag-Ion SPE, and the fractions were analyzed on two 

100 m capillary columns, the highly polar SP™-2560 and the 

extremely polar SLB™-IL111.

Extraction of Cookie Sample

A sample of commercially purchased cookies was ground, and a 

1 g sample was subjected to acid digestion and alkali hydrolysis 

followed by methylation, as described in AOCS Official Method 

Ce 1k-09 (3). A summary of the extraction and derivatization 

process is described in Table 1 (page 8).

An aliquot of the resulting extract was then fractionated using 

Discovery Ag-ion SPE. The volume of the extract fractionated 

was calculated to deliver 1 mg of fat to the SPE cartridge. This 

calculation was made based on nutritional content reported 

on the product label, and the sample size and solvent volumes 

used for extraction. After fractionation, samples were dried and 

reconstituted in 1 mL of hexane for GC-FID analysis. Table 2 

(page 8) contains a summary of the fractionation procedure.

(continued on page 7)

Figure 1. Fatty Acid Structures

Concerns have been raised for several decades that the 

consumption of trans fats may have contributed to an epidemic 

of coronary heart disease (1). In response, many government 

agencies instituted requirements that trans fat content must 

be listed on the nutritional labels of foods and some dietary 

supplements. Some regulations state if a food contains less than 

0.5 g of trans fat per serving, then “0 g” is allowed to be listed on 

the label (2). If partially hydrogenated fats/oils are used in making 

the product, small amounts of trans fat will still be present (below 

0.5 g even though 0 g is stated on the label).

Extraction and Analysis Methodologies

There are many references available for the preparation of 

samples for trans fat analysis. In 2007, the American Oil Chemists 

Society (AOCS®) published method Ce 1k-09 for the preparation 

of a variety of matrices for the analysis of lipids, including trans 

fats. This method describes the use of an acid digestion and 

alkali hydrolysis to release the fats and oils from the sample 

matrix, followed by methylation using boron trifluoride-

methanol (BF3-methanol) (3). The fats are then analyzed by GC 

Saturated Fatty Acid (C5:0)

cis Unsaturated Fatty Acid (C9:1n5c)

trans Unsaturated Fatty Acid (C5:1n3t)
An Omega 3 Fatty Acid
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Figure 2. SP-2560 Chromatograms

 sample/matrix: 1 g of commercially purchased cookies was ground and subjected to acid digestion and alkali hydrolysis, followed by methylation as described in  
  AOCS Official Method Ce 1k-09
 SPE tube: Discovery Ag-Ion SPE tubes, 750 mg/6 mL (54225-U)
 conditioning: 4 mL of acetone; allow solvent to gravity drip completely through tube; discard eluant; 4 mL of hexane; allow solvent to gravity drip completely  
  through tube; discard eluant
 sample addition: 1 mL of extract; discard any eluant that drips through tube
 elution: (Fraction 1) 6 mL of hexane:acetone (96:4); collect eluant in a fresh container with slight vacuum; (Fraction 2) 4 mL of hexane: acetone (90:10); collect  
  eluant in a fresh container with slight vacuum; (Fraction 3) 4 mL of 100% acetone; collect eluant in a fresh container with slight vacuum

 eluate:  
 post-treatment: evaporate each fraction at room temperature using nitrogen; reconstitute each fraction to 1 mL of hexane
 column: SP-2560, 100 m x 0.25 mm I.D., 0.20 μm (24056)
 oven: 180 °C
 inj. temp.: 250 °C
 detector: FID, 250 °C
 carrier gas: hydrogen, 1 mL/min
 injection: 1 μL, 10:1 split
 liner: 4 mm I.D., split type, single taper wool packed FocusLiner™ design

Unfractioned

Fraction 1

Fraction 2

Fraction 3

C18:2n6c

 10 20 30

Min

c4-5 c6-7

c9

c11
c10

c12

c13 c14 c15 c16

C18:1 cis isomers

C16:0
C18:0 C20:1n9

C18:1 trans isomers

C14:0

C16:0 C18:0

C20:0
C22:0

t4 t5

t6-8

t9
t10

t11

t12
t13-14

t15 t16

C18:1 cis & trans

C14:0

C16:0 C18:0

C20:0
C22:0

C18:2n6c

C20:1n9

G005621
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Figure 3. SLB-IL111 Chromatograms

 column: SLB-IL111, 100 m x 0.25 mm I.D., 0.20 μm (29647-U)
 oven: 168 °C
 Other conditions are the same as Figure 2.

Unfractioned

Fraction 1

Fraction 2

Fraction 3 C18:2n6c

 10 15 20

Min

c4

c9

c11
c10

c12

c13 c14 c15 c16

C18:1 cis isomers

C16:0
C18:0

C20:1n9

C18:1 trans isomers

C14:0

C16:0 C18:0

C20:0
C22:0

t4 t5
t7

t8-9

t10

t11

t12

t13-14

t15 t16

C18:1 cis & trans

C14:0

C16:0 C18:0

C20:0
C22:0

C18:2n6c

C20:1n9

c5
c6-7

c8

t6

Analysis on 100 m SP-2560 and SLB-IL111 Columns

The established AOCS method for analysis of fats in vegetable-

based oils and fats requires GC analysis isothermally at 180 °C. 

This temperature has been determined to provide optimal 

resolution on a cyanopropyl silicone column (such as the 

SP-2560) of the C18 FAME isomers usually found in partially 

hydrogenated vegetable oils (6). The SLB-IL111 is made from an 

ionic liquid stationary phase, and has demonstrated selectivity 

characteristics indicating it to be more polar than the SP-2560. 

Studies of cis/trans FAMEs on this column determined 168 °C as 

the optimal operating temperature for this application (6).

Chromatograms of unfractionated cookie extract, and each of 

the three fractions collected using Ag-Ion SPE, are presented in 

Figure 2 (SP-2560) and Figure 3 (SLB-IL111). Peaks were identified 

using retention time and direct comparison to standards. 

As shown, Ag-ion SPE fractionation was able to separate the 

saturates and C18 trans monoenes into fraction 1, the cis 

monoenes into fraction 2, and the dienes into fraction 3.

The nutritional label for the cookies included partially 

hydrogenated cottonseed and soybean oils as ingredients. Based 

on this information, the fatty acid profile obtained for this sample 

was as expected; with cottonseed oil accounting for the small 

amount of C14:0 FAME, and the soybean oil as the source of the 

(continued from page 5)

G005622
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Table 1. Summary of Extraction and Derivatization

1. Homogenize sample and weigh 1 g into a 50 mL round bottom 

flask. Add several boiling chips.

2. Add 5 mL of 1.3 M methanolic hydrochloride (HCl). Attach con-

denser and reflux for 15 min after mixture has started to boil.

3. Turn off heat, remove condenser and add 5 mL of 2.3 M methanolic 

sodium hydroxide (NaOH) to flask. Reattach condenser and reflux 

again for 15 min.

4. Turn off heat, remove condenser, and add 14 mL of 10% BF3- 

methanol. Reattach condenser and reflux for 5 min.

5. Turn off heat, remove condenser, and add 5 mL of hexane. Remove 

flask from mantle and let it cool to room temperature.

6. Add saturated sodium chloride (salt) solution (aqueous) to the flask 

until organic layer (top) is in the neck.

7. Stopper the flask and shake. Remove top later, pass through sodium 

sulfate bed and save for fractionation using Ag-Ion SPE.

Table 2. Summary of Ag-Ion SPE Cleanup

1. Condition Ag-Ion SPE tube with 4 mL of acetone and allow solvent 

to drip completely through the tube; discard eluant.

2. Equilibrate Ag-Ion SPE tube by passing 4 mL of hexane completely 

through the tube; discard eluant.

3. Load 1 mL of sample extract onto the tube. Any eluant coming 

through the tube may be discarded.

4. Elute fraction 1 with 6 mL of hexane:acetone (96:4) and collect 

eluant. Be sure all solvent has been drawn through the tube. This 

fraction should contain any saturates, trans monoenes, and cis/cis 

and trans/trans conjugated linoleic acids (CLAs).

5. Elute fraction 2 with 4 mL of hexane: acetone (90:10) and collect 

eluant. Be sure all solvent has been drawn through the tube. This 

fraction should contain any cis monenes, trans/trans dienes, and 

cis/trans and trans/cis CLAs.

6. Elute fraction 3 with 4 mL of 100% acetone. This fraction should 

contain any cis/cis dienes, other dienes, and most trienes.

7. Dry each fraction down at room temperature using nitrogen, and 

reconstitute in 1 mL of hexane for GC analysis.

Note: Gravity should be sufficient for each step, with vacuum applied 

briefly only at the end of steps 4, 5, and 6, to help draw the elution solvent 

completely out of the SPE tube.

small amount of C22:0 FAME detected. Both oils contributed to 

the higher levels of the C16:0, C18:0 and C18:1 FAMEs. Note the 

presence of the C18:1 trans isomers in fraction 1. These are the 

result of the partial hydrogenation of these oils.

Differences were observed in the elution patterns of the C18:1 cis 

and trans isomers between the two columns. For example, in Ag-

Ion SPE fraction 1, C18:1Δ11t was better resolved from C18:1Δ12t 

on the SP-2560. In the unfractionated sample, C20:0 elutes after 

C18:2n6c on the SP-2560 and before on the SLB-IL111. This is due 

to the stronger dipole-induced dipole interaction exhibited by 

the SLB-IL111. At the same time, the weaker dispersive interaction 

demonstrated by the higher polarity SLB-IL111 resulted in faster 

overall elution of the FAMEs compared to the SP-2560.

