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Dr. Daniel Weibel

Dear Customer,

The performance of chemical sensor devices depends on three 
“S” factors: selectivity, sensitivity and stability. The ionophore in 
ion-selective electrodes plays the most critical role in optimizing 

these factors. We have successfully developed and introduced many new ionophores 
with improved characteristics. All newly introduced ionophores from our Selectophore® 
product range are rigorously application tested and only released when the specified 
sensor characteristics are met.

In this issue, we highlight our detailed characterization of Nitrite Ionophore VI (03721) 
in collaboration with the Zurich University of Applied Sciences (ZHAW) Wädenswil, 
Switzerland. Nitrite Ionophore VI was recently added to our Selectophore portfolio 
based on the report by Néel et al. about a nitrite-selective electrode based on lipophilic 
Co (III) salophen ionophore1.

To learn more about our Selectophore portfolio, please visit our Sensorics Application 
Portal sigma-aldrich.com/selectophore and use the interactive periodic table to 
locate available data sheets that describe the preparation of the membranes for ion-
selective electrodes. In addition, find application guides, technical data and literature 
references.

Finally, request a free copy of our Selectophore brochure with 400 citations, including 
over 100 ionophores and hundreds of auxiliary reagents for the preparation of 
ion-selective electrodes. A large variety of different chemicals, ionophores and 
other products required to construct electrodes for electrochemical analyses (e. g. 
potentiometric, conductance), as well as optodes for optical measurements, can be 
found in this comprehensive handbook.

Kind regards,

Dr. Daniel Weibel 
Global Product Manager Trace Organic Analysis & Sensorics 
daniel.weibel@sial.com
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Introduction
Nitrite is formed naturally by the nitrogen cycle (see Figure 1) during 
nitrogen fixation and is subsequently converted to nitrate, a major 
plant nutrient.

Nitrite salts are used as fertilizing agents1 and food preservatives, 
inhibiting the growth of microorganisms like Clostridium botulinum. 
However, the toxicity of nitrite becomes harmful to humans since 
it is known that nitrite interacts with amines to form carcinogenic 
N-nitrosamines. In 2006, the European Union established in its 
directive 2006/52/EC maximum levels for the use of nitrites in meat 
products. The acceptable daily intake (ADI) set was 0.07 mg per kg 
body weight per day. Nitrite in drinking water is regulated in Europe 
with a maximum level of 0.5 mg/L or 11 μM1. Thus, methods for 
rapid and reliable determination of nitrite ions are of considerable 
importance.

Analytical methods for the determination of nitrite
The traditional method of determining nitrites is performed 
spectrophotometrically, using the Griess reaction, where a red-
colored diazo dye is formed by azo coupling of sulfanilamide with 
NO2

- and naphthylethylenediamine (see Figure 2). This procedure 
requires several steps of pre-treatment, reaches a nanomolar level  
of detection, but is impracticable for measurements in situ.

Potentiometric ion sensors are well-established tools that allow the 
measurement of the activities of nitrite ions in-situ. Several nitrite 
ion-selective electrodes based on Vitamin B12, Co(III) cobyrinates 
(Nitrite ionophore I, 72590), Co(II) butylphthalocyanine, (tetraphenyl-
porphyrinato)Co(III), Rh(III) 5,10,15,20-tetra(p-tert-butylphenyl)
porphyrin chloride, uranyl salophen and octakis(benzylthio)-

tetraazaporphyrin Co(III) have been reported in literature to exhibit 
high selectivity for nitrite with some of them exhibiting micromolar 
limits of detection2.

Recently, Néel et al. reported on a lipophilic Co(II) tert-butyl  
salophen ionophore (Nitrite Ionophore VI, 03721, see Figure 3) 
for the potentiometric determination of nitrite that exhibited 
an attractive selectivity and long term stability2. Furthermore, a 
micromolar detection limit for nitrite could be achieved.

Co(II) tert-Butyl Salophen Complex Is a Remarkably 
Stable Nitrite-selective Ionophore

Figure 1. Nitrite Is Formed Naturally in the Nitrogen Cycle by Nitrogen Fixation.

Figure 3. Co(II) tert-Butyl Salophen, 
Nitrite Ionophore VI
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The synthesis of the new nitrite ionophore VI (03721), as described 
by Néel et al.2, has been slightly modified, adapting the processes 
published by Peretti et al.3 and Chapman et al.4 yielding nice, dark-
violet crystals after an easy work-up.

The ionophore was embedded into PVC-based solvent polymeric 
membranes. Based on the work of Néel et al.2, electrode membranes 
based on the lipophilic Co(II) tert-butyl salophen ionophore 03721 
were assessed for their sensitivity, selectivity and long-term stability. 
Optimized membrane compositions are given in Table 1.

Electrode measurements were performed using a double junction 
reference electrode (3 M KCl/1 M LiOAc) and a multichannel 
potentiometer. Sodium nitrite standard solutions were adjusted 
with citrate buffer to pH=5.5. As an internal electrolyte, a solution 
containing 1 mM NaNO2 and 1 mM NaCl in citrate buffer (pH 3.1)  
was used. Electrodes were conditioned and stored in 0.01 M NaNO2.

The basic characteristics of the optimized sensor membranes are 
summarized in Table 2 and compared with electrodes based on 
Co(II) cobyrinates (Nitrite ionophore I, 72590). Slopes of the sensors 
containing Nitrite Ionophore VI (03721) turned out to be lower than 
those based on the cobyrinate derivatives. As described by Néel et 
al.2, higher (even super-Nernstian) slopes were achieved using buffer 
solutions of lower pH (not shown). However, pH values above pH=5 
were preferred to avoid formation and disproportionation of nitric acid.

Figure 4. Selectivity Coefficients of Nitrite- Selective Electrode Membranes. As an 
Example, a Selectivity Coefficient of Log Kpot=-3 Implies that Interfering Anions Are 
Discriminated Against Nitrite Ions by a Factor of 1000.

Cat. 
No.

Component Description Membrane 

1 Mass (mg)

Membrane 

2 Mass (mg)
03721 Ionophore Nitrite Ionophore VI 4.0 4.0

91661 Ion Exchanger Tridodecylmethyl-
ammonium chloride

0.8 0.8

44224 Plasticizer Dodecyl  
2-nitrophenyl ether

130.2 -

73732 Plasticizer 2-Nitrophenyl  
octyl ether

- 130.2

81392 Polymer Poly(vinyl chloride) 65.0 65.0

Table 1. Composition of Optimized Sensor Membranes

Electrode Membrane 1 

(Nitrite Ionophore  
VI)

Membrane 2 

(Nitrite Ionophore  
VI)

Nitrite 
Ionophore 
I [5]

Slope (mV/
decade)

-48.0 -46.3 -58.0

Detection 
limit

5.3·10-5 5.7·10-5 5.0·10-6

Table 2. Characteristics of Nitrite-selective Sensor Membranes

The electrode selectivity was measured using the Separate Solution 
Method, where the electrode signals obtained in a nitrite standard 
solution are compared with those generated in separate solutions of 
interfering anions. The selectivity coefficients obtained for Membrane 
1 and Membrane 2, as well as those measured with electrodes based 
on Nitrite Ionophore I (72590), are given in Figure 4. The selectivity 
patterns of Membranes 1 and 2 are attractive, as the ionophore favors 
nitrite over ubiquitous anions such as chloride, phosphate or nitrate 
by almost three orders of magnitude.
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To assess the sensor lifetime, characteristics of the nitrite-selective 
electrode were recorded during a period of 80 days (see Figure 5). 
The results show that the electrode response was only moderately 
altered over time. After 80 days, a decrease of the slope of less than 
2 mV/decade was recorded. Therefore, reliable measurements and 
stable signals can be expected for several months.

Figure 5. Sensor Response of Membrane 1 After 0, 37 and 80 Days

For more information about our Selectophore® product range  
of ionophore materials for sensoric applications, visit  
sigma-aldrich.com/selectophore

Cat. No. Description Package Size
NEW 91301 Dichloromethane, w/o stabilizer 100 mL, 500 mL

44224 Dodecyl 2-nitrophenyl ether 5 mL

03553 Griess’ reagent for nitrite 100 mL

72590 Nitrite Ionophore I 10 mg, 50 mg

03721 Nitrite Ionophore VI 50 mg, 250 mg

72587 Nitrite ion standard solution (00.1 M NO2
-) 100 mL

73732 2-Nitrophenyl octyl ether 5 mL, 25 mL, 
100 mL

81392 Poly(vinyl chloride) 1 g, 10 g, 50 g

33626 Sulfanilamide 100 g, 6 × 100 g

87369 Tetrahydrofuran 10 mL, 100 mL, 
500 mL

91661 Tridodecylmethylammonium chloride 100 mg, 1 g

References:
[1] Scientific Opinion of the Panel on Contaminants in the Food Chain on a 

request from the European Commission on nitrite as undesirable substances 
in animal feed. The EFSA Journal, 2009, 1017, 1– 47.

[2] Néel, B.; Asfhar, M.G.; Crespo, G.A.; Pawlak, M.; Dorokhin, D.; Bakker, E. 
Electroanalysis 2014, 26, 473– 480.

[3] Peretti, K.L.; Ajiro, H.; Cohen, C.T.; Lobkovsky, E.B.; Coates, G.W. J. Am.Chem., 
Soc. 2005, 127, 11566–11567.

[4] Chapman, J.J.; Day, C.S.; Welker, M.E. Organometallics 2000, 19, 1615–1618.
[5] Stepanek, R.; Kräutler, B.; Schulthess, P.; Lindemann, B.; Ammann, D. ; Simon, 

W. Anal. Chim. Acta 1986, 182, 83.
[6] Daunert, S.; Witkowski, A.; Bachas, L.G. Prog. Clin. Biol. Res. 1989, 292, 215.
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Arsenic in Rice
Overview of Certified Reference Materials

Matthias Nold, Product Manager Reference Materials 

matthias.nold@sial.com

Contributing to approximately one-fifth of the worldwide human 
caloric intake, and being the staple food of more than 50% of the 
world’s population, rice can be considered one of the most important 
foodstuffs. While it is rich in many important nutrients, rice is also 
known to contain arsenic.

