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Dear colleagues,
Consistent product quality and trust in a supplier go hand in hand. This is 
true not only for reagents, certified reference materials and solvents used in 
instrumental analysis, but also for supplies and consumables needed for the 
respective analytical techniques. Sigma-Aldrich® is working continuously 
toward partnerships with suppliers capable of providing excellent and con-
sistent product quality, innovative products and dependable service. The 
current issue of Analytix highlights two of our important partners in the 
area of spectroscopy accessories.

Hellma Analytics is a leading producer of spectrophotometry cells and 
other optical components, bringing almost 100 years of technical expertise 
in the manufacture and quality control of fine optics. The featured article in 
this issue focuses on how Hellma Analytics achieves their high level of qual-
ity in reference materials for the calibration of UV/Vis spectrophotometers. 
This enables customers to better rely on their analytical methods and 
results.

Specac® is a premium supplier of highest quality sampling and sample 
preparation accessories for IR spectrometry. With nearly 60 years of experi-
ence in the field, and a mission for excellence in quality and service, Specac 
has recently launched their state-of-the-art product line of Quest ATR units. 
Specac’s products reflect the company’s goals of top quality, reliability and 
innovation, and Sigma-Aldrich is proud to announce that an expanding 
range of Specac products are now available to our customers worldwide.

Kind regards,

Dr. Matthias Drexler 
Senior Product Manager, Analytical Reagents and Spectroscopy

Dr. Matthias Drexler 
Senior Product Manager,  

Analytical Reagents and Spectroscopy 
matthias.drexler@sial.com
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Spectrophotometers are used in many laboratories including those in 
the clinical, chemical, life sciences and pharmaceutical industries, as well 
as in research laboratories. In order to obtain consistent good-quality 
measurement results, it is crucial that the instrument used is measuring 
according to specification. Some industries even require that the perfor-
mance of the instrument be monitored and documented regularly. 
Therefore, a periodic testing of the accuracy and precision of the spec-
trophotometer is important to assure reliable measurement results.

As part of many management systems (e.g. ISO 17025, ISO 9000, GLP and 
GMP), quality control with integrated test equipment management is 
demanded, making a regular calibration of the measuring instrument 
compulsory. Furthermore, the major pharmacopoeias (EP, DAB and USP) 
require regular qualification of the spectrophotometer in use. 

Usually the following parameters of the spectrophotometer are quali-
fied with certified reference materials:

 • Photometric accuracy (absorbance)

 • Wavelength accuracy

 • Resolution (spectral bandwidth)

 • Stray light

Certified reference materials for the qualification of your spec-
trophotometer
The Hellma Analytics calibration laboratory provides certified reference 
materials that are ready- to-use (see Tables 1 and 2). A special feature is 
that these reference materials are easy to handle and are reusable for years. 
Thus, users benefit from a clean, simple and efficient solution.

Reliable Measurements with UV/Vis Spectrophotometers
Hellma® calibration standards for UV/Vis spectroscopy

Certified reference materials (calibration standards) are traceable to the 
primary standards of the NIST (National Institute of Standards and Tech-
nology) and comply with the requirements of the major pharmacopoe-
ias (EP, DAB and USP).

With the use of certified reference materials, you ensure that your instru-
ment performance complies with the requirements and that you fulfill 
your internal quality demands. At the same time, you achieve the inter-
national comparability of your measurement results. 

Remark:
The Hellma Analytics Calibration Laboratory is a DAkkS laboratory and is 
accredited according to DIN EN ISO 17025. Due to this accreditation, 
Hellma Analytics is authorized to issue internationally recognized DAkkS 
calibration certificates.

Characteristics of glass filters and liquid filters
Basically, the reference materials can be categorized into glass filters and 
liquid filters.

