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Dear Reader,
The use of reference standards is critical in the qualification of raw materials to ensure the quality 
of pharmaceuticals. A Secondary Standard is a reference material that is traceable to, and qualified 
against, a primary standard, usually obtained from a National or International Metrological Insti-
tute or recognized authority such as the U.S. Pharmacopeial Convention or the European Pharma-
copoeia. Secondary Standards may be used in place of primary standards in routine analysis 
including the analysis and qualification of drug substances, dosage forms, excipients, and impuri-
ties by Compendial methods as well as R&D, method development, and process and equipment 
validation studies. The line of Secondary Standards offered by Sigma-Aldrich® is produced under 
clean-room conditions using appropriate cGMP procedures, including batch record documenta-
tion, calibration, line clearance, label control, etc. The Secondary Standards are fully characterized 
Certified Reference Materials that offer complete analytical certification and direct traceability to 
primary standards by both comparative assay (HPLC, GC, UV, etc.) and identity (FTIR, HPLC, etc.) 
analytical procedures. 

The effective use of reference standards requires that they provide users with consistent perfor-
mance. In order  to ensure that they will function reliably, they must exhibit chemical stability 
when subjected to the effects of light, moisture, heat, and time. Of greatest concern is long-term 
stability under the specified storage conditions and short-term stability under the environmental 
conditions that the material may encounter while being transported to the user. The long-term 
stability of these Secondary Standards is assessed by a retest versus a primary standard by the 
three-year anniversary date of the release of a Secondary Standard. A short-term stability study is 
conducted under controlled conditions of elevated temperature and humidity. 

Where primary standards are available across the different authorities, the traceability of these 
Secondary Standards is maintained against these standards (typically the USP, EP, and BP), which 
allows for a harmonized reference standard that can be used to meet the requirements of the 
multiple Compendia. In the feature article of this issue, we highlight how the expiration dating 
policy of the Secondary Standards is being updated to meet further the customers’ expectations. 

To see the full library of Pharmaceutical Secondary Standards offered by Sigma-Aldrich®, visit our 
Web page located at sigma-aldrich.com/pharmastandards

Cheers,

Dr. Nicolas J. Hauser 
Operations Manager 
Laramie WY USA 
nick.hauser@sial.com

Dr. Nicolas J. Hauser 
Operations Manager 

Laramie WY USA 
nick.hauser@sial.com

Analytix is published five times per year by Sigma-Aldrich Chemie GmbH,  
MarCom Europe, Industriestrasse 25, CH-9471 Buchs SG, Switzerland 
Publisher: Sigma-Aldrich Marketing Communications Europe 
Publication Manager: Michael Jeitziner 
Editor: Daniel Vogler
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The table below lists all of the secondary pharmaceutical 
standards that have been produced in 2014 which include 
this new expiration dating policy.

Cat. No. Description

PHR1531 2-Acetamidophenol (Acetaminophen RCC)

PHR1530 Acetanilide (Acetaminophen RCD)

PHR1551 Acetonitrile

PHR1507 2-Amino-5-Chlorobenzophenone

PHR1501 Aminobutanol

PHR1689 Ammonium Glycyrrhizate

PHR1489 L-Arabinitol

PHR1454 Arginine Hydrochloride

PHR1455 Ascorbyl Palmitate

PHR1381 Aspartame

PHR1559 Bacitracin Zinc

PHR1681 Benzalkonium Chloride 50% Solution

PHR1310 Benzene

PHR1019 Benzyl Alcohol

PHR1502 Berberine Chloride

PHR1239 Beta Carotene

PHR1456 Bis-2-(ethylhexyl)maleate

PHR1563 2-Butanol

PHR1621 Butoconazole Nitrate

PHR1095 Caffeine Melting Point Standard

PHR1405 Capecitabine

PHR1450 Capsaicin

PHR1511 Carbachol

Pharmaceutical Secondary Standards 
A Change to Our Expiration Dating Policy

Pat Brumfield, Product Manager Analytical Standards pat.brumfield@sial.com

Fe
at

ur
e 

A
rt

ic
le

sigma-aldrich.com/pharmastandards

As we strive to become more customer-centric as an orga-
nization, we are transitioning our line of secondary pharma-
ceutical standards to fixed expiration dating. Our policy on 
expiration dating has been revised due to requests from 
customers who prefer this type of fixed expiration date.

During the development stage of this product line, we 
investigated what producers of similar materials were using 
as expiration policies. We found that manufacturers such as 
USP, EP and BP give no fixed expiration date for their materi-
als. The USP “expires” a standard 1 year after lot depletion. 
The EP “expires” a standard 6 months after lot depletion. 
The BP gives an expiration of 3 months from dispatch, with 
no advice on lot depletion. It was decided that with the 
requirement for requalification of secondary standards to 
maintain legal status, our policy would be “12 months from 
receipt”. This is still a valid policy and will remain in place for 
lots that were produced prior to 2014 until the stock of 
those lots is depleted.

All new batches released in 2014 have already been moved 
to the fixed-expiration-date policy. The fixed expiration 
date assigned to each product will depend upon the mate-
rial, but all will be guaranteed a minimum one year expira-
tion with many materials having an expiration greater than 
1 year. 

http://www.sigma-aldrich.com/pharmastandards
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Cat. No. Description

PHR1452 Carprofen

PHR1521 Ceftiofur Sodium

PHR1459 Chlorhexidine Hydrochloride

PHR1545 Chlorobutanol

PHR1552 Chloroform

PHR1478 Chloroxylenol

PHR1520 Chlortetracycline Hydrochloride

PHR1533 Cholesterol

PHR1431 Clopidogrel Bisulfate

PHR1597 CMIT/MIT

PHR1462 Creatinine

PHR1565 D4 Cyclomethicone

PHR1566 D5 Cyclomethicone

PHR1404 Cyclophosphamide

PHR1464 Dapsone

PHR1582 Dehydroacetic Acid

PHR1527 Dexamethasone Acetate

PHR1526 Dexamethasone

PHR1366 Dibutyl Phthalate

PHR1476 Diethyl Phthalate

PHR1532 Dimethylamine Hydrochloride (Meformin Imp F)

PHR1553 Dimethylformamide

PHR1506 N,N-Dimethyl-[1,3,5]-triazine-2,4,6-triamine 
(Metformin RCC)

PHR1549 1,4-Dioxane

PHR1574 2,2-Diphenylglycine (Phenytoin RCA)

PHR1514 Disodium Guanylate

PHR1475 Disodium Inosinate

PHR1510 Edetate Calcium Disodium

PHR1513 Enrofloxacin

PHR1512 Ergosterol

PHR1585 Esomeprazole Magnesium

PHR1535 Estrone

PHR1480 Ethinyl Estradiol

PHR1550 2-Ethoxyethanol

PHR1481 Ethyl Acetate

PHR1295 Ethylene Oxide Stock Solution

PHR1011 Ethylparaben

PHR1442 Flunixin Meglumine

PHR1499 Flurbiprofen

PHR1436 Foscarnet Sodium

PHR1077 Gentamicin Sulfate

PHR1534 Griseofulvin

PHR1554 Heptane

PHR1085 Homosalate

PHR1606 Hydrocortisone Acetate

PHR1469 Hydroquinone

PHR1643 4-Hydroxyisophthalic acid (Salicylic Acid RCB)

PHR1485 Hydroxypropyl Cellulose

PHR1500 Imidurea

PHR1443 Irbesartan

PHR1146 4-Isobutylacetophenone

PHR1486 Isosorbide Solution

PHR1380 Ivermectin

PHR1608 Lactulose

PHR1540 Letrozole

Cat. No. Description

PHR1602 Losartan Potassium

PHR1497 Maltose Monohydrate

PHR1547 Mesityl Oxide

PHR1544 2-Methoxyethanol

PHR1543 2-(2-methoxyphenoxy)-1,3-propanediol  
(Guaifenesin Imp B)

PHR1505 1-Methylbiguanide Hydrochloride (Metformin RCB)