This carcinogenic element occurs naturally, but has also been 
released into the environment over the years by chemical production 
or as a component of pesticides or wood preservatives. Arsenic 
causes both short-term and long-term health effects, including skin 
lesions, hypertension and cardiovascular disease, and pulmonary 
disease. Regular intake of small amounts can increase the risk of 
developing skin, bladder, kidney or lung cancer. Inorganic forms of 
arsenic are considered much more toxic than organic forms such 
as arsenobetaine. Therefore, the presence of arsenic in ground and 
drinking water is a major concern (see also article in Analytix 1/2015) 
and led to the establishment of maximum limits of 10 µg/L in most 
countries, including the U.S. and European Union countries.

Since rice has a particularly high tendency to accumulate arsenic in 
its grains and is often cultivated in regions with a potentially high 
abundance of arsenic in the environment, arsenic concentration in rice 
has been increasingly regulated in recent years. Of particular concern 
is the presence of arsenic in food for babies or toddlers since their 

average rice intake relative to their body weight is approximately three 
times higher than for adults. 

In June 2015, the European Union issued Commission Regulation 
(EU) 2015/1006 as an amendment to Regulation (EC) No 1881/2006 
(“setting maximum levels for certain contaminants in foodstuffs”). The 
amendment regulates the maximum levels of inorganic arsenic in 
different rice products. The lowest level of 100 ppb is defined for rice 
destined for the production of food for infants and young children, 
such as cereals1. The U.S. FDA (Food and Drug Administration) recently 
issued an announcement recommending 100 ppb as an upper level  
of inorganic arsenic in infant rice cereals2.

To assist testing labs and food manufacturers in attaining reliable results 
when testing rice products for inorganic arsenic, we provide several 
certified reference materials. For calibration of ICP instruments, we 
provide 1g/L and 10g/L TraceCERT® CRM solutions. If the differentiation 
between arsenic (III) and arsenic (V) is required, we also offer speciation 
standards certified for the corresponding arsenic species.

The matrix materials IRMM804 and ERMBC211, both manufactured 
by IRMM (Institute of Reference Materials and Measurements), consist 
of powdered rice with certified values for arsenic. While for IRMM804 
only the mass fraction of total arsenic (and other trace elements) 
is given, ERMBC211 differentiates between organic and inorganic 
arsenic, providing certified values for the mass fractions of total 
arsenic, dimethylarsinic acid and the sum of arsenite and arsenate.

References:
[1] Commission Regulation (EU) 2015/1006 of 26 of June 2015 amending  

Regulation (EC) No 1881/2006 as regards maximum levels of inorganic arsenic 
in foodstuffs.

[2] FDA News Release Apr. 1, 2016 “FDA proposes limit for inorganic arsenic  
in infant rice cereal” http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm493740.htm

Cat. No. Description Composition Package Size
01969 Arsenic Standard for ICP 1000 mg/L As in 

nitric acid
100 mL

67904 Arsenic Standard for ICP 10,000 mg/L As in 
nitric acid

100 mL

72718 Arsenic(III) Standard for ICP 1000 mg/L As(III) in 
hydrochloric acid

100 mL

76686 Arsenic(V) Standard for ICP 1000 mg/L As(V) 
in H2O

100 mL

Table 1. CRM Solutions of Arsenic and Arsenic Species for ICP and IC-ICP

Cat. No. Description Composition Package Size
ERMBC211 Rice flour Certified values of total 

arsenic, Dimethylarsinic acid, 
sum of arsenite and arsenate

100 mL

IRMM804 Rice flour Certified values of As, Cd, Cu, 
Mn, Pb, Zn

100 mL

Table 2. Matrix CRMs for Arsenic in Rice

http://sigma-aldrich.com/inorganiccrm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm493740.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm493740.htm
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Standards

Pharmaceutical Impurities
New Standards Available for Quality Control of  
Active Pharmaceutical Ingredients

Nick Hauser, Product Manager Reference Materials 

nick.hauser@sial.com

Chemically manufactured pharmaceutical products can be 
contaminated with unwanted by-products generated during 
synthesis. Limits for these related compounds are usually regulated 
in the corresponding pharmacopeia monographs issued by 
pharmacopeia institutions such as USP (US pharmacopoeia) 
or EP (European pharmacopeia). For a number of these related 
substances (but not for all of them), a compendial standard from 
USP or EP is available. We are continuously expanding our offering 
of Pharmaceutical Impurity Standards. With regard to the type 
of certification and depending on the availability of compendial 

standards, there are three types of products available. When no USP 
or EP compendial standards are available, the products are either 
provided as analytical standards grade or as certified reference 
materials (CRMs). The CRMs are provided with a quantitative mass 
balance value according to ISO/IEC 17025 and ISO Guide 34. In cases 
where USP or EP provides a compendial standard, our products 
normally are qualified as secondary standards traceable to one or 
several corresponding compendial primary standards. The most 
recent additions to this product line are listed below. On our website 
at sigma-aldrich.com/pharmaimpurities you can find an up-to-date 
list of products, which is structured according to the corresponding 
APIs.

Cat. No. API Re
la

te
d 

Co
m

po
un

d 
(U

SP
)

Im
pu

rit
y 

(P
hE

ur
)

G
ra

de
 a

Chemical Name
Package 

Size
07496 Carvedilol A A + 1-{{9-{2-Hydroxy-3-{[2-(2-methoxyphenoxy)ethyl]amino}propyl}-9H-carbazol-4-yl}oxy}-3-

{[2-(2-methoxyphenoxy)ethyl]amino}-2-propanol
50 mg

56344 B B + 1,1’-{[2-(2-Methoxyphenoxy)ethyl]nitrilo}bis[3-(9H-carbazol-4-yloxy)-propan-2-ol] 50 mg

41946 C C + (2RS)-1-{Benzyl[2-(2-methoxyphenoxy)ethyl]amino}-3-(9H-carbazol-4-yloxy)-2-propanol 50 mg

98846 D + 4-(2-Oxiranylmethoxy)-9H-carbazole 50 mg

40551 E + 2-(2-Methoxyphenoxy)ethylamine hydrochloride monohydrate 50 mg

PHR1651 Fluconazole A A & (2-[2-fluoro-4-(1H-1,2,4-triazol-1-yl)phenyl]-1,3-bis(1H-1,2,4-triazol-1-yl)-propan-2-ol) 30 mg

PHR1862 B D & 2-(4-fluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)-propan-2-ol 20 mg

PHR1826 C C & 1,1'-(1,3-Phenylene)-di-(1H-1,2,4-Triazole) 20 mg

PHR1693 Pyridoxine A & 6-methyl-1,3-dihydrofuro[3,4-c]pyridin-7-ol (Pyridoxine Impurity A) 50 mg

PHR1694 B & 5-(hydroxymethyl)-2,4-dimethylpyridin-3-ol (Pyridoxine Impurity B) 50 mg

PHR1773 Ranitidine A B 2-{{{5-[(Dimethylamino)methyl]furan-2-yl}methyl}sulfanyl}ethanamine hemifumarate salt 100 mg

PHR1774 B A N,N’-Bis{2-{{{5-[(dimethylamino)methyl]furan-2-yl}methyl}sulfanyl}ethyl}-2-nitroethene-
1,1-diamine

100 mg

PHR1775 C C (N-[2-[[[5-[(dimethylamino)methyl]-2-furanyl]methyl]sulfinyl]ethyl]-N-methyl-2-nitro-1,1-
ethenediamine

100 mg

Table 1. New Pharmaceutical Impurity Standards 

aGrades: & = Secondary Standard and CRM; + = Analytical Standard

http://sigma-aldrich.com/pharmaimpurities


Analytix  |  4 • 2016 8

Back to Table of Contents

8

Finding the Right Reference Material Is Easy…
Analytical Standards and Certified Reference Materials

sigma-aldrich.com/newsonstandards

For simple navigation through analytical standards and certified reference materials in environmental, 
petrochemical, pharmaceutical, veterinary and cosmetics, clinical diagnostic and toxicology, forensic,  
food and beverage, and more, just go to sigma-aldrich.com/standards

• Amino Acids, Peptides & Proteins

• Biomarkers & Metabolomics

• Carbohydrates

• Elemental, Ions & Water (KF)

• Food and Cosmetic Components

• Lipids & Fatty Acids

• Matrix Materials

• Microbiology

• Organic Pollutants

• Pesticides

• Petrochemicals

• Pharmaceuticals, Illicit Drugs & Alcohol

• Pharmacopeia & Metrological Institutes

• Physical Properties

• Phytochemicals

• Vitamins

• Additional Standards

Want to quickly be kept up-to-date  
with what’s new in standards?

Subscribe to News on Standards at 
sigma-aldrich.com/newsonstandards

Quality Means Accuracy

Whichever your analytical application, this Newsletter will keep you 
up to date on the latest developments in the Sigma-Aldrich Analytical 
Standards and Certified Reference Materials portfolio.

News on Standards
2016 Volume 1

In this issue....

• Carbonyl DNPH Standards and CRMs (Environmental)

• Cosmetics & PCPs

• Environmental CRMs (Environmental)

• Heavy metals (Pharma)

• Instrument qualification CRMs (all laboratories) New

• Internal Standards for Clinical LC/MS (Clinical/Forensic)

• Phytochemical CRMs (Pharma)

• Microbiological CRMs ((Environmental, Food, Pharma, Clinical) New

• NIST standards (all applications)

Hot off the press...

Sigma-Aldrich has just announced that it has signed an agreement with 
Public Health England (PHE) to manufacture and distribute bacterial and 
fungal NCTC/NCPF Certified Reference Materials (CRM) in LENTICULE® 
disc format worldwide. This strengthens the existing range of 
microbiological CRMs based on ATCC culture strains, known as Vitroids™.

A new dedicated Bio Safety Level 2 production facility on the 
Sigma-Aldrich site in Buchs, Switzerland was recently completed 
and the scope of ISO/IEC 17025, ISO Guide 34 accreditation 
expanded to manufacture this product range in full accordance 
with Environmental Health and Safety (EHS) and quality guidelines.