Conclusion

In this application, we have demonstrated the extraction of 

lipids as fatty acids, and subsequent detection of trans fats from 

a cookie sample made using partially hydrogenated vegetable 

oils. Ag-Ion SPE was used to fractionate the extracted sample into 

saturated FAMEs, and trans monoenes, cis monoenes, and dienes. 

Subsequent analysis of the monoene fractions on a highly polar 

SP-2560 column and an extremely polar SLB-IL111 column 

provided resolution of many of the C18:1 cis/trans geometric-

positional isomers, with different elution patterns observed. The 

columns should be considered complimentary in the analysis of 

these isomers, with application-specific resolutions considered 

when choosing which one to use.
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4. AOCS Official Method Ce 1h-05. Determination of cis-, trans-, Saturated, 

Monounsaturated, and Polyunsaturated Fatty Acids in Vegetable or Non-

ruminant Animal Oils and Fats by Capillary GLC. AOCS Official Methods and 

Recommended Practices of the AOCS, 6th Edition, Second Printing.

5. Morris, L.J.. Separations of Lipids by Silver Ion Chromatography. J. Lipid 

Research 1966, 7,717-732.

6. Delmonte, P.; Kia, A-R.F.; Kramer, J.K.G.; Mossoba, M.M.; Sidisky, L.; Rader, J.I. 

Separation Characteristics of Fatty Acid Methyl Esters Using the SLB-IL111, 

A New Ionic Liquid Coated Capillary Gas Chromatographic Column. J. 

Chrom. A 2011, 1218, 545-554.

7. Buchanan, M.; Stenerson, K.; Sidisky, L. SLB-IL111 for Fatty Acid Methyl Ester 

(FAME) Applications; Supelco Technical Report (T411139 ODZ).

8. Discovery Ag-Ion SPE for FAME Fractionation and Cis/Trans Separation; 

Supelco Technical Report (T406062 IRV).

Featured Products+
Description Qty. Cat. No.

Discovery Ag-Ion SPE Tubes, 750 mg/6 mL 30 54225-U

SP-2560 GC column, 100 m x 0.25 mm I.D., 0.20 μm 1 24056

SLB-IL111 GC column, 100 m x 0.25 mm I.D., 0.20 μm 1 29647-U

Related Information+
The 8-page Technical Report 

SLB-IL111 for Fatty Acid Methyl Ester 

(FAME) Applications (T411139, 

ODZ) contains 13 chromatograms 

and describes the benefits 

of this column for detailed 

separations of cis/trans FAME 

isomers, and for edible oil analysis. 

Request a no-charge copy by 

email (techservice@sial.com), 

or download a no-charge .pdf 

(sigma-aldrich.com/il-gc).
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Description Cat. No.

Calibration Standards

Supelco 37-Component FAME Mix 47885-U 
10 mg/mL (total wt.) in methylene chloride, 1 mL 
(visit sigma-aldrich.com/fame for composition details)

Derivatization Reagents

BF3-Methanol, 10% (w/w), 20 x 1 mL 33356

Methanolic HCl, 3N, 20 x 1 mL 33355

Solvents for Pesticide Residue Analysis

Acetone 34480-2.5L

n-Hexane 34484-2.5L

Methanol 34485-2.5L

Analytical Reagents

Sodium hydroxide, purum p.a., >97.0%, 1 Kg 71692-1KG

Sodium chloride, purum p.a., >99.5%, 1 Kg 71381-1KG

Extraction Glassware

50 mL single neck, round bottom flask, 24/40 female Z414484

Modified Friedrichs condenser,  Z553654 
30 cm L x 54 mm O.D., 24/40 male

Related Products+

NEW! Food & Beverage Analysis Brochure
This 32-page application guide illustrates how our innovative technologies can be  

leveraged to provide viable customer solutions to by simplifying sample prep and 

increasing speed and sensitivity for many food and beverage applications, including:

● Food Chemistry (carbohydrates, dietary fiber, fats, proteins, antioxidants,  

vitamins, organic acids, minerals, flavor & fragrance, sweeteners, preservatives,  

water content, and physical characteristics)

● Food Biology (genetically modified organisms and microbial growth)

● Food Safety (pesticides, veterinary drugs, mycotoxins/aflatoxins, allergens,  

dioxins, phytochemicals, heavy metals, phthalates, PAHs, and acrylamides)

● Adulterants / Product Dilution

● Beverages

Request your copy by visiting sigma-aldrich.com/lit-request

hure

Food Chemistry

Food Biology

Food Safety

Adulterants

Beverages

Food & Beverage Analysis 
Solutions to Simplify Sample Prep and 
Increase Speed and Sensitivity

For a limited time, receive  

25% Off Select Models
Save Time by Processing Samples Simultaneously 

with SPE Vacuum Manifolds

Specify promo code SDB when ordering. Offer valid until 

September 1, 2012.  Offer not valid in Japan.
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Understanding, Visualizing, and Reducing the Impact 
of Phospholipid-Induced Ion Suppression in LC-MS
Craig Aurand

craig.aurand@sial.com

Measuring Ion Suppression Due to Sample Matrix

Endogenous proteins and phospholipids are two major causes 

of matrix effects in LC-MS analyses. Such matrix effects can 

reduce signal by suppressing the ionization of analytes that 

elute in the same retention window. In addition, accumulation 

of phospholipids on the column reduces lifetime and causes 

spurious elution patterns. The high and variable concentrations 

of proteins and phospholipids in plasma and serum samples 

present challenges for sample preparation. Although there 

have been many publications dealing with the measurement of 

phospholipid matrix ionization suppression, few demonstrate ion 

suppression due to the coelution of phospholipids with target 

analytes in a single concurrent chromatographic analysis. Instead, 

examples of phospholipid ion suppression are demonstrated 

using infusion of an analyte mixture into the mass spec source, 

while a chromatographic elution of a plasma sample is conducted. 

Although this technique claims to demonstrate ion suppression 

due to a negative deflection in the monitored baseline, rarely 

in these examples does the elution of the phospholipid matrix 

coincide within the elution range of the target analytes.

In the study described here, we sought to show the direct 

impact of coeluting phospholipid matrix ion suppression within 

the context of a chromatographic separation. Propranolol and its 

4-hydroxy metabolite, both polar, basic pharmaceuticals, were 

analyzed from spiked plasma samples on a pentafluoro (F5) HPLC 

stationary phase, under HILIC conditions. Under these conditions, 

direct coelution occurred between propranolol and the plasma-

derived phospholipids. We compared two different sample 

preparation techniques; standard protein precipitation and SPE 

using HybridSPE®-Phospholipid, for ease of use and ability to 

provide clean samples. Under the described chromatographic 

conditions, a direct assessment of ion suppression from 

phospholipids was visualized and quantified. This technique 

showed the significant impact phospholipids can have on the 

quantitative aspect of a bioanalytical method, and the need to 

remove such an ion-suppressing matrix.

Preparation of Standards and Spiked Plasma

Standard solutions (1, 10, 50, 100, 200, and 300 ng/mL) of 

propranolol and 4-hydroxy propranolol were prepared by 

diluting a stock solution in 1% formic acid in acetonitrile:water 

(3:1). Rat plasma stabilized with ethylenediaminetetraacetic 

acid dipotassium salt was acquired from Lampire Biological 

Laboratories, Pipersville, PA. Plasma was spiked at 200 ng/mL 

using stock standards of propranolol and 4-hydroxy propranolol.

LC-MS Conditions

The Ascentis Express F5 (pentafluorophenylpropyl column) 

operated under HILIC conditions was used to separate 

propranolol and 4-hydroxy propranolol. HILIC systems comprise 

polar stationary phases with nonpolar eluents and operate via a 

combination of liquid-liquid partitioning, ion exchange retention, 

and dipole interactions. Often HILIC conditions are preferred over 

reversed-phase for the analysis of polar compounds because 

they provide longer retention and better MS ionization. Although 

HILIC conditions are conducive to a more robust bioanalytical 

method, the high organic composition can increase the 

likelihood of interference from extracted sample matrix. Because 

the analysis employed TOF-MS, specific phospholipid ions were 

monitored along with the target analytes. Phospholipids were 

monitored over a range of both lyso and glycero phospholipids, 

each being summed post-acquisition to reflect the total 

phospholipid content (Table 1).

Standard Protein Precipitation Method

In the first example, plasma samples spiked with propranolol and 

4-hydroxy propranolol were processed using a standard protein 

precipitation technique with 1% formic acid in acetonitrile as 

the protein crash solvent. A 100 μL aliquot of plasma was added 

to a microcentrifuge vial, followed by 300 μL of 1% formic acid 

in acetonitrile. The vial was vortexed for 1 minute and then 

centrifuged for 2 minutes at 15,000 rpm to remove the proteins. 

The supernatant was collected and analyzed by LC-MS directly.

HybridSPE-Phospholipid Method

In the second example, HybridSPE-Phospholipid in the 96-well 

plate format was used to selectively remove endogenous protein 

and phospholipid interferences from plasma and serum. A 100 μL  

aliquot of plasma was added to the well followed by 300 μL of 

1% formic acid in acetonitrile. The plate was covered and agitated 

via orbital shaker at 1,000 rpm for 4 minutes. Next, the plate 

was subjected to vacuum (10" Hg) for 4 minutes on a vacuum 

manifold. The collection plate was then removed and the sample 

was analyzed directly.