PHR1557 Methylene Chloride

PHR1207 Methyl Ethyl Ketone

PHR1556 Methyl Isobutyl Ketone

PHR1012 Methylparaben

PHR1603 Montelukast Sodium

PHR1451 Mycophenolate Mofetil

PHR1491 Neomycin

PHR1352 N-Methylpyrrolidone

PHR1080 Octinoxate

PHR1081 Octisalate

PHR1083 Octocrylene

PHR1445 Orlistat

PHR1528 Oxaliplatin

PHR1537 Oxytetracycline

PHR1465 Pantolactone

PHR1496 Paromomycin Sulfate

PHR1403 Phentolamine Mesylate

PHR1122 Phenylethyl Alcohol

PHR1492 Phenytoin Sodium

PHR1494 Pilocarpine Nitrate

PHR1595 Polymyxin B Sulfate

PHR1391 Praziquantel

PHR1467 Promethazine Hydrochloride

PHR1548 Propyl Acetate

PHR1010 Propylparaben

PHR1576 Pyrazinamide

PHR1558 Pyridine

PHR1036 Pyridoxine Hydrochloride

PHR1488 Quercetin

PHR1468 Quinic Acid

PHR1446 Ramipril

PHR1525 Rabeprazole Sodium

PHR1320 Residual Solvent Class II – Acetonitrile

PHR1319 Residual Solvent Class II – Trichloroethylene

PHR1201 Resorcinol

PHR1235 Retinyl Palmitate

PHR1668 Retinyl Propionate

PHR1449 Salicylamide

PHR1609 Sodium Dehydroacetic Acid

PHR1448 Sulfadimethoxine

PHR1472 Tartaric Acid

PHR1437 Temozolomide

PHR1560 tert-Butyl Methyl Ether

PHR1561 Tetrahydrofuran

PHR1030 α-Tocopheryl Acetate

PHR1562 Trichloroethylene

PHR1581 Uracil

PHR1435 Warfarin Sodium

PHR1401 Zinc Pyrithione

http://www.sigma-aldrich.com/pharmastandards
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What is the advantage of using qNMR?
The technique of qNMR yields both quantitative and qualitative infor-
mation within one experiment. When performing qNMR, one can work 
with an internal or external standard. We prefer working with an internal 
standard because of its higher accuracy, and will therefore explain this 
method further. Both the sample material and the reference standard 
are weighed directly into the same vial. In contrast to chromatography, 
the reference does not have to be of the same chemical structure as the 
analyte, it just needs nuclei with magnetic resonance. The resulting 1H 
NMR spectrum compares the proton signal intensities of both the ana-
lyte and the reference. QNMR is a relative primary method, which means 
that the signal intensity is in direct proportion to the number of protons 
contributing to the resonance [1]. Furthermore, the integrals of the ana-
lyte and a reference substance can directly be compared and the result-
ing content is a true content. This enables traceability to an SI unit, 
depending on the reference substance used.

Which reference standard is suitable for qNMR?
QNMR reference materials should be highly pure, stable and easily 
weighable (not hygroscopic or volatile). Residual water ought not to be 
present, due to potential baseline effects in 1H-NMR spectra, leading to 
integration errors. Solubility in different deuterated solvents, providing 
unique and stable signals and chemical shift, also plays a central role. 
The reference substance should have only a few signals in order to mini-
mize overlaps with the analyte signals. Different samples require different 
references, but it is sufficient to have one well-separated signal from each 
in the spectrum. And in order to generate accurate and precise qNMR 
measurements, a signal intensity ratio of 1:1 is recommended, but not 
mandatory. A direct traceability chain can be established, e.g., when using 
internationally accepted reference materials such as benzoic acid (SRM 
350b) from the U.S. National Institute of Standards and Technology (NIST). 
All qNMR TraceCERT® materials fulfill the required properties, are traceable 
to NIST SRMs and can directly be employed as CRMs in qNMR analyses.

How to perform a compatibility check?
After having selected a suitable reference standard, especially in the 
case of internal calibration described here, the mixture must be checked 
to determine if it is chemically stable and inert, in order to avoid reac-
tions between sample and reference or solvent. We recommend com-
patibility checks with 1H-NMR experiments, measuring the tolerance 
between sample and standard in the mixture by running experiments 
at t=0 and at a second time which includes the expected experimental 
time for all planned repetitions, e.g. t=5, 12 or 24 h. The relevant signals 
for quantification must not overlap each other, and there should not be 
interference by possible impurities. Normally it is necessary to try differ-
ent mixtures in order to find the most favorable combination.

Practical Aspects in Quantitative NMR
Technical Details for the Purity Determination of Organic Substances

Dr. Christine Hellriegel, Senior Scientist R&D christine.hellriegel@sial.com
Dr. Alex Rück, Senior Scientist R&D alexander.rueck@sial.com

In 2009 Sigma-Aldrich Switzerland was building its new qNMR facility 
based on a Bruker Avance III 600-MHz instrument for the development 
of certified reference materials (CRM) under ISO/IEC 17025 and ISO Guide 
34. One year later, the first organic TraceCERT® CRMs were made avail-
able to the analytical community, comprising a certificate with purity, 
measurement uncertainty and traceability to NIST SRMs. In the following 
years, we were continuously optimizing the processes, taking into 
account valuable input from the CRM users. As the number of organic 
substances is endless, a prioritization process took place to increase the 
portfolio, subdivided into the most important substance classes. For the 
intended use of chromatography, these include pesticides, polyaromatic 
hydrocarbons (PAH), phenols, plasticizers, cosmetics, antibiotics, air moni-
toring substances, amino acids, organic pollutants, natural substances, 
fatty acids and esters, comprising approximately 180 substances to be 
found at sigma-aldrich.com/organiccrm. For the purpose of proton 
qNMR, only a few substances are needed to cover the range of different 
solubilities and chemical shifts, resulting in a current total of 15 substances. 
An up-to-date product list can be found at sigma-aldrich.com/qnmr

As the qNMR technique elicits growing interest in various industrial 
applications, we were asked an increasing number of technical ques-
tions, which led us to write this short article about technical details on 
the application of qNMR in practice.

What are the main issues when measuring  
chromatographic purities?
Usually the purity of organic substances is measured by HPLC or GC. The 
chromatographic purity corresponds to the area-% of all detected sig-
nals. This procedure neglects the fact that different substances may 
generate different intensities. Furthermore, not all impurities may reach 
the detector or be seen by it, so the chromatographic purity can be very 
different from the true content. What if the material contained 10% salt 
or solvent? Then the true content of the substance would only be 
around 90%, while it appears to be >99% pure by chromatography. To 
overcome this problem, it is possible to run the chromatogram first with 
a pure standard of the same substance, thus establishing an external 
calibration curve. Depending on the reference material used, it is possi-
ble to create a traceability chain from the sample material to an SI unit. 
However, due to the countless number of organic compounds, it is 
often difficult to find a suitable chromatography standard at all.
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Why is metrological weighing so important?
Reliable weighing values are mandatory, as they have direct influence 
on the result, and we recommend doing the weighing step in a metro-
logical way. Using a micro-balance or similar is the key to success. We 
use a UMT-5 Ultra-microbalance from METTLER TOLEDO with a readabil-
ity of 100 ng, certified by DKD and calibrated with OIML Class E2 weights. 
The balance is positioned on a 700-kg stone table, inside a safety weigh-
ing cabinet, and a U-electrode is in place to eliminate potential static 
charge. This arrangement also reduces potential air fluctuations caused 
by the lab door, air conditioning or heating. Climate conditions are 
tracked in parallel to each weighing step, allowing subsequent air buoy-
ancy correction. Sample and reference are not weighed into the NMR 
tube directly, but rather into an HPLC vial, which can be resealed for sol-
vation after having added the deuterated solvent. In order to ensure 
complete dissolution, sonication is recommended. Please try to avoid 
obvious weighing errors, such as eccentric load. Moreover we advise 
using glass vials and metal spatula, instead of plastic, due to possible 
static charge. Using a less sensitive balance will lead to higher uncer-
tainty contributions by the weighing procedure, but this is a question of 
what level of precision should finally be achieved.

Which instrument settings are important to determine?
Sigma-Aldrich Switzerland works with a 600-MHz NMR spectrometer 
equipped with a 5-mm BBO probe head, but instruments with a lower 
magnetic field are suitable for quantification as well. If high precision is 
desired, and if time is not an issue, we recommend applying a 90° pulse 
instead of a 30° pulse, to improve the signal-to-noise-ratio (S/N) and 
reduce artifacts. No spinning is applied, in order to avoid spinning side 
bands that could complicate the spectrum. In any case, T1 relaxation 
time has to be determined in the mixture before the actual qNMR 
experiment is started. This is the most critical item for success and in our 

experience was the main source of inconsistent results. T1 relaxation 
time can be measured using the inversion-recovery experiment operat-
ing on the basis of a 180° pulse, followed by a 90° pulse after a variable 
delay. Table 1 lists T1 relaxation times for TraceCERT® CRMs in different 
deuterated solvents. Since T1 relaxation times vary with the mixture and 
the solvent, we recommend evaluating the relaxation time in the mix-
ture, e.g., simultaneously with the compatibility check. In order to calcu-
late D1, the longest resulting T1 in a mixture has to be multiplied by a 
minimum factor of 7. 

What has to be considered during spectra evaluation?
After zero filling and exponential weighing of the FID, the Fourier trans-
formation is applied. Phase correction and baseline correction are two 
critical items in processing the spectra. In order to obtain accurate inte-
grals, we perform phase correction manually, whereas baseline correc-
tion can well be done automated. It is important to do the integration 
step always in the same way for both signals, which means either 
include the 13C satellites or exclude them for both signals. The decision 
depends very much on signal shape and potential impurities near the 
signals of interest.

Which parameters are important for the calculation of the  
absolute content?
We recommend performing 5–10 replicates in order to get a relevant 
statistical contribution to the overall measurement uncertainty. Quanti-
fication of the sample content is directly calculated from the 1H-NMR 
peak integrals, together with the initial weights of sample and reference 
substance, molecular masses, number of protons contributing to the 
respective signals and the certified purity of the reference standard. 
Please note that any sample contains the analyte plus potential impuri-
ties, leading to a slight distinction which is indicated by different sub-
scripts within the formula.