Following completion of the technology transfer, PHE and  
Sigma-Aldrich will work in close partnership to develop new 
products for bacterial and fungal CRMs

More information on the use of microbiology CRMs can be found 
on page 2 of this Newsletter

New Environmental CRM Brochure
As regulatory demands increase, Sigma-Aldrich ensures that an 
extremely wide selection of Environmental CRMs is maintained. Four 
different brands are manufactured in-house according to ISO Guide  
34 and certified to ISO/IEC 17025, a double accreditation, considered 
the ‘Gold Standard’ for CRM production.

These are available as neat, matrix or standard mixes in solution 
and include PAHs, pesticides, dioxins and other persistent organic 
pollutants, all manufactured within double accredited facilities. In 
addition, the Cerilliant brand provides CRM solutions for drugs of 
abuse, hormones, pharmaceuticals and metabolites for waste water 
testing.

Sigma-Aldrich has an extensive and 
continuous program of new product 
development, with new environmental  
CRMs being continually developed and  
added to the range.

For more information or to download a copy 
of this brochure, visit  
sigma-aldrich.com/ecrm

NIST Standards now available through  
Sigma-Aldrich website
The National Institute of Standards and Technology® (NIST) has 
selected Sigma-Aldrich as the first licensed distributor of NIST 
Standard Reference Materials® (SRMs). A very diverse portfolio of 
1300 SRMs is available that includes environmental monitoring, 
food, dietary supplements and nutritional assessment, industrial raw 
materials and advanced materials characterization, forensics and 
defence, clinical diagnostics and health status markers, nanoparticle 
characterization, alternative energy and much more. Industry, 
academia and government organizations use NIST SRMs to facilitate 
commerce and trade and to advance research and development.

Sigma-Aldrich and NIST will also collaborate 
to develop new SRMs for quantitative Nuclear 
Magnetic Resonance (qNMR), combining their 
analytical expertise and technical resources 
to purify and certify these new NIST Standard 
Reference Materials.

A new brochure is available to download at 
sigma-aldrich.com/NIST   |      |   

Quality Means Accuracy

News on Standards
Pharma Special Edition

In this issue....

• USP, EP Primary Standards 

• Internal Standards for Clinical LC/MS

• Residual solvents standards

• Heavy metals 

• Microorganism CRMs 

• Secondary Standards

• Pharma impurities standards

• Phytochemical standards

• Analytical instrument validation

   |      |   

Whichever your analytical application, this Newsletter will keep you up 
to date on the latest developments in the Sigma-Aldrich® Analytical 
Standards and Certified Reference Materials portfolio.

A Partnership in Quality
All Sigma-Aldrich standards manufacturing sites are double accredited 
to ISO/IEC 17025 and ISO Guide 34, which is the highest achievable 
quality level for reference material producers, often referred to as the 
“gold standard” in reference materials, to provide an ever expanding 
range of both analytical standards and CRMs.

R&D facilities in all standards manufacturing sites (Buchs in 
Switzerland and Bellefonte, Laramie and Round Rock in the USA)  
have a continual program of new product development.  
As NEW  products are introduced in all 
categories, they can be identified by a 
NEW sign on the product listing pages. 
Add to this, the well-known rapid 
delivery from our warehouses and  
easy, on-line ordering and  
Sigma-Aldrich represents a true 
partnership to support analysis in  
all fields.

Primary Standards from USP, EP available 
through Sigma-Aldrich
Sigma-Aldrich now offers reference standards from both the 
EP(European Pharmacopeia) or the USP (US Pharmacopoeia).

These reference standards are closely tied with the documentary 
standards, or monographs, published by Pharmacopeia. These 
monographs set the minimum critical quality attributes for the 
material, list the tests, methods and acceptance criteria to be followed 
and are an important piece in the overall puzzle of acceptability of an 
API/excipient.

Simple ordering with fast delivery
At Sigma-Aldrich, we provide a stress-free, time saving and efficient 
route to procuring USP and EP standards. Following full compliance 
checks, these are available for easy ordering either through the web or 
following your usual purchasing B2B routes. 

A large number of these reference materials 
are currently held in stock in our warehouses 
and Sigma-Aldrich has a major program to 
increase this week on week. Our web pages 
provide live stock levels and those not in 
stock will generally be delivered in 2-3 weeks 
(EP) or 3-4 weeks (USP).

Optimising your search for standards: 
Standards Explorer
A simple way to find exactly what you 
need through a fast, comprehensive search 
engine designed especially for standards. 
Search by compound name, CAS #  
or method.

For more information, visit 
sigma-aldrich.com/pharmaprimaries

For more information, visit 
sigma-aldrich.com/standards_explorer

Fully automated warehousing in 
Schnelldorf, Germany

Quality Means Accuracy

News on Standards
LC/MS for Biomolecules: Special Edition

In this issue....

• LC/MS Instrument Calibration Protein Standards 

• Stable Isotope Labeled Protein Internal Standards 

• Monoclonal Antibody Standards

• Multipeptide Standards

• Custom Peptide Standards

• Metabolite Library of Standards

• Metabolic Pathways Interactive Map

   |      |   

Whichever your analytical application, this Newsletter series will keep 
you up to date on the latest developments in the Sigma-Aldrich® 
Analytical Standards and Certified Reference Materials portfolio.

LC/MS for Protein Characterization
Because of its speed, sensitivity and versatility (including multiplexing 
capability), LC/MS has become one of the dominating techniques 
for protein research and for the study of biomolecules in general. 
Moreover, a trend to the use of more applied methods in clinical 
testing means that accurate determination of absolute and relative 
protein quantities in complex biological samples is required. 

Standards are critical in quantitative LC/MS-based applications to 
ensure optimal and consistent system performance before, during, 
and after sample analysis. 

Use to 

• Assess peptide elution

• Troubleshoot chromatography

• Predict retention time

• To demonstrate that the LC/MS platform is working properly

Instrument Calibration Standards
Assess the robustness, sensitivity and reproducibility of your mass 
spectrometer by using a selection of well characterized standards. 
Uniform standards in an MS lab also enable effective inter-lab and 
intra lab comparisons. 

A broad selection of MS performance standards are available  
to ensure your LC/MS system is precisely tuned for optimal 
performance.

Examples are

Universal Proteomics Standards, UPS1 and UPS2

These comprise 48 human proteins ranging in molecular mass  
from 6,000 to 83,000 Daltons. UPS1 is the Universal Proteomics 
Standard, while UPS2  has a dynamic range of concentrations of  
these same proteins for detection limit determinations.

MS Qual/Quant QC Mix

Six, ready to inject, pre-digested (trypsin) human proteins plus  
14 corresponding stable isotope labeled (SIL) peptides.

MS RT Calibration Mixes for Peptides (MSRT1)  
and Proteins (MSRT2)

These wide polarity protein and peptide standard mixes can be used 
for day to day LC/MS testing of system suitability and to predict intact 
protein and peptides mass measurement across LC/MS platforms.  
The peptides in MSRT1 and proteins in MSRT2 are chosen to represent 
an elution profile for complex proteomic samples. 

PhosphoMix Phosphopeptide Standards 

For the testing of the strengths and weaknesses of phosphopeptide 
enrichment techniques, sample processing, mass spectrometry 
analysis and instrument configurations. 

A valuable selection guide can be found on  
sigma-aldrich.com/ms_standards

http://sigma-aldrich.com/newsonstandards
http://sigma-aldrich.com/standards
http://sigma-aldrich.com/newsonstandards
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Residual Solvents in Pharmaceutical Preparations
Certified Reference Materials for the Screening and Quantification  
of Residual Solvents

Nick Hauser, Product Manager Reference Materials 

nick.hauser@sial.com

The manufacturing of pharmaceutical ingredients and dosage forms 
often employs the use of organic solvents. Since it is sometimes 
difficult or impractical to remove all traces of these solvents from 
finished pharmaceutical products, specifications for allowable 
residual amounts and methods for their measurement are necessary 
to protect against potential adverse effects in patients. The ICH 
guideline “Impurities: Guideline for Residual Solvents Q3C(R5)” 
establishes a classification of residual solvents by risk assessment 
and a methodology for establishing limits. Target residual solvents 
are classified as Class 1, Class 2, or Class 3, with Class 1 being the 
most toxic and Class 3 being the least toxic. Analytical methods for 
the measurement of residual solvents have been developed by the 
Pharmacopeia and can be found in: 

General Chapter <467>, United States Pharmacopeia, General 
Method 2.3.24, European Pharmacopoeia Residual Solvents in 
Pharmaceutical Preparations. 

We offer certified reference materials (CRMs) for the analysis of 
residual solvents. The residual solvents can be found as mixtures, 
as single-analyte standards, as well as neat CRMs. These CRMs are 
Secondary Pharmaceutical Reference Standards and are traceable 
and qualified against the corresponding Pharmacopeial standards.  
A comprehensive Certificate of Analysis offers details of the 
methodology and results of the qualification. 

Other single-analyte residual solvent standards may be available 
on request. Please find a complete product overview at  
sigma-aldrich.com/crm

Cat. No. Description Package Size
PHR1063 Residual Solvents Mixture Class I 3 × 1.2 mL

PHR1064 Residual Solvents Mixture Class IIA 3 × 1.2 mL

PHR1065 Residual Solvents Mixture Class IIB 3 × 1.2 mL

PHR1066 Residual Solvents Mixture Class IIC 3 × 1.2 mL

PHR1170 Residual Solvent – Methanol in DMSO 3 × 1.2 mL

PHR1171 Residual Solvent – Methylene Chloride  
in DMSO

3 × 1.2 mL

PHR1316 Residual Solvent – Chloroform in DMSO 3 × 1.2 mL

PHR1317 Residual Solvent – Toluene in DMSO 3 × 1.2 mL

PHR1318 Residual Solvent – Benzene in DMSO 3 × 1.2 mL

PHR1319 Residual Solvent – Trichloroethylene  
in DMSO

3 × 1.2 mL

PHR1320 Residual Solvent - Acetonitrile in DMSO 3 × 1.2 mL

Table 1. Residual Solvent CRMs

Cat. No. Description Class Package Size
PHR1210 Cumene IIA 3 × 1.2 mL

PHR1310 Benzene I 1g

PHR1311 Toluene IIA 1g

PHR1312 o-Xylene IIA 1g

PHR1313 m-Xylene IIA 1g

PHR1314 p-Xylene IIA 1g

PHR1372 Methanol IIA 3 × 1.5 mL

PHR1549 1,4-Dioxane IIA 3 × 1.2 mL

PHR1551 Acetonitrile IIA 3 × 1.2 mL

PHR1557 Methylene Chloride IIA 3 × 1.2 mL

PHR1561 Tetrahydrofuran IIA 3 × 1.2 mL

PHR1665 Chlorobenzene IIA 3 × 1.2 mL

PHR1687 Cyclohexane IIA 3 × 1.2 mL

PHR1552 Chloroform IIB 3 × 1.2 mL

PHR1555 Hexane IIB 3 × 1.2 mL

PHR1558 Pyridine IIB 3 × 1.2 mL

PHR1562 Trichloroethylene IIB 3 × 1.2 mL

Table 2. Residual Solvent CRMs Offered as Neat Materials

http://sigma-aldrich.com/crm
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Ingrid Hayenga, Product Manager Reference Materials

ingrid.hayenga@sial.com

In most instances of quantitative pesticide analysis, the use of stable-
isotope-labeled (SIL) standards as internal standards has become the 
norm and is recommended when feasible. 