Table 1. Selected Ions for Monitoring Phospholipids

  m/z

Lysophosphatidylcholines 

 1-Palmitoyl-2-hydroxy-sn-glycero-3-phosphocholine 496.3 

 1-Stearoyl-2-hydroxy-sn-glycero-3-phosphocholine 524.3

Glycerophosphocholines 

 1-Hexadecanoyl-2-(9Z,12Z-octadecadienoyl)-sn- 
 glycero-3-phosphocholine 758.5 

 Glycerophosphocholine 36:2 786.5 

 1-(9Z,12Z-Octadecadienoyl)-2-(5Z,8Z,11Z,14Z-  
 eicosatetraenoyl)-sn-glycero-3-phosphocholine 806.5 

 1-Stearoyl-2-arachidonoyl-sn-glycero-3-phosphocholine 810.5
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How HybridSPE-Phospholipid Works

HybridSPE-Phospholipid is a targeted sample prep platform 

which combines the simplicity of protein precipitation, the 

selectivity of targeted phospholipid extraction, and particulate 

filtration to result in a simplified two-step sample prep 

process (1-4). The proprietary zirconia-coated silica particles 

are responsible for the selective removal of phospholipids. 

Phospholipids are selectively bound to these particles via Lewis 

acid/base interaction between the phosphate moiety (a Lewis 

base) of the phospholipid and the zirconia surface (a Lewis 

acid). This mechanism results in highly efficient depletion of 

phospholipids from biological matrices, while remaining non-

specific to a broad range of acidic/basic/neutral compounds. 

The addition of formic acid in the crash solvent not only aids in 

the protein precipitation process, but also aids in the recovery of 

acidic and chelating compounds. Strong chelating compounds 

can be eluted with citric acid instead of formic acid as modifier.

Comparison of the Two Sample Prep Methods

LC-MS analysis of the standard reference solution appears in 

Figure 1. Figure 2 shows the chromatograms for monitored ions 

of propranolol and 4-hydroxy propranolol, overlaid with total 

phospholipid content using the standard protein precipitation 

technique. Notice the direct coelution of propranolol with the 

majority of the phospholipids, along with the intensity difference 

between target analyte and matrix. Response/abundance of 

matrix is more than 30-times that of the response of the drug 

and metabolite. This overlap with high abundance of matrix 

can significantly reduce the response of target analytes. Also 

note that the ratio of propranolol to 4-hydroxy propranolol in 

the protein precipitation sample is much lower than the ratio in 

the standard reference solution. At this point, the observation 

of decreased analyte response could be attributed to either 

significant ion suppression due to phospholipids, or analyte 

protein binding effects. 

Compared to the protein precipitation method, the LC-MS of 

the sample prepared using the HybridSPE-Phospholipid method 

(Figure 3) exhibits no significant phospholipid matrix effect. 

The improved phospholipid extraction resulted in a four-fold 

increase in response for propranolol compared to the protein 

precipitation technique for the same plasma sample. This 

observation further verifies the reduced response of propranolol 

in the standard protein precipitation technique was directly due 

to phospholipid ion suppression and not due to protein binding. 

Using the HybridSPE-Phospholipid, endogenous phospholipids 

are depleted from the sample, resulting in no reduction in 

analyte response. To further quantify the impact of phospholipid 

ion suppression, Table 2 summarizes the capability of the two 

sample prep techniques to provide quantitative results.

The same sample (200 ng/mL spiked plasma) was used in 

both examples; the only difference was how the samples 

were handled after protein precipitation. The HybridSPE-

Phospholipid depleted the phospholipid matrix resulting in no 

matrix interference; the observed recovery using this technique 

was 72%, compared to only 17% by the protein precipitation 

technique. By depleting the endogenous phospholipids from 

the plasma, the HybridSPE-Phospholipid resulted in significantly 

Figure 1. LC-MS Analysis of Propranolol and 4-Hydroxy 

Propranolol Standards on Ascentis Express F5

 column: Ascentis Express F5, 5 cm x 2.1 mm I.D., 2.7 μm (53567-U)
 mobile phase: (A) 2 mM ammonium formate in acetonitrile;  
  (B) 2 mM ammonium formate in water; (90:10, A:B)
 flow rate: 0.4 mL/min
 pressure: 1073 psi
 temp.: 35 °C
 detector: MS, ESI(+) TOF, m/z =100-1000
 injection: 2 μL
 sample: each compound, 200 ng/mL in water:acetonitrile (25:75)  
  containing 1% formic acid
 system: Agilent 1200SL Rapid Resolution; 6210 Time of Flight (TOF) MS

 1. 4-Hydroxy propranolol
 2. Propranolol

Figure 2. LC-MS Analysis of Propranolol and 4-Hydroxy 

Propranolol from Plasma Using a Standard Protein 

Precipitation Technique

Conditions same as Figure 1.

Figure 3. LC-MS Analysis of Propranolol and 4-Hydroxy 

Propranolol from Plasma Using the HybridSPE-Phospholipid 

Technique

Conditions same as Figure 1.
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increased signal response, enabling lower quantitation levels as 

compared to standard protein precipitation. Notice the lower 

recovery of the 4-hydroxy metabolite in both sample preparation 

techniques. No significant coelution occurred with the 4-hydroxy 

metabolite and phospholipids with either method, so the 

reduced analyte response was likely due to analyte-protein 

binding. This is evident in both sample prep techniques even 

though an acidified precipitation solvent is used.

Conclusion

This study demonstrates the detrimental impact phospholipid 

matrix ionization suppression can have on the quantitative ability 

of a bioanalytical method. The standard protein precipitation 

technique resulted in significant reduced response of analyte 

due to direct coelution with phospholipids, resulting in 

an arbitrary reduction in detected analyte. The HybridSPE-

Phospholipid technique depleted the phospholipid matrix, 

resulting in a four-fold increase in response of propranolol. 

During method development, one needs to consider the elution 

range of endogenous matrix and the possible coelution with 

target analytes. Sample prep techniques should be applied 

to remove endogenous matrix, or at minimum, adjusting the 

chromatographic selectivity should be attempted. The impact of 

ionization suppression from phospholipids clearly demonstrates 

the need to remove endogenous biological matrix. The unique 

selectivity of the HybridSPE-Phospholipid enables a simple/high 

throughput approach for efficient phospholipid depletion. By 

depleting the phospholipid matrix prior to chromatographic 

separation, the HybridSPE-Phospholipid technique allows for 

more efficient and robust bioanalytical methods.

References

For further reading on matrix effects, HybridSPE-Phospholipid, 

and case studies, we recommend these references:

1. Pucci, V.; Di Palma, S.; Alfieri, A.; Bonelli, F.; Monteagudo, E. A novel strategy 

for reducing phospholipids-based matrix effect in LC–ESI-MS bioanalysis 

by means of HybridSPE. J. Pharm. Biomed. Anal. 2009, 50(5), 867-871.

2. Ismaiel, O. A.; Zhang, T.; Jenkins, R. G.; Karnes, H. T. Investigation of 

endogenous blood plasma phospholipids, cholesterol and glycerides that 

contribute to matrix effects in bioanalysis by liquid chromatography/mass 

spectrometry. J. Chromatogr., B, 2010, 878, 3303-3316.

3. Mano, N.; Nozawa, M.; Sato, M.; Mori, M.; Yamaguchi, H.; Kanda, K.; Nogami, 

M.; Goto, J.; Shimada, M. Identification and elimination of ion suppression 

in the quantitative analysis of sirolimus in human blood by LC/ESI-MS/MS. 

J. Chromatogr., B, 2011, 879, 968-974.

4. Jiang, H.; Zhang, Y.; Ida, M.; LaFayette, A.; Fast, D. M. Determination of 

carboplatin in human plasma using HybridSPE-precipitation along with 

liquid chromatography–tandem mass spectrometry. J. Chromatogr., B, 

2011, 879, 2162-2170.

Table 2. Analyte Recovery

  4-Hydroxy propranolol  Propranolol 
   Calculated Concentration (ng/mL)   Calculated Concentration (ng/mL)

HybridSPE-Phospholipid average* 53.2 average* 144 
 % rsd 3.4 % rsd 3.9

Protein Precipitation average* 57.6 average* 35.6 
 % rsd 6.3 % rsd 3.4

* n = 6

Description Qty. Cat. No.

HybridSPE-Phospholipid 96-Well Plates

15 mg bed weight, 0.8 mL well volume 1 52794-U

50 mg bed weight, 2 mL well volume 20 575657-U

15 mg bed weight, 0.8 mL well volume 20 52798-U

HybridSPE-Phospholipid Ultra Cartridge

On-line phospholipid and protein removal 
Frits: 20 μm Polyethylene; Cartridge construction: Polypropylene 

30 mg bed weight, 1 mL volume 100 55269-U

HybridSPE-Phospholipid Cartridge

On-line phospholipid and Off-line protein removal 
Frits: 20 μm Polyethylene; Cartridge construction: Polypropylene 

30 mg bed weight, 1 mL volume 100 55261-U

Ascentis Express F5 Columns 

Selection of popular dimensions shown. Many others are available, as 
well as C18, C8, RP-Amide, OH5, Phenyl Hexyl, HILIC, and Cyano phases.

