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Enabling the LC/MS Paradigm Shift  
in the Clinical Lab

Dear Colleague, 

Few analytical techniques can boast the widespread interest as HPLC or UHPLC with mass 
spectrometric detection; LC/MS for short. Nowhere has LC/MS shifted the analytical paradigm 
more than in clinical and forensic research and testing. The graph below shows the number of 
publications on clinical applications using LC/MS has steadily increased since the late 1990’s.
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Graph showing the number of publications (journal articles, reviews, and books) citing LC/MS in clinical analysis. 
Source: ACS SciFinder®.
* Annualized based on first 6 months.

The rise in LC/MS should come as no surprise. It gives analysts significant advantages 
over immunoassay, another workhorse technique in clinical laboratories, including better 
selectivity, fewer interferences, and wider dynamic range. It can distinguish (or not distinguish) 
between immunosimilars where immunoassay can’t, and vice versa. Assay development is 
flexible and multiple analytes can be measured in one run. It also is subject to less variability. 
Immunoassay is sensitive to epitope variation on the antibody. Assay-by-assay, analytes are 
determining whether it make sense to replace older immunoassay methods with LC/MS.

But to harness the full power of LC/MS, it is important to consider the consumables used 
in the method – sample prep devices, chromatography columns, solvents/additives, and 
standards. We have made it our primary objective to develop consumables that maximize 
speed, sensitivity, and selectivity of LC/MS assays. Several articles in this edition of  the Reporter 
deal with current topics in clinical or forensic analysis using LC/MS. In each, you can see 
how our chromatography and sample prep consumables work together to solve particular 
analytical challenges around resolution, lab throughput and sensitivity.

If your interest in LC/MS for clinical applications is stimulated by these three articles, you 
may want to go online to our clinical testing page at sigma-aldrich.com/clinical for further 
information and application. 

As always, we are here to help you solve your most pressing analytical challenges. 

Best regards,

Tracy Ascah  
Market Segment Manager, Applied, Analytical  
tracy.ascah@sial.com

Tracy Ascah
Market Segment Manager 

Applied, Analytical

sigma-aldrich.com/analytical

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

Cover Photo: 
Methamphetamine is a chiral molecule whose 
enantiomers possess different bioactivity and 
both legal and illicit uses.
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Accurate Biological Testing for Amphetamine and 
Methamphetamine Abuse Using Chiral HPLC and 
MS Detection
In this study, optimized methods are presented for sample preparation and chiral 
chromatography for the LC/MS analysis of amphetamine and methamphetamine 
enantiomers in urine.

Denise Wallworth, Tactical Marketing Manager; Hugh Cramer,  
Applications Scientist; and David S. Bell, R&D Manager

dave.bell@sial.com 

Introduction
Methamphetamine and amphetamine, powerful CNS stimulants that 
have a variety of ethical uses, have side effects of increased confidence, 
sociability, and energy that have resulted in their extensive abuse as 
recreational psychoactive drugs. This extends to their abuse in sports 
because of the additional properties of increased mental alertness and 
suppression of fatigue.1 Negative side effects include hypertension 
and tachycardia. In the usually uncontrolled situations of drug abuse, 
they exhibit similar psychoactive effects, although amphetamine is 
generally less potent than methamphetamine.

Illicit use of these drugs continues to be high. Public Health  
England recently reported the number of people stating their 
main injecting drug to be amphetamines and amphetamine-type 
substances (such as mephedrone) nearly tripled between 2002 and 
2012.2 Additionally, unlike the less-volatile amphetamine sulphate, 
methamphetamine hydrochloride (sometimes known as “ice” or 
“crystal meth”) can be smoked, giving highs that are similar to crack 
cocaine, although significantly longer lasting. It has been reported 
that routine co-monitoring of methamphetamine and amphetamine 
is not normally carried out, so there is little information on which 
is more widely used. It was noted, however, amphetamine is more 
widely available than methamphetamine in Europe, whereas the 
reverse is true for North America and Asia.3

Chirality
Amphetamine and methamphetamine are chiral molecules  
(Figure 1). In both cases the D-enantiomer has greater biological 
activity than the L-enantiomer. Although methamphetamine is a 
controlled substance (Class A in Europe and Schedule II in the US, 
both as individual enantiomers and as the racemate), the L-isomer 
is in fact used in several over-the-counter medicines (e.g. Vicks® 
inhaler in North America), which can alter the true level arising from 
abuse of the drug. The analysis is further complicated by the fact 
that L-methamphetamine is also a metabolite of certain therapeutic 
drugs, such as selegiline, a treatment for early-onset Parkinson’s 
disease, depression, and dementia. Amphetamine quantification is 
more complex, again, simply because it is also the main metabolite 
of methamphetamine. The traditionally used method for drug 
analysis, immunoassay, cannot distinguish between the enantiomers 
and so can easily give incomplete, inconclusive results.

Figure 1. Structures of D- and L-Amphetamine 
and Methamphetamine

R(-)-Methamphetamine 
L- Methamphetamine 
Levomethamphetamine

S(+)-Methamphetamine 
D- Methamphetamine 
Dextromethamphetamine

R(-)-Amphetamine 
L-Amphetamine 
Levoamphetamine

S(+)-Amphetamine 
D-Amphetamine 
Dextroamphetamine

When methamphetamine is sold illegally, it is usually as the 
D-enantiomer or as the racemate.  When ingested, a dose may vary 
from several tens to several hundreds of milligrams, depending on 
the purity and the isomeric composition, and will metabolize to 
amphetamine and 4-hydroxymethamphetamine.3 Amphetamine 
metabolizes mainly to 1-phenyl-2-propanone, with smaller 
amounts of 4-hydroxyamphetamine. However, since up to 54% 
of methamphetamine is excreted unchanged and 10-23% as 
amphetamine following oral ingestion, it is usually the parent drug 
that is monitored.1

Culpability for the illicit use of amphetamine and methamphetamine 
rests on the ability to distinguish the contribution to the 
measured abused product from possible alternative sources of the 
L-enantiomer. Therefore, the separation of the enantiomers is a more 
accurate approach for testing. A chiral method can also be used 
to indicate the synthetic route that was used by the illegal source, 
which can be useful as part of a criminal investigation. Indeed, 
detection of just the D-methamphetamine isomer has been found in 
product prepared through either ephedrine or pseudoephedrine.4
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Analytical Method Development
Chiral GC and LC are both available as possible bioanalytical 
methods, although LC/MS/MS is becoming the method of choice for 
its greater flexibility and coverage of a far wider range of compounds 
of toxicological interest.

GC inevitably involves derivatization for these types of molecules, 
usually as the trifluoroacetate on chiral GC phases. An alternative 
in a recent study utilized (R)(-)-α-methoxy-α-(trifluoromethyl)
phenylacetyl chloride (MTPA), separating the enantiomers on an 
achiral polysiloxane phase.4 It provided a method that was suitable 
for samples also containing the related MDA, MDMA, and MDEA, 
with a limit of quantification (LOQ) in urine of <10 μg/L. In general, 
however, sample preparation and methodology for HPLC is simpler 
and more amenable to biological samples and so was chosen for 
this study. A method was developed and optimized for resolution, 
retention, and LOQ.

HPLC Method Development
Astec® CHIROBIOTIC® HPLC chiral stationary phases (CSPs), based 
on bonded macrocyclic glycopeptides, were chosen because of 
their high compatibility with mass spectrometric (MS) detection 
and their suitability for polar molecules. Another advantage of 
Astec CHIROBIOTIC CSPs for clinical and forensic applications is their 
robustness and ability to withstand repeated injections of biological 
samples under conditions that other CSPs cannot tolerate. Astec 
CHIROBIOTIC CSPs show enantioselectivity in both reversed-phase 
and polar ionic mobile phases, the latter defined as mobile phases 
containing >90% organic modifier with water and ionic additives 
comprising <10% in varying proportions.

Methamphetamine was run through the reversed-phase and 
polar ionic mode chiral screens and found to show the highest 
selectivity on Astec CHIROBIOTIC V2 in the polar ionic mode with a 
choice of either acetic acid/ammonium hydroxide or ammonium 
trifluoroacetate salt additives. Both of these additive systems were 
investigated as part of the optimization process.

Although typically the choice for the polar ionic mode is 100% 
organic, essentially a non-aqueous phase, up to 10% water can 
be added before the mechanism changes to a reversed-phase 
one. The additives used in the polar ionic mode are typically an 
acid and a base, or a volatile salt. Their function is to enhance 
ionic interactions with the ionizable surface of the CSP, and have a 
concomitant beneficial effect of stabilizing analyte ionization in the 
MS. The addition of water to the mobile phase, up to 10%, maintains 
the solubility of the ionic additives and generally improves the 
robustness and repeatability of the method.

The Astec CHIROBIOTIC separation mechanism, as for all chiral 
stationary phases, is likely a complex one. The surface of the 
macrocyclic glycopeptides includes a variety of possible interactive 
sites, such as amide (peptide), phenolic, ionic (amine or carboxylic acid), 
and aromatic chloro moieties, in addition to inclusion complexing 
pockets. Astec CHIROBIOTIC V2, which uses vancomycin as the  
chiral selector, has a carboxylic acid group and is therefore, 
particularly suited to the separation of many amines, while the  
other functional groups are thought to enhance the separation 
through hydrogen bonding.

Experimental Separation of 
Methamphetamine Enantiomers
Using a 15 cm × 4.6 mm, 5 µm Astec CHIROBIOTIC V2 column, 
two polar ionic mobile phases were compared for retention and 
resolution. Both comprised methanol:water (95:5). The first mobile 
phase used acetic acid and ammonium hydroxide (0.1:0.02) as the 
ionic additives. The second used 0.05% ammonium trifluoroacetate. 
Results appear in Figure 2. In both cases, baseline resolution was 
obtained, with the D- or S(+) enantiomer eluting before the L- or  
R(-) enantiomer. Ammonium trifluoroacetate gave less retention  
and resolution.

These two mobile phase systems were then compared for sensitivity. 
With data shown in Figure 3, by comparing the signal to noise ratios, it 
was determined that the method employing the acetic acid/ammonium 
hydroxide mobile phase provided the lowest LOQ of less than  
12.5 ng/mL and so was chosen as the optimal system. A calibration  
curve was also created and the method was found to be linear 
from 12.5 to 240 ng/mL for R(-)-methamphetamine. The same 
chromatographic conditions were tested for amphetamine and 
found to provide high resolution, with slightly lower retention than 
methamphetamine (Figure 4).