We continue to add to our already extensive range of isotope-
labeled pesticide standards. Find a complete, up-to-date listing at 
sigma-aldrich.com/pesticides
 

New Isotope-labeled Pesticide Standards
Expanding Our Portfolio of Pesticide Standards

Cat. No. Description Package Size
89926 (2-Hydroxyethyl-d4)phosphonic acid 5 mg

34535 3-Phenoxy-13C6-benzoic acid 10 mg

91502 Buprofezin-(isopropyl-1,1,1,3,3,3-d6) 5 mg

78321 Chlorpropham-(isopropyl-d7) 5 mg

75253 cis-Cypermethrin-(phenoxy-d5) 5 mg

76168 Cymoxanil-(methoxy-d3) 5 mg

49814 Cypermethrin- (phenoxy-d5) 10 mg, 25 mg

76734 Daminozide-(dimethyl-d6) hydrochloride 5 mg

76112 Deltamethrin-(phenoxy-d5) 5 mg

89953 Dimethomorph-(dimethoxy-d6) 5 mg

79287 Ethoxyquin-(ethoxy-d5) 5 mg

75552 Fenhexamid-(methyl-d3) 5 mg

07362 Fenthion oxon sulfoxide-(S-methyl-d3) 5 mg

07361 Fenthion oxon-(S-methyl-d3) 5 mg

08973 Fenthion-(S-methyl-d3) 5 mg

75711 Fenvalerate-(phenoxy-d5) 5 mg

89428 Flubendiamid-(Ph-methyl-d3) 5 mg

90667 Flufenacet-(phenyl-d4) 5 mg

06899 Fluopyram-(benzamide ring-d4) 5 mg

91294 Hexaconazole-(butyl-2,2,3,3,4,4,4-d7) 5 mg

34559 Imazalil-(allyl-d5) 10 mg

34505 Mecoprop-(4-chloro-2-methylphenoxy-d6) 10 mg

78308 Mesotrione-d4 (benzoyl-3-d, mesyl-d3) 5 mg

08963 Metalaxyl-(methoxyacetyl OMe-d3) 5 mg

37098 Methoxychlor-d14 (bis(4-methoxyphenyl-d7)) 10 mg

08898 Methoxyfenozid-(methoxy-d3) 5 mg

14638 Metrafenone-(2,3,4-trimethoxy-d9) 5 mg

14134 Metribuzin-(S-methyl-d3) 5 mg

08977 Myclobutanil-(phenyl-d4) 5 mg

34557 Paraquat diiodide-(dimethyl-d6) 25 mg

80757 Propamocarb-(propyl-d7) 5 mg

14465 Proquinazid-(propoxy-d7) 5 mg

75761 Pyrimethanil-(phenyl-d5) 5 mg

34503 Secbumeton-(ethyl-d5) 10 mg

30673 Thiacloprid-(thiazolidin ring-d4) 10 mg

75713 Thifensulfuron-methyl-(methoxycarbonyl-d3) 5 mg

14657 trans-Cypermethrin-(phenoxy-d5) 5 mg

89947 Triadimenol-(4-chlorophenoxy-d4) 5 mg

43232 Triazophos-(phenyl-d5) 10 mg

34504 Trietazine-(monoethyl-d5-amino) 10 mg

09148 λ-Cyhalothrin-(phenoxy-d5) 5 mg

Table 1. New Isotope-labeled Pesticide Standards

sigma-aldrich.com/pesticides
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Figure 1. Chemical Structures of Some New Isotope-labeled Pesticide Standards

http://sigma-aldrich.com/pesticides
http://sigma-aldrich.com/pesticides


11Feature Article

Back to Table of Contents

11

Standards

New Analytical Standards for Phytochemicals
Including New Alkaloids from Quinine Bark

Matthias Nold, Product Manager Reference Materials 

matthias.nold@sial.com

Our offering of analytical standards and certified reference materials for 
phytochemicals includes more than 600 products for use in the quality 
control of herbal medicinal products for qualitative identification of 
plant components or for quantification.

As a part of this portfolio, we recently introduced a series of new 
cinchona alkaloids. Cinchona officinalis (quinine bark) is a South 
American tree whose alkaloids are used as anti-fever agents. While 
quinine, the most important member of this compound class, has 
been available as a certified reference material (TraceCERT®) for some 
time (69311), we have recently added other alkaloids from cinchona, 
including Cinchonine and Epicinchonine. 

A complete list of the entire phytochemical standards range can 
be found at sigma-aldrich.com/medicinalplants arranged either 
alphabetically or listed by plant genus or substance class. You can also 
order or download a pdf of the complete brochure, including product 
listings and selected chromatographic applications.

N

N

H2C

H3CO OH

N

HO
N

H2C

N

HO
N

H2C

Quinine

Epicinchonine

(+)-Cinchonine 

Cat. No. Description Package Size
19431 (+)-Cinchonine (New) 50 mg

38105 Epicinchonine (New) 50 mg

00998 Epiquinidine 50 mg

69311 Quinine 50 mg

Table 1. Analytical Standards for Cinchona Alkaloids

Cat. No. Description Package Size
80828 Dimethylpropiothetin hydrochloride 100 mg

42734 Genkwanin 10 mg

42899 (+)-Isocorydin 10 mg

51593 Pseudohypericin 5 mg

72777 trans-Quercus lactone 100 mg

95652 α-Terpinene 100 mg

76418 Vescalagin 5 mg

Table 2. New Analytical Standards for Phytochemicals

http://sigma-aldrich.com/medicinalplants
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William R. Betz, R&D Associate Fellow

william.betz@sial.com

Michael J. Keeler, R&D Senior Technician

mike.keeler@sial.com

Michael D. Buchanan, Product Manager

mike.buchanan@sial.com

What is a “Specialty Carbon Adsorbent”?
A graphic depicting a spherical particle is shown in Figure 1. 
Controlling pore composition is very important as it determines  
the adsorption and desorption characteristics of the particle.

There are three types of pores relevant to carbon adsorbents.  
A macropore has a >500 Å diameter, a mesopore has a 20–500 Å 
diameter, and a micropore has a <20 Å diameter.

Unlike non-specific, low-tech carbon black and activated carbon 
adsorbents, our specialty carbon adsorbents are highly engineered 
materials, many manufactured from highly pure synthetic polymers. 
They can be designed with:

• The shape we want, either spherical or granular

• No pores, or more/less of any pore type to serve a specific purpose

• Tapered pores (from macro to meso to micro) which increase 
thermodynamic and kinetic efficiency

• A through-pore or closed-pore structure, which influences 
microporous strength and kinetic effectiveness

• Surface pH adjustments, as low as 2.5 to as high as 10.5
Today, we make over 30 different specialty carbon adsorbents, 
including Carbon Molecular Sieve (CMS), Spherical Graphitized 
Polymer Carbon (SGPC), and Graphitized Carbon Black (GCB) 
adsorbents. Any modifications (activation, oxidation, graphitization, 
surface pH adjustment, etc.) are accomplished through physical 
means, not chemical means.

Scalable Adsorbents
Sixteen of our specialty carbon adsorbents are scalable, signifying we 
can produce large amounts (>1,000 kg annually) of these adsorbents 
in 20/40, 20/45, or 30/45 mesh. Included are some of our Carboxen®, 
Graphsphere, and Carbotrap® adsorbents. The physical characteristics 
for each of our scalable specialty carbon adsorbents can be found in 
Table 1.

If you are investigating a specialty carbon adsorbent for a purification 
or recovery application, we recommend you focus on the 16 that are 
scalable to ensure we can meet your demand if you require a large 
quantity. Suitable uses in the petrochemical, pharmaceutical, food and 
beverage, environmental and other industries include:

• Purification applications – An interference removal technique 
is used to remove an impurity or impurities from a gas or liquid 
stream, such as the purification of industrial gases/solvents, 
effluent streams, or raw materials

• Recovery applications – A bind and elute technique is employed 
to first capture a compound or compounds from a gas or liquid, 
and then to recover the compound or compounds. Recovery 
can be through thermal or solvent desorption. An example is the 
recovery of a synthesized compound from a reaction mixture

Carbon Adsorbent Sampler Kits
Choosing the right adsorbent or combination of adsorbents can be 
difficult: We offer five convenient sampler kits, which allow a cost-
effective way to evaluate several of our specialty carbon adsorbents. 
Two of these kits contain only scalable adsorbents:

• CMS/SGPC Kit II (13369-U) contains 5 g each of nine adsorbents, 
all in 20/45 mesh (Carboxen 563, Carboxen 564, Carboxen 569, 
Carboxen 572, Carboxen 1005, Carboxen 1032, Carboxen 1033, 
Carboxen 1034, and Graphsphere 2017)

• 20/40 GCB Kit (13027-U) contains 5 g each of five adsorbents, all in 
20/40 mesh (Carbotrap B, Carbotrap C, Carbotrap F, Carbotrap X, 
and Carbotrap Y)

Custom Capabilities
If you do not find an adsorbent which meets your needs, let us know 
what the sample is (describe the gas or liquid), what you want to 
remove, and if you need to recover it afterwards. Our R&D group 
will investigate whether an existing adsorbent is appropriate or if a 
new adsorbent needs to be developed. To inquire about a custom 
specialty carbon adsorbent, please email supelco_quotes@sial.com
Once you find a stock or custom adsorbent that serves your purpose, 
we will work with you to either make your device for you, or to supply 
you loose adsorbent (in an ampule, bottle, pail, or drum). Additionally, 
we will continue to work with you as you implement the adsorbent 
into your process.