P/N Name ~ δ [ppm] Solubility / Relaxation time at 25 °C
D2O CDCl3 DMSO-d6 CD3OD CD3CN

01380 Ethylene carbonate 4.5 8.2 s - 5.4 s - 12.9 s
03826 Calcium formate 7,6 20 s - - - -
06185 Benzoic acid 8.3 – 7.3 - 4.4 s 3.2 s 3.3 s 5.8 s
06856 Duroquinone 1.8 – 2.2 - 3.2 s 2.7 s 4.2 s 4.6 s
07038 Dimethyl terephthalate 8.1 

3.9
- 4.0 s 

2.1 s
3.1 s 
1.4 s

4.7 s 
2.7 s

5.7 s 
3.1 s

14659 Potassium phthalate monobasic 8.3 – 7.0 2.4 s - - 3.4 s -
40384 1,2,4,5-Tetrachloro-3-nitro-benzene 7.6 – 8.7 - 7.6 s 11.9 s 8.9 s 10.0 s
41867 Dimethyl sulfone 3,0 6.5 s 4.7 s 3.8 s 2.9 s 5.9 s
42582 Ethyl 4-(dimethylamino)benzoate ~1.3  

~3.0 
~4.3  
~6.7 
~7.8

- 2.6 s 
2.4 s 
2.8 s 
2.3 s 
4.0 s

2.1 s 
1.5 s 
1.8 s 
1.4 s 
2.8 s

2.9 s 
2.8 s 
3.1 s 
2.6 s 
4.1 s

3.6 s 
3.4 s 
4.0 s 
3.4 s 
5.5 s

50409 Thymol ~1.2 
~2.2 
~3.1 
~6.6 
~6.9

- 2.1 s 
3.0 s 
4.3 s 
4.8 s 
4.1 s

1.2 s 
1.8 s 
3.0 s 
2.4 s 
2.4 s

2.2 s 
3.0 s 
4.8 s 
6.0 s 
4.0 s

2.4 s 
3.6 s 
5.1 s 
5.4 s 
4.9 s

55177 Benzyl benzoate ~5.4 (CH2) - 2.5 s 1.4 s 2.9 s 3.5 s
74658 1,2,4,5-Tetramethylbenzene 6.9 

2.2
- 5.4 s 

3.4 s
4.8 s 
2.6 s

6.1 s 
4.3 s

7.1 s 
4.5 s

89151 Dimethylmalonic acid 1.3 – 1.4 975 ms - 604 ms 938 ms -
92816 Maleic acid 6,3 6.3 s - 3.1 s 4.2 s 6.1 s
94681 Methyl 3,5-dinitrobenzoate ~9.0 

~4.1
- 6.9 s 

2.5 s
7.9 s 
1.6 s

- 8.7 s 
3.5 s
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PSample Purity of the sample as mass fraction
PCRM Purity of the CRM as mass fraction
IAnalyte Integral of the analyte signal
ICRM Integral of the CRM signal
NAnalyte Number of analyte protons
NCRM Number of CRM protons
MAnalyte Molecular mass of the analyte
MCRM Molecular mass of the CRM
mSample Mass of sample
mCRM Mass of CRM

To obtain even more precise results, weighing values can be corrected 
for air buoyancy, if climate conditions in the lab and also the densities of 
the materials are known.

Which influences contribute to the overall qNMR measurement 
uncertainty budget?
In addition to the statistical contribution, there are also a couple of sys-
tematic contributions. All parameters in the equation mentioned above 
make contributions to the overall measurement uncertainty budget, but 
with different magnitudes[2]. It is zero for the number of protons in small 
molecules, it is very small for the molecular masses and the weighing 
values (dependent on the balance used), and it is medium for the indi-
vidual contribution of the operator. The largest contributions may come 
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from the repeatability or from the purity of the reference standard. 
These are the uncertainty contributions for the qNMR measurement. In 
addition to that, but only relevant for a CRM producer, the homogeneity 
and stability of the material have to be assessed, resulting in analysis of 
variance (ANOVA) data that may be included in the calculation of uncer-
tainty[3]. The recommended minimal sample size is then stated in the 
certificate, as well as a fixed expiry date. In most cases, the measurement 
uncertainty is expanded by a coverage factor of k=2.

Conclusion
Following some basic rules, and with a good balance, it is routinely pos-
sible to perform 1H-NMR measurements with 1% measurement uncer-
tainty. In order to minimize the increments by the internal reference, 
Sigma-Aldrich certified its CRMs under optimal conditions, so that their 
uncertainties of around 0.1% would not dominate the overall result[4].

References: 
[1] Malz, F.; Jancke, H.: “Validation of quantitative NMR”, J. Pharm. Biomed.  

Anal. 38 (2005), 813–23.
[2] Eurachem/CITAC Guide, 2nd Ed. (2000), “Quantifying uncertainty in  

analytical measurement.”
[3] Weber, M.; Hellriegel, C.; Rueck, A.; Wuethrich, J.; Jenks, P.: “Using high-

performance 1H NMR (HP-qNMR®) for the certification of organic reference 
materials under accreditation guidelines – Describing the overall process  
with focus on homogeneity and stability assessment”, J. Pharm. Biomed. 
Anal.  93 (2014), 102–110.

[4] Weber, M.; Hellriegel, C.; Rueck, A.; Sauermoser, R.; Wuethrich, J.: “Using 
high-performance quantitative NMR (HP-qNMR®) for certifying traceable 
and highly accurate purity values of organic reference materials with 
uncertainties <0.1 %”, Accred. Qual. Assur. 18 (2013), 91–98.

http://www.sigma-aldrich.com/aquanal
http://www.sigma-aldrich.com/qnmr
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reagent residues. The products are thoroughly tested, and a 
quantitative value has been assigned using the mass bal-
ance method, taking into account the chromatographic 
purity, water content, inorganic impurities by residue on 
ignition, and residue solvents by either GC-HS or loss on 
drying. An exception among the products listed below is 
the sulfamic acid, for which no chromatographic purity 
could be measured, and which was quantified by titration.

For synthetically produced organic substances, it may be 
necessary to monitor and control residue impurities com-
ing from reagents, or from starting materials used in the 
manufacturing process. This is particularly relevant if the 
products are intended for human consumption, such as 
pharmaceuticals.

Under the Fluka analytical brand, Sigma-Aldrich launched a 
series of new analytical standards for testing organic 

Reagent Residue Standards
New Analytical Standards with a Mass Balance Value

Matthias Nold, Product Manager Analytical Standards matthias.nold@sial.com

Cat. No. Brand Description Package Size

19374 Fluka 3-Acetamidophenol 100 mg

50754 Fluka 4-Chlorobenzyl alcohol 100 mg

00373 Fluka 4-Methylbenzophenone 100 mg

11358 Fluka Sulfamic acid 100 mg

41768 Fluka p-Toluic acid 100 mg

08902 Fluka Triphenylphosphine oxide 100 mg

Table 1 New reagent residue standards

19374
3-Acetamidophenol

00373
4-Methylbenzophenone

41768
p-Toluic acid

50754 
4-Chlorobenzyl alcohol

11358
Sulfamic acid

08902
Triphenylphosphine oxide
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whether a material is hazardous or non-hazardous. Primarily, 
flash point is widely known for its use in the petrochemical 
industry.

Flash Point Certified Reference Materials are used for the 
verification of laboratory instruments used for testing prod-
ucts for flash point to standardized test-method protocol. 

Flash Point Methodology
There are many standardized test methods for measuring 
flash point and the laboratory apparatus used in measure-
ment. Most common are the Pensky-Martens Closed Cup 
(ASTM D93; IP 34) and Cleveland Open Cup (ASTM D92; IP 36), 
as well as TAG (ASTM D56) and Abel (IP 170, IP 304), both 
Closed Cup.

Paragon’s Flash Point CRMs/Standards
Flash Point CRM’s and standards were developed in strict 
accordance with internationally recognised methodologies 
and are to be used for the annual and regular verification of 
flash point instrumentation, as per the requirements of 
these methodologies. Certified Reference Materials can 
also play a critical role in the future, with development of 
new fuels and other alternative materials. 

Flash-Point Certified Reference Materials (CRMs) 
Premium Products from ISO/IEC 17025 and ISO Guide 34 Accredited Leading Producer Paragon Scientific

Steven Butler, General Manager Paragon Scientific Limited sb@paragon-sci.com

A Flash Point is a measurement for testing a liquid material’s 
vapor flash when exposed to a source of ignition or fire. It is 
the lowest temperature at which a liquid will generate a 
flash, and is therefore an indicator of the flammability or 
combustibility of a liquid. 

Materials with a high flash point are less flammable than 
materials with lower flash points. This means they require a 
higher temperature to generate a flash and are therefore at 
a lesser risk of combustion. This should not be confused 
with a material’s Fire Point (FP), as that is the temperature at 
which a material continues to burn for more than 5 seconds.

Applications for Flash Point Measurements
In many applications, the flash-point test is a preferred 
method for detecting contaminants such as fuels, and 
determining lubricant quality. A change in the flash point 
value from the expected value of the lubricant can indicate 
that contamination by fuel may have occurred. 