Figure 2. Chiral LC/MS Analysis of Methamphetamine 
Enantiomers on Astec CHIROBIOTIC V2 in Different Mobile 
Phase Additive Systems
 column:   Astec CHIROBIOTIC V2, 15 cm × 4.6 mm, 5 µm particles (15023AST)
 mobile phase 1:  [A] methanol; [B] water; [C] acetic acid; [D] ammonium hydroxide; 
  (95:5:0.1:0.02, A:B:C:D) 
 mobile phase 2:  methanol:water (95:5) containing 0.05% ammonium trifluoroacetate 
 flow rate:  1.0 mL/min
 pressure:  mobile phase 1, 1257 psi (87 bar); mobile phase 2, 1220 psi (84 bar)
 column temp.:  20 °C
 detector:  MS,SIR 150.1, 2 Hz (Waters® ACQUITY QDa)
 injection: 2 µL
 sample: (+/-)-Methamphetamine, 500 ng/mL in methanol

Mobile Phase 1: Ammonium acetate in methanol:water

Mobile Phase 2: Ammonium trifluoroacetate in methanol:water
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Figure 5. Simultaneous LC/MS Analysis of the Enantiomers 
of Amphetamine and Methamphetamine on 
Astec CHIROBIOTIC V2
 column:   Astec CHIROBIOTIC V2, 25 cm x 4.6 mm, 5 µm particles (15024AST)
 mobile phase:  [A] methanol; [B] water; [C] acetic acid; [D] ammonium hydroxide;  
  (95:5:0.1:0.02, A:B:C:D) 
 flow rate:  1.0 mL/min
 pressure:  840 psi (58 bar)
 column temp.:  40 °C
 detector:  UV, 205 nm
 injection: 2 µL
 sample: (+/-)-Methamphetamine, 500 ng/mL in methanol

Figure 4. Chiral LC/MS Analysis of Amphetamine Enantiomers 
on Astec CHIROBIOTIC V2
Conditions Same as Figure 2 Except:
 mobile phase:  [A] methanol; [B] water; [C] acetic acid; [D] ammonium hydroxide;  
  (95:5:0.1:0.02, A:B:C:D)
 pressure:  1257 psi (87 bar)
 sample: each enantiomer, 50 ng/mL in methanol

Figure 3. A Study of the S/N Ratio for Optimization of LOQ
Conditions in Figure 2.
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Liquid-Liquid Extraction
Following a previously published method, a 125 µL aliquot of 
synthetic urine was spiked with methamphetamine (125 ng/mL each 
enantiomer) and 1 mL of diethyl ether was added. After vortexing for 
30 minutes, the sample was centrifuged at 10,000 rpm for 10 minutes. 
A 500 µL aliquot of the upper layer (organic) was taken and 
evaporated to dryness under nitrogen at 55 °C. This was then 
reconstituted in 500 µL of mobile phase and filtered through a  
0.22 µm PVDF filter. 6

Solid Phase Extraction
For the SPE method, 1 mL of synthetic urine was spiked with  
25 ng/mL of each enantiomer, and acidified to pH 3-4 with formic 
acid. After conditioning a Supel™-Select SCX SPE 96-well plate  
(30 mg/well) with 1 mL of 1% formic acid in acetonitrile followed by  
1 mL of water, it was loaded with 1 mL of the urine sample.  
The plate was washed with 2 mL of water followed by 1 mL of 25% 
methanol. For amphetamine, 1 mL of 5 mM dibasic ammonium 
phosphate in 50% methanol was used as an intermediate wash step. 
The analytes were eluted from the plate with 1 mL of 10% ammonium 
hydroxide in acetonitrile. The eluate was evaporated to dryness under 
nitrogen at 40 °C and reconstituted in 1 mL of mobile phase.

The comparison of the L/L and SPE methods can be seen in Figure 6. 
Note that a significantly cleaner extract was achieved using the 
SPE method, which removed almost all of the early-eluting matrix 
interferences and enabled a higher analyte recovery.

Conclusion
Astec CHIROBIOTIC V2, with the vancomycin chiral selector, provided 
rapid, baseline resolution of the enantiomers of methamphetamine 
and amphetamine. Since the compounds are not isobaric, the 
same method could be applied to the LC/MS analysis of all four 
enantiomers, should that be desired. The choice of acetic acid and 
ammonium hydroxide as mobile phase additives to methanol:water 

1. S(+)-Amphetamine

2. R(-)-Amphetamine
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Simultaneous Analysis of Amphetamine 
 and Methamphetamine
Although the compounds are not isobaric, a simultaneous 
method was sought that would provide baseline resolution of all 
four enantiomers. The optimal conditions for methamphetamine 
and amphetamine analyzed separately resulted in a coelution of 
two of the four peaks for the simultaneous separation of all four 
enantiomers. While MS takes sufficient care of this overlap, a study 
was also undertaken to optimize the method. Changes in the  
acid/base ratio were studied for their impact on resolution and a 
change to an Astec CHIROBIOTIC V column (same chiral selector  
but different bonding chemistry) was investigated. However, neither 
approach provided the required resolution. Success was achieved  
by simply increasing the column length and temperature (Figure 5). 

Importance of Sample Preparation
Effective sample prep removes sample matrix components that 
reduce sensitivity, decrease the method’s robustness, or both.  
A comparison was carried out between liquid-liquid extraction and 
SPE for the optimum extraction of methamphetamine from urine.
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Figure 6. LC/MS Analysis of (+/-)-Methamphetamine from Urine 
on Astec CHIROBIOTIC V2 after L/L Extraction or SPE using 
Supel-Select SCX
L/L Extraction Conditions:
125 µL of spiked urine spiked at 125 ng/mL each analyte, add 1 mL of diethyl ether, 
vortex 30 min,  centrifuge 10,000 rpm for 10 min, remove 500 µL aliquot of organic 
supernatant, evaporate to dryness under nitrogen at 55 °C, reconstitute in 500 µL  
of mobile phase, filter through 0.22 µm PVDF filter

SPE Extraction Conditions:
 matrix:   1 mL of synthetic urine spiked with 25 ng/mL of each analyte, 

acidified to 3-4 pH with formic acid
 SPE well plate:  Supel-Select SCX SPE 96-well Plate, 30 mg/well (575664-U)
 conditioning:  1 mL 1% formic acid in acetonitrile, then 1 mL water
 sample addition:  1 mL spiked urine
 washing:   2 mL water, then 1 mL 25% methanol (for amphetamine 1 mL 

of 5 mM dibasic ammonium phosphate in 50% methanol was 
used as an intermediate wash step)

 elution:  1 mL 10% ammonium hydroxide in acetonitrile
 eluate post-treatment:   evaporate to dryness under nitrogen at 40°C, reconstitute 

in 1 mL mobile phase

LC/MS Conditions Same as Figure 2 Except:
 mobile phase:  [A] methanol; [B] water; [C] acetic acid; [D] ammonium 

hydroxide; (95:5:0.1:0.02, A:B:C:D)
 pressure: 1257 psi (87 bar)
 sample: extracted, spiked urine

in the polar ionic mode gave the optimal LOQ and highest resolution 
for a sensitive, high throughput chiral screening of amphetamine 
and methamphetamine, either individually or simultaneously. 
Sample preparation using Supel-Select SCX SPE removed many of 
the interferences from the urine matrix. The sample prep and LC/MS 
techniques provide a robust and easily transferrable method.
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Supel-Select SCX SPE Method

L/L Extraction Method

Description Cat. No.
Sample Preparation
Supel™-Select SCX SPE 96-well Plate, bed wt. 30 mg/well, pk of 1 575664-U
HPLC Columns
Astec CHIROBIOTIC V2, 15 cm × 4.6 mm I.D., 5 µm particles 15023AST
Astec CHIROBIOTIC V2, 25 cm × 4.6 mm I.D., 5 µm particles 15024AST
Astec CHIROBIOTIC V2 Chiral HPLC Guard Column, 
2 cm × 4.0 mm I.D., 5 µm particles

15100AST 

Supelguard™ Guard Cartridge Holder, stand-alone (swivel-type), 
for use with Supelguard cartridges (2 cm L. × 2 to 4.6 mm I.D.)

21150AST

Standards and Certified Reference Materials (CRMs)*
Surine™ Negative Urine Control, 50 mL S-020
(±)-Amphetamine solution, 1.0 mg/mL in methanol, ampule of  
1 mL, Cerilliant® CRM

A-007

S(+)-Amphetamine (dextro-Amphetamine) solution, 1.0 mg/mL in 
methanol, ampule of 1 mL, Cerilliant CRM

A-008

R(-)-Amphetamine (levo-Amphetamine) solution, 1.0 mg/mL in 
methanol, ampule of 1 mL, Cerilliant CRM

A-049

(±)-Methamphetamine solution, 1.0 mg/mL in methanol, 
ampule of 1 mL, Cerilliant CRM

M-009

S(+)-Methamphetamine solution, 1.0 mg/mL in methanol, 
ampule of 1 mL, Cerilliant CRM

M-020

R(-)-Methamphetamine solution, 1.0 mg/mL in methanol, ampule 
of 1 mL, Cerilliant CRM

M-024

* Deuterated CRMs of methamphetamine and  amphetamine are also available.

For additional information, visit  
sigma-aldrich.com/clinical

Clinical/Forensic
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Introduction
Digitoxin and digoxin are cardiac glycosides derived from the digitalis 
purpurea (Foxglove) plant. They have been in use for centuries for 
treatment of various heart conditions. Because of their narrow 
therapeutic range and high toxicity, their levels in patients taking 
digitoxin or digoxin are monitored.1-2 Immunoassay-based methods 
for digitoxin or digoxin exist, but are both time consuming and labor 
intensive. Moreover, the reported immunoassay methods are not 
selective toward digitoxin or digoxin due to the similarities in their 
chemical structures, which differ from each other in only one hydroxyl 
group (Figure 1). The present work was aimed at developing a rapid 
and selective LC/MS/MS method for the determination of digoxin 
and digitoxin in biological fluids. In addition, a simple sample cleanup 
technique for simultaneous removal of proteins and phospholipids 
using a zirconia-based sorbent, HybridSPE®-PLus, was explored.

Experimental
A 100 µL sample of spiked rat plasma was added to the well of a 
HybridSPE-PLus 96-well plate followed by 300 µL of 1% formic acid 
in acetonitrile to precipitate the proteins. The plate was sealed with 
plastic film and agitated by vibration at 1,000 rpm for 2 minutes on 
a digital shaker. The plate was transferred to a vacuum manifold and 
the seal was removed. Vacuum (10 in. Hg) was applied for 4 minutes.  
The flow-through eluate was analyzed by LC/MS/MS. A Titan™ C18 
column packed with 1.9 µm monodisperse, totally porous silica 
particles was chosen for the UHPLC separation of digitoxin and 
digoxin. Different mobile phase systems were studied.