Scalable Specialty Carbon Adsorbents  
for Purification and Recovery Applications

Figure 1. Spherical Particle

Macropore

Mesopore

Micropore

http://sigma-aldrich.com/carbon
mailto:supelco_quotes%40sial.com?subject=
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Cat. No. Description Package Size
Carbon Adsorbent Sampler Kits
13369-U CMS/SGPC Kit II Kit of 9 bottles

13027-U 20/40 GCB Kit Kit of 5 bottles

Carboxen – Carbon Molecular Sieve (CMS) Adsorbents
10263 20/45 Carboxen 563 10 g

10264 20/45 Carboxen 564 10 g

11324-U 20/45 Carboxen 564 144 ampules of 290 mg

10269 20/45 Carboxen 569 10 g

11048-U 20/45 Carboxen 569 500 g

11072-U 20/45 Carboxen 572 10 g

Carbotrap – Graphitized Carbon Black (GCB) Adsorbents
20287 20/40 Carbotrap B 10 g

11325-U 20/40 Carbotrap B 144 ampules of 190 mg

20309 20/40 Carbotrap C 10 g

11047-U 20/40 Carbotrap C 500 g

10435-U 20/40 Carbotrap X 10 g

10460-U 20/40 Carbotrap Y 10 g

Table 2. Scalable Specialty Carbon Adsorbents Available as Stock Items

Adsorbent

                     Approximate Free Fall Density (g/mL)c,d

Surface 
Area Pore Volume (cc/g)

Pore 
Diam.

Micropore 
Diam. 20/40 20/45 30/45

Typea S/Gb (m2/g) Macro Meso Micro (Å) (Å) pH 425–850 355–850 355–600
Carbotrap B GCB G 100 – – – – – 9.7 0.38*,f – –

Carbotrap C GCB G 10 – – – – – 8.6 0.70*,f – –

Carbotrap F GCB G 5 – – – – – 8.7 0.70**,f – –

Carbotrap X GCB G 240 – 0.62 – 100 – 9.5 0.44*,f – –

Carbotrap Y GCB G 24 – – – – – 9.0 0.44*,f – –

Carboxen 563 CMS S 510 0.24 0.15 0.24 – 7-10 6.8 – 0.52*,e –

Carboxen 564 CMS S 400 0.14 0.13 0.24 – 6-9 8.7 – 0.61*,e –

Carboxen 569 CMS S 485 0.10 0.14 0.20 – 5-8 8.6 – 0.61*,e –

Carboxen 572 CMS S 1,100 0.24 0.19 0.41 – 10-12 9.5 – 0.48*,e –

Carboxen 1003 CMS S 1,000 0.28 0.26 0.38 – 5-8 9.2 – 0.51** –

Carboxen 1005 CMS S 1,150 0.28 0.26 0.47 – 5-8 9.3 – 0.51**,e –

Carboxen 1030 CMS S 740 0.11 0.13 0.26 26 5-20 4.0 – 0.53** –

Carboxen 1032 CMS S 820 0.10 0.38 0.29 37 4-20 3.0 – 0.51**,e –

Carboxen 1033 CMS S 420 0.10 0.10 0.15 33 5-17 7.0 – 0.60**,e –

Carboxen 1034 CMS S 1,260 0.10 0.48 0.42 32 5-20 10.5 – 0.36**,e –

Graphsphere 2017 SGPC S 60 – 0.33 – – – 7.8 – 0.56**,e 0.54**

Table 1. Physical Characteristics and Available Particle Sizes of Our Scalable Specialty Carbon Adsorbents

a Type: CMS = Carbon Molecular Sieve. 
 SGPC = Spherical Graphitized Polymer Carbon.  
 GCB = Graphitized Carbon Black. 
b S/G: Adsorbent is spherical (S) or granular (G). 
c Particle Size: Expressed in mesh and µm units (ASTM Specifications E-11). 

d Availability: *This carbon adsorbent is available with this particle size as a stock  
 catalog number. 
 **This carbon adsorbent is available with this particle size only as a  
 custom item. 
e Contained in CMS/SGPC Kit II Cat.No. 13369-U 
f Contained in GCB Kit Cat.No. 13027-U

To learn more, request “Supelco Specialty Carbon Adsorbents” 
(T410081 MQR). This 12-page brochure contains details about  
all of our adsorbents, kits, and custom capabilities. Or, you can  
visit our specialty carbon adsorbent resources at  
sigma-aldrich.com/carbon

http://sigma-aldrich.com/carbon
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Determination of Lactose in Foods
Recently Added APIs And Impurities

Vanessa Pilakowski, Scientist
vanessa.pilakowski@merckgroup.com
Petra Lewits, Global Product Manager Instrumental Analytics,  
Thin Layer Chromatography

petra.lewits@merckgroup.com

Introduction
Today food intolerances play a big role in our society. For example, 
many people are lactose intolerant, usually more in Asian countries 
than in Europe or North America. The analysis of lactose in foodstuffs, 
especially in dairy products, is an important step for the food industry. 
Foodstuffs with a lactose content of less than 10 mg/100 g can be 
labeled as “lactose-free”. Traditionally, analysis is done using photometric 
measurements in single cuvettes, though it can also be done in 96-well 
plates using an enzymatic test kit.

Less time-consuming and complicated is the use of HPTLC (high 
performance thin layer chromatography). As shown in this article, 
milk, yoghurt and an instant sauce are applied onto the TLC plate 
without a complex sample preparation. Only centrifugation and 
dilution is necessary. Lactose can be quantified by scanning the TLC 
plate, and subsequently an MS (mass spectrometry) measurement is 
made possible by extracting the analyte directly from the TLC plate 
with a TLC-MS interface.

Chromatographic Layer
HPTLC plates silica gel 60 F254 MS-grade, 20 × 10 cm  
(Art.: 1.00934.0001)

Standard Solutions
Standard solutions of lactose, diluted in water, with a concentration 
of 0.1 and 1 mg/mL were used.

Sample Preparation
Milk was centrifuged twice for five minutes, and afterwards 1 mL 
was diluted in 50 mL of water. Yoghurt: 1 g diluted in 10 mL of water, 
afterwards centrifuged once for 5 min. Instant sauce: sauce cooked as 
directed, 1 g sauce diluted in 10 mL of water, afterwards centrifuged 
for 5 minutes.

Sample Application
Bandwise with Automatic TLC Sampler 4, 20 tracks. Band length: 6 mm; 
track distance: 15 mm; distance from the side 15 mm, distance from 
lower edge: 10 mm; application volume between 0.3 and 2.0 µL for 
sample solutions and between 0.1 and 4.0 µL for standard solutions.

Chromatography
In flat-bottom-chamber 20 × 10 cm with acetonitrile/water 3/1 + 0.1% 
trifluoroacetic acid. Migration distance: 5 cm; Migration time: 12 min.

merckmillipore.com/tlc-ms

Post-chromatographic Derivatization
Aniline-diphenylamine-phosphoric acid reagent was prepared by 
dissolving 1–2 g diphenylamine and 1–2 mL aniline in 80 mL of 
methanol and then adding 10 mL of ortho-phosphoric acid 85% 
before filling it up to 100 mL. Derivatization reagent was sprayed on 
the plate with a manual spraying device and finally heated on the  
TLC Plate Heater for 10 min at 120 °C.

Documentation
TLC Visualizer with visionCATS software, spectra recording at white 
light, polynomial regression, evaluation by peak area.

Mass Spectrometry
Spots were eluted with TLC-MS Interface into a single-quadrupole mass 
spectrometer (expression CMS from Advion). Ion source: ESI (+) mode 
(m/z 50–1,200). Eluent: acetonitrile/water 95/5 + 0.1% formic acid.

Results and Discussion
A representative chromatogram of the yoghurt sample is shown. 
Lactose (2) shows the same hRF values for the samples as for the 
standards and is well separated from matrix components (3). 

Lactose-content can be determined by comparison of the peak areas 
from samples and standard solutions. Calibration was done in a range 
from 0.01 µg/zone to 4 µg/zone. Determined lactose values are shown 
in the table below.

Determined Lactose Values
Organic fresh milk 4.68 g/100 g

UHT milk  4.36 g/100 g

Lactose-free UHT milk < 10 mg/100 g

Instant sauce  1.64 g/100 g

Yoghurt 5.49 g/100 g

Chromatogram from Yoghurt Sample, Recorded with TLC Visualizer

http://merckmillipore.com/tlc-ms
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The developed plate was derivatized on the left side with aniline-
diphenylamine-phosphoric acid reagent for marking the position of 
the lactose zone on the right side (same samples as on the left side). 
The lactose zone was eluted with acetonitrile/water 95/5 + 0.1% 
formic acid via the TLC-MS Interface into the mass spectrometer.

The mass spectrum shows the mass of lactose (342.3 g/mol) as a 
sodium adduct (m/z 365.2) as well as a solvent adduct (m/z 406.1). 
Additionally, lactose disintegrates in the ion source and builds an  
in-source fragment (m/z 182.2). 

Sources:
[1] Position paper of working group “Fragen der Ernährung”, 

Lebensmittelchemie, 2005, 59, 45.
[2] Lukas Frank et al. GIT-Labor, Jan. 15, 2014.

Further information is available on request from the authors.