2 cm x 2.1 mm 1 53592-U 

3 cm x 2.1 mm  1  53566-U 

10 cm x 2.1 mm   1 53569-U 

10 cm x 3.0 mm  1  53578-U 

5 cm x 4.6 mm  1  53583-U 

10 cm x 4.6 mm   1 53590-U 

Ascentis Express F5 Guard Cartridges

2.1 mm   3 53594-U 

3.0 mm   3 53597-U 

4.6 mm  3 53599-U 

Ascentis Express Universal Guard Holder 

Holder w/EXP Titanium Hybrid Ferrule  1 53500-U 
(cartridge not included) 

Many other products for the bioanalytical workflow are available 

on our website sigma-aldrich.com/bioanalysis

Featured Products+
Description Qty. Cat. No.

HybridSPE-Phospholipid 96-Well Plates

50 mg bed weight, 2 mL well volume 1 575656-U

Ascentis Express F5 Column

5 cm x 2.1 mm, 2.7 μm particles 1  53567-U 

Related Products+
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Topics in LC-MS, Part 1 

Leveraging Column Selectivity 
in Method Development
Hillel Brandes

hillel.brandes@sial.com

The ability of LC-MS and UHPLC-MS experiments to provide 

valuable information for compound identification is enhanced by 

the often-overlooked power of bonded phase selectivity. In this 

first part of a series on LC-MS optimization that we will publish 

in The Reporter, we demonstrate the use of bonded phase 

selectivity for the analysis of illicit street amphetamines, also 

known as bath salts.

Background

Illicit bath salts are designer drugs that are derivatives of, or 

similar to, amphetamines in their physiological effects. Although 

labeled “not for human consumption”, they are nonetheless 

drugs of abuse. Their legal status in the US is currently a topic 

of hot debate. In 2011, the Director of the National Institute of 

Drug Abuse (NIDA) wrote, “Because these products are relatively 

new to the drug abuse scene, our knowledge about their precise 

chemical composition and short- and long-term effects is limited, 

yet the information we do have is worrisome and warrants a 

proactive stance to understand and minimize any potential 

dangers to the health of the public” (1). One important aspect 

of addressing the public health effects of bath salts is to have 

reliable analytical methods for their determination in biological 

fluids. UHPLC-MS and LC-MS are important analytical tools, and 

this article demonstrates the exploitation of column selectivity in 

the initial phases of reversed-phase LC-MS method development 

for these new drugs of abuse.

Experimental

The sample set used for these experiments comprises nine 

representative bath salts (Figure 1). These compounds are 

challenging from a separation perspective if for no other reason 

than because there are three isobars. That is, included in the 

sample set are three pairs of analytes, each pair having similar 

structures and the same nominal mass (Table 1). Additionally, 

because of the very similar structures of each pair, reliable 

tandem MS transitions were not identified with confidence at the 

time of these initial experiments. Therefore, peak identification 

was made using standards. These experimental constraints 

regarding the detection of these analytes emphasize the need 

for chromatographic resolution of the isobars.

The polarities of the analytes are reflected in their relatively low 

logD values (Table 1), which are very much affected by the pKa of 

their amine functionalities. The logD values vary considerably over 

the available working pH range for silica-based HPLC columns. 

Therefore, in an effort to maximize retention of these polar analytes 

while maintaining MS compatibility, the selected mobile phase 

buffer was ammonium acetate (pH 6.5, unadjusted).

Table 1. Analyte Properties

 logD

Compound Nominal Mass Calculated pKa pH 2 pH 3 pH 4 pH 5 pH 6 pH 7

Buphedrone 177.1 7.14 -2.23 -2.2 -1.96 -1.24 -0.3 0.49

Mephedrone 177.1 7.41 -2.42 -2.4 -2.25 -1.65 -0.74 0.12

3-Fluoromethcathinone 181.1 7.14 -2.5 -2.46 -2.22 -1.5 -0.57 0.22

4-Fluoromethcathinone 181.1 7.24 -2.26 -2.24 -2.03 -1.35 -0.42 0.4

Methedrone 193.1 7.48 -2.57 -2.55 -2.42 -1.86 -0.96 -0.075

Methylone 207.1 7.74 -3.49 -3.49 -3.41 -2.98 -2.12 -1.21

Butylone 221.1 7.74 -2.99 -2.98 -2.9 -2.47 -1.61 -0.7

Ethylone 221.1 7.75 -2.99 -2.98 -2.9 -2.48 -1.63 -0.71

MDPV 275.2 8.41 -0.67 -0.67 -0.65 -0.5 0.1 1.01

Figure 1. Structures of Bath Salt Analytes

Buphedrone Mephedrone 3-Fluoromethcathinone

4-Fluoromethcathinone Methedrone Methylone

Butylone Ethylone MDPV
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For the purposes of these initial investigations, scouting 

experiments were conducted on five different Ascentis Express 

reversed-phase chemistries. Ascentis Express particles comprise 

a 2.7 μm Fused-Core® architecture which provides very high 

column efficiency, comparable to sub-2 μm particles, but at 

conventional 3 μm backpressures. They are ideal for rapid LC-

MS experiments where ruggedness and speed are required. 

Scouting gradients from 10 to 80% acetonitrile were run on each 

phase. Injection of specific analyte mixtures, in combination with 

the MS detection, confirmed peak identity. 

Results

The results of the scouting experiments are shown in Figure 2. 

The ample retention by even the least retentive phases would 

seem to confirm the strategy for choice of pH based on logD 

values. The substantially greater retention by the Ascentis Express 

F5 phase is likely due to ionic interactions since even at pH ~6.5 

all analytes are charged. While the chromatograms all show 

similar grouping of peaks, and the first and last compounds to 

elute are the same for all five phases, the column selectivities 

clearly are different. Some common patterns emerge, if simply 

from consideration of hydrophobicities: mephedrone always 

elutes after methedrone because the latter contains an ether 

oxygen, with the pairs methylone/butylone and methylone/

ethylone; the latter component has longer retention because it 

contains an additional methylene group.

Of the isobars, only the most hydrophobic phases (C18 and  

RP-Amide) resolved the fluoro derivatives of methcathinone; 

even if only partially, by this scheme of gradient elution. The 

other two sets of isobars (buphedrone and mephedrone; 

butylone and ethylone) were readily resolved by all the phases. 

The polar embedded phase RP-Amide and the ES-Cyano 

resolved the greatest number of peaks in total, though no single 

phase resolved all nine peaks under the scouting conditions. 

Thus, it would appear that RP-Amide may be the best choice 

for this application, though further analysis in conjunction with 

method development software will be required to confirm this.
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TRADEMARKS: AMBERCHROM, AMBERLITE, AMBERSORB, XAD – Rohm & 

Haas Co.; AOCS – American Oil Chemists Society; Ascentis, CHROMASOLV, 

Discovery, ENVI, Equity, Fluka, HybridSPE, Iso-Disc, ORBO, PESTANAL, SLB, 

SP, SPB, Supel, Supelclean, Supelco, SUPELCOSIL, SUPELCOWAX, Supelite, 

Supelpak, VOCOL – Sigma-Aldrich Co. LLC; Davisil – W.R. Grace & Co.; 

DIAION – Mitsubishi Chemical; Dowex – Dow Chemical Co.; Florisil – U.S. 

Silica Company; FocusLiner – SGE Analytical Science Pty. Ltd.; Fused-

Core – Advanced Materials Technology, Inc.; Merck – Merck & Co., Inc.; 

Radiello -- Fondazione Salvatore Mangeri IRCCS; Sephacryl, Sephadex, 

Sepharose, Superdex, Superose – GE Healthcare Biosciences AB; Toyopearl 

– Tosoh Corporation

Figure 2. Reversed-phase LC-MS Analysis of Bath Salts on 

Ascentis Express

 column: Ascentis Express, 10 cm x 2.1 mm I.D., 2.7 μm (phases as indicated)
 mobile phase: (A) 0.1 M ammonium acetate (pH unadjusted); (B) water;  
  (C) acetonitrile
 gradient: 10% A constant; 80% B, 10% C to 10% B, 80% C in 14 min
 flow rate: 0.3 mL/min
 pressure: 2400 psi (total)
 temp.: 35 °C
 detector: MS, ESI(+), SIM, m/z 178.1, 182.0, 194.1, 208.0, 222.0, 276.1
 injection: 1 μL
 sample: 100 ng/mL in 20% methanol
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Featured Products+
  RP- Phenyl-  ES-

Column C18 Amide Hexyl F5 Cyano

Ascentis Express Columns 

 53823-U  53913-U  53336-U  53569-U  53473-U 

Ascentis Express Guard Cartridges

 53501-U  53514-U  53524-U  53594-U  53495-U

Dimension used in this study is shown. Many other dimensions are available, 

as well as C8, Peptide ES-C18, OH5, and HILIC phases.

Description Cat. No.

Universal Guard Holder 

Holder w/EXP Titanium Hybrid Ferrule 53500-U 
(cartridge not included) 

Mobile Phase Components

Water 14263 
LC-MS Ultra CHROMASOLV, tested for UHPLC-MS, 1L, 2L

Acetonitrile 14261 
LC-MS Ultra CHROMASOLV, tested for UHPLC-MS, 1L, 2L

Ammonium acetate 73594 
Eluent additive for LC-MS (≥99.0%), 25 g, 100 g
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Get the Brochure  – 
Download the App
Learn how you can maximize speed and sensitivity 
of LC-MS with our innovative and proven workflow 
solutions for bioanalysis.

sigma-aldrich.com/bioanalysis

Summary

Bath salts comprise a currently popular class of drugs of 

abuse, calling for analytical methods conducive to their rapid 

extraction, resolution, and detection from biological fluids. This 

article presented an initial approach that exploited UHPLC/

HPLC column selectivity for such a strategy. The various column 

chemistries available on the Ascentis Express particle platform 

resulted in significantly different chromatographic selectivities, 

even with a sample set of such similar analytes. Running scouting 

gradients on the different phases proved to be a good starting 

point for subsequent method selection and optimization.