Flash points are used as an indication of how easily a sub-
stance may burn, and therefore are very important mea-
surements used in shipping and safety regulations to define 
flammable and combustible materials. This is applicable 
across a wide range of industries, in order to specify 

http://www.sigma-aldrich.com/paragon
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Why Choose Paragon’s Flash Point Standards? 
Paragon Scientific produces the most highly accredited 
Certified Reference Materials, in many cases under dual 
accreditation from UKAS in accordance with ISO 17025 and 
ISO Guide 34. Flash Point CRMs are included in its port folio 
alongside Flash Point Secondary Working Standards.

Paragon Scientific produces the Secondary Working Stan-
dard (SWS) reference materials for flash point, which are 
manufactured and certified in strict accordance with ISO 
17025 and ISO Guide 34. These standards are specifically 
designed to be used for regular instrument performance 
checks in order to verify test equipment functionality. For 
this reason, Paragon offers uniquely packed 3x80 mL ‘single 
shot’ bottles, assuring the highest level of sample integrity – 
an economical and time-saving addition to any laboratory 
concerned with the generation of valid analytical test data. 

Cat. No. Description Value Package Size

CRMUPMGO PMCC Flash Point Standard – ASTM D 93 Proc A 57.3 °C 250 mL

CRMPMGO PMCC Flash Point Standard – ASTM D 93 Proc A 58.2 °C 250 mL

CRMPMCCLOW PMCC Flash Point Standard – ASTM D 93 Proc A 77.5 °C 3x80 mL

CRMPMCCMID PMCC Flash Point Standard – ASTM D 93 Proc A 141.0 °C 3x80 mL

CRMPMLU PMCC Flash Point Standard – ASTM D 93 Proc B 203 °C 250 mL

CRMPMCCHIGH PMCC Flash Point Standard – ASTM D 93 Proc A 228.0 °C 3x80 mL

CRMTAKR TAG Flash Point Standard – ASTM D56 43.1 °C 250 mL

CRMABKR Abel Flash Point Standard – IP 170 41.9 °C 250 mL

CRMFCLU COC Flash Point Standard – ASTM D 92 268 °C 250 mL

CRMCOCHIGH COC Flash Point Standard – ASTM D 92 262.0 °C 3x80 mL

CRMCOCLOW COC Flash Point Standard – ASTM D 92 85.0 °C 3x80 mL

CRMCOCMID COC Flash Point Standard – ASTM D 92 153.0 °C 3x80 mL

FPPMCC1 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 59.0 °C 3x80 mL

FPPMCC2 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 76.5 °C 3x80 mL

FPPMCC7 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 100.5 °C 3x80 mL

FPPMCC3 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 116.0 °C 3x80 mL

FPPMCC4 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 143.0 °C 3x80 mL

FPPMCC5 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 184.0 °C 3x80 mL

FPPMCC6 Pensky Martens Flash Point Standard – ASTM D 93 Proc. A 232.0 °C 3x80 mL

FPCOC1 Cleveland Open Cup Flash Point Standards ASTM D 92 85 °C 3x80 mL

FPCOC6 Cleveland Open Cup Flash Point Standards ASTM D 92 112 °C 3x80 mL

FPCOC3 Cleveland Open Cup Flash Point Standards ASTM D 92 148 °C 3x80 mL

FPCOC4 Cleveland Open Cup Flash Point Standards ASTM D 92 188 °C 3x80 mL

FPCOC5 Cleveland Open Cup Flash Point Standards ASTM D 92 257 °C 3x80 mL

Table 1 Flash Point CRMs and Standards available from Sigma-Aldrich. Values shown in table are nominal and the actual values may differ 
from the illustration.

All of Paragon’s Flash Point reference materials have been 
manufactured to the highest certified integrity and pre-
mium quality on a global level. Every certificate provides 
the lowest level of uncertainty of measurement and is fully 
traceable to international methodology. With an excellent 
reputation across the industry, Paragon provides excellent 
customer service, technical support and prompt delivery to 
all its customers. 

The complete Paragon product line of physical property 
CRM’s is available only from Sigma-Aldrich and includes, in 
addition to the Flash Point Standards listed below, over 600 
products such as Viscosity Standards, viscometers, density 
standards, total acid number standards (TAN), total base 
number standards (TBN), color standards, distillation  
standards, among others. Please visit our Web site at 
sigma-aldrich.com/paragon for the complete portfolio.

http://www.sigma-aldrich.com/paragon
http://www.sigma-aldrich.com/paragon
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Arsenic causes both short-term and long-term health 
effects, which include skin lesions, hypertension and car-
diovascular disease, pulmonary disease, and different kind 
of cancers, such as skin, bladder, kidney and lung cancer.

Arsenic may be present in different organic and inorganic 
forms. Depending on the particular compound, organic 
arsenic compounds differ in their toxicity. Lewisite (2-chlo-
roethenylarsonous dichloride) was developed as a chemi-
cal weapon during WW I, while arsenobetaine, which is 
found in seafood, is almost non-toxic. Different species of 
inorganic arsenic include As(III) and As(V); most of their 
compounds are highly toxic. These two forms do not differ 
as much in toxicity, but studies have shown that removal 
techniques differ in efficiency, depending on the arsenic 
species present in the water.[2] 

Methods for Quantitative Determination of Arsenic 
Species
Many techniques can be used for the determination of 
total arsenic, but the actual concentrations of dissolved 
arsenic in natural water (several μg/L) reduce the number 
of useful analytical techniques to atomic absorption spec-
troscopy, ICP optical emission spectroscopy (ICP-OES), ICP 
mass spectroscopy (ICP-MS), spectrophotometry, and 
X-ray fluorescence.

New Certified Reference Materials for Arsenic Speciation Analysis 

Hanspeter Sprecher, Senior Scientist R&D Hanspeter.Sprecher@sial.com
Jürg Wüthrich, Principal Scientist R&D Juerg.Wuethrich@sial.com

Markus Pfluger, Supervisor Quality Control Markus.Pfluger@sial.com

As part of the TraceCERT® portfolio, Sigma-Aldrich® recently 
introduced two new certified reference materials (CRMs) for 
arsenic speciation analysis. The products are manufactured 
under ISO/IEC 17025 and ISO Guide 34 double accreditation.

Arsenic is a major global health issue. It is named as one of 
the WHO’s ten chemicals of major health concern world-
wide[1]. Arsenic occurs naturally and is widely distributed 
throughout air, soil and water. The greatest threat to public 
health is contaminated groundwater, which leads to con-
taminated drinking water, and contaminated food due to 
irrigation. Several countries in the world face the problem 
of naturally occurring inorganic arsenic in groundwater, 
especially China, Mexico, Chile, Argentina, India, Thailand, 
Taiwan and the United States of America. In Bangladesh, 
the problem received a great deal of attention when arse-
nic was found in well water in the 1990s. Tube wells had 
been installed in the 1970s and 1980s to provide the local 
population with “safe” drinking water, since at that time, the 
water supply was dependent on surface water. When the 
wells were installed, arsenic was not recognized as a prob-
lem, but in tests that were conducted afterwards, concen-
trations up to 300 µg/L were found in different wells. The 
WHO recommends a maximum limit of 10 µg/L, and several 
countries around the world, including the U.S. and the 
European Union, have adopted this limit. Others are now in 
the process of reducing their limit from 50 µg/L to 10 µg/L. 

http://www.sigma-aldrich.com/inorganiccrm
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For determining arsenic(V) and arsenic(III) species, such 
methods as chromatography (with various detection tech-
niques), polarography[3] or spectrophotometry[4] can be 
applied. For total arsenic analysis, the EPA recommends that 
laboratories use EPA method 200.7, “Determination of Met-
als and Trace Elements in Water and Wastes by Inductively 
Coupled Plasma-Atomic Emission Spectrometry”. By follow-
ing this method, laboratories are able to attain a detection 
limit as low as 8 µg/L.

Certification Concept of TraceCERT Arsenic  
Speciation Standards
The certification procedure for the arsenic(III) standard 
solution (product no. 72718) is illustrated in the flow chart 
(Figure 1). A suitable starting-material batch of arsenic tri-
oxide is evaluated, and all trace impurities (69 elements) are 
analyzed by ICP-MS, ICP-OES and AAS. The calculated con-
tent, 100% minus all traces, is then used for gravimetrical 
production of the arsenic solution. Afterwards, high-den-
sity polyethylene bottles are filled with the arsenic solution 
under clean-room conditions. The CRM is delivered in a 
multilayer aluminum bag for an optimal shelf life.

Figure 2 Example of a chromatographic separation with arsenic(V) 
addition. Details of ICP-MS operation conditions: Perkin Elmer Elan 
DRC II with 1500 W RF power, nebulizer gas 1.3 ml/min, cell gas flow 
0.55 ml/min oxygen

The arsenic(V) content in the arsenic(III) standard is mea-
sured by IC separation and subsequent ICP-MS analysis 
using a standard addition procedure. The use of oxygen as 
collision-cell gas leads to a better signal-to-noise ratio (less 
interference of 40Ar35Cl with 75As). The measured arsenic(V) 
concentration is subtracted from the total arsenic concen-
tration, leading to a certified value of arsenic(III).