Contact: Petra Lewits, Global Product Manager Instrumental Analytics, 
Thin Layer Chromatography, petra.lewits@merckgroup.com
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If you are interested in microbiology, we recommend you register  
for Microbiology Focus

Register for Microbiology Focus at 
sigma-aldrich.com/mibifocus

Certifie
d Reference 

Microorganisms

Bio-resourceful Quality Control

Certifie
d Reference Microorganisms

Determination of Vitamin Content by Bacteria

Volume 7.4 • 2015

12235_T415021, Microbiology Focus 7.4_v4.indd   1

13/10/15   8:28 am

Update to  

Chromogenic Media

Chromogenic Media   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2

Membranes for  

Rapid Identification   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6

Plant Peptones   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7

ISO 11133 and CRMs   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10

Colors in Microbiology: Chromogenic media are  

used for the simple, fast and reliable detection of 

microorganisms using chromogenic substrates to  

detect characteristic enzymes.

Volume 8.1 • 2016

50726_T416018, Microbiology Focus 8.1_v2.indd   1

29/01/16   12:12 pm

Winner of the  
Photo Competition with 
Acinetobacter baumannii 

Winners of Photo Competition  � � � � � � � � � � � � � � �2

Acinetobacter as a Pathogen � � � � � � � � � � � � � � � � � �4

Rapid Immunodetection of Campylobacter  � � � �5

Serratia Species � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �7

Acinetobacter baumannii is a potential hospital–acquired 
and multi–resistant pathogen. The winning photo in 
our recent competition is of a microscopic image where 
Acinetobacter baumannii (in blue) is growing between 
fibrinogen fibers and erythrocytes (red cells) in a clot of 
human blood.
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TLC-MS – More Than Just a Routine Technique  
in Preparative Chemical Labs

Rudolf Koehling, Senior Scientist

rudolf.koehling@sial.com 

Introduction
Normally, thin-layer chromatography (TLC) is known as a routine 
technique in preparative chemistry. Its advantages are ease of use and 
minimal requirements for the instrumental setup. On the other hand, 
MALDI is a more common technique used in the analysis of large 
molecules, such as proteins or polymers, due to the interferences  
with matrix signals in the low mass region below 1,000 m/z. 

TLC is still an important forensic analytical technique since it allows 
both qualitative and quantitative analysis of different sample types,  
in a shorter period of time1. 

Combining suitable TLC plates with high-quality MALDI matrices 
provides better detection of small molecules and allows applications 
like the following analysis of ballpoint pen inks.

Ink Analysis in Forensic Document Examinations
As a standard forensic analytical technique, TLC is used to analyze 
inks, dyes, explosives and illicit drugs. The analysis of the composition 
of inks, their degradation and aging is one part of forensic document 
examinations2-3. The ink is dissolved in a compatible solvent and 
the different dyes are separated visibly on the TLC plate. Usually the 
identification of an ink requires an additional analysis as reference. 
Mass spectrometry allows the direct identification of the components 
on a plate and adds a further dimension to TLC to uncover more 
details by applying all possible ionization techniques, e.g., ESI, APCI  
or APPI via LC-MS interface, DESI or MALDI. It is also a confirmation  
of the optical evaluation. 

Here we describe the separation of blue ballpoint ink on a TLC plate 
and the direct analysis by MALDI-MS. Therefore, DHB is used as the 
MALDI matrix and is sprayed on the TLC plate using a glass sprayer. 
The mass spectral data is acquired on a Bruker Ultraflex II with a 

standard MTP TLC adapter and the corresponding software. As 
expected from the color of the visible spots, the detected m/z signals 
agree with molecular masses of Basic Blue 7 ([M]+=478.3 Da) and 
Basic Red 12 ([M]+=372.2 Da). Additionally, a regular m/z pattern was 
found for the signals of the dyes. The signals around 984 m/z can be 
assigned to Triton X-1004, which serves as a wetting agent to assure a 
uniform application of the ink5.

Figures 1 and 2 show the results of the scanning data of the TLC 
plate. Due to a possible overlap of matrix and sample signals, MALDI-
MS is not commonly used for small molecules, but instead a suitable-
quality TLC plate, MALDI matrix and solvents are used to minimize 
the background to allow the extraction of ion chromatograms and 
the identification of even small amounts of impurities in the mass 
spectra.

Summary
The example shows the advantages of interfacing MALDI-MS and 
TLC. In particular, large molecules, e.g. polymers and other analytes 
typical for MALDI-MS, can be separated directly on the target. Unlike 
HPLC, nothing of the sample is lost, even if parts are not separated 
in the solvent front. Additionally, mass spectrometry allows the 
identification of compounds and the analysis of the peak purity.

References:
[1] Madea, Brinkmann (eds.). Handbuch gerichtliche Medizin, Springer-Verlag, 

Berlin Heidelberg, 2003. 
[2] Gallidabino et al. Forensic Science International, 2011, 204, 169–178.
[3] da Silva Ferrera et al. Analyst, 2015, 140, 811–819.
[4] Keller et al. Special Issue on Mass Spectrometry, Anal. Chim. Acta, 2008.
[5] Hanke et al. Water-Based Ink Compositions for Ball-Point Pen, 

US Patent # 5466281A, 1995.

Sample Preparation Sonicate (ca. 10 min) in ethanol
MALDI Matrix Solution 80 mg DHB in ethanol/water/0.1 

H3PO4

MALDI Method Reflector positive mode, 200–2,000 Da, 
Smartbeam parameter <Small>

Mobile Phase Ethyl acetate, ethanol, water  
(70:35:30 v/v)

Sample Volume 5 µl/cm (Camag Linomat)

TLC MALDI Parameter Step size 0.5 mm, 9 Y-spots, lane 
width 5 mm, 200 shots/spot 

TLC Plate HPTLC Silica gel 60 F254

Table 1. Sample Preparation, Chromatography, MS Setup

http://sigma-aldrich.com/maldi
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Figure 1. Spectrum (Blue Line in Chromatogram) and EIC of Basic Red 12

Figure 2. Mass spectrum of Basic Blue 7 demonstrates the possibility of conducting MALDI analysis at lower m/z ratios when using high purity matrices and TLC plates. Even low 
abundant components are detectable, e.g. [M+H]+=450.2 Da is a typical impurity in the blue dye. A Bruker mass calibration standard is pipetted on a spot near the chromatogram  
and measured separately to recalibrate the spectral data. 

Figures 1 and 2 show the results of the scanning data of the TLC plate. Due to a possible overlap of 
matrix and sample signals, MALDI-MS is not commonly used for small molecules, but instead a
suitable quality TLC plate, MALDI matrix and solvents are used to minimize the background to allow 
the extraction of ion chromatograms and the identification of even small amounts of impurities in 
the mass spectra. 

Figure 1: Mass spectrum (blue line in chromatogram) and EIC of Basic Red 12.  

Figure 2: Mass spectrum of Basic Blue 7 demonstrates the possibility of using MALDI for even lower 
m/z ratios. [M+H]+=450.2 Da is a typical impurity in the blue dye. A Bruker mass calibration standard 
is pipetted on a spot near the chromatogram and measured separately to recalibrate the spectral 
data. 
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Figures 1 and 2 show the results of the scanning data of the TLC plate. Due to a possible overlap of 
matrix and sample signals, MALDI-MS is not commonly used for small molecules, but instead a
suitable quality TLC plate, MALDI matrix and solvents are used to minimize the background to allow 
the extraction of ion chromatograms and the identification of even small amounts of impurities in 
the mass spectra. 

Figure 1: Mass spectrum (blue line in chromatogram) and EIC of Basic Red 12.  

Figure 2: Mass spectrum of Basic Blue 7 demonstrates the possibility of using MALDI for even lower 
m/z ratios. [M+H]+=450.2 Da is a typical impurity in the blue dye. A Bruker mass calibration standard 
is pipetted on a spot near the chromatogram and measured separately to recalibrate the spectral 
data. 
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Cat. No. Description Package Size
03841 α-Cyano-4-hydroxycinnamic acid - α-Cyano-2,4-difluorocinnamic acid - α-Cyano-2,3,4,5,6-pentafluorocinnamic 

acid mixture
100 mg

05851 4-Aminoquinaldine 1 g

37468 2',6'-Dihydroxyacetophenone 1 g, 5 g

38419 α-Cyano-2,3,4,5,6-pentafluorocinnamic acid 10 x 10 mg, 100 mg

39319 2,5-Dihydroxybenzoic acid 10 x 10 mg, 100 mg

39379 4-Chloro-α-cyanocinnamic acid - α-Cyano-2,4-difluorocinnamic acid mixture 100 mg

39368 α-Cyano-4-hydroxycinnamic acid 10 x 10 mg

46278 trans-Ferulic acid 1 g, 5 g

49508 Sinapic acid 10 x 10 mg

50862 Super-DHB 10 x 10 mg, 1 g, 5 g

54793 2-(4-Hydroxyphenylazo)benzoic acid 1 g, 5 g

55841 4-Bromo-α-cyanocinnamic acid - α-Cyano-2,4-difluorocinnamic acid mixture 100 mg

56197 3-Hydroxypicolinic acid 250 mg, 1 g

56229 9-Nitroanthracene 100 mg, 1 g

56451 1,5-Diaminonaphthalene 250 mg

60018 Caffeic acid 1 g, 5 g

68914 4-Bromo-α-cyanocinnamic acid - 4-Chloro-α-cyanocinnamic acid mixture 100 mg

69028 4-Phenyl-α-cyanocinnamamide 100 mg

70990 α-Cyano-4-hydroxycinnamic acid 250 mg, 1 g

76884 Anthranilamide 1 g

77081 α-Cyano-4-fluorocinnamic acid 100 mg

77646 α-Cyano-2,4-difluorocinnamic acid 100 mg

78246 Curcumin 100 mg

83788 (2E)-3-(9-Anthryl)-2-cyanoacrylic acid 100 mg

85429 Sinapic acid 1 g, 5 g

85707 2,5-Dihydroxybenzoic acid 10 mg, 250 mg, 1 g

87884 trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile 250 mg, 1 g

89063 4-Bromo-α-cyanocinnamic acid 100 mg

91928 2',4',6'-Trihydroxyacetophenone monohydrate 1 g, 5 g

92817 9-Aminoacridine 1 g

94141 4-Chloro-α-cyanocinnamic acid 100 mg

94477 (E)-2-Cyano-3-(2-naphthyl)acrylic acid 100 mg

Table 1. Maldi Matrices

http://sigma-aldrich.com/maldi
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Matrix Substances for MALDI-MS
Choosing the right matrix for the analyte of interest is essential for any successful MALDI 
analysis. We offer the most comprehensive selection of pure and ultra-pure matrices for 
MALDI-MS, covering matrices suitable for many different analytes, such as proteins, peptides, 
polymers, lipids, oligonucleotides, and many more. Modern Ionic Liquid Matrices (ILMs) 
extend the unique properties of ionic liquids to MALDI-MS.