Continuance of this strategy will inspect the comparative 

selectivity with methanol as the organic modifier, and assess 

whether an isocratic elution scheme can result in a reasonable 

run time. Furthermore, any optimal reversed-phase solution 

will be compared to an aqueous normal phase solution (HILIC); 

evaluation will not only include chromatographic resolution of 

this nine component sample, but also the detection sensitivity 

the method affords. The eventual goal will be to apply the 

method to analysis of actual biological samples.

Reference

1. "Bath Salts" - Emerging and Dangerous Products. http://www.drugabuse.

gov/about-nida/directors-page/messages-director/2011/02/bath-salts-

emerging-dangerous-products (accessed March 12, 2012).
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High-Purity Headspace Grade N,N-Dimethyl-
acetamide in the Analysis of Residual Solvents

The following was generated with the assistance of an outside source 

using Sigma-Aldrich products. Technical content was generated and 

provided by:

Melissa P Grella, Jessica Hoover, and Mark Shapiro

PharmaCore, Inc, High Point, NC  27265, USA

shyam.verma@sial.com

Contributed Article

Residual solvents in pharmaceuticals are defined as organic 

volatile impurities (OVIs) that are remnants of solvents used or 

produced in the manufacture of drug substances and excipients. 

Residual solvents are classified as: Class 1 solvents (solvents to 

be avoided – known or suspected human carcinogens and 

environmental hazards); Class 2 solvents (solvents to be limited 

– non-genotoxic animal carcinogens and suspected of other 

significant but reversible toxicities); and Class 3 solvents (solvents 

with low toxic potential and no health-based exposure limit is 

needed). The solvents are not completely removed by practical 

manufacturing techniques. Testing is, therefore, done to ensure 

that these solvents are not above concentration limits listed by 

USP and in the ICH guidelines (1,2).

Static headspace GC (GC-SH) is a commonly used technique in 

the analysis of OVIs. This technique concentrates volatile analytes 

and allows their analysis free from sample matrix. Samples to be 

analyzed by SH-GC must be dissolved in a suitable solvent. N,N-

Dimethylacetamide (DMA) is a useful and commonly used solvent 

for headspace analysis of OVIs in pharmaceutical products.

Experimental

For the comparison of the different purity grades of DMA, blank 

samples were prepared by pipetting 1 mL of solvent into a 10 

mL headspace vial. The blanks were analyzed by GC headspace 

(GC-HS). For the different analytical methods used, the high purity 

GC-HS grade DMA from Sigma-Aldrich (Cat. No. 44901) was used. 

Residual solvent stock standards were prepared using a positive 

displacement pipettor to add each residual solvent being tested. 

The stock standards were diluted in DMA to prepare working 

standard solutions. The concentration of each solvent in the 

working standard was calculated using the known density of 

each solvent. The working standard solutions were aliquoted into 

headspace vials and analyzed in the sequence along with blanks 

of the DMA by GC headspace. Table 1 lists the various residual 

solvents that were analyzed by the different methods and their 

ICH limits. The chromatograms for the residual solvents analyzed 

in each method are shown in various figures. 

Results

The comparison of the high purity GC-HS grade DMA to the 

conventional grade (high purity) DMA showed the superior 

quality of the GC-HS grade solvent. Figure 1 demonstrates 

that the GC headspace grade DMA is cleaner and free from 

potentially interfering peaks.

The results for the different methods using the GC-HS grade 

DMA, comparing the blank and standard solution containing 

various residual solvents are presented in Figures 2 and 3. The 

corresponding chromatographic and headspace conditions are 

listed in Tables 2 and 3.

In each case, the method was used for the residual solvents 

analysis of an early stage active pharmaceutical ingredient. The 

GC-HS grade DMA blank chromatograms were clean and free 

of interfering peaks. The content of each residual solvent was 

determined with ease. Particularly, the low responding solvents 

or low ICH limit class solvents were detected with no background 

interference with the high purity DMA.

Table 1. Residual Solvents Analyzed

Compound ICH Solvent Class ICH Limit (ppm)

Acetone 3 5000

Acetonitrile 2 410

Dichloromethane 2 600

Diethyl ether 3 5000

Dimethylformamide 2 880

1,4-Dioxane 2 380

Ethanol 3 5000

Ethyl acetate 3 5000

Hexane 2 290

Heptane 3 5000

Isopropanol 3 5000

Isopropyl acetate 3 5000

Methanol 2 3000

Methyl t-butyl ether 3 5000

Methycyclohexane 2 1180

2-Methyltetrahydrofuran Not Classified Not Classified

Tetrahydrofuran 2 720

Toluene 2 890

Triethylamine Not Classified Not Classified

Figure 1. DMA Comparison: Headspace Grade vs 

Synthetic Grade 
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Figure 3. Example Method 2

 1. Diethyl ether
 2. Acetone
 3. Isopropanol
 4. Hexane isomer 1
 5. Acetonitrile
 6. Dichloromethane
 7. Hexane isomer 2
 8. Methyl t-butyl ether
 9. Hexane
 10. Hexane isomer 3
 11. Ethyl acetate
 12. Heptane isomer 1
 13. Heptane isomer 2

Table 2.  Example Method 1

Headspace Parameters 

 Temperatures:  Oven 90 °C 
  Loop 105 °C 
  Transfer Line 110 °C

 Times: Vial Equilibration 15 min. 
  Pressurization 0.2 min.  
  Loop Fill 0.2 min. 
  Loop Equilibration 0.05 min.

 Pressures: Vial 14 psi

 Loop Volume:  1.0 mL

 Inject Time:  0.5 min.

GC Parameters 

 Column: Equivalent to USP G43 phase,  
  105 m x 0.32 mm I.D. x 1.5 μm

 Injector Temp.: 250 °C 
 Detector Temp. 300 °C (FID)

 Oven Program:  35 °C (10 min.), 3 °C/min. to 65 °C,   
  20 °C/min. to 190 °C (13 min.)

 Carrier: Helium, 2.1 mL/min. (constant pressure)

 Injection: Headspace, Split ratio 24:1:1

Figure 2. Example Method 1

 1. Diethyl ether
 2. Acetone
 3. Isopropanol
 4. Acetonitrile
 5. Dichloromethane
 6. Methyl t-butyl ether
 7. n-Hexane

Table 3.  Example Method 2

Headspace Parameters 

 Temperatures:  Oven 90 °C 
  Loop 105 °C 
  Transfer Line 110 °C

 Times: Vial Equilibration 15 min. 
  Pressurization 0.2 min.  
  Loop Fill 0.2 min. 
  Loop Equilibration 0.05 min.

 Pressures: Vial 14 psi

 Loop Volume:  1.0 mL

 Inject Time:  1 min.

GC Parameters 

 Column: Equivalent to USP G43 phase,  
  30 m x 0.25 mm I.D. x 1.4 μm

 Injector Temp.: 160 °C 
 Detector Temp. 250 °C (FID)

 Oven Program:  40 °C (5 min.), 10 °C/min. to 90 °C, 15 °C/min. to  
  160 °C (2 min.)

 Carrier: Helium, 1.4 mL/min. (constant flow)

 Injection: Headspace, Split ratio 7.3:1

● The data in this presentation clearly demonstrate the superior 

performance of the high purity GC headspace grade solvent 

used (DMA). 

● This conclusion is supported by considering that multiple GC 

oven ramp rates and column chemistries were evaluated in 

support of multiple and various residual solvents, and their 

associated levels. 

In each case, there were no interfering peaks resulting from the 

DMA or irksome solvent peaks that could interfere with proper 

detection of target analytes.

References

1. United States Pharmacopoeia (USP), 31st Edition (2008), <467> Residual 

Solvents.

2. ICH Guidelines for Industry, Q3C Impurities: Residual Solvents, US Dept. 

of Health and Human Services Food and Drug Administration, Center for 

Drug Evaluation and Research (CDER), Center for Biologics Evaluation and 

Research (CBER), ICH December, 1997.

Featured Products+
Description Qty. Cat. No.

N,N-Dimethylacetamide 1 L 44901

1,3-Dimethyl-2-imidizolidinone  1 L 67484

Cyclohexanone 1 L 68809

1-Methyl-2-pyrrolidinone 1 L 69337

Dimethyl sulfoxide 1 L 51779

N,N-Dimethylformamide 1 L 51781

Water 1 L 53463

 14. Heptane isomer 3
 15. Heptane isomer 4
 16. Heptane isomer 5
 17. Heptane isomer 6
 18. Heptane isomer 7
 19. 2-Methyl THF/Heptane
 20. Heptane isomer 8
 21. Heptane isomer 9
 22. Heptane isomer 10
 23. Heptane isomer 11
 24. 1,4-Dioxane
 25. Toluene
 26. Dimethylformamide
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 8. Ethyl acetate
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Liquid Chromatography Media Selection
J. Patrick Myers

pat.myers@sial.com

Low pressure liquid chromatography (LPLC) is the oldest 

chromatographic technique, originally performed in open 

columns, in which gravity moved the sample through the 

packing bed. Currently, pumps and other instrumentation are 

incorporated into LPLC to increase throughput. A variety of 

superior packing media have been developed specifically for this 

versatile technology.