Following the certification procedure described in Figure 2, 
an expanded measurement uncertainty of 0.3% is attained 
(with an expansion factor k=2 for a confidence level of 95%). 
The most important uncertainty contributions are the 
arsenic(V) concentration in the final arsenic(III) solution 
(0.1%), density measurement (0.05%), storage of the bottled 
solution over the entire shelf life (0.05%), arsenic content in the 
starting material (0.02%), weighing (0.02%) and homogeneity 
(≤0.02%).

Cat. No. Description Matrix Packaging

72718 Arsenic (III) Standard for ICP 2% HCl 100 mL HDPE 
bottle in Al bag

76686 Arsenic (V) Standard for ICP water 100 mL HDPE 
bottle in Al bag

Table 1 Two new Fluka brand speciation standards that can be used 
for ion chromatography, spectrophotometry, or ICP application.  
A certificate is also available at sigma-aldrich.com, using product 
and lot number. 

The comprehensive TraceCERT portfolio includes more than 
150 certified reference materials (CRMs) for ICP, AAS and IC as 
single- and multi component solutions. All products are 
manufactured in-house in accordance with ISO/IEC 17025 
and ISO Guide 34. For an up-to-date product listing, please 
visit our Web site sigma-aldrich.com/inorganiccrm

References: 
[1] www.who.int/mediacentre/factsheets/fs372/en/
[2] EPA 815-R-00-028, Technologies and Costs for Removal of 

Arsenic from Drinking Water, Dec 2000.
[3] Chakraborti, D.; Nichols, R.; Irgolic, K.: Fres. Z. Anal. Chem. 

1984, 319, 248 –251.
[4] Narayana, B.; Cherian, T.; Mathew, M.; Pasha, C.: Ind. J. Chem. 

Tech. 2006, 36–40.

Figure 1 Certification concept and data for the Arsenic (III) Standard for ICP (product no.72718, lot BCBL5236V)

Starting Material 
Content
wAs2O3 = 99.982%

Total As  
in Solution
1000.2 mg/L

Certified As(III)  
in Solution
1000 mg/L ± 3 mg/L

As(V) Traces in 
Solution
0.8 mg/L

Traceability  
Measurement
against NIST 83

http://www.sigma-aldrich.com/inorganiccrm
http://www.sigma-aldrich.com/inorganiccrm
http://www.who.int/mediacentre/factsheets/fs372/en/
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Primary Pharmaceutical Reference Standards 
New Products from HWI Analytik for the Analysis of Herbal Medicinal Drugs

Matthias Nold, Product Manager Analytical Standards matthias.nold@sial.com

Sigma-Aldrich® exclusively offers a comprehensive port-
folio of primary pharmaceutical standards manufactured by 
HWI-Analytik in Rülzheim, Germany[1].

Recently, 19 additional products have been added to the 
portfolio, which now comprises almost 100 products. The 
new additions are listed below. For the complete list, please 
visit sigma-aldrich.com/phytopharma

For determination of the content, quantitative NMR 
(qNMR)[2] is applied. This technique is increasingly utilized in 
the chemical and pharmaceutical industry as a direct rela-
tive method to quantify organic compounds. For natural 
products isolated from plants, quantitative NMR has a dis-
tinct advantage over the alternative mass balance approach. 
In the article on pages 6–8 of this issue of Analytix, you can 
find out more about the use of quantitative NMR, the amaz-
ingly high precision that can be achieved, and the certified 
reference materials that are available.

The portfolio of primary pharmaceutical standards from 
HWI Analytik is part of our product range of standards and 
reference materials for ingredients of medicinal herbs, and 
comprises more than 500 products. A complete list can be 
found at sigma-aldrich.com/medicinalplants

Cat. No. Description Package Size

04490590 Apigenin 7-O-glucuronide 10 mg

04560590 Asiaticoside 10 mg

00090590 Aucubin 25 mg

01490590 Ginkgolide C 25 mg

01250570 Glycyrrhizic acid ammonium salt 50 mg

04650590 Hesperidin 25 mg

04570595 (−)-Isopulegol 50 mg

04500585 Kaempferol 3-glucoside 10 mg

02730595 Larixyl acetate 50 mg

04480585 Luteolin-7-O-β-D-glucuronide 10 mg

04580595 (+)-Menthofuran 50 mg

04660585 (-)-Menthone 100 mg

04590595 Menthyl acetate 100 mg

04600585 Myrcene 50 mg

02180585 Myricitrin 10 mg

04620590 (+)-Pulegone 100 mg

04630590 Sabinene hydrate 50 mg

04640590 γ-Terpinene 100 mg

04610590 trans-Nerolidol 50 mg

New additions of primary reference standards of  
phytopharmaceuticals 

References:
[1] Förster, G.; Michel, F.; Nold, M.: Analytix 1/2010, p. 11.
[2] Veith, M.: Analytix 1/2010, p. 14. 

sigma-aldrich.com/medicinalplants

http://www.sigma-aldrich.com/phytopharma
http://www.sigma-aldrich.com/medicinalplants
http://www.sigma-aldrich.com/medicinalplants
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Each year thousands of samples taken from field crops, tree 
fruits, animal feeds and processed foods are analyzed for 
mycotoxin contamination. The preferred chromatographic 
technique for identifying and quantifying these contami-
nants is HPLC-uV.

Proper calibration of the HPLC instrument is critical to 
ensure accurate measurement of the mycotoxins present in 
your samples, due to the toxicity of these materials. To 
address this need, Sigma-Aldrich®, through its Supelco® 
brand, has introduced thirteen new mycotoxin CRMs. This 
new offering is listed below. 

New Certified Reference Materials for Mycotoxin Analyses

Vicki Yearick, Product Manager, Analytical Standards vicki.yearick@sial.com

Our Supelco brand CRM mixtures are produced in a doubly 
accredited laboratory fulfilling ISO/IEC 17025 and ISO Guide 
34. The standards are certified analytically using direct 
spectrophotometry and/or HPLC with UV detection. A cer-
tificate of analysis fulfilling ISO Guide 31 requirements is 
shipped with each product.  

To view our complete portfolio of mycotoxin standards, 
visit sigma-aldrich.com/mycotoxins  

Cat. No. Brand Description Package Size

CRM46323  Supelco Aflatoxin B1 solution, 3 μg/mL in benzene:acetonitrile (98:2) 1 mL

CRM44647  Supelco Aflatoxin B1 solution, 20 μg/mL in methanol 1 mL

CRM46324 Supelco Aflatoxin B2 solution, 3 μg/mL in benzene:acetonitrile (98:2) 1 mL

CRM46325 Supelco Aflatoxin G1 solution, 3 μg/mL in benzene:acetonitrile (98:2) 1 mL

CRM46326  Supelco Aflatoxin G2 solution, 3 μg/mL in benzene:acetonitrile (98:2) 1 mL

CRM46319 Supelco Aflatoxin M1 solution, 10 μg/mL in acetonitrile 1 mL

CRM46911 Supelco Deoxynivalenol solution, 200 μg/mL in ethyl acetate: methanol (95:5) 1 mL

CRM46912 Supelco Ochratoxin solution, 50 μg/mL in benzene: acetic acid (99:1)  1 mL

CRM46914  Supelco Patulin solution, 100 μg/mL in chloroform   1 mL

CRM46916  Supelco Zearalenone solution, 50 μg/mL in acetonitrile 1 mL

CRM46303 
CRM46304 

Supelco Aflatoxin Mix in methanol (varied conc.)
Aflatoxin B1 1 μg/mL Aflatoxin G1 1 μg/mL
Aflatoxin B2 0.3 μg/mL Aflatoxin G2 0.3 μg/mL

1 x 5 mL 
5 x 1 mL

CRM40139 Supelco Japanese Aflatoxin Mixture, 25 μg/mL  each in acetonitrile
Aflatoxin B1 Aflatoxin G1

Aflatoxin B2 Aflatoxin G2

5 x 1 mL

Get Reliable Results Using Traceable Organic CRMs! 
Find an up-to-date product list at sigma-aldrich.com/organiccrm
TraceCERT® organic CRMs are characterized by: 
 • Certified content by high-performance quantitative NMR (HP-qNMR) 
 • Superior level of accuracy, calculated uncertainties, and lot-specific values
 • Traceability to NIST Standard Reference Material
 • Production and certification in accordance with ISO/IEC 17025 and ISO Guide 34

The TraceCERT® organic CRMs product range includes more than 100 products. The portfolio is continuously 
growing in order to offer you reliable and traceable reference materials for the analytes you need.

http://www.sigma-aldrich.com/mycotoxins
http://www.sigma-aldrich.com/mycotoxins
http://www.sigma-aldrich.com/organiccrm


16

sigma-aldrich.com/fooddyes

St
an

da
rd

s

O

ONa

O
Br

NaO
Br

O

Br

Br

N
NN

N

HO D

D

D

D D

D

O

O

OH

CH3

CH3

OH

OH

Food dyes are popular in the food industry and are used to 
make products appear fresher and healthier. They are also 
used to give colorless foodstuff a more characteristic 
appearance, as well as to change the original colors to pre-
ferred artificial ones. However, certain food coloring addi-
tives have been banned in many countries, since they have 
been found to have a detrimental effect on consumers' 
health. For precise detection of all regulated food color 
additives, Sigma-Aldrich® offers a comprehensive range of 
standards, including neat standards for artificial and natural 
food colors. Our selection includes standards for E-numbers 
and banned food dyes. 