Rapid, Sensitive, and Quantitative LC/MS/MS 
Determination of Digitoxin and Digoxin in Plasma
Using a Simple Procedure for Simultaneous Cleanup of Phospholipids and Proteins

Results and Discussion

Effect of Mobile Phase Composition on MS Spectra

The effect of mobile phase composition was dramatic. Figure 2A 
shows digitoxin and digoxin are ionized primarily as sodium adducts 
in the 0.1% formic acid in acetonitrile:water (50:50) mobile phase. 
Because sodium ions have much higher affinity to digoxin and 
digitoxin in the gas phase than protons (H+), the sodium adducts are 
the primary ion in the 0.1% formic acid in acetonitrile-water mobile 
phase. Further experiments showed the sodium adduct ions are 
scarcely fragmented in MS/MS regardless of collision energy and gas 
pressure, thus not amenable to being monitored in MS/MS mode. This 
issue of forming sodium adducts can be overcome by replacing the 
mobile phase with water:methanol containing ammonium formate.

Digitoxin and digoxin generate primarily ammonium adducts when 
ammonium formate replaces the formic acid in the mobile phase 
(Figure 2B). The ammonium adducts of digitoxin and digoxin are shown 
to be readily fragmented under mild collision conditions (Figure 3). The 
MRM transitions 782.5/635.5 and 798.5/651.5 were chosen for LC/MS/MS 
quantification of digitoxin and digoxin, respectively. 

Digoxin

Molecular Formula = C47H54O14

Monoisotopic Mass = 780.429607 Da

Digitoxin

Molecular Formula = C47H54O13

Monoisotopic Mass = 764.434692 Da
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Figure 1. Digitoxin and Digoxin

LC/MS/MS Conditions
 sample prep: HybridSPE-PLus 96-well plate

 column:  Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles

 mobile phase:   10 mM ammonium formate in water:methanol (20:80)

 flow rate: 0.2 mL/min

 detector: MS, ESI(+), MRM

 instrument:  Shimadzu™ LCMS-8030 Triple Quadrupole  
Mass Spectrometer
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Figure 2A. MS Spectra of Digoxin and Digitoxin in Formic Acid Mobile Phase
 mobile phase: 0.1% formic acid in water: acetonitrile (50:50)
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Linearity and LOD of the LC Method

Figure 4 shows the two analytes are well resolved by the Titan C18 
column within four minutes. The limit of detection of the LC/MS/MS 
method was approximately 0.01 ng/mL of the analyte standard.  
The calibration curve of the method is linear over a range of three 
orders of magnitude, with a linearity (r2) >0.999 (Figure 5).

Comparison of Sample Prep Techniques

Protein precipitation is widely used for sample preparation of 
biological matrices prior to LC/MS analysis. The approach is effective 
in eliminating proteins, but not in removing phospholipids.3 Indeed, 
multiple species of phospholipids were present in high amounts in 
the rat plasma after protein precipitation as reflected by their intense 
MS signals (Figure 6A). This study exploited HybridSPE-PLus which 
specifically and effectively eliminated both precipitated proteins  
and phospholipids from the plasma samples (Figure 6B).  

The mechanism behind the effectiveness of HybridSPE-PLus 
technology is based on the unique Lewis acid/Lewis base interaction 
between the zirconia and the phosphate group of phospholipids.4

Figure 7 compares the effectiveness of the two sample preparation 
techniques, standard protein precipitation and HybridSPE-PLus, on 
the LC/MS/MS signals. The ion signals of both analytes of the  
samples prepared by standard protein precipitation were only  
one-third to one-fourth of those of the samples prepared by 
HybridSPE-PLus, resulting in low recoveries (Table 1). Furthermore, 
the ion signals of both analytes following standard protein 
precipitation decreased with increasing number of injections, 
likely from build-up of phospholipids on the column, leading to 
irreproducible results and shortened column lifetime. In contrast, the 
samples prepared by the HybridSPE-PLus exhibited high recoveries 
(>90%) with good reproducibility (<6% RSD). Matrix effects were 
essentially eliminated by using the HybridSPE-PLus method.

http://sigma-aldrich.com/bioanalysis
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Figure 2B. MS Spectra of Digoxin and Digitoxin in Ammonium Formate Mobile Phase

 mobile phase: 10 mM ammonium formate in water:methanol (50:50)
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Protein Precipitation Method HybridSPE-PLus Method
MRM Quantifier Ions Recovery (%) C.V. (%) Recovery (%) C.V. (%)

Digitoxin 782.5/635.5 27.0 28.8 94.7 5.8

Digoxin 798.5/651.5 35.4 12.1 95.1 4.1

Table 1. Analyte Recovery from Plasma Using Standard Protein Precipitation and HybridSPE-PLus Methods

n = 37

(continued on next page)



Figure 3. MS/MS Spectra of Digitoxin and Digoxin (Ammonium Adducts)

 mobile phase: 10 mM ammonium formate in water:methanol (50:50)
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Figure 4. LC/MS/MS of Digitoxin and Digoxin in Blank and Spiked (10 ng/mL) Rat Plasma on Titan C18 after SPE using HybridSPE-PLus
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Figure 5. LC/MS/MS Calibration Curves for Digitoxin and Digoxin
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Figure 6. Absence of Phospholipids in ESI-MS Spectra of Plasma Prepared by HybridSPE-PLus Compared to Protein Precipitation
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* Indicates phospholipids which are confirmed by MS/MS spectra with product ion of 184/104.
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Figure 7. Improved Recovery of Digitoxin and Digoxin using HybridSPE-PLus Compared to Conventional Protein Precipitation

This figure shows the change in LC/MS/MS signal intensity with serial injections of spiked rat serum prepared by using protein precipitation or  
HybridSPE-PLus. Sample: 10 ng/mL digitoxin and digoxin spiked in rat plasma. Conditions as in Figure 4.
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Description Cat. No.
U/HPLC Columns
Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles 577124-U
Sample Prep Devices
HybridSPE-PLus 96-Well Plate Essentials Kit, pk/1 52818-U
HybridSPE-PLus 96-Well Plate, 50 mg/well, pk/1 575659-U
HybridSPE-PLus 96-Well Plate, 50 mg/well, pk/20 575673-U
IKA VORTEX MS3 Digital Shaker Z645036
Standards and CRMs
Digitoxin solution, 1.0 mg/mL in methanol, ampule of 1 mL, 
Cerilliant Certified Reference Material

D-067

Digoxin, Certified Reference Material, TraceCERT®, 50 mg 04599
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  Featured ProductsSummary
A rapid and sensitive LC/MS/MS method has been developed for 
the determination of digitoxin and digoxin in plasma. A Titan™ C18 
UHPLC column with monodisperse particles was employed  to 
resolve the two analytes within four minutes. Severe matrix effects, 
including ion suppression and irreproducibility, that were observed 
using standard protein precipitation procedures were overcome by 
utilizing HybridSPE-PLus, an innovative technique for simple  
and quick sample cleanup of phospholipids and proteins in 
biological matrices.
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Supel™-Select HLB plates provided excellent analyte recovery of these 
difficult compounds from urine samples with subsequent LC/MS 
(TOF) analysis on Ascentis® Express Fused-Core® 2.0 µm C18 columns. 
The extracts were free of endogenous matrix that can interfere with 
quantitation, decrease sample throughput and reduce column lifetime.

N-methoxybenzyl derivative drugs (25l-NBOMe)  and other similar 
substituted phenethylamines behave as psychedelic hallucinogens. 
In order to evade drug laws and provide novel experiences, illicit drug 
manufacturers are constantly developing new compounds. With the 
proliferation of these synthetic designer drugs, LC/MS analysis has 
become an increasingly important tool for forensic laboratories. The 
high selectivity of LC/MS is relied upon for detecting illicit compounds. 
However, there are still issues related to method robustness and matrix 
interference that must be addressed. This has driven the need for 
developing stronger analytical methods that can accommodate an 
ever changing list of synthetic compounds, along with heightened 
awareness of the need for efficient sample preparation.

The goal of this study was to develop a sensitive LC/MS method for 
the analysis of NBOMe synthetic hallucinogens from urine samples. 
The study focused on the development of a simple LC/MS (TOF) 
method, including solid phase extraction (SPE) sample preparation 
using Supel-Select HLB plates, for the direct analysis of eight different 
analogs of NBOMe hallucinogens.

Chromatographic (LC/MS - TOF) Conditions
The chemical structures of the eight NBOMe hallucinogens used in this 
study are shown in Figure 1. Initial evaluation was conducted using a 
mixture of NBOMe compounds to establish chromatographic conditions 
on an Ascentis Express C18 column. The chromatographic conditions 
along with a representative chromatogram are shown in Figure 2.

Method Calibration
Calibration curves were developed using a standard composed of 
eight individual NBOMe reference standard materials supplied by 
Cerilliant. Levels of 10, 20, 50, 100, 200, and 300 ng/mL were prepared 
in methanol:water (50:50). Analyte detection was conducted using 
accurate mass measurement. Figure 3 depicts the linear calibration 
curve for 25I-NBOH. Table 1 depicts the correlation coefficients for all 
eight standard compounds. 

SPE Method to Eliminate Matrix Effect in the  
LC/MS (TOF) Analysis of Illicit NBOMe Synthetic 
Hallucinogens from Urine

Supel-Select HLB Operating Principles
Supel-Select HLB SPE particles are hydrophilic-modified styrene 
polymer beads. The base polymer is highly effective at extracting 
hydrophobic compounds from aqueous samples with analyte retention 
predominately based on reversed-phase interactions. The hydrophilic 
component of the polymer makes it amenable for the extraction of polar 
compounds. It is therefore suitable for extracting an extensive range of 
analyte polarities from aqueous matrices. 

Recovery of Analytes from Standard Solution and 
Spiked Urine 
Method development with the Supel-Select HLB 96-well plate began 
with establishing recovery of the eight NBOMe compounds from 
standard solutions in water. A 1.0 mL aliquot of standard solution  
(100 ng/mL each component) was processed through the Supel-Select 
HLB-96-well plate following the conditions outlined in Table 2. Vacuum 
was used to process the samples through the Supel-Select HLB 96-well 
plate. Recovery was greater than 70% for all compounds tested. Spiked 
human urine samples processed using the Supel-Select HLB SPE plates 
were free of matrix interference and exhibited excellent recovery, in 
good agreement with the standard solutions (Table 3).