• High chemical purity to improve crystallization

• Low trace-metal content to minimize adduct formation and simplify the resulting MS spectrum

• Ultra-pure grades of the most popular matrix substances, with extremely strict specifications 
concerning purity, trace-metal content, appearance and solubility.

For a complete, up-to-date, and filterable product listing, visit  
our Matrix Selection page at sigma-aldrich.com/maldimatrix

MALDI-Mass  
Spectrometry 

Serving all your needs for

• Matrices and Reagents

• Standards

• Solvents

• Separation SuppliesQuality Exceeding Expectations

Uncover the Unseen 
in the Green
Supel™ Que Verde for QuEChERS

• Remove >95% of pigment interferences

• Attain >70% recovery of even the most challenging 
planar pesticides

Learn more and request a sample at  
sigma-aldrich.com/supelqueverde

http://sigma-aldrich.com/maldimatrix
http://sigma-aldrich.com/supelqueverde
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PCR is one of the most suitable methods applied to investigations 
involving molecular biology due to its amplification of a target 
nucleic acid sequence by several million-fold. Quantitative PCR 
(formally quantitative real-time PCR, qPCR) detection allows the 
quantitation of starting material in a sample. Since the products 
are detected as the reaction proceeds, qPCR has a much wider 
dynamic range of analysis than conventional, endpoint PCR; from 
a single copy to around 1011 copies are detectable within a single 
run. When performing qPCR, a fluorescent reporter dye is used as 
an indirect measure of the amount of nucleic acid present during 
each amplification cycle. The increase in fluorescent signal is directly 
proportional to the quantity of exponentially accumulating PCR 
product. A typical qPCR run consists of repeated cycles of alternating 
temperature incubations. The use of a dsDNA-binding dye represents 
the simplest form of detection chemistry. When free in solution or 
with only single-stranded DNA (ssDNA) present, the dye emits light at 
low signal intensity. As the PCR progresses and the quantity of dsDNA 
increases, more dye binds to the amplicons and, hence, the signal 
intensity increases. The use of a stain such as SYBR® Green I is a well-
established practice.

In these studies, we report successful PCR (Real time-PCR) applications 
using fluorescence stain Nancy-520 (01494), a greener alternative to 
Ethidium bromide and SYBR® Green I. 

Experimental Design
In a first study, the sensitivity and efficiency of Nancy-520 was 
compared with the standard intercalating dye SYBR®Green I in a qPCR. 
The use of qPCR allows the detection of the amplicon in real time. 
The fluorescent dye (SYBR® Green I or Nancy-520) binds to double-
stranded DNA (PCR product) and emits light upon excitation. As a PCR 
product accumulates, more dye binds to the product, resulting in an 
increase in the emission. Based on its fluorescent properties (excitation 
λ = 520 nm and emission λ = 560 nm), IBR Inc. evaluated the suitability 
of Nancy-520 as an alternative to SYBR® Green I in qPCR.

In this study, PBMC (Peripheral Blood Mononuclear Cells) were 
isolated from 5 mL of blood using Ficoll® gradient centrifugation. 
The DNA eluate from PBMC ranging from 1.5×104 to 9.13×10–1 cell 
equivalents was tested with two sets of primers. One primer set 
amplified the multicopy sequence Alu repeat and another primer set 
amplified the single copy gene GAPDH (Glyceraldehyde 3-phosphate 
dehydrogenase). The PCR reaction mix was prepared with Jumpstart™ 
Taq ReadyMix™ (P2893) or SYBR® Green JumpStart™ Taq ReadyMix™ 
(S4438) from us. The final concentration of Nancy-520 (01494) and 
SYBR® Green I (S9430) was 1× per each PCR reaction when using the 
Jumpstart™ ReadyMix™ Taq. The qPCR reaction was performed in a 
7500 Real Time PCR System (TaqMan® 7500, Applied Biosystems™, 
Type AB7500). For this experiment, three filters were chosen after a 
filter suitability test was conducted with the filters available with the 

Application Note: Real-time PCR Study Report  
on DNA Stain Nancy-520

TaqMan® 7500, Applied Biosystems™, Type AB7500 instrument. The 
three filters that were found to be suitable for the detection of DNA 
amplicons stained with Nancy-520 were Cy3®, JOE™, and VIC®. For the 
detection of DNA stained with SYBR® Green I, the SYBR® Green I filter 
was used.

In a second study, an optimized Nancy-520 qPCR master mix was 
developed for direct DNA amplification, detection, and quantification 
without the use of gel electrophoresis. The DNA was isolated from 
PBMC and was tested with two primer sets, one set that amplifies the 
Alu repeat and another primer set that amplifies the GAPDH gene, 
similar to Study 1. For the determination of the optimal concentration 
of Nancy-520, five master mixes were prepared with Jumpstart™ 
ReadyMix™ Taq, varying in the concentration of Nancy-520 (0.5× to 5×). 
The qPCR was performed with the TaqMan® 7500, Applied Biosystems, 
Type AB7500 using the VIC® filter.

For optimization of the protocol, 10 mL of a master mix supplemented 
with 2.5 × Nancy-520 was used to determine reproducibility in terms 
of inter-assay variance (day-to-day and person-to-person). These 
experiments were conducted after the range of primer concentration 
to be used with the master mix was determined by performing a 
primer titration experiment (0.05–2 µM primer set for Alu or GAPDH).

For the reproducibility experiments using the Nancy-520 master mix, 
day-to-day and operator-to-operator experiments were conducted 
with the final primer concentration of 1 µM for GAPDH and 2 µM for 
Alu sequence based on the primer titration experiment.

For the day-to-day experiment, one operator prepared an identical 
qPCR experiment on two different days. To determine operator-
to-operator variance, two operators prepared an identical qPCR 
experiment. Both the master mixes contained five concentrations of 
the DNA template. The data evaluation was performed with the 7500 
system SDS software.

Results

Study 1: 
The results from using Nancy-520 and SYBR® Green I in qPCR have 
indicated that Nancy-520 is more efficient and sensitive in DNA 
detection with the filters Cy3®, JOE™, and VIC® (for Nancy-520) and 
the SYBR® Green I filter (for SYBR Green I), and with the primer set for 
GAPDH. The efficiency of the qPCR with the primer set for the Alu 
sequence was observed to be below the acceptance criterion. This 
may be the result of rapid depletion of the primers due to the high 
abundance of the sequence/genome. The use of Nancy-520 has 
also been found to be more efficient when compared to the use of 
commercially available, ready-to-use SYBR® Green JumpStart™ Taq 
ReadyMix™.

http://sigma-aldrich.com/nancy520
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Study 2: 
The efficiency of the qPCR with GAPDH primer set was greater when 
compared to the amplification of the Alu sequence. This may be 
due to the generation of primer dimers with the use of the primer 
set for multicopy sequence Alu repeat, which get amplified by DNA 
polymerase, leading to the generation of non-specific DNA. The 
best result was observed when the final concentration of Nancy-520 
was 2.5× in the qPCR mix with the primer set for GAPDH gene. This 
concentration was also used for the primer titration assay and to 
determine inter-assay variance.

In the primer titration assay with varying primer concentration  
(0.05–2 µM), the primer set for the GAPDH gene produced efficient 
results at 0.1–1 µM concentration and the primer set for the Alu 
sequence showed efficiency at a higher concentration of 2 µM.

It was also observed during the inter-assay variance experiments  
that the results from Day 1 and Day 2 by Operator 2 could be 
reproduced. The results from Operator 1 could also be reproduced  
by Operator 2. These results indicate that 2.5 × master mix produces  
a set of robust data.

Conclusion
As demonstrated, Nancy-520 is a highly efficient and sensitive stain 
in DNA detection when compared to SYBR® Green I in qPCR. A 2.5 × 
Nancy-520 master mix produces reliable, efficient and reproducible 
results with the primer set for the GADPH gene (0.1–1 µM) and the 
primer set for the Alu sequence (2 µM) when detected with the  
VIC® filter.

For additional information and to order Nancy-520 please visit 
sigma-aldrich.com/nancy520

Cat. No. Description Package Size
01494 Nancy-520 500 UL

Table 1. Order Information

Use SiluMAB Internal Standard  
for Quantification of Your LC-MS  
Antibody Assay

0        2        4       6        8      10      12     14     16      18     20     22      24     26      28     30

3.5e5

3.0e5

2.5e5

2.0e5

1.5e5

1.0e5

5.0e4

0.0

AGVEAGVE

DTLMDTLM

FNWY

FNWY

YAAS

YAAS

GFYP

GFYP

VVSV

VVSV

In
te

ns
ity

, c
ps

Time (min)

Reduces errors from sample preparation 
to LC-MS
• Arginines and Lysines 13C and 15N labeled

• Available in both Light SILuLight and Heavy versions

• Extensively validated

Extracted ion chromatogram (XIC)  
of representative peptides from the 
digested SILuMab  
sigma-aldrich.com/silumab
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Introduction
Isotope dilution mass spectrometry (IDMS) is applied when 
concentrations in neat materials or matrix samples have to be 
determined as precisely and accurately as possible. IDMS can be 
applied for all kinds of hyphenations to mass spectrometers, e.g., 
ICP-MS, GC-MS, LC-MS and for even more complex two-dimensional 
techniques. The basic concept of IDMS relies on differentiation 
between the different isotopic abundances of the elements and the 
ability to enrich one isotope within a molecule. If the concentration of 
the enriched isotope or stable isotope-labeled molecule is well-defined 
and the amount of both in the mixture is precisely weighed, then it is 
possible to determine the unknown concentration in the sample by 
measuring the intensity ratios of sample and reference (single IDMS 
experiment). To overcome interferences from complex samples in the 
matrix or biases from instrumental effects, the introduction of double 
IDMS experiments improved the precision even more. Here, a mixture 
of sample with natural isotopic abundance and enriched “spike” 
solution is weighed and the isotopic ratio is measured. In the following 
steps, an exact matching mixture of a well-defined natural reference 
and spike is prepared repeatedly until the isotopic ratio exactly 
matches those of the unknown mixture of sample and spike. Since 
the concentration of the spike is kept constant and the concentration 
of the reference is known, the concentration of the sample can be 
calculated from the masses of the solutions and the isotopic ratios, and 
is directly traceable to the reference material. At that point, reference 
materials play an important part in the combined measurement 
uncertainty and the trueness of the final result. 