We also offer our customers deuterated internal standards 
for some banned food colors. These standards provide 
accurate detection, as they show an optimal mass unit dif-
ference between the analyte and the standard, which pre-
vents interference. 

For an overview of our food color standards offering, please 
download our brochure at sigma-aldrich.com/fooddyes 
or order a hard copy. 

NEW Color Standards 
For the Food and Cosmetic Industry

Eva Katharina Richter, Product Manager Analytical Standards evakatharina.richter@sial.com

Analytical Standards for 
Food Color Additives

Neat Standards for Artificial 
and Natural Food Colors

Deuterated Internal Standards

Figure 1 Brochure about Analytical Standards for Food Color 
Additives

Table 1 lists our most recent portfolio additions.  
Please find our broad range of color standards at  
sigma-aldrich.com/colorstandards 

 

Figure2 Molecular structure of Alkannin

 

Figure 3 Molecular structure of Sudan III-(naphthyl-d6)

Figure 4 Molecular structure of Eosin Y disodium salt 

http://www.sigma-aldrich.com/fooddyes
http://www.sigma-aldrich.com/fooddyes
http://www.sigma-aldrich.com/colorstandards
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Coloring substances are also used in cosmetics such as lip-
sticks, mascara and eye shadow. Some of these compounds 
cause allergic contact dermatitis, and are therefore not 
allowed in the EU. Similarly, hair dye products are regulated, 
and some substances are banned in many countries.

For precise quality control of cosmetic and hair dye pro-
ducts, Sigma-Aldrich offers neat and deuterated standards 
for several allergenic colors banned in the EU. 

Find our comprehensive cosmetic standard portfolio at 
sigma-aldrich.com/cosmetics, or order our personal care 
and cosmetic products brochure.

1

sigma-aldrich.com/cosmetics

Standards for Personal Care 
and Cosmetic Products
For Beauty with Safety

EU-banned Substances
Colors
Fragrances 
Metals 
PAHs
Pesticides 
Preservatives 
Plasticizers 
UV Blockers 

Figure 5 Brochure on Analytical Standards for Personal Care and 
Cosmetic Products

Cat. No. Brand Description Package Size

51807 Fluka Alkannin 10 mg

88996 Fluka Acid Green 25 100 mg

41293 Fluka Acid Violet 49 25 mg

41659 Fluka Astaxanthin 1 mg, 5 mg

80717 Fluka Brilliant Blue FCF 100 mg

78364 Fluka Brilliant Green 25 mg

50887 Fluka α-Carotene 1 mg, 5 mg

PHR1239 Fluka β-Carotene 1000 mg

18804 Fluka Crocetin dialdehyde 10 mg

79892 Fluka Disperse Red 17 25 mg

53019 Fluka Eosin Y disodium salt 100 mg

30181 Fluka Fluorescein sodium salt 100 mg

16337 Fluka Fucoxanthin 1 mg, 5 mg

07168 Fluka Lutein 1 mg, 5 mg

75051 Fluka Lycopene 10 mg

67195 Fluka Pigment Red 53 25 mg

93021 Fluka Pigment Yellow 1 25 mg

30884 Fluka Pigment Yellow 3 25 mg

01354 Fluka Quinoline Yellow 2SF 100 mg

49498 Fluka Quinoxaline 100 mg

56226 Fluka Rhodamine 6G 25 mg

91005 Fluka Solvent Green 3 100 mg

16214 Fluka Solvent Green 7 hydrate 100 mg

51602 Fluka Sudan Red B 25 mg

Deuterated 

03647 Fluka Butter Yellow-(phenyl-d5) 25 mg

15703 Fluka Orange II-(naphthyl-d6) 
sodium salt

25 mg

90212 Fluka Sudan III-(naphthyl-d6) 10 mg

Table 1 NEW Color Standards

A Safer Way to Open Glass Ampoules
SnapITs are easy-to-use, multi-use ampoule openers that prevent the possibility of injury sometimes seen when ampoules  
are opened by hand. 

1 INSERT the ampoule lid into your multi-use SnapIT

2 SNAP open the ampoule

3 EJECT the ampoule lid directly into a sharps container

SnapIT ampoule openers help you move toward a safer workplace.  
They are available in two slimline cylindrical designs: regular and large.

Cat. No. Brand Description Ampoule Size Compatibility

94791 Fluka Ampoule opener – Regular 1–2 ml, 5–10 ml, 10–15 ml

43917 Fluka Ampoule opener – Large 5–10 ml, 10–15 ml, 20–25 ml

http://www.sigma-aldrich.com/cosmetics
http://www.sigma-aldrich.com/cosmetics
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A growing body of research suggests that cannabinoids may 
offer therapeutic efficacy in the treatment of many ailments 
from arthritis and chronic pain to glaucoma, epilepsy, and 
cancer.[1,2] Therapeutic effects and potency of Cannabis are 
highly dependent on the particular strain, since each strain 
contains various quantities of different cannabinoids such as 
Δ9-tetrahydrocannabinol (THC) or cannabidiol (CBD).[3] Ter-
penoids and other chemical constituents of Cannabis may 
further impact therapeutic efficacy and potency through 
synergies with one or more cannabinoids in the plant.[4] 

Recent studies have highlighted potential dangers associ-
ated with Cannabis dosage. In studies treating depression, 
Cannabis has shown therapeutic efficacy at low doses, but 
a worsening of depression symptoms at high doses.[5] Epi-
demiologic research suggests that Cannabis may have a 
dose-dependent influence on seizure threshold, provoking 
and prolonging seizures at certain doses in adults and chil-
dren with epilepsy.[6,7] Accuracy of Cannabis profiling and 
potency testing using accurate Certified Reference Materials 
(CRMs) is therefore critical to ensuring safe and successful 
patient outcomes when using Cannabis-based medicines.[8]

The pharmacological and regulatory complexities involving 
Cannabis necessitate analytical testing of its identity and 
potency to guarantee consumer safety in countries where 
its sale is legal for medicinal use. In the U.S., for example, the 
state of Colorado requires Cannabis retailers to provide a 
cannabinoid potency profile for Cannabis-derived prod-
ucts.[9] Canada defines production controls by strain that 
Cannabis growers must follow for cannabinoid profiling, 
cultivating, processing, quality control testing, and packaging.
[10] European pharmaceutical companies that manufacture 
Cannabis-based medicines must conform to botanical raw 
material specifications that include tests for identification, 
impurities, and extraneous matter as well as assays for 
acidic and neutral cannabinoids.[11,12]

High-performance liquid chromatography (HPLC) and gas 
chromatography (GC) with flame ionization detection (FID) or 
mass spectrometry (MS) are the primary Cannabis testing 

The Importance of Cannabinoid Profile and Potency in Cannabis Testing 
Solution Certified Reference Materials of Cannabinoids

Maximilian Magana, Technical Marketing Specialist Max_Magana@cerilliant.com
Derrell Johnson, Manager, New Product Strategy and Tactical Marketing Derrell_Johnson@cerilliant.com

platforms in use today.[13] While HPLC methods can directly 
quantify neutral and acidic cannabinoids, GC methods require 
a derivatization step, such as silylation or methylation, to ana-
lyze acidic cannabinoids, since they are prone to heat-cata-
lyzed decarboxylation at the injector.[13,14,15] In coming years, 
LC-MS/MS Cannabis testing methods may increase in popu-
larity as a result of the analytical technique’s shorter runtimes 
compared to some HPLC methods, and lack of a requirement 
for derivatization prior to analysis of acidic cannabinoids.[15]

Visit sigma-aldrich.com/cerilliant to view Cerilliant’s 
extensive catalog offering of cannabinoid certified solution 
standards that are packaged in a US DEA and Health Canada 
(with TK #s)-exempt solution format. 

To receive news on the latest reference standards intro-
duced by Cerilliant, register at 
sigma-aldrich.com/registercerilliant

Cerilliant Cannabis Testing Certified  
Spiking Solutions®

Cat. No. Description Package Size

C-045 Cannabidiol 1.0 mg/mL in Methanol

C-084 Cannabidiol-D3 100 µg/mL in Methanol

C-046 Cannabinol 1.0 mg/mL in Methanol

C-115 Cannabinol-D3 100 µg/mL in Methanol

C-140 Cannabidivarin (CBDV) 1.0 mg/mL in Methanol

C-141 Cannabigerol (CBG) 1.0 mg/mL in Methanol

C-142 Cannabigerolic acid (CBGA) 1.0 mg/mL in Acetonitrile

C-143 Cannabichromene (CBC) 1.0 mg/mL in Methanol

C-144 Cannabidiolic acid (CBDA) 1.0 mg/mL in Acetonitrile

T-005 (-)-Δ9-THC 1.0 mg/mL in Methanol

T-003 (-)-Δ9-THC-D3 100 µg/mL in Methanol

T-011 (-)-Δ9-THC-D3 1.0 mg/mL in Methanol

T-032 (-)-Δ8-THC 1.0 mg/mL in Methanol

T-033 exo-THC 1.0 mg/mL in Methanol

T-093 Δ9-Tetrahydrocannabinolic 
acid A (THCA-A)

Coming Soon

T-094 Tetrahydrocannabivarin (THCV) Coming Soon

T-108 THC Cannabinoid Mixture-3 1.0 mg/mL of each 
component* in Methanol

* (-)-Δ9-THC, Cannabinol, & Cannabidiol

References: 
[1] Ben Amar, M. (2006) J. Ethnopharmacol.  