Compound Correlation Coefficient (r2)
25T-NBOMe 0.99421
25C-NBOMe 0.9941
25I-NBOH 0.99863
25D-NBOMe 0.98982
25B-NBOMe 0.98999
25I-NBF 0.9927
25I-NBMD 0.98987
25I-NBOMe 0.97963

Table 1. Linear Calibration Coefficients of Analytes Across  
the 10-300 ng/mL Range

SPE Plate Supel-Select HLB SPE, 96-wellplate, 30 mg/well (575661-U)
Conditioning 1 mL methanol followed by 1 mL water
Load 1 mL urine sample
Wash 1 mL water followed by 1 mL water:methanol (75:25)
Elute 1.5 mL methanol
Evaporate sample and reconstitute in 1 mL of water:methanol (50:50)

Table 2. SPE Conditions

25I-NBOH 25T-NBOMe  25C-NBOMe  25D-NBOMe  25I-NBF  25B-NBOMe  25I-NBMD 25I-NBOMe  
Recovery from Standard Solution (%) 67.5 72.0 78.7 79.6 79.6 78.7 75.7 80.9
CV 6.7 6.3 5.1 4.1 4.0 5.3 4.4 5.8
Recovery from Spiked Urine (%) 84.6 80.3 86.0 84.1 88.6 88.2 90.2 96.6
CV 4.1 4.2 4.0 2.8 2.7 2.2 2.2 2.1

Table 3. Recovery of NBOMe Compounds as Standards and from Spiked Urine

(continued on next page)
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Figure 1. Structures of NBOMe Compounds

Clinical/Forensic

sigma-aldrich.com/bioanalysis

http://sigma-aldrich.com/bioanalysis


15Clinical/Forensic

Figure 2. LC/MS (TOF) Analysis of NBOMe Hallucinogens on 
Ascentis® Express C18
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Peak      Recovery  
  No. Analyte from Urine (%) CV
 1 25T-NBOMe        80.3 4.2
 2 25C-NBOMe        86.0 4.0
 3 25I-NBOH        84.6 4.1
 4 25D-NBOMe          84.1 2.8
 5 25B-NBOMe        88.2 2.2
 6 25I-NBF        88.6 2.7
 7 25I-NBMD        90.2 2.2
 8 25I-NBOMe        96.6 2.1

 column:  Ascentis Express C18, 10 cm × 3.0 mm I.D., 2.0 µm  
particles (50819-U)

 mobile phase:  (A) 20 mM ammonium acetate, pH 4.0 with acetic acid; (B) 
methanol; 60:40 (A:B)

 flow rate: 0.8 mL/min
 column temp: 50 °C
 pressure: 7600 psi
 detector: ESI(+), full scan
 injection: 1 µL
 sample: each compound 300 ng/mL in water:methanol (50:50)
 system: Agilent® 1290 Infinity with 6210 TOF

Conclusion
The Supel-Select HLB 96-well plate was shown to be an effective 
method to remove matrix interference in urine samples prior to 
analysis by LC/MS (TOF). Recovery of all eight NBOMe compounds 
from human urine samples was greater than 80%. The processed 
samples were free of matrix interference. The generic methodology 
of the Supel-Select HLB allows sufficient sample cleanup while also 
enabling selective extraction of a broad range of target analytes.  
The Ascentis Express 2.0 µm C18 column produced efficient 
separation of all eight NBOMe compounds resulting in a sensitive  
LC/MS method.

Description Cat. No.
HPLC Column
Ascentis Express C18, 10 cm × 3.0 mm I.D., 2.0 µm particles 50819-U
Sample Prep Plates and Accessories
Supel-Select HLB SPE 96-well Plate 575661-U
96 Round/Deep-Well Collection Plate, polypropylene Z717266
96 Well-Plate Pre-cut Sealing Films Z721581
Supelco PlatePrep Vacuum Manifold 57192-U
Standards and Certified Reference Materials (CRMs)
25I-NBF HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

I-020

25I-NBMD HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

I-022

25I-NBOH HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

I-019

25B-NBOMe HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

B-061

25C-NBOMe HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

C-131

25D-NBOMe HCl, 10 mg* NMID1010
25I-NBOMe HCl, 1.0 mg/mL (as free base) in methanol,  
1 mL/ampule, Cerilliant CRM

I-016

25T-NBOMe HCl, 10 mg* NMID1016

Figure 3. LC/MS (TOF) Standard Calibration Curve of NBOMe 
compound 25I-NBOH on Ascentis Express 2 µm C18
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There is growing interest in clinical and bioanalytical research fields 
toward microextraction or microsampling techniques for sample 
isolation, storage, and transportation. This interest comes from cost 
and ethics standpoints as researchers seek an inexpensive alternative 
to terminal blood draws. In this article we will present solid phase 
microextraction (SPME) as a viable technique for microsampling of 
biological matrices for subsequent HPLC, UHPLC, and LC/MS analysis. 
The use of SPME in bioanalytical applications has been the topic of 
recent publications.1 The fibers allow direct sampling of biological 
matrices without additional sample treatment. The concentration 
effect of the fibers provides increased analyte sensitivity compared to 
other techniques.

Biocompatible SPME Fibers: Design and Function
SPME for bioanalytical microsampling (BioSPME) comprises particles 
(e.g. functionalized silica) embedded in an inert binder and immobilized 
onto durable, flexible metal fibers. The coated fibers are then inserted 
into hypodermic needles (SPME LC Fiber Needle Probes) or pipette tips 
(SPME LC Tips) for in vivo, ex vivo, and in vitro microsampling applications. 
Because they are compatible with solvents routinely used in liquid 
chromatography (LC), the fibers are called SPME LC. This terminology 
distinguishes them from the traditional SPME fibers used with gas 
chromatographic analysis. In principle, the particles can be modified 
with any LC-type stationary phase, but this study utilized particles 
with the popular C18 chemistry. The binder excludes matrix-derived 
large biomolecules, while allowing small molecules to penetrate and 
be adsorbed onto the embedded particles. Extraction is based on 
an equilibrium process in which the analyte partitions between the 
SPME fiber coating and the sample matrix (Figure 1). The amount of 
analyte extracted by the fiber is directly proportional to the unbound 
concentration of the molecule present in a given system. After exposure 
to the sample, the analytes are desorbed from the fiber using typical 
reversed-phase-type HPLC solvents.

BioSPME is designed for the direct sampling of biological matrices, 
eliminating the need for protein precipitation, centrifugation, 
and sample freezing/thawing. The entire BioSPME approach, 
whether using the SPME LC Needle Fiber Probes or SPME LC Tips, 
is unique in that sample concentration and sample cleanup are 
conducted simultaneously, thereby reducing the overall number of 
sample processing steps. There is no sample volume requirement, 
minimum or maximum, in BioSPME. The volume needs only be 
enough to cover the fiber and can be very small depending on the 
conformation of the sample vessel. The SPME LC Tips in 96-tip array 
are amenable to robotic handling and automation (Figure 2).

Aim of Current Study: Comparison of BioSPME to DBS
This study compares BioSPME using SPME LC Tips to dried blood spots 
(DBS) in terms of UHPLC/MS response (extraction efficiencies and 
detection limits) of target analytes from whole blood using a set of 
model compounds. The chromatographic conditions appear in Figure 3.

The Advent of Bioanalytical Microsampling  
using Biocompatible SPME and Benefits over  
Dried Blood Spots

Experimental
Metoprolol, propranolol, carbamazepine, diazepam, and their 
deuterated analogs were acquired from Cerilliant. Stock solutions 
of 10 ng/mL of each component were used for preparation of 
calibration solutions along with spiking blood samples. A combined 
stock solution of deuterated internal standards was prepared at 
20 ng/mL. Human whole blood samples with hematocrit (HCT) 
levels of 45% were acquired from BioreclamationIVT (Baltimore, MD, 
USA). Whole blood samples were spiked at 50 ng/mL total analyte 
concentration and equilibrated for one hour. A 300 µL aliquot of 
each sample was added into a 96-well conical plate (E&K Scientific 
Products, Inc., Santa Clara, CA, USA) for extraction.
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Extraction Time

Figure 1. Adsorption Mechanism behind BioSPME Extraction of 
Analytes from Biological Fluids

The adsorption mechanism for SPME is based on partitioning of analytes between the 
solution (sample) and the fiber coating. The rate of this partitioning is dependent upon  
the affinity of the analyte for the phase coating compared to the affinity for the sample 
matrix. SPME is not an exhaustive technique. After a given amount of time, equilibrium is  
achieved between the concentration of analytes in the sample matrix and the fiber coating.

Figure 2. BioSPME in the SPME LC Tip Format

http://sigma-aldrich.com/bioanalysis
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Figure 3. UHPLC/MS Analysis of Metoprolol, Propranolol, Diazepam, and Carbamazepine in Whole Blood on Titan C18 after Solid 
Phase Microextraction (SPME) using Biocompatible C18 Fibers
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 column: Titan™ C18, 5 cm x 2.1 mm I.D., 1.9 µm particles (577122-U)
 mobile phase: [A] 5 mM ammonium formate, pH 4; [B] 5 mM ammonium formate in acetonitrile:water (90:10)
 gradient: 30 to 70% B in 3 min
 flow rate: 0.3 mL/min
 column temp.: 35 °C
 detector: MS, ESI+, MRM
 injection: 3 µL
 system: Shimadzu LSC-30, LCMS8030

BioSPME Extraction

Figure 4 depicts the extraction process of whole blood using 
the SPME LC Tips in the 96-tip configuration. The tips were 
preconditioned in acetonitrile:water (50:50) for 20 minutes prior 
to extraction, exposed to the sample for 15 minutes with vortex 
agitation at 500 rpm on an IKA® MS 3 shaker, removed from the 
samples, and washed in distilled water for 30 seconds. Excess  
water was removed by capillary action using filter paper. The tips 
were desorbed for 30 minutes in a conical HPLC vial with 50 µL  
of methanol containing 20 ng/mL of internal standard. Desorption 
was conducted on an IKA MS 3 shaker for 30 minutes at 500 rpm. 
Samples were then analyzed directly by LC/MS/MS.

Figure 4. BioSPME Extraction Setup, Tips Shown Inserted  
into Blood Sample

(continued on next page)
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Dried Blood Spot Media

Figure 5 shows the DBS card spotted with whole blood after removal of 
the 3 mm punch. A 20 µL aliquot of the sample was pipetted onto the 
Whatman™ FTA™ DMPK-A DBS card (GE Healthcare, Piscataway, NJ, USA), 
which was then allowed to dry overnight. A 3 mm punch from each 
spot was placed into a 100 µL conical vial and desorbed with 50 µL of 
methanol containing 20 ng/mL of internal standard for two hours. The 
remaining punch was removed from the vial prior to LC/MS/MS analysis.