Packing Materials (Media)

Although some chromatographic media is available in pre-

packed column and cartridge formats, more often, the scientist 

fills a column manually with the packing material of choice. 

Traditional inorganic adsorbents include silica and bonded 

silica, alumina, carbon, and Florisil®. Another option is the 

extensive group of polymeric materials which include both 

polymeric adsorbents and ion exchangers. These organic resins 

can be used in a diverse array of applications. Gel filtration 

and hydrophobic interaction media, based on polysaccharides 

and methacrylate polymers, are excellent options for purifying 

proteins, and are commonly combined with ion exchange 

techniques to optimize the separation.

Ion Exchange Chromatography

Ion exchange is the most commonly practiced 

chromatographic method for purifying 

proteins, and inorganic or organic ions. Ion 

exchange involves solute interactions with 

the charged groups of the packing material, 

followed by elution with an aqueous buffer of 

higher ionic strength, or a change in pH.

Gel or microreticular resins do not have true porosity. Instead, 

solute ions must diffuse through the particle to the ion 

exchange sites. Macroreticular resins contain discrete pores 

which facilitate diffusion of the solute ions to the ion exchange 

sites. High molecular weight ions, which can only sparingly 

penetrate gel-type resins, have easier access to exchange 

sites in macroreticular beads. The sponge-like structure of 

macroreticular resins offers superior physical and chemical 

properties to those available with conventional gel-type resins. 

A macroporous resin is a macroreticular resin with more than 

20% cross-linkage. Examples of our Anion and Cation Exchange 

Media are listed in Tables 1 and 2.

Hydrophobic Interaction Chromatography

Hydrophobic interaction chromatography 

(HIC) is an alternative to reversed-phase 

chromatography for exploiting the hydrophobic 

properties of proteins. Proteins are adsorbed 

to the medium in a mobile phase containing a 

high concentration of salt. Most of the bound 

proteins are desorbed by washing with water or 

a dilute, near neutral buffer.

Table 3. Hydrophobic Interaction Media

Matrix pH range Properties

Acrylic beads cleaning; 0-12 Macroporous; stable in organics;  
 operating: 5-9 hydrophilic; neutral; no shrinking/ 
  swelling with changes in ionic  
  strength; mechanically stable;  
  high binding capacity

Agarose beads 4-9 Analytes up to 4 x 107 MW; temp. to  
  40 °C; sterilizable (chemical);  
  insoluble in all common solvents;  
  should not be used with oxidizing  
  agents or chaotropic salts

Cellulose 2-10 Low resolution; pliable material

Sepharose® 4-9 Analytes up to 4 x 107 MW; temp. to  
  40 °C; sterilizable (chemical);  
  insoluble in all common solvents; 
  should not be used with oxidizing  
  agents or chaotropic salts

Sepharose CL 3-14 Analytes up to 4 x 107 MW; high  
  flow rates; sterilizable (autoclave/ 
  chemical); insoluble in all common  
  solvents; can be used in dissociating  
  media, high concentrations of  
  chaotropic salts

TOYOPEARL® cleaning: 1-13 Analytes up to 1 x 106 MW; 1000 Å  
 operating 2-12 pores; hydrophilic; neutral;  
  compatible with solvents; chemically  
  resistant; volume stable to changes 
  in pH or ionic strength

Table 1. Anion Exchange Media

Matrix Functionality Applications

Agarose DEAE Q Proteins, membrane proteins,  
  polysac charides, nucleic acids, high  
  molecular weight compounds

Cellulose DEAE Proteins, nucleic acids, hormones,  
  other biopolymers

Dextran DEAE QAE Low molecular weight proteins,  
  polypeptides, nucleotides

Methacrylate DEAE QAE Q Enzyme/protein purification

Polystyrene strong anion Water purification, decolorization,  
  demineralization, neutralization,  
  pharmaceuticals, enzymes, catalysts, 
  sugar refining

Polystyrene weak anion Water purification, decolorization,  
  demineralization, neutralization,  
  pharmaceuticals, proteins, amino acids

Table 2. Cation Exchange Media

Matrix Functionality Applications

Agarose CM SP Proteins, polysaccharides, nucleic  
  acids, membrane proteins, high  
  molecular weight compounds

Cellulose CM Phosphate highly basic materials

Dextran CM SP Low molecular weight proteins,  
  polypeptides, nucleotides

Methacrylate CM SP Enzyme/protein purification

Polyacrylic weak cation Water conditioning, neutralization,  
  amines, metals, pharmaceuticals, amino  
  acids, catalysts refining, deionization

Polystyrene strong cation Water conditioning, neutralization,  
  amines, metals, pharmaceuticals, amino  
  acids, catalysts refining, deionization

 ORDER: 800-247-6628 (US ONLY) / 814-359-3441                  Reporter 30.2
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The protein adsorption selectivity of a HIC medium is primarily 

determined by the type of immobilized ligand (protein-binding 

molecule) on the support. In general, alkyl ligands exhibit 

only hydrophobic character, while aryl ligands exhibit mixed 

mode behavior (both aromatic and hydrophobic interactions). 

Very hydrophobic proteins are generally applied to the least 

hydrophobic media; hydrophilic proteins are purified on the 

most hydrophobic media (Table 3). 

Adsorption Chromatography

Adsorption and partition chromatography 

is used in a wide variety of synthetic and 

biochemical separations. Commonly, 

adsorption chromatography relies on 

nonspecific dipole-dipole interactions 

between the packing and the analyte(s). 

Separation by partition chromatography is 

based on differences in the solubility of the sample components 

in the mobile and stationary phases (Table 4).

Gel Filtration Chromatography

In gel filtration and gel permeation 

chromatography, also known as size exclusion 

chromatography, separation is based on 

differences in the size and/or shape of the 

analyte molecules, which governs the analytes’ 

access to the pore volume inside the column 

packing particles. The exclusion limit of a size 

exclusion packing indicates the molecular weight for a particular 

polymer type, above which analytes are fully excluded from 

entering the pores and thus will not be retained. According to their 

size, smaller analytes have partial to complete access to the pore 

volume. Among the analytes which partially or fully enter the pore 

volume, larger molecules with less access to the pore volume will 

elute first, while the smallest molecules elute last. The fractionation 

range identifies the molecular weight range, from the largest 

molecule that is fully included, to the smallest molecule that is fully 

excluded from the pore volume (Table 5).

Table 4. Adsorption Media

 Forms and
Media Type Brand Names Example Applications

Alumina,  Bulk packing,  Catecholamines, vitamins,   
Activated SPE packing natural alkaloids, glycosides, 

peroxides, polar compounds

Carbon Bulk packing,  Air monitoring, extracting 
SPE packing,   organics from water,  
ORBO™ tubes,    food analyses 
AMBERSORB® 

Dextran,  Bulk packing Gel permeation chromatography, 
Hydrophobic hydroxyalkoxy- lipids, steroids, fatty acids, 

propyl dextran  vitamins 
Sephadex™ LH-20 

Florisil Bulk packing,  Pesticide analyses, PCBs,  
SPE packing,  herbicides, phenols, polar 

 ORBO tubes  compounds, steroids, antibiotics,  
  vitamins, decolorization

Polymers Bulk packing,  Surfactants, pharmaceuticals,  
 ORBO tubes,  environmental analyses,  
 SPE packing,  organics, wastewater treatment, 
 AMBERLITE™ XAD™,  pesticides, humic substances, 
 AMBERCHROM™,  vitamins, decolorization 
 DIAION®, DOWEX™,   
 Supelpak™,   
 Supelite™ DAX-8  

Silica, purified  Bulk packing,  Flash chromatography, cleanup 
and bonded Davisil®, Merck®,  and purification of a wide range 
phases Sigma-Aldrich,  of synthetic and natural 
  compounds

Table 5. Gel Filtration Media

  Product Fractionation
Media Type Matrix Description Range (daltons)

Sephacryl™  dextran S-100 HR 1 K to 100 K 
(bisacrylamide S-200 HR 5 K to 250 K 
copolymer) S-300HR 10K to 1500K 

S-400 HR 20K to 8000K 
S-500 HR ND 
S-1000 HR ND

Sephadex™ dextran  G-10 less than 700 
cross-linked with  G-15 less than 1500 
epichlorohydrin G-25  1K to 5K 

G-50  1.5K to 30K 
G-75  3K to 80K 
G-100 4K to 150K

Sepharose agarose 6 B  10K to 4000K 
4B  60K to 20,000K 
2B 70K to 40,000K

Sepharose CL Sepharose reacted  6B 10K to 4000K 
with 2,3-dibromo- 4B 60K to 20,000K 
propanol 2B 70K to 40,000K

Superdex® dextran covalently  30 less than 10K 
bonded to agarose 75  3K to 70K 

200  10K to 600K

Superose highly cross-linked  12 1K to 300K 
agarose 6 5K to 5000K

TOYOPEARL® methacrylate  40 less than 10K 
HW (ethylene glycol  50 500 to 80K 

methacrylate  55 1K to 700K 
copolymer) 65 40K to 5000K 

75 500K to 50000K

Value Beyond the Product 
For Your Unique Purification Needs
● Diverse selection of time-saving, prepacked products, as 

well as economical and versatile options for self-packing

● Custom products and services tailored to your needs  

sigma-aldrich.com/purification
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Environmental Product Overview
Klaus Buckendahl, Anders Fridstrom and Kristen Schultz

kristen.schultz@sial.com

Introduction

Environmental sampling and analysis is objective based; where 

samples of the air, water, and/or solids are taken, in order to 

fulfill regulatory compliance and/or enforcement for routine 

monitoring, emergency response, or scientific research. The 

sampling and analysis functions are dependent on each other in 

order to achieve the desired outcome of the protocol, which is 

most commonly used to determine:

● Detection of accidental and regulated industrial pollutant 

release into the environment

● Ambient background contamination

● Workplace/personal exposure levels (e.g. air)

● Remediation progress

How the sample is collected is dependent on the environments/

matrix and compounds that are analyzed. Poor sample 

collection practices also yield poor analytical data. Likewise, 

good analytical testing requires proper sample preparation, 

and an understanding of the analytical technique employed, in 

order to achieve good and reliable results. Selecting the suitable 

sampling devices for your application is critical to the success 

of the sampling protocol and most importantly, in cases where 

sampling and analysis requires legally defensible data.