High-precision IDMS Measurements Using  
TraceCERT® Reference Materials

Caffeine as Reference for Validation Measurements
The importance of reference materials becomes evident when results 
of different instruments, including data analysis tools used by different 
operators, are compared over a longer period of time. Caffeine  
(56396 TraceCERT®) is very useful for this purpose because of its stability 
and very high purity. For the validation experiments, two separate 
solutions of ca. 50 mg per 1 kg water are prepared. All weighing steps 
include calibration, sufficient equilibration of the balance and the 
measurement of climate data to correct for buoyancy. The first solution 
simulates a sample and the second solution serves as reference. Both 
caffeine standards have a defined gravimetric concentration. Thus, the 
double IDMS experiment should result in a gravimetric concentration 
of the sample within a small measurement uncertainty independent 
of the instrument. A third solution contains ca. 50 mg/kg caffeine-13C3 
(588598), which is the “spike” and is added to both caffeine solutions. 

The caffeine and caffeine-13C3 solutions of sample (49.47±0.05 µg/g), 
reference (49.38±0.05 µg/g) and spike (49.24±0.05 µg/g) are mixed 
to make the final “matched” solutions of sample (I) and spike plus 
reference and spike (II). Six replicates of sample solution (I) and (II) are 
analyzed on the two different LC-MS systems in a sequence blank, 
sample (I), sample (II).

System 1 System 2 
Waters Alliance 2695 LC Dionex Ultimate 3000 RSLC

Waters PDA 2995 Dionex Ultimate 3000 RSLC DAD

Waters ZQ Bruker micrOTOF-Q II

Table 1. Compared LC-MS Systems

Method  
Column Supelco Ascentis Express C18, 2.1×50 mm, 2.7 µm

Equilibration Time 6 min

Flow 0.6 mL/min

Gradient 0 min 90 % (A), 0.5 min 90 %, 6 min 2 %, 9 min 2 % 

Mobile Phase 0.1% formic acid/water (A),  
0.1% formic acid/acetonitrile (B)

MS ZQ (SIM: 195 m/z, 198 m/z; capillary: 3.9 kV; cone: 32 V; 
cone gas: 60 L/min; dry temp.: 450 °C; )

micrOTOF (scan; capillary: 4.5 kV; dry gas: 8 L/min;  
temp.: 190 °C; nebulizer: 65 psi)

Temperature 35 °C

Table 2. LC-MS Methods for Systems 1 and 2

http://sigma-aldrich.com/organiccrm
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Results
The IDMS measurements of matched sample and reference 
solutions provide excellent precision and accuracy, which is close 
to the combined measurement uncertainty of the gravimetric 
preparation. Weighing implies low contributions to the measurement 
uncertainty. Thus, the major contribution originates from the purity 
of the reference material, which in this case is 75% for U(caffeine)= 
0.1% (k=2). Only CRMs like caffeine (TraceCERT®) guarantee a low 
propagated measurement uncertainty for reference or calibration 
standards. They are necessary for high-precision techniques like  
EMD-IDMS.

Organic TraceCERT: 
sigma-aldrich.com/organiccrm

Suitable SIL Standards: 
sigma-aldrich.com/labeledstandards

Table 2: LC-MS methods for systems 1 and 2.  
Method 
Column Supelco Ascentis Express C18, 2.1x50 mm, 2.7 

µm 
Mobile Phase 0.1% formic acid/water (A), 0.1% formic 

acid/acetonitrile (B)
Gradient 0 min 90 % (A), 0.5 min 90 %, 6 min 2 %, 9 min 

2 %  
Equilibration Time 6 min 
Flow 0.6 ml/min 
Temperature 35 °C 
MS ZQ (SIM: 195 m/z, 198 m/z; capillary: 3.9 kV;

cone: 32 V; cone gas: 60 L/min; dry temp.: 450 
°C; ) 
micrOTOF (scan; capillary: 4.5 kV; dry gas: 8
L/min; temp.: 190 °C; nebulizer: 65 psi) 

The caffeine and caffeine-13C3 solutions of sample (49.47 ±0.05 µg/g), reference (49.38 ±0.05 µg/g)
and spike (49.24 ±0.05 µg/g) are mixed to make the final “matched” solutions of sample (I) and spike 
plus reference and spike (II). Six replicates of sample solution (I) and (II) are analyzed on the two 
different LC-MS systems in a sequence blank, sample (I), sample (II).

Figure 1: Gravimetric concentration of the caffeine sample solution compared 
to the measured concentration on two different systems (ToF, quadrupole) 
including the combined measurement uncertainties.  

Results 
The IDMS measurements of matched sample and reference solutions provide excellent precision and
accuracy, which is close to the combined measurement uncertainty of the gravimetric preparation. 
Weighing implies low contributions to the measurement uncertainty. Thus, the major contribution 
originates from the purity of the reference material, which in this case is 75 % for U(caffeine)= 0.1 % 
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Figure 1. Gravimetric Concentration of the  
Caffeine Sample Solution Compared to the Measured 
Concentration on Two Different Systems (ToF, 
Quadrupole) Including the Combined Measurement 
Uncertainties

References:
[1] Sargent, M. et al [eds]. Guidelines for Achieving High Accuracy in IDMS,  

RSC (LGC), Cambridge, 2002.
[2] Breidbach, A. Improved precision of measured isotope ratio through peak 

parking and scan-based statistics in IDMS of small organic molecules,  
ThOS36-02, IMSC 2104, Geneva, CH.

[3] Peters, Ruud J.B. et al. Practical estimation of the uncertainty of analytical 
measurement standards, Accred Qual Assur, 2011, 16:567–574.

http://sigma-aldrich.com/organiccrm
http://sigma-aldrich.com/labeledstandards


Sigma-Aldrich® Worldwide O�ces

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 

Wassergasse 7
9000 St. Gallen

Switzerland 
sigma-aldrich.com

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

EMEA
00000

0000

©2016 Sigma-Aldrich Co. LLC. All rights reserved. SIGMA, SAFC, SIGMA-ALDRICH, ALDRICH and SUPELCO are trademarks of Sigma-Aldrich Co. LLC, registered in the US and other countries. FLUKA is a trademark 
of Honeywell Specialty Chemicals Seelze GmbH. Sigma-Aldrich, Sigma, Aldrich, Supelco, and SAFC brand products are sold by a�liated Sigma-Aldrich distributors. 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 pack-
ing slip. Sigma-Aldrich Corp. is a subsidiary of Merck KGaA, Darmstadt, Germany.

Date: 09/2016
Lit. Code: SBD

Wassergasse 7
9000 St. Gallen

Switzerland 
sigma-aldrich.com

Order/Customer Service: sigma-aldrich.com/order 
Technical Service: ets@sial.com
Development/Custom Manufacturing Enquiries  safcglobal@sial.com
Safety-related Information: sigma-aldrich.com/safetycenter
©2016 Sigma-Aldrich Co. LLC. All rights reserved. SIGMA, SAFC, SIGMA-ALDRICH, ALDRICH, SUPELCO and TraceCERT are trademarks of Sigma-Aldrich Co. LLC, registered in the US and other countries. Sigma-Aldrich, 
Sigma, Aldrich, Supelco, and SAFC brand products are sold by affiliated Sigma-Aldrich distributors. Selectophore is a registered trademark of Sigma-Aldrich GmbH. Supel, Carboxen, Graphsphere, and Carbotrap® 
are registered trademarks of Sigma-Aldrich Co. LLC SYBR is a registered trademark of Life Technologies Corporation. Ficoll is a registered trademark of GE Healthcare. JumpStart is a trademark of Sigma-Aldrich Co. 
LLC. ReadyMix is a trademark of Sigma-Aldrich Co. LLC. TaqMan is a registered trademark of Roche Molecular Systems, Inc. Applied Biosystems is a registered trademark of Life Technologies, Inc. Cy3 is a registered
trademark of GE Healthcare. VIC and JOE are trademarks of Applera Corporation or its subsidiaries in the U.S. and certain other countries. 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.sigma-aldrich.com and/or on the reverse side of the invoice or packing slip. Sigma-Aldrich Corp. 
is a subsidiary of Merck KGaA, Darmstadt, Germany.

sigma-aldrich.com

http://www.sigma-aldrich.com
http://sigma-aldrich.com/order
mailto:ets%40sial.com?subject=
mailto:safcglobal%40sial.com?subject=
http://sigma-aldrich.com/safetycenter
http://sigma-aldrich.com

	Next 71: 
	Page 2: Off

	Prev 68: 
	Page 2: Off

	Next 69: 
	Page 3: Off
	Page 51: Off
	Page 72: Off
	Page 93: Off
	Page 114: Off
	Page 135: Off
	Page 156: Off
	Page 177: Off
	Page 198: Off
	Page 219: Off
	Page 2310: Off

	Prev 66: 
	Page 3: Off
	Page 51: Off
	Page 72: Off
	Page 93: Off
	Page 114: Off
	Page 135: Off
	Page 156: Off
	Page 177: Off
	Page 198: Off
	Page 219: Off
	Page 2310: Off

	Next 68: 
	Page 4: Off
	Page 61: Off
	Page 82: Off
	Page 103: Off
	Page 124: Off
	Page 145: Off
	Page 166: Off
	Page 187: Off
	Page 208: Off
	Page 229: Off

	Prev 65: 
	Page 4: Off
	Page 61: Off
	Page 82: Off
	Page 103: Off
	Page 124: Off
	Page 145: Off
	Page 166: Off
	Page 187: Off
	Page 208: Off
	Page 229: Off