Comparison of Analyte Recovery
The absolute amount of desorbed analyte from the DBS card was 
much lower than the BioSPME method using SPME LC Tips.  
Figure 6 shows the higher detected analyte concentration on 
the SPME LC Tips compared to the DBS card. This improvement in 
response from BioSPME comes primarily from the concentrating 
ability of the fiber coating, but also from the small desorption 
volumes needed to displace the analytes from the fibers. In contrast, 
the relatively small portion of sample obtained from the 3 mm punch 
of the DBS card and the large desorption volume required to fully 
cover the punch, limit the amount of sample that can be detected  
by the analytical method without evaporation to concentrate  
the sample. The result is analyte detection levels that are five- to  
ten-times higher using the SPME LC Tips compared to the DBS card.

Conclusion
BioSPME, whether using the SPME LC Needle Fiber Probes or the SPME 
LC Tips described here, is a convenient and selective microsampling 
technique and a viable alternative to DBS cards for isolation of small 
molecules from biological matrices such as whole blood, plasma, 
serum, urine, and saliva. BioSPME in the pipette tip format allows for 
single sample or batch processing, and can be automated with various 
liquid handling systems. Manual use of BioSPME tips can be performed 
by transferring all 96 tips within the tray holder, allowing for simplified 
handling should a liquid handler not be available.

In addition to concentrating the target analytes, the fiber coating 
shields sample matrix from being absorbed onto the fiber, thus 
allowing for cleaner samples. Previous studies have demonstrated 
increased analyte levels with a significant reduction in sample 
matrix using BioSPME technique compared to traditional protein 
precipitation approaches.2

Figure 6. Detected Analyte after Extraction with BioSPME or 
DBS Methods
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Description Cat. No.

U/HPLC Columns

Titan C18, 5 cm × 2.1 mm I.D., 1.9 µm particles 577122-U

Sample Prep Devices

SPME LC Tips, functional group C18, sample pack of 8 tips 5709-U

SPME LC Tips, functional group C18, 96-tip array 57234-U

SPME LC Fiber Needle Probes, functional group C18,  
package of 5 probes

57281-U

IKA MS 3 digital shaker, universal small shaker, 115 V Z645036

IKA MS 3 digital shaker, universal small shaker, 230 V Z645044

Cerilliant Certified Reference Materials (CRMs)

Metoprolol Tartrate, 1.0 mg/mL (as free base) in methanol M-123

Propranolol HCl, 1.0 mg/mL (as free base) in methanol P-055

Propranolol-D7 (ring-D7), 100 µg/mL in methanol with 5% 1 M HCl P-085

Carbamazepine, 1.0 mg/mL in methanol C-053

Carbamazepine-D10, 100 μg/mL in methanol C-094

Diazepam, 1.0 mg/mL in methanol D-907

Diazepam-D5, 1.0 mg/mL in methanol D-910
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Figure 5. DBS Card after Blood Sample Addition and 3 mm  
Spot Punch-out
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Background
Polyaromatic hydrocarbons (PAHs) are ubiquitous in the environment, 
resulting from both natural and manmade sources of combustion. 
Farm animals, such as cows, can become exposed to them through 
both consumption of contaminated feed and water, and inhalation of 
contaminated atmosphere.¹ Consequently, these compounds can be 
present in dairy products produced from cow’s milk such as cheese 
and butter. Analysis of these compounds in butter can pose a special 
challenge due to the high fat content and the lipophilic nature of PAHs. 
Recovery of the PAHs often results in coextraction of the fatty matrix. 
In this application, Supelclean™ EZ-POP NP SPE was used as part of an 
extraction and cleanup procedure for the analysis of PAHs in butter 
by GC/MS in selected ion mode (SIM). After EZ-POP NP extraction, a 
secondary cleanup was done using silica gel. This produced an extract 
with low GC/MS background that could be analyzed on a single 
quadrupole instrument. The method was compared with an alternative 
sample preparation approach using a large silica gel SPE cartridge, and 
was found to produce better recoveries and lower background.

Experimental
Butter was spiked at 20 ng/g with 28 different PAHs, containing  
2-6 rings in their structures. The butter was melted and 1 g was 
diluted to 2 mL with cyclohexane. After mixing, sediment was 
allowed to settle and the resulting supernatant was drawn off for 
extraction. Replicate samples were extracted in two separate sets 
using the procedures outlined in Tables 1 and 2. Analysis was 
performed by GC/MS-SIM using the conditions listed in Table 3. 
GC/MS conditions were optimized for response and peak shape 
of the PAHs, especially those with 5 and 6 rings. Quantitation was 
performed using 5-point calibration curves prepared in unspiked 
butter extract. Separate curves were prepared for each set of samples 
and internal standard correction was used in calculating response.

A Comparison of Two Solid Phase Extraction 
Methods for the Analysis of Polyaromatic 
Hydrocarbons in Butter

SPE Cartridge EZ-POP NP
Condition 10 mL acetone (gravity); dry at -10 to -15" Hg for 10 min
Load 0.5 mL melted butter in cyclohexane
Elute 20 mL acetonitrile, applied in 2 × 10 mL volumes 

Add 5 mL water to acetonitrile extract
Back Extraction 2 ×10 mL of hexane
Concentrate Approx. 1 mL at 40 °C, nitrogen purge
SPE Cartridge Silica gel, 500 mg/3 mL
Condition 3 mL acetone (gravity); dry at -10 to -15" Hg for 10 min., 

then 6 mL hexane
Load 1 mL concentrated extract from above
Elute 10 mL hexane
Concentrate Final volume, 1 mL at 40 °C, nitrogen purge

Table 1. Extraction Procedure Using Supelclean EZ-POP NP Cartridge

SPE Cartridge Silica Gel, 5 g/20 mL
Condition 20 mL acetone (gravity); dry at -10 to -15" Hg for 20 min.; 

then 20 mL hexane

Load 0.5 mL of melted butter in cyclohexane

Wash 8 mL of 70:30 hexane:methylene chloride

Elute 8 mL of 70:30 hexane:methylene chloride

Concentrate Final volume, 1 mL at 40 °C, nitrogen purge

Table 2. Extraction Procedure Using Large Silica Gel Cartridge*

*SPE procedure based on reference 2.

Table 3. GC/MS-SIM Analysis Conditions

 column: SLB®-35ms, 30 m × 0.25 mm I.D., 0.25 µm
 oven: 60 °C (1 min), 20 °C/min to 340 °C (10 min)
 inj. temp.: 300 °C
 carrier gas: helium, 1 mL/min constant
 detector: MSD, SIM
 MSD interface: 330 °C; source 250 °C; quads 200 °C
 injection:  0.5 µL, pulsed splitless (60 psi until 0.75 min, splitter 

open at 0.75 min)
 liner:  2 mm I.D., split/splitless type, single taper wool 

packed FocusLiner™ design

Results and Discussion

Method Optimization

EZ-POP NP was developed for the analysis of PAHs in edible oils, 
which are primarily sourced from plants and contain a significant 
amount of unsaturated fats. Method modifications were necessary 
for use with butter, which is a semi-solid derived mainly from cow’s 
milk and contains >50% saturated fats.³ Loading the sample onto 
the cartridge had to be done in solvent to prevent the butter from 
solidifying. In previous approaches using direct application of melted 
butter to the EZ-POP NP cartridge, flow issues occurred when the 
sample solidified after being deposited on the frit above the sorbent 
beds. This resulted in poor reproducibility. A minimal volume of 
cyclohexane was used in dissolving and loading the butter sample. 
This reduced the chance of the sample being carried unretained 
through the sorbent beds by the nonpolar loading solvent prior  
to application of the more polar acetonitrile elution solvent.  
The composition of the fats in butter made a secondary cleanup 
using silica gel necessary, in order to produce an extract that could 
be analyzed on a single quadrupole GC/MS system. Since silica 
gel is a normal phase sorbent, it was necessary for the acetonitrile 
eluent resulting from the EZ-POP NP extraction to be back-extracted 
into hexane. Water was added to the acetonitrile eluent to increase 
partitioning of the PAHs into the hexane solvent.

(continued on next page)
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Product Avg.% Recovery %RSD
Naphthalene 77% 2%

2-Methyl naphthalene 98% 1%

1-Methyl naphthalene 117% 3%

Biphenyl 97% 1%

2,6-Dimethylnaphthalene 121% 6%

Acenaphthylene 105% 4%

Acenaphthene 120% 3%

2,3,5-Trimethylnaphthalene 115% 3%

Fluorene 111% 5%

Dibenzothiophene 100% 3%

Phenanthrene 108% 7%

Anthracene 100% 4%

1-Methylphenanthrene 112% 5%

Fluoranthene 121% 7%

Table 4. Average PAH Recoveries From 20 ng/g Spiked Butter Using Supelclean EZ-POP NP Method (n=3)

Recovery and Reproducibility

Using the EZ-POP NP method, the average recoveries and 
reproducibilities for spiked replicates are reported in Table 4 after 
blank subtraction. Recoveries were between 80-120% for most  
PAHs.The lower naphthalene recovery was most likely due to 
evaporative losses during sample preparation. The benzo[b] and 

Figure 1. GC/MS-SIM Analysis of Butter Spiked at 20 ng/g, Extracted Using Supelclean EZ-POP NP Method
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  4. 1-Methylnaphthalene
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  6. 2,6-Dimethylnaphthalene
  7. Acenaphthylene
  8. Acenaphthene-d10 (I.S.)
  9. Acenaphthene
10. 2,3,5-Trimethylnaphthalene
11. Fluorene

12. Dibenzothiophene
13. Phenanthrene
14. Anthracene
15. 1-Methylphenanthrene
16. Fluoranthene-d10 (I.S.)
17. Fluoranthene
18. Retene
19. Pyrene
20. Benzo[a]anthracene
21. Triphenylene
22. Chrysene

23. Benzo[b]fluoranthene
24. Benzo[j]fluoranthene
25. Benzo[k]fluoranthene
26. Benzo[a]pyrene
27. Benzo[e]pyrene
28. Perylene-d12 (I.S.)
29. Perylene
30. Indeno[1,2,3-cd]pyrene
31. Dibenzo[a,h]anthracene
32. Benzo[g,h,i]perylene

Product Avg.% Recovery %RSD
Pyrene 132% 5%

Retene 123% 7%

Benzo[a]anthracene 102% 5%

Triphenylene 130% 7%

Chrysene 122% 7%

Benzo[b] & [j]fluoranthene 120% 2%

Benzo[k]fluoranthene 126% 4%

Benzo[a]pyrene 122% 0.2%

Benzo[e]pyrene 121% 3%

Perylene 122% 6%

Indeno[1,2,3-cd]pyrene 106% 6%

Dibenzo[a,h]anthracene 104% 5%

Benzo[g,h,i]perylene 117% 9%

benzo[j]fluoranthene isomers coeluted during GC separation and 
were quantitated together. Reproducibilities were very good, with 
RSD values <10%. It was also noted that the final extracts were fairly 
clean of background, as seen in the GC/MS-SIM analysis of a spiked 
butter sample (Figure 1).