Commonly Sampled Contaminants

● BTEX – benzene, toluene, ethylbenzene, xylene

● Volatile Organic Compounds – perchloroethylene (Perc), 

trichloroethylene (TCE), trichloroethane (TCA), etc.

● Semi-Volatile Compounds – phthalate esters, brominated 

flame-retardants, polychlorinated biphenyls (PCBs),  

nonionic surfactants and pesticides, polyaromatic  

hydrocarbons (PAHs), etc. 

● Carbonyls – formaldehyde, acetaldehyde, gluteraldehyde, 

acetone, etc.

Sample Collection Devices

Air Samples

Air samples are typically collected into an adsorption tube 

(commonly glass or stainless steel) packed with an adsorbent 

with selective properties. Sampling can be done actively using a 

pump, or by a passive sampling device not requiring additional 

equipment; e.g. Radiello diffusive sampler that provides sampling 

rates close to active sampling. The samples are prepared either 

by solvent or thermal desorption and analyzed by GC, HPLC or 

spectroscopy. 

Water and Solids

Water and solids are collected into pre-cleaned containers of 

various sizes in order ensure sample preservation. We offer vials 

and containers suitable for the collection of samples for volatile 

analysis and other types of testing. Our sampling containers 

are cleaned according US EPA protocol B, and are available in 

amber and clear glass. Vials are supplied with a Certificate of 

Analysis (CoA).

We provide a premier selection of proven tools and 

consumables that meet the needs of scientists who 

perform sample collection and analysis of contaminants 

in air, water, and soil matrices. A preview of our feature 

products include:

● An extensive line of products for VOCs and SVOCs

● Innovative Radiello® passive sampling devices

● Analytical standards and reagents

● Complete line of analytical columns for  

environmental applications

For more information, request our Environmental Brochure 

at sigma-aldrich.com/lit-request

Figure 1. Air Sampling Devices

Figure 2. Sample Containers for Water and Solids

TECHNICAL SERVICE: 800-359-3041 (US AND CANADA ONLY) / 814-359-3041                  Reporter 30.2
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Sample Preparation and Analysis

Air Samples

Sampling devices requiring solvent desorption are commonly 

eluted with Acetonitrile (e.g. DNPH tubes), or desorbed with 

carbon disulfide or methanol (carbon or polymeric adsorbent 

tubes). Thermal desorption tubes do not require any upfront 

sample preparation; they are commonly placed directly into the 

thermal desorption instrument connected to a GC.

To learn more about our Air Sampling Products and Applications, 

please visit us on the web at sigma-aldrich.com/air-monitoring

Relevant Methods – Air Sampling

Air sampling methods are regulated in the US by the EPA, OSHA® 

and NIOSH®. In addition, methods from the ASTM®, EN, and ISO® 

are routinely employed for sampling protocols. Hundreds of 

methods exist for a wide range of airborne contaminants; several 

common methods are listed below.

Contaminants Methods

Carbonyls NIOSH 2016; OSHA 52, 1007; EPA TO-11A, IP-6A, 6C

VOCs US EPA TO-13, TO-14A/15, TO-17, IP-1A, IP-1B

Pesticides,  ASTM D5504; EPA 610/625 (mod for air);  
PCBs, PAHs EPA TO-13A; EPA IP-7, IP-8; 

Particulates NIOSH 500 / 600; EPA IP-9/IP-10A, 10C

Hydrogen Sulfide OSHA 1008; NIOSH 6013

NOx/SOx OSHA ID-182; EPA IP-4 (tracer method); IP-5B/5C

Water and Solids

Solid and water samples can be prepared for the analysis of 

environmental contaminants using a variety of techniques as 

described in various EPA methods. Typical techniques for water 

are filtration, purge & trap, solid phase extraction (SPE), solid 

phase microextraction (SPME), and liquid-liquid extraction; 

and for solids, solid-liquid extraction or digestion with acids for 

inorganic analysis (e.g. ICP-MS, ICP-AES, and AAS). We offer a full 

line of cleanup devices such as SPE tubes, SPME fibers, glassware, 

solvents, and spiking solutions, suitable for these techniques. The 

Supelclean™ ENVI™ line of SPE tubes and materials are designed 

for use with environmental samples. 

Inorganic analysis of prepared water and soil samples is typically 

performed by Inductively Coupled Plasma (ICP) instruments 

with MS or atomic emission spectroscopy detector (AES), Atomic 

Adsorption Spectroscopy (AAS) or ion chromatography (IC); 

exceptions, also by titration. Organic contaminants are commonly 

analyzed by chromatographic techniques like GC or HPLC. Today 

these instruments are mostly equipped with an MS detector. The 

column selection is mostly given by existing official methods.

SVOCs - The analysis of semi-volatile organic compounds by 

GC-MS requires the use of inert, low bleed capillary columns, 

complex calibration standards, and high-quality GC accessories, 

to keep instruments running at peak performance. We offer 

products from mass spec grade capillary columns, like the  

SLB-5ms, to calibration mixes.

VOCs - This application requires the use of a variety of 

consumable items; such as adsorbent purge traps for the 

trapping and thermal desorption of VOCs into the GC various 

standards for calibration and spiking, and ultra-clean purge-and-

trap grade methanol. We recommend both the  

SPB™-624 and VOCOL™ capillary columns for VOC analysis. 

Fuels and Oils - The analysis of fuels and oils in environmental 

samples is often referred to by general terms such as Total 

Petroleum Hydrocarbons “TPH”,  “VPH” , or “DRO/GRO”. The 

specific methods come from several different sources, including 

the US EPA and state regulatory agencies. Depending on the 

method used and analytes of interest, the sample may have to 

be analyzed by solvent extraction/liquid injection and/or purge 

and trap. For these samples, we recommend capillary columns 

suitable for VOC analysis, with purge traps tailored for specific 

applications, and ultra-clean purge-and-trap grade methanol. 

Pesticides, Dioxins, and PCBs - The analysis of organochlorine 

pesticides and PCBs, by GC-ECD or GC-MS, requires the use of 

inert, low bleed capillary columns, and GC accessories to keep 

instruments running at peak performance. Non-volatile and heat 

sensitive pesticides are analyzed by HPLC or LC-MS.

Pharmaceutical and Personal Care - The presence of PPCPs in 

waste, ground, and drinking water has been an area of much 

interest in the past few years. The US EPA published Method 

1694 Pharmaceutical and Personal Care Products in Water, Soil, 

Sediment, and Biosolids by HPLC/MS/MS in December 2007. 

For labs doing this method we can offer support in the form 

of HPLC columns, solid phase extraction tubes, solvents, and 

reagents. Individual pharmaceutical compound standards, 

some isotopically labeled, are available from Cerilliant, which is 

now a Sigma-Aldrich® company. 

Relevant Methods – Water & Solids

Contaminants Methods

Solid Waste Extraction US EPA 3540, 3541, 3550, 3510, 3520, 3535

SVOCs US EPA 525, 625, 8270

VOCs US EPA 502, 503, 524, 601, 602, 624, 8260

TPH, VPH, DRO/GRO US EPA 8015, 8021 and other State-Specific  
 Methods

Pesticides & PCBs US EPA 508, 608, 8081, 8082

PPCPs US EPA 1694

Related Information+
For more information on environmental products, please 

contact our technical service department at techservice@sial.

com or go to sigma-aldrich.com/lit-request to see a list of 

related literature.
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Efficient Determination of Benzene and Other 
Aromatics in Reformulated Gasoline
Katherine K. Stenerson, Leonard M. Sidisky, and Michael D. Buchanan

mike.buchanan@sial.com

Introduction

The amount of benzene in gasoline is a concern because it 

is a known human carcinogen, and exposure to it has been 

linked to leukemia. The challenge with the analysis lies in the 

complex composition of gasoline, which consists of hundreds 

of different compounds.

Reformulated gasoline also contains additives to produce more 

complete combustion and subsequent lower emissions of 

harmful compounds. These additives are compounds that boost 

the oxygen content of the gasoline, and are commonly referred 

to as “oxygenates.” Ethanol is a commonly used oxygenate, and 

its level in reformulated gas varies, but can be as high as 10%. 

Therefore, to measure benzene in reformulated gasoline, a 

column must resolve it from the C5-C12 aliphatic portion, other 

aromatics, and also ethanol.

Experimental Conditions

An aliquot of reformulated gasoline was analyzed on four 

columns (a non-polar Equity®-1, a polar SUPELCOWAX™ 10, a 

highly polar TCEP, and the extremely polar SLB™-IL111) with oven 

temperature programming. The resulting chromatogram for the 

SLB-IL111 is shown in Figure 1. See “Related Information” to learn 

how to view the other chromatograms.