105:1–25.
[2] Armentano, P.; Carter, G.; Sulak, D.; Goldstein,  

E. T.: Emerging Clinical Applications For Cannabis 
and Cannabinoids: A Review of the Recent 
Scientific Literature. Sixth Edition. 2014.

[3] Brunt, T.M.; van Genugten, M.; Höner-Snoeken, 
K.; van de Velde, M.J.; Niesink, R. J.: (2014) J. Clin. 
Psychopharmacol. 34(3):344 –9.

[4] Russo, E. B.: (2011) Br. J. Pharmacol. 163:1344–1364.
[5] www.sciencedaily.com/releases/2007/ 

10/071023183937.htm 
[6] http://dx.doi.org/10.1016/j.yebeh.2014.08.135
[7] www.ncbi.nlm.nih.gov/pubmed/11737161
[8] canorml.org/RingTestOShaughnessys_Aut11.pdf
[9] www.sos.state.co.us/CCR/GenerateRulePdf.do? 

ruleVersionId=5890&fileName=1%20CCR%20212-2
[10] www.hc-sc.gc.ca/dhp-mps/marihuana/about-

apropos/dried-information-sechee-eng.php 

[11] cannabis-med.org/data/pdf/2003-02-4_0.pdf 
[12] Mechoulam, R.: Cannabinoids as Therapeutics, 

Birkhäuser 2005.
[13] www.oregon.gov/pharmacy/imports/

marijuana/staffinfo/cannabisreview.pdf 
[14] http://liq.wa.gov/publications/Marijuana/

BOTEC%20reports/1c-Testing-for-Psychoactive-
Agents-Final.pdf 

[15] https://openaccess.leidenuniv.nl/bitstream/
handle/1887/12297/Thesis.pdf?

sigma-aldrich.com/cerilliant
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sigma-aldrich.com/maldimatrix

MALDI-Mass  
Spectrometry 

Serving all your needs for

• Matrices and Reagents

• Standards

• Solvents

• Separation SuppliesQuality Exceeding Expectations

Matrix Substances for MALDI-MS
Choosing the right matrix for the analyte of interest is essential for any successful MALDI analysis. Sigma-Aldrich® offers 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, please visit our Matrix Selection page at  
sigma-aldrich.com/maldimatrix

Cat. No. Description Purity Abbr. Pr
ot

ei
ns

Pe
pt

id
es

G
ly

ca
ns

O
lig

on
uc

le
ot

id
es

Po
ly

m
er

s

Li
pi

ds Other  
Analytes Package Size

60018 Caffeic acid ≥99.0% • • 1 g, 5 g

70990 α-Cyano-4-hydroxycinnamic acid ≥99.0% CHCA • • • 250 mg, 1 g

C8982 α-Cyano-4-hydroxycinnamic acid CHCA • • • 10x10 mg

85707 2,5-Dihydroxybenzoic acid ≥99.0% DHB • • • • • Organic molecules 10 mg,  
250 mg, 1 g

46278 trans-Ferulic acid ≥99.0% FA • • 1 g, 5 g

39245 2-Picolinic acid ≥99.5% PA • • 1 g

85429 Sinapic acid ≥99.0% SA • • Dendrimers, Fullerenes 1 g, 5 g

50862 Super-DHB BioReagent ≥99.0% Super-DHB • • • • 10x10 mg,  
1 g, 5 g

50149 Universal MALDI Matrix • • Organic molecules 1 g

39245 2-Picolinic acid ≥99.5% • • 1 g

77081 α-Cyano-4-fluorocinnamic acid ≥95.0% FCCA • • chlorinated lipids, 
CID-MS/MS, drugs, 
fragile analytes, ionic 
liquids, ME-SIMS, 
phospholipids, 
phosphopeptides

100 mg

94141 4-Chloro-α-cyanocinnamic acid ≥95.0% ClCCA • • 100 mg

89063 4-Bromo-α-cyanocinnamic acid ≥95.0% BrCCA • • 100 mg

77646 α-Cyano-2,4-difluorocinnamic acid ≥95.0% Di-FCCA • • 100 mg

38419 α-Cyano-2,3,4,5,6-pentafluorocinnamic acid ≥95.0% Penta-FCCA • • 100 mg

03841 α-Cyano-4-hydroxycinnamic acid – α-Cyano-
2,4-difluorocinnamic acid – α-Cyano-2,3,4,5,6-
pentafluorocinnamic acid mixture

≥95.0% CHCA:Di-FCCA: 
Penta-FCCA

• • 100 mg

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

≥95.0% BrCCA:Di-FCCA • • 100 mg

39379 4-Chloro-α-cyanocinnamic acid –  
α-Cyano-2,4-difluorocinnamic acid mixturew

≥95.0% ClCCA:Di-FCCA • • 100 mg

68914 4-Bromo-α-cyanocinnamic acid –  
4-Chloro-α-cyanocinnamic acid mixture 

≥95.0% BrCCA:ClCCA • • 100 mg
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sigma-aldrich.com/specac

Are you familiar with our product 
groups for IC?
Check out our continuously developing IC product line of single and multi-ion Certified 
Reference Standards TraceCERT®, various eluent concentrates and additives. 

Explore some of the most recently introduced products, which include bromate and 
silicate standard solutions.

Visit our Web site at: sigma-aldrich.com/ic for more information.

Do you know our IR product line 
from Specac®?
Take a look at our portfolio of Specac products for high performance measurements with 
IR spectroscopy. Included are:

 • Quest™ and Golden Gate™ ATR units and dedicated supplies 
 • IR liquid sample cells and parts
 • Lab pallet pressers 
 • Film makers

Get more information at sigma-aldrich.com/specac

Ch
ro

m
at

og
ra

ph
y

http://www.sigma-aldrich.com/specac
http://www.sigma-aldrich.com/ic
http://www.sigma-aldrich.com/specac


21

sigma-aldrich.com/timestrip

Many products deteriorate with time, or because they are exposed to 
elevated temperatures. Timestrip indicators offer a convenient and sim-
ple way to track time and temperature, so that users are better informed 
when choosing to discard and replace products.

Timestrip Time Indicators
‘Period after opening’ instructions can only be followed if you record 
when you first opened a product, and find a fail-safe way of reminding 
yourself when the expiry date comes around. Timestrip has designed a 
simple visual reminder that avoids the need to record and calculate 
dates. When you first open a product, you simply select a Timestrip® of 
the required duration (1, 3, 6, or 12 months), activate it by pressing the 
button firmly between thumb and finger, and peel off the backing label. 
Once activated, (see Figure 1) the red dye will move through the indica-
tor’s membrane at a progress rate correlated to time, and when it 
reaches the end of the window, you know that the product has expired. 
Each Timestrip is single-use, so each time you open a new product, you 
attach a new Timestrip.

Figure 1 Activation of a Timestrip® Time indicator

While tracking ‘period after opening’ is an obvious use, Timestrip time 
indicators can be used for any situation which would benefit from a 
convenient visual reminder, such as when a process has finished, a 
device needs servicing, paperwork needs updating, or a buffer solution 
needs refreshing. 

Timestrip® PLUS – Temperature Indicators
Timestrip PLUS indicators monitor temperature, and show how long 
one or more ascending breaches of a temperature threshold have 
lasted. This makes Timestrip PLUS suitable for monitoring a wide variety 
of temperature-sensitve products, from those that can’t tolerate a single 
breach to those that can tolerate a number of exposures, provided they 
are short-lived. The indicators are useful for monitoring temperature 
during shipping, storage or use in a laboratory or any other workplace.

Each product in the range monitors ascending breaches of a specific 
temperature threshold, for example, 30 °C (Figure 2).

Timestrip®
The Smart Way to Measure Time and Temperature

Daniel Weibel, Product Manager Analytical Reagents daniel.weibel@sial.com

Inactive Activated but Breached 30°C for  
 not breached 30°C over 2 hours

Figure 2 Activation of Timestrip PLUS Temperature indicator

If the 30 °C temperature threshold is breached, a blue dye will appear in 
the white run-out window, and its progress along the time markers will 
show the cumulative time of one or more breaches, up to a maximum of 
twelve hours. Timestrip PLUS are small (19x40 mm) and self-adhesive, so 
they can be attached directly to a product, package or shipment. They 
can be stored inert at room temperature and activated when required.

Timestrip PLUS is also available in two other formats. Timestrip Duo 10 °C 
and 34 °C is a double indicator which monitors a breach of cold chain 
conditions (+10 °C) and an elevated temperature (+34 °C) (Figure 3a).

Timestrip Blood Temp 10 has been designed specifically for use on blood 
bags and monitors a breach of 10 °C (Figure 3b).