http://sigma-aldrich.com/food
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Figure 2. GC/MS-SIM Analysis of Spiked Butter Extracts Prepared Using (a) Large Silica SPE (b) Supelclean EZ-POP NP Methods
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Comparison with Alternative Method
There are other approaches for the extraction of PAHs from butter, 
including liquid/liquid extraction (LLE) followed by SPE, saponification/LLE 
and SPE, LLE followed by gel permeation chromatography (GPC), and 
direct SPE using large cartridges or columns. The EZ-POP NP method 
was compared to the simplest of these alternate approaches: direct 
SPE using a large silica gel cartridge. This direct SPE method had fewer 
steps, as can be seen in Table 2. However, the extract contained more 
background, some of which interfered with the integration of several 
PAH peaks (Figure 2). GC/MS scan data (Figure 3) showed higher levels 
of heavier, later eluting background in the silica gel sample, including a 

large squalene peak, tentatively identified by MS spectral library match. 
Average recoveries obtained from replicates of 20 ng/g spiked butter 
prepared using large silica gel cartridge SPE were compared directly to 
those obtained using the EZ-POP NP method (Figure 4). Recovery was 
better for lighter PAHs using the EZ-POP NP method. In the extracts 
prepared using the large silica gel cartridge, naphthalene and methyl 
naphthalene responses were too low to be quantitated. In addition,  
other early eluting PAHs exhibited distorted peak shapes due to coeluting 
matrix. For the heavier PAHs (with the exception of pyrene), recoveries 
were similar between the two methods. Reproducibilities, represented  
by the error bars in Figure 4, were better for the EZ-POP NP method.

(continued on next page)
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Figure 3. GC/MS-Scan Analysis of Spiked Butter Extracts Prepared Using (a) Large Silica SPE (b) Supelclean EZ-POP NP Methods
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Figure 4. Comparison of Average PAH Recoveries From 20 ng/g SpikedButter Using Supelclean EZ-POP NP and Large Silica Gel  
SPE Methods
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Conclusion
Supelclean EZ-POP NP can be used in combination with a second 
cleanup on a small silica gel cartridge for the analysis of PAHs in 
butter. Following the method described, good recoveries and 
excellent reproducibilities can be expected. Compared to extraction 
using a large silica gel SPE cartridge, the EZ-POP NP method yields 
a cleaner extract and better recoveries for lighter PAHs. The final 
extract, which is in hexane, is clean enough for GC/MS analysis on a 
single quadrupole instrument.

Description Cat. No.
Supelclean SPE Products
EZ-POP NP, 12 mL, pack of 20 54341-U
LC-Si, 3 mL, pack of 54 505048
Columns
SLB-35ms Capillary GC Column, 30 m × 0.25 mm I.D., 0.25 µm 29804-U
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  Related Information

For more information about the Supelclean EZ-POP, visit  
sigma-aldrich.com/ez-pop

For more general information about Food & Beverage Analysis, visit 
sigma-aldrich.com/food

Did you know . . .

Supelco®/Sigma-Aldrich has a whole line of QuEChERS products for 
cleanup of fatty matrices.

For more information, visit sigma-aldrich.com/quechers 
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Introduction
The use of bisphenol A (BPA)-based plastics in food and beverage 
containers has been a point of controversy for the past decade. 
Although these clear, tough plastics have been commercially 
incorporated into the linings of containers such as soup cans, water 
bottles, and water pipes since the 1950’s, concerns exist about BPA’s 
xenoestrogenic nature.1,2 BPA has been loosely linked to neurological 
effects, cancer, obesity, and reproductive disorders.3

Uncertainty regarding the potential negative health effects of 
BPA has led government agencies such as the US Food and Drug 
Administration (US FDA) and the European Food and Safety Authority 
(EFSA) to begin a series of ongoing safety studies.2 Ultimately, a 
Tolerable Daily Intake (TDI) of 0.05 mg BPA/kg body weight (b.w.)/day 
was concluded to be safe. Additionally, the current food migration limit 
for BPA in the European Union (EU) was set at 0.6 mg/kg, or 600 ppb.4

This study demonstrates the use of a molecularly imprinted polymer 
(MIP) to selectively extract and concentrate BPA from chicken and beef 
broth matrices for low-level quantitation. HPLC analysis is subsequently 
performed using an Ascentis® Express C18 HPLC column.

Experimental

BPA Stock Solution(s)

A 1 mg/mL BPA solution was made by weighing 100 mg of  
Bisphenol A (Cat. No. 239658) into a 100 mL volumetric flask and 
filling the flask to the 100 mL volume with acetonitrile. The BPA was 
dissolved with stirring for 10 minutes. Another BPA solution  
(3 µg/mL) was made by combining 15 µL of the 1 mg/mL stock with 
4985 µL of acetonitrile:water (40:60) solution. The solution was mixed 
for 30 seconds using a laboratory vortex mixer.

Calibration Curve

A calibration curve was constructed using dilutions of the 3 µg/mL 
BPA stock solution. The following concentrations were chosen:  
60, 150, 300, 600, and 900 ng/mL. The calibration analysis was  
carried out under the HPLC conditions listed in Figure 1, and gave  
a correlation of R2 0.9994. All BPA concentrations for recoveries were 
calculated by comparison to the calibration curve.

Preparation of Broth Samples

Nationally recognized brands of beef broth (condensed) and  
canned chicken broth (uncondensed) were purchased for use in 
the study. A volume of 100 mL of each broth was vacuum filtered 
through 2.5 µm qualitative filter paper using a ceramic Büchner 
funnel and side arm Erlenmeyer flask with vacuum. The filtered broth 
was transferred to glass jars and stored under refrigeration.  
Broth samples were returned to room temperature prior to use. 

Extraction and Quantitation of Bisphenol A (BPA) 
from Broth-Based Soup Matrices Using Molecularly 
Imprinted Polymer Solid Phase Extraction

Figure 1. HPLC Analysis of BPA in Various Matrices
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 sample/matrix:  (a) BPA spiked at 60 ng/mL in deionized water,  
(b) BPA spiked at 60 ng/mL in chicken broth,  
(c) incurred BPA in unfortified beef broth sample, and 
(d) mobile phase blank 

 SPE cartridge:  SupelMIP® SPE – Bisphenol A, 100 mg/6 mL (54277-U)
 conditioning:  3 mL methanol with 2% formic acid, then 3 mL 

acetonitrile, then 3 mL water (1 drop/2 sec)
 sample addition:  5 mL BPA spiked deionized water, BPA spiked 

chicken broth, unfortified beef broth, or mobile 
phase blank (1 drop/2 sec)

 washing:  9 mL water followed by 6 mL 40:60 
acetonitrile:water (1 drop/sec)

 dryng: 30 seconds, -10” Hg vacuum
 washing: 500 µL diethyl ether
 elution: 3 mL methanol (1 drop/sec) 
 eluate post-treatment:  Evaporate under nitrogen stream at 50 °C. 

Reconstitute in 1 mL of acetonitrile:water (40:60). 
Vortex 60 seconds.  Transfer to 2 mL vial for analysis.

 column:  Ascentis Express C18, 15 cm × 2.1 mm I.D., 2.7 µm 
particles (53825-U)

 mobile phase: [A] acetonitrile:water (40:60); [B] 100% acetonitrile
 flow rate: 0.2 – 0.3 mL/min
 column temp.: 30 °C
 detector: FLD, ex 230 nm, em 315 nm
 injection: 2 µL

Time (min) %A %B Flow (mL/min)
0.00 100 0 0.2
5.60 100 0 0.2
5.70 0 100 0.3
8.70 0 100 0.3
8.80 100 0 0.3

15.80 100 0 0.3
18.00 100 0 0.2

Gradient
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Preparation of the Spiked Samples

Samples spiked with BPA (60 ng/mL) were made by combining 19.6 mL 
aliquots of water or chicken broth with 400 µL of the 3 µg/mL BPA stock 
solution. After spiking, the samples were shaken at medium speed 
for 5 minutes on a laboratory shaker. Preliminary tests indicated high 
levels of BPA were extant in the beef broth. As a result, the beef broth 
samples were processed without BPA fortification.

Sample Cleanup and Analysis

The SPE cleanup protocol using the SupelMIP SPE-BPA was applied to 
water, chicken broth, and beef broth samples. During SPE processing, 
drop rates were easily controlled, and evaporation time was relatively 
short (15–20 minutes). HPLC analysis was performed on an Ascentis® 
Express C18 column with florescence detection. The SPE cleanup and 
analysis procedure is described in the conditions section of Figure 1.

Results and Discussion
Analysis revealed that the unfortified beef broth samples contained an 
incurred BPA concentration of 119 ng/mL. The chicken broth sample 
blank contained 8 ng/mL of incurred BPA. Low levels of BPA were also 
detected in the mobile phase. Spiked samples were corrected for 
background BPA by subtracting the BPA area response observed in 
associated blank and mobile phase samples from the average response 
of spiked samples before final concentrations were calculated.

Figure 2. Examination of the Matrix Interferences in the HPLC 
Analysis of (a) Chicken Broth Spiked with BPA at 60 ng/mL and  
(b) Unfortified Beef Broth Sample with Incurred BPA after 
SupelMIP SPE-Bisphenol A Cleanup. 
 Conditions are the same as Figure 1.
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The average percent recoveries were greater than 72%, with %RSD 
values below 8% in all cases. Variability was very low in chicken and 
beef samples.

Beef and chicken samples showed variance in the matrix interference 
removal. Minor interference was observed to occur in chicken broth 
at the BPA retention time. The interference was addressed via manual 
integration. Beef broth samples were interference free at the BPA 
retention time (Figure 2).