Results

The Equity-1 and SUPELCOWAX 10 exhibited overlap in the 

elution range of the aliphatic and aromatic fractions, making 

these columns unsuitable for this application. The highly polar 

TCEP and extremely polar SLB-IL111 resulted in elution of benzene 

after the aliphatic portion, and resolution of benzene and ethanol. 

However, if the TCEP were used for this application, a much longer 

analysis time would be required. In addition, the phase stability of 

the SLB-IL111 gives it a distinct advantage over the TCEP in that it 

exhibits a stable baseline when subjected to a temperature ramp, 

and can be used up to 270 °C, allowing the timely elution of the 

heavy constituents in gasoline. By comparison, the maximum 

temperature of the TCEP is 145 °C, so it is often used as part 

of a two-column switching set-up for this analysis. Complete 

specifications of the SLB-IL111 are listed in Table 1.

Conclusion

The extreme polarity of the SLB-IL111 phase in combination with 

a 270 °C maximum temperature makes it useful for determining 

benzene and other aromatics in gasoline, and may eliminate the 

need for a two-column switching procedure. This application 

highlights the suitability of this column for group separation 

analysis; aliphatics from aromatics in this instance.

Reference

1. D3606, Standard Test Method for Determination of Benzene and Toluene in 

Finished Motor and Aviation Gasoline by Gas Chromatography, 10: ASTM  

Volume 05.01 Petroleum Products and Lubricants (I); ASTM International: 

W. Conshohocken PA,  February 2011.

Figure 1. Reformulated Gasoline Sample

 column: SLB-IL111, 60 m x 0.25 mm I.D., 0.20 μm (28928-U)
 oven: 50 °C (3 min), 15 °C/min to 265 °C (5 min)
 inj. temp.: 250 °C
 detector: FID, 265 °C
 carrier gas: helium, 30 cm/sec
 injection: 0.5 μL, 200:1 split
 liner: 4 mm I.D., split type, single taper wool packed  
  FocusLiner™ design
 sample: reformulated gasoline

 C5 = Pentane
 C6 = Hexane
 EOH = Ethanol
 B = Benzene
 C7 = Heptane
 T = Toluene
 C8 = Octane
 EB = Ethylbenzene
 pX = p-Xylene
 mX = m-Xylene
 oX = o-Xylene

 C9 = Nonane
 124TmB = 1,2,4-Trimethylbenzene
 C10 = Decane
 123TmB = 1,2,3-Trimethylbenzene
 C11 = Undecane
 TemB = 1,2,4,5-Tetramethylbenzene
 C12 = Dodecane
 N = Naphthalene
 2mN = 2-Methylnaphthalene
 1mN = 1-Methylnaphthalene

Boiling point order (black = aliphatic; red = aromatic; blue = alcohol)

 4 6 8 10 12 14
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Table 1. SLB-IL111 Specifications

● Application: This extremely polar ionic liquid column was 

the world’s first commercial column to rate over 100 on our 

GC column polarity scale. As such, it has the most orthogonal 

selectivity compared to commonly used non-polar and inter-

mediate polar columns, providing increased selectivity for po-

lar and polarizable analytes. Its temperature limit of 270 °C is 

very impressive for such an extremely polar column. The 60 m 

version is excellent at resolving benzene and other aromatics 

in gasoline samples. The 100 m version is suitable for detailed 

cis/trans FAME isomer analysis, and is a great complementary 

column to the SP-2560. Launched in 2010.

● USP Code: None

● Phase: Non-bonded; proprietary

● Temp. Limits: 50 °C to 270 °C (isothermal or programmed)

Description Cat. No.

SLB-IL111, 15 m x 0.10 mm I.D., 0.08 μm 28925-U

SLB-IL111, 30 m x 0.25 mm I.D., 0.20 μm 28927-U

SLB-IL111, 100 m x 0.25 mm I.D., 0.20 μm 29647-U

Featured Product+
Description Cat. No.

SLB-IL111, 60 m x 0.25 mm I.D., 0.20 μm 28928-U

Related Products+

Related Information+
The 4-page Technical Report  

SLB-IL111 for Petroleum Applications 

(T411138, ODY) describes the 

benefits of this column for 

measuring benzene and other 

aromatics in gasoline, and for 

determining the fatty acid  

methyl ester (FAME) profile in 

blended biodiesel. See below.

sigma-aldrich.com

595 North Harrison Road, Bellefonte, PA 16823-0048 USA
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Technical Report

SLB-IL111 for Petroleum Applications
Michael D. Buchanan, Katherine K. Stenerson, and Leonard M. Sidisky

Gas chromatography (GC) is commonly 

employed for many applications in 

the petroleum industry. Two specific 

applications, the determination of benzene 

and other aromatics in gasoline, and the 

fatty acid methyl ester (FAME) profile of B20 

biodiesel, present special challenges and 

require the use of a highly polar column. 

The SLB™-IL111 column utilizes a stationary 

phase with extreme polarity and has a 270 

°C maximum temperature; features which can be leveraged to perform 

these specific separations in a timely manner.

GC Column Polarity Scale
A visual depiction of our GC column polarity scale is shown in Figure 1,  

showing the relationship of several columns to one another. The 

positions/maximum temperatures of several non-ionic liquid capillary 

GC columns are shown to the left of the scale. Listed to the right of the 

scale are the positions/maximum temperatures of Supelco® ionic liquid 

capillary GC columns. All polarity number values are relative to both 

squalane (0 on the scale) and SLB-IL100 (100 on the scale). This simple 

but useful scale allows multiple columns to be quickly compared. 

Detailed information concerning the scientific basis used to generate 

this scale can be found at sigma-aldrich.com/il-gc

Figure 1. GC Column Polarity Scale, Positions/Maximum 

Temperatures of Columns

Standard: C5-C15 n-Alkanes and BTEX
The C5-C11 n-alkanes represent the prevalent carbon range of the 

aliphatics found in gasoline. Therefore, to measure benzene and other 

aromatics free from aliphatic interference, the aromatics should elude 

after C11. A 17-component neat mixture of C5-C15 n-alkanes, plus 

the six BTEX compounds (benzene, toluene, ethylbenzene, p-xylene, 

m-xylene, and o-xylene), was prepared. This mix was analyzed on four 

columns to illustrate the selectivity of each for the separation of BTEX 

compounds, and their elution in relation to the aliphatics.

Analyses were performed isothermally, to allow comparison to retention 

index data. With the exception of TCEP, which is only available in a 60 

meter  

length, 30 meter columns were used. Resulting chromatograms are 

shown in Figure 2 (Page 2). To highlight selectivity, only the time range 

demonstrating the elution of the BTEX compounds is shown.

Observations are:

● On the non-polar Equity®-1 column, elution was by boiling point; 

resulting in benzene eluting between C6 and C7. The last analyte to 

elute was C12, at 56 minutes. C13-C15 did not elute prior to the end of 

the run, which was terminated after 60 minutes. The long retention of 

the heavier n-alkanes is due to the very strong dispersive interaction 

this stationary phase exhibits.

● On the polar SUPELCOWAX™ 10 column, benzene elutes between C9 

and C10. Retention of benzene is slightly longer than on the Equity-1 

due to induced dipole interaction. However, due to the comparatively 

weaker dispersive interactions, the n-alkanes are less retained.

● On the highly polar TCEP column, dispersive interaction is not as 

strong as the Equity-1 or SUPELCOWAX 10.  This results in even less 

retention of the n-alkanes, and as a result, benzene elutes between 

C11 and C12. The last analyte to elute is C15, at 25 minutes. This would 

translate to ~12.5 minutes if a 30 m TCEP were used. Peak shapes of 

the heavier n-alkanes exhibit fronting due to the low solubility of long 

hydrocarbon chains in this phase.

● On the extremely polar SLB-IL111, the n-alkanes have the shortest 

retention of the four columns studied. As a result, benzene elutes 

between C12 and C13, and C15 elutes in <5 minutes, prior to o-xylene. 

Peak shapes of the heavier n-alkanes exhibit fronting due to the low 

solubility of long hydrocarbon chains in this phase.

Under the conditions used, the TCEP and SLB-IL111 were able to elute 

benzene after C11, which will allow the analysis of benzene free from 

aliphatic interference in a gasoline sample. Toluene, which is another 

analyte of interest in gasoline, also elutes after the C5-C11 hydrocarbon 

range. The SLB-IL111 resulted in the shortest analysis time, even when 

extrapolating the TCEP data to a 30 m column length.

Did you know . . .

The SLB-IL111 is also good at the group separation of aliphatics 

(petroleum source) from fatty acid methyl esters (biomass 

source) found in B20 biodiesel samples.

NEW! SLB-IL111 Column Literature
The SLB-IL111 utilizes an extremely polar ionic liquid stationary phase, and has a 

270 °C maximum temperature. These features provide significant chromatographic 

improvements over existing column technology for several applications. Two 

Technical Reports are available:

● SLB-IL111 for Petroleum Applications (T411138 ODY). This 4-page Technical 

Report describes the benefits of this column for measuring benzene and other 

aromatics in gasoline, and for determining the fatty acid methyl ester (FAME) 

profile in blended biodiesel.

● SLB-IL111 for Fatty Acid Methyl Ester (FAME) Applications (T411139 ODZ). 

The benefits of this column for detailed separations of cis/trans FAME isomers, 

and for edible oil analysis are included. This 8-page Technical Report contains 

13 chromatograms.

Request your copies by email (techservice@sial.com), or download at sigma-aldrich.com/il-gc
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