 

a) b)  
Figure 3 a) Timestrip Duo 10 °C and 34 °C   b) Timestrip Blood Temp 10 indicators

For more information on Timestrip, visit our Web portal at:  
sigma-aldrich.com/timestrip

Cat. No. Brand Description Package Size

93064 Fluka® Timestrip 1 month 10EA, 100EA, 500EA

07603 Fluka Timestrip 3 months 10EA, 100EA, 500EA

06797 Fluka Timestrip 6 months 10EA, 100EA, 500EA

74831 Fluka Timestrip 12 months 10EA, 100EA, 500EA

03849 Fluka Timestrip 3 months, key chain 10EA, 100EA, 500EA

06929 Fluka Timestrip 12 months, key chain 10EA, 100EA, 500EA

06693 Fluka Timestrip Plus -20 °C 10EA, 100EA, 500EA

92210 Fluka Timestrip Plus 0 °C 10EA, 100EA, 500EA

08168 Fluka Timestrip Plus 8 °C 10EA, 100EA, 500EA

92451 Fluka Timestrip Plus 25 °C 10EA, 100EA, 500EA

80474 Fluka Timestrip Plus 30 °C 10EA, 100EA, 500EA

06933 Fluka Timestrip Plus Blood Temp 10 10EA, 100EA, 500EA

80476 Fluka Timestrip Plus Duo 10 °C and 34 °C 10EA, 100EA, 500EA
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sigma-aldrich.com/hydranal

Determination of Water Content in Aldehyde and Ketone Samples
HYDRANAL® K Reagent Line for Karl Fischer Titration

T h e  H y d r a n a l  K 
reagent product line 
is designed to meet 
the needs of the ana-
ly t ical  chemist  by 
providing accurate 
water content deter-
mination using Karl 

Fischer (KF) titration in aldehyde and ketone samples. 
Hydranal-Composite 5K prevents side reactions that 
occur during KF titration of aldehydes or ketones. These 
side reactions can compromise the water content determi-
nation. Hydranal-Composite 5K uses a special formulation 
consisting of imidazole, sulfur dioxide, and iodine dissolved 
in diethylene glycol monoethyl ether. Three Fluka® branded 
working media for use with Hydranal-Composite 5K are 
supplied by Sigma-Aldrich®:

1. Hydranal-KetoSolver  
(free of halogenated hydrocarbons)

2. Hydranal-Medium K  
(contains chloroform)

3. Hydranal-Working Medium K  
(very toxic /excellent dissolving properties)

Suppression of Side Reactions that Lead to Erroneous 
Water Content Determinations
The Hydranal K line of reagents does not contain the conven-
tional methanol component. Methanol has been omitted in 
order to prevent nucleophilic addition with aldehydes and 
ketones, which leads to the formation of water (Figure 1). 
Water produced by this side reaction would cause elevated 
water-content results and vanishing end points. The Hydranal 
K reagents are also designed to guard against bisulfite addi-
tion to aldehydes (Figure 2). This side reaction consumes a 
portion of the original water content from the sample and 
results in erroneously low water-content measurements. 
Hydranal-Composite 5K is a variant of Hydranal-Composite 5 
with a slightly slower reaction speed to maximize suppres-
sion of the bisultife-addtion side reaction.

Hydranal K reagents are also suitable for some amines, silox-
anes and other titrations requiring methanol-free working 
media. Hydranal-Medium K, Hydranal-Working Medium K, 
and Hydranal-KetoSolver can each act as the solvent for the 
determination of water in any substance where methanol 
can interfere with the titration, and therefore must be 
avoided. The general utility of these reagents suggests a 
universal applicability for KF titration.

Andrea Felgner, Market Segment Manager HYDRANAL andrea.felgner@sial.com

Distinctives of the Hydranal K Working Media
All these Fluka branded working media are free of methanol, 
but each possesses unique properties for optimization with 
particular samples. Hydranal-KetoSolver consists primarily of 
1-methoxy-2-propanol, and is entirely free of halogenated 
hydrocarbons. It is used in combination with Hydranal-
Composite 5K for the KF titration of aldehydes and highly 
reactive ketones, such as cyclohexanone, trifluoroacetone, 
and diacetyl. For certain less reactive ketones, Hydranal-
Composite 5 can be used as the titrating agent, since it is 
also free of methanol.

Hydranal-Working Medium K has exceptional solvating 
power but must be designated as toxic because it contains 
2-chloroethanol. In Hydranal-Medium K, this hazardous 
component is omitted and replaced with less toxic alco-
hols. Hydranal-Medium K contains a percentage of chloro-
form. Not only is the toxicity level lowered, but the revised 
formulation of Hydranal-Medium K provides performance 
advantages with very reactive aldehydes, such as propion-
aldehyde, butyraldehyde and crotonaldehyde. Capacity 
and accuracy are also improved for other compounds, such 
as salicylaldehyde, acetylacetone, 2,4-dihydroxyacetophe-
none, and 2-benzolpyridine.

C

O

+ 2 CH3OH

H+

C

OCH3

OCH3 + H2O

Figure 1 Aldehydes and ketones undergo nucleophilic addition of 
methanol, resulting in formation of acetal or ketal and water

C

O

R H

+ SO2 +H2O + NR' CR

OH

SO3  HNR'

H

(NR' = base)

Figure 2 Bisulfite addition reaction consuming water

Replacement of Hydranal-Working Medium K with 
Hydranal-Medium K
Essentially, Hydranal-Medium K is a full-fledged substitute 
for Hydranal-Working Medium K, providing the same sam-
ple capacity and titration speed, plus increased accuracy of 
results. In addition, Hydranal-Medium K offers important 
application, safety and transportation benefits. It not only 
improves workplace safety, but also reduces the amount of 
packaging material required for shipment, and the associ-
ated handling and disposal of that packaging material.

http://www.sigma-aldrich.com/hydranal
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The Sigma-Aldrich laboratories compared Hydranal-Work-
ing Medium K and Hydranal-Medium K and have reported 
these findings:

 • Equal sample capacity in 30 mL medium

 • Equal results for water content and standard deviation

 • Equal titration speed

 • Equal accuracy of recovery rate of added water after 
sample titration

Application Example:  
Determination of Water in Acetone
The water content in acetone can be determined using 
both volumetric and coulometric KF titration techniques:

 • Volumetric titration (one-component technique) 
Add 30 mL Hydranal-Medium K to the titration vessel 
and titrate to dryness with Hydranal-Composite 5K.  
Add approximately 5 mL of the acetone sample to the 
vessel, weighed by difference. Titrate the water content 
with Hydranal-Composite 5K.

 • Coulometric titration (cell with diaphragm) 
Add 100 mL Hydranal-Coulomat AK to the anolyte  
compartment of the titration vessel and 5 mL Hydranal-
Coulomat CG-K to the catholyte compartment. After 
starting the titrator, the cell is dried automatically.  
When the drift is low and stable, add approximately 
0.5 g sample to the cell, weighed by difference.

Cat. No. Brand Description

34816 Fluka Hydranal-Composite 5K

34805 Fluka Hydranal-Composite 5

34738 Fluka Hydranal-KetoSolver

34698 Fluka Hydranal-Medium K

34817 Fluka Hydranal-Working Medium K

34820 Fluka Hydranal-Coulomat AK

34821 Fluka Hydranal-Coulomat CG-K

Table 1 Selected Hydranal products (complete list can be found on 
the Sigma-Aldrich Web site sigma-aldrich.com/hydranal)

Check our list of KF Applications on  
sigma-aldrich.com/applications
To obtain complete application reports in PDF form, and for 
more information on Hydranal reagents for pyridine-free 
water determination by KF titration, visit our Web site 
sigma-aldrich.com/hydranal, or contact our Hydranal 
laboratories.

Did you know… Benefits of Hydranal-Medium K 
over Hydranal-Working Medium K
 • Reduced toxicity for improved workplace safety 

while providing equal reactivity

 • Performance advantages with very reactive alde-
hydes

 • Improved capacity and accuracy

 • Less waste of packaging material

Coulometric KF Titration in Ketones
For the coulometric water determination in ketones, Sigma-
Aldrich offers specially designed reagents: Hydranal-Coulo-
mat AK and Hydranal-Coulomat CG-K. Hydranal-Coulomat 
AK is an anolyte reagent for the coulometric determination 
of water in ketones. It contains imidazole, sulfur dioxide, and 
iodide dissolved in a suitable solvent mixture, and has a 
water capacity of approximately 100 mg per 100 mL (one 
filling). Hydranal-Coulomat CG-K is the corresponding 
catholyte reagent, free of halogenated hydrocarbons. The 
water capacity of Hydranal-Coulomat CG-K is 100 mg per 
5 mL (one filling).

Europe and Global Market
Mr. Thomas Wendt
Technical Service Hydranal
Wunstorfer Straße 40
D-30926 Seelze, Germany
Tel. +49 (0) 5137 8238-353
Fax +49 (0) 5137 8238-698
E-mail: hydranal@sial.com

USA and Canada
Mr. Doug Clark
Hydranal Technical Center
545 S. Ewing Ave
St. Louis MO 63103, USA
Toll free: +1 800 493-7262
(USA and Canada)
Fax: +1 314 286-6699
E-mail: hydranal@sial.com

Questions regarding KF titration? Contact us!

http://www.sigma-aldrich.com/hydranal
http://www.sigma-aldrich.com/applications
http://www.sigma-aldrich.com/hydranal


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
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 
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