Conclusion
This application illustrated the use of the SupelMIP SPE-Bisphenol 
A for the extraction of BPA from beef and chicken broth matrices 
prior to chromatographic analysis. In addition to excellent analyte 
recovery and reproducibility, the MIP SPE extraction and cleanup 
method provided sufficient matrix interference removal, facilitating 
quantitation. In addition, this method allowed for detection and 
quantification of BPA levels that were 10 times lower than those 
specified by current EU regulations. Therefore, the SupelMIP  
SPE-Bisphenol A cartridge can be successfully used for quantitation 
of BPA at a concentration as low as 60 ng/g.
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Description Cat. No.
SupelMIP Bisphenol A SPE Cartridge
6 mL, 50 ea. 54277-U
Ascentis Express C18 HPLC Columns
15 cm × 2.1 mm I.D., 2.7 µm particle size 53825-U
Analytical Standards and Reagents
Bisphenol A 239658
Vials, pack of 100
Screw top, polypropylene, 750 µL 24709
Polypropylene screw top with hole cap, pre-cleaned and assembled 27346
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For more information about SupleMIP SPE, visit 
sigma-aldrich.com/supelmip

For more information about Food & Beverage Analysis, visit 
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An Alternative to the USP Method for the Analysis 
of Riboflavin (Vitamin B2) and Impurities
Using a Titan C18 Column with LC/MS/MS Detection

Nicolas J. Hauser and Carmen T. Santasania

carmen.santasania@sial.com

An alternative to the cumbersome USP and EP methods to identify 
riboflavin and its impurities is described here, using LC/MS/MS 
detection and a Titan C18 UHPLC column. This new method is also 
compatible with UV-Vis detection.

Introduction
Riboflavin (vitamin B2) is an essential micronutrient, synthesized  
by plants and many microorganisms, but not by higher animals.  
It is a precursor of coenzymes that are required for the enzymatic 
oxidation of carbohydrates, and is essential to basic metabolism. 
Riboflavin is a common food and feed additive, and a fortificant in 
infant formula and cereal. It is important to establish the purity of  
the riboflavin because of its widespread addition to food. The  
USP (US Pharmacopeia) and European Pharmacopeia (EP) have  
long-standing analytical methods for riboflavin impurity analysis,  
but the methods are time-consuming and labor intensive, and are 
not ideally suited to modern detection methods.1,2

Problems with Current Regulated Methods  
for Riboflavin
The current USP method for riboflavin impurity analysis is  
non-quantitative, and calls for the use of ion-pair chromatography 
to separate the riboflavin from four major impurity peaks. Both EP 
and USP methods call for solubilization in strong base (0.1 M NaOH), 
which causes analyte degradation and formation of sodium adducts 
that compromise mass spectrometric (MS) detection.

Overview of Approach
The purpose of this work was to develop an MS-compatible alternative 
to the USP and EP methods. In addition to improving the selectivity of 
the method with MS detection, reducing the analysis time was also a 

desired outcome. Improvements were made on two levels: First,  
LC/MS compatibility was improved by replacing the sodium hydroxide 
solubilizing agent and eliminating ion-pair reagents. Second, fast 
gradients significantly reduced the analysis time without sacrificing 
resolution. Known impurities were confirmed, and other impurities 
were identified using reference standards.

Experimental
Riboflavin certified reference material (CRM) from Sigma-Aldrich/RTC 
was used in this study. Compound B (7,8-dimethylbenzo[g]pteridine-
2,4(1H,3H)-dione) was not available as an individual standard; 
however, it was present in the riboflavin CRM. Other compounds 
were purchased from commercial sources. MRM (multiple reaction 
monitoring) transitions were determined and are reported in  
Table 1. Three transitions were used for each ion. Figure 1 shows the 
structures, names, monoisotopic masses, and molecular formulas 
of the compounds studied. Structures for each of these major 
impurities were confirmed by MS. Because these compounds are 
not soluble in methanol or water, a number of experiments were 
performed to identify an appropriate diluent. Ultimately, DMSO was 
chosen because it completely solubilized riboflavin and impurities. A 
stock solution of riboflavin was prepared in DMSO at 1 mg/mL with 
5 minutes of sonication. This stock solution was diluted as necessary 
and used for all future experiments. It was stored in the freezer when 
not in use.

LC and MS conditions are shown in Figure 2. The LC column was a 
Titan C18, 10 cm × 2.1 mm I.D., packed with 1.9 µm totally porous, 
monodisperse silica particles. The mobile phase was a simple 
gradient of acetonitrile-water in 0.1% formic acid. A tune solution 
of 1 µg/mL in 50:50 (0.1% formic acid in water: 0.1% formic acid in 
acetonitrile) was used for riboflavin and Compound A. Compounds  
C and D used the same solvent system at 0.6 µg/mL.

Certified Reference Material Transition 1 Transition 2 Transition 3
Riboflavin 377.10 > 43.23 377.10 > 172.24 377.10 > 243.14

Lumiflavine (7,8,10-trimethylbenzo[g]pteridine-2,4(3H,10H)-dione), Compound A 257.12 > 156.28 257.12 > 171.16 257.12 > 186.24

7,8-Dimethylbenzo[g]pteridine-2,4(1H,3H)-dione, Compound B MS only at m/z=243.41

6,7-Dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]pteridine-2,4(3H,8H)-dione, 
Compound C

327.15 > 43.23 327.15 > 57.27 327.15 > 193.22

8-(Hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]benzo[g]
pteridine-2,4(3H,10H)-dione, Compound D

393.16 > 43.23  393.16 > 57.27 393.16 > 259.13

Table 1. MRM Transitions Used in the Study
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Compound B

Monoisotopic Mass = 244.096026 Da.
Molecular Formula = C12H12N4O2
7,8-dimethylbenzo[g]pteridine-2,4(1H,3H)-dione

Compound C 

Monoisotopic Mass = 326.122634 Da.
Molecular Formula = C13H18N4O6
6,7-dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]
pteridine-2,4(3H,8H)-dione

Compound D 

Monoisotopic Mass = 392.133199 Da.
Molecular Formula = C17H20N4O7
8-(hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-
tetrahydroxypentyl]benzo[g]pteridine-2,4(3H,10H)-dione

Compound A (Lumi�avine)

Monoisotopic Mass = 256.096026 Da.
Molecular Formula = C13H12N4O2
7,8,10-trimethylbenzo[g]pteridine-
2,4(3H,10H)-dioneRibo�avin

Monoisotopic Mass = 376.138284 Da.
Molecular Formula = C17H20N4O6

Figure 1. Structures of Riboflavin and Related Compounds

Results and Discussion
Literature methods for the analysis of riboflavin and impurities  
from the USP and EP report run times in excess of one hour and  
use MS-inhibiting sodium hydroxide and ion-pair reagents.  
The method reported here provides a viable alternative. Figure 2 
shows the MRM results for riboflavin and the related impurities. 
The combination of the Titan C18 column and rapid acetonitrile 

(continued on next page)

gradient provided excellent resolution and short analysis time 
under conditions compatible with MS detection. The replacement 
of sodium hydroxide with DMSO and elimination of the ion-pair 
reagents permitted MS detection and the concurrent improvement 
in selectivity. The method is also compatible with UV detection.
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Figure 2. MRM Results Chromatogram

7,8-Dimethylbenzo[g]pteri-
dine-2,4(1H,3H)-dione, 

Compound B

0 2 4 6 8 10
Min

8-(Hydroxymethyl)-7-methyl-10-[(2S,3S,4R)-2,3,4,5-tetra-
hydroxypentyl]benzo[g]pteridine-2,4(3H,10H)-dione, Compound D

6,7-Dimethyl-8-[(2S,3S,4R)-2,3,4,5-tetra-
hydroxypentyl]pteridine-2,4(3H,8H)-dione, 

Compound C

Lumi�avine (7,8,10-trimethylbenzo[g]pteri-
dine-2,4(3H,10H)-dione), 

Compound A

Ribo�avin

column: Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles (577124-U)
mobile phase: 0.1% formic acid in water in (A) water; (B) acetonitrile

gradient: 5 to 25% B in 6 min; held at 25% B for 0.1 min; to 5% B in 4 min
flow rate: 0.5 mL/min
pressure: 5,000 psi (345 bar)

column temp.: 35 °C
detector: ESI (+), MRM and TIC mode or UV, 276 nm
injection: 2 µL

sample: compounds in initial mobile phase

Other MS Conditions: 

capillary (kV): 2.29
cone (V): 54.95
extractor (V): 5.13
source temperature (°C): 151
desolvation temperature (°C): 349
cone gas flow (L/Hr): 2
desolvation gas flow (L/hr): 646
collision gas flow (mL/min): ON

References
1. USP Method Official Monograph of August 1, 2012.

2. EP Method 7.0 Official Monograph.

Description Cat. No.
HPLC Column
Titan C18, 10 cm × 2.1 mm I.D., 1.9 µm particles 577124-U
Standards
Riboflavin, pharmaceutical secondary standard; traceable to USP 
and PhEur

PHR1054

  Featured Products

Pharmaceutical

sigma-aldrich.com/pharmaceutical

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/577124-U
http://www.sigmaaldrich.com/catalog/product/sial/phr1054?lang=en&region=GB
http://sigma-aldrich.com/pharmaceutical


29Pharmaceutical

The superior quality and high performance you expect 
from Supelco septa are available in a molded design.

Don't be fooled by other septa that advertise a maximum 
temperature of 400 °C!   To make septa with high thermal 
limits, they must be made stiffer, resulting in septa that 
are harder to pierce and easier to core! The molded 
Thermogreen LB-2 septa offer the perfect combination of 
low bleed, thermal stability, and easy puncturability.

To find out more about molded Thermogreen  
LB-2 septa, visit  
sigma-aldrich.com/molded-septa

Supelco Molded 
Thermogreen LB-2 
Septa

Unfold a Variety of 
Trusted Options

High Performance TLC Plates

Standard TLC Plates

Preparative TLC Plates

Other TLC Products

Unfold a Variety of Trusted Options

Thin Layer Chromatography
(TLC) Plates

Download our Thin Layer Chromatography Brochure 
(T412113A – OWF) at  
sigma-aldrich.com/tlc

Our newly updated Thin Layer Chromatography  
Plates Brochure offers a broad selection of standard, high 
performance and preparative TLC Plates. With the recent 
addition of twenty-three TLC plates from Merck KGaA, 
this brochure is a complete guide to all your thin layer 
chromatography needs.
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Supelco SLB®-IL60 Ionic Liquid GC Columns: 
Lower FID Bleed

Leonard M. Sidisky, R&D Manager; Katherine K. Stenerson, Applications Chemist; 
and Michael D. Buchanan, Product Manager

mike.buchanan@sial.com

The SLB-IL60 gas chromatography (GC) column is based 
on an ionic liquid stationary phase platform, and displays 
desirable features that existing non-ionic liquid columns 

do not. This is the fourth of several Reporter articles which explore 
various aspects of this column.1, 2, 3

Higher temperature GC columns are desirable, as they may allow 
decreased analysis times, elevated bake-out to remove large  
non-target compounds, and analysis of higher boiling compounds. 
However, higher oven temperatures also tend to accelerate the 
amount of column bleed. When working with a flame ionization 
detector (FID), excessive bleed is undesirable as it lowers the  
signal-to-noise, resulting in a loss of sensitivity. Column 
manufacturers routinely list the maximum temperature a column 
can safely be used at before the level of column bleed renders the 
column un-useable.

To illustrate the lower FID bleed characteristic of the SLB-IL60 
column, it was compared directly to five popular commercially 
available PEG columns, each from a different manufacturer.  
All columns were 30 m × 0.25 mm I.D., 0.25 µm dimensions, except 
the SLB-IL60 column, which has a 0.20 µm film thickness. Table 1  
shows the maximum temperature limits for all columns tested.  
Complete specifications of SLB-IL60 columns are shown in Table 2.

Column Isothermal Programmed
PEG 1 280 °C 280 °C

PEG 2 260 °C 270 °C

PEG 3 250 °C 260 °C

PEG 4 250 °C 260 °C

PEG 5 280 °C 300 °C

SLB-IL60 300 °C 300 °C

Table 1. Maximum Temperature Limits*

* Obtained from paperwork included with commercial columns.

FID Bleed Comparison
Following column installation, conditioning, and the analysis of two 
test mixes to demonstrate the column and system were working 
properly, a temperature programmed bleed run was performed. The 
final temperature used for each column was based on its programmed 
temperature limit. An overlay of all six chromatograms is displayed in 
Figure 1. As shown, only the PEG 4 column exhibited a lower FID bleed 
level than the SLB-IL60, but did so at a final oven temperature that was 
40 °C lower. The PEG 5 column exhibited the highest FID bleed, which is 
surprising considering it has a 300 °C limit for progammed use.

Conclusion
Columns based on polyethylene glycol phase chemistry are widely used 
for a variety of applications (such as solvents and FAMEs). Traditional 
PEG phase chemistry requires PEG columns to be used at maximum 
temperatures of 260-280 °C, well-below the 300 °C limit of the SLB-IL60 
column. Most of the PEG columns tested generated FID bleed which 
exceeded that of the SLB-IL60 column, even though the SLB-IL60 
column was used at a higher oven temperature. The PEG 5 column 
incorporates a non-traditional PEG phase, and also has a 300 °C rating, 
but exhibited a much higher FID bleed level. These data show the  
SLB-IL60 column exhibits lower column bleed characteristics for FID use, 
compared to existing PEG columns.

Table 2. SLB-IL60 Column Specifications

• Application: Modified (deactivated) version of SLB-IL59 
provides better inertness. Selectivity more polar than PEG/wax 
phases, resulting in unique elution patterns. Higher maximum 
temperature than PEG/wax columns (300 °C compared to  
250/260/280 °C). Excellent alternative to existing PEG/wax 
columns. Also a good GCxGC column choice. Launched in 
2012.

• USP Code: None

• Phase: Non-bonded; 1,12-Di(tripropylphosphonium)dodecane 
bis(trifluoromethylsulfonyl)imide

• Temp. Limits: 35 °C to 300 °C (isothermal or programmed)

sigma-aldrich.com/il-gc

Research and Technology
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Figure 1. FID Bleed Chromatograms

0 10 20 30 40

Min

SLB-IL60: 8.3 pA @ 300 °C
PEG 5: 129 pA @ 300 °C 
PEG 4: 7.5 pA @ 260 °C
PEG 3: 9.3 pA @ 260 °C 
PEG 2: 12.7 pA @ 270 °C
PEG 1: 29.3 pA @ 280 °C  

 PEG columns: 30 m × 0.25 mm I.D., 0.25 µm

 SLB-IL60 column: SLB-IL60, 30 m × 0.25 mm I.D., 0.20 µm (29505-U)

 oven: 50 °C (2 min), 15 °C/min to column programmed temperature limit (10 min)

 inj. temp.: 250 °C

 carrier gas: helium, 1 mL/min

 detector: FID, at column programmed temperature limit

 injection: 1 µL, splitless

 liner: 4 mm I.D., split/splitless type, single taper wool packed FocusLiner™ design

 sample: methylene chloride

References
1. Sidisky, L.M.; Stenerson, K.K.; M.D. Buchanan, M.D. Supelco SLB-IL60 Ionic Liquid 

Columns: Unique Selectivity; Supelco Reporter Europe Volume 58: 29-31.

2. Sidisky, L.M.; Stenerson, K.K.; M.D. Buchanan, M.D. Supelco SLB-IL60 Ionic Liquid 
Columns: Improved Resolution; Supelco Reporter Europe Volume 59: 5-6.

3. Sidisky, L.M.; Stenerson, K.K.; M.D. Buchanan, M.D. Supelco SLB-IL60 Ionic  
Liquid Columns: Better High Temperature Stability; Supelco Reporter Europe 
Volume 60: 6-9.

Description Cat. No.
SLB-IL60 Columns
15 m × 0.10 mm I.D., 0.08 µm 29503-U
20 m × 0.18 mm I.D., 0.14 µm 29504-U
30 m × 0.25 mm I.D., 0.20 µm 29505-U
60 m × 0.25 mm I.D., 0.20 µm 29506-U
30 m × 0.32 mm I.D., 0.26 µm 29508-U
60 m × 0.32 mm I.D., 0.26 µm 29509-U

  Featured Products

  Related Information

For more information on the SLB-IL60 and other ionic liquid 
columns, visit  
sigma-aldrich.com/il-gc

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29503-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29504-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29505-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29506-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29508-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29509-U
http://sigma-aldrich.com/il-gc


©2015 Sigma-Aldrich Co. LLC. All rights reserved. SAFC, SIGMA, SIGMA-ALDRICH, ALDRICH and SUPELCO are trademarks of Sigma-Aldrich Co. LLC, registered in the US and other countries. SLB, Ascentis, Supelco, SupelMIP, 
TraceCERT, Astec, CHIROBIOTIC, Thermogreen and HybridSPE are registered trademarks of Sigma-Aldrich Co. LLC. Supelclean, Supel, Titan and Supelguard are trademarks of Sigma-Aldrich Co. LLC. Agilent is a registered 
trademark of Agilent Technologies Inc. Cerilliant is a registered trademark of Cerilliant Corporation. Fused-Core is a registered trademark of Advanced Materials Technology, Inc. IKA is a registered trademark of IKA-Werke 
GmbH & Co. KG. SciFinder is a registered trademark of American Chemical Society Corporation. Vicks is a registered trademark of The Procter & Gamble Company. Waters is a registered trademark of Waters. Merck is 
a trademark of Merck KGaA. Whatman and FTA are trademarks of GE Healthcare. FocusLiner is a trademark of SGE Analytical Science Pty Ltd. Surine is a trademark of Dyna-Tek Industries. Shimadzu is a trademark of 
Shimadzu Corporation. Supelco brand products are sold through Sigma-Aldrich, Inc. Purchaser must determine the suitability of the product(s) for their particular use. Additional terms and conditions may apply.  
Please see product information on the Sigma-Aldrich website at www.sigmaaldrich.com and/or on the reverse side of the invoice or packing slip. Sigma-Aldrich Corp. is a subsidiary of Merck KGaA, Darmstadt, Germany. 

RXW
83302 / T215003

1075

Sigma-Aldrich® Worldwide Offices

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

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

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

Belgium
Tel: (+32) 3 899 13 01 
Fax: (+32) 3 899 13 11

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

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

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

People’s Republic of China
Free Tel: 800 819 3336 
Tel: (+86) 21 6141 5566 
Fax: (+86) 21 6141 5567

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

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

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

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

Germany
Free Tel: 0800 51 55 000 
Free Fax: 0800 64 90 000 
Tel: (+49) 89 6513 0 
Fax: (+49) 89 6513 1169

Hungary
Tel: (+36) 1 235 9055 
Fax: (+36) 1 235 9068

India
Telephone 
Bangalore: (+91) 80 6621 9400 
New Delhi: (+91) 11 4358 8000 
Mumbai: (+91) 22 4087 2364 
Pune: (+91) 20 4146 4700  
Hyderabad: (+91) 40 3067 7450 
Kolkata: (+91) 33 4013 8000

Fax 
Bangalore: (+91) 80 6621 9550 
New Delhi: (+91) 11 4358 8001 
Mumbai: (+91) 22 2579 7589 
Pune: (+91) 20 4146 4777  
Hyderabad: (+91) 40 3067 7451 
Kolkata: (+91) 33 4013 8016

Ireland
Free Tel: 1800 200 888 
Free Fax: 1800 600 222 
Tel: +353 (0) 402 20370 
Fax: + 353 (0) 402 20375

Israel
Free Tel: 1 800 70 2222 
Tel: (+972) 8 948 4222 
Fax: (+972) 8 948 4200

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

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

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

Luxembourg
Tel: (+32) 3 899 1301 
Fax: (+32) 3 899 1311

Malaysia
Tel: (+60) 3 5635 3321 
Fax: (+60) 3 5635 4116

Mexico
Free Tel: 01 800 007 5300 
Free Fax: 01 800 712 9920 
Tel: (+52) 722 276 1600 
Fax: (+52) 722 276 1601

The Netherlands
Tel: (+31) 78 620 5411 
Fax: (+31) 78 620 5421

New Zealand
Free Tel: 0800 936 666 
Free Fax: 0800 937 777 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Norway
Tel: (+47) 23 17 60 00 
Fax: (+47) 23 17 60 10

Poland
Tel: (+48) 61 829 01 00 
Fax: (+48) 61 829 01 20

Portugal
Free Tel: 800 202 180 
Free Fax: 800 202 178 
Tel: (+351) 21 924 2555 
Fax: (+351) 21 924 2610

Russia
Free Tel: 8 800 100 7425 
Tel: (+7) 495 621 5828 
Fax: (+7) 495 621 6037

Singapore
Tel: (+65) 6779 1200 
Fax: (+65) 6779 1822

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

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

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

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

Switzerland
Free Tel: 0800 80 00 80 
Free Fax: 0800 80 00 81 
Tel: (+41) 81 755 2511 
Fax: (+41) 81 756 5449

Thailand
Tel: (+66) 2 126 8141 
Fax: (+66) 2 126 8080

United Kingdom
Free Tel: 0800 717 181 
Free Fax: 0800 378 785 
Tel: (+44) 01747 833 000 
Fax: (+44) 01747 833 574

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

Vietnam
Tel: (+84) 8 3516 2810 
Fax: (+84) 8 6258 4238

Internet 
sigma-aldrich.com

Order/Customer Service:  sigma-aldrich.com/order  
Technical Service:  sigma-aldrich.com/techservice 
Development/Custom Manufacturing Inquiries  safcglobal@sial.com 
Safety-related Information:  sigma-aldrich.com/safetycenter

3050 Spruce St.
 St. Louis, MO 63103 

(314) 771-5765 
sigma-aldrich.com