Glass filters are certified reference materials made of specific glasses, 
especially manufactured for their calibration. They are characterized by 
their robustness and easy handling. These enable you to qualify the fol-
lowing parameters of your spectrophotometer:

 • Photometric accuracy (absorbance)

 • Wavelength accuracy

Liquid filters are certified reference materials, which are strictly manufac-
tured according to the pharmacopoeia or the NIST, and are bottled in cells 
under controlled conditions. Afterwards, the cells are hermetically and 
permanently sealed. The liquid filters have the clear advantage of being 
equivalent to the real measurement application in their effect. With the 
certified liquid filters, you can qualify the following parameters of your 
spectrophotometer according to the requirements of the pharmacopoeia:

 • Photometric accuracy (absorbance)

 • Wavelength accuracy

 • Resolution

 • Stray light 

Thomas Brenn, Hellma Analytics thomas.brenn@hellma.com
Magdalena Ulman, Product Manager Analytical Reagents magdalena.ulman@sial.com
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Image Typical Scan of Holmium Oxide Liquid Filter 

The holmium oxide liquid filter type UV5 is ideal for qualifying the wave-
length accuracy of spectrophotometers according to the requirements 
of the pharmacopoeia. It shows many narrow, well-defined peaks in the 
UV and visible wavelength range (240–640 nm). 

Filters for qualification of the resolution (spectral bandwidth)
The resolution of the spectrophotometer is very closely connected with 
the correct setting of the slit width and is characterized by the ability to 
resolve (to identify) two peaks that lie very close together. If the resolu-
tion of the spectrophotometer is affected or insufficient, the two peaks 
are displayed as a mixed peak, resulting in incorrect readings. 

When measuring the resolution, the light beam of the spectrophotom-
eter is absorbed very differently in a narrow wavelength band (5 nm) 
through the liquid filter used. The filter shows a clear maximum and 
minimum within the narrow band. After inserting the liquid filter in the 
spectrophotometer, the scan program is performed over the defined 
wavelength range, and the measured maximum peak position is divided 
by the measured minimum peak position. The resulting quotient is the 
absorption ratio, which is directly related to the spectral bandwidth.  
The value can be compared and evaluated based on the information 
given in the filter certificate.

The toluene liquid filter type UV6 is highly suitable for the qualification of 
the resolution and the determination of the actual spectral bandwidth of 
the spectrophotometer according to the requirements of the pharmaco-
poeia. Based on the determination of the ratio of the absorbance from 
the peak maximum of 269 nm to the peak minimum of 266 nm, the 
actual spectral bandwidth of the instrument used can be determined.

Filters to qualify photometric accuracy (absorbance)
In the measurement of photometric accuracy 
(absorbance), the light beam of the spectropho-
tometer flows through the filter used. The attenu-
ation of light produced by the filter is the absor-
bance value (Abs). After inserting the filter in the 
spectrophotometer, the program to measure the 

absorbance values at the wavelength indicated in the calibration certifi-
cate is performed. The resulting measurement values (Abs) are com-
pared with the measured values of the filter certificate and evaluated.

The neutral density glass filter types F2, F3, F4, 
F201, F202 and F203 are ideal to qualify the photo-
metric accuracy of the spectrophotometer from 
0.25 Abs to 2.0 Abs. The glass materials have been 
carefully selected and are characterized by a rela-
tively constant transmission in the wavelength 
range from 405 nm to 800 nm. 

Due to their excellent characteristics, the potassium dichromate liquid 
filter types UV60, UV600, UV14 are suitable to qualify the photometric 
accuracy between 0.25 Abs and 1.25 Abs according to the requirements 
of the pharmacopoeia at the following wavelengths: 235, 257, 313, 350, 
and 430 nm.

Filters to qualify wavelength accuracy
When measuring wavelength accuracy, the light beam of the spectro-
photometer is absorbed more strongly at certain wavelengths, which 
are seen as peaks, and depend on the filter being used. After inserting 
the filter in the spectrophotometer, the scan program is performed. 
From the scan, the resulting values for the peaks are compared against 
the peak information (nm) from the filter certificate, and evaluated.

The holmium oxide glass filter type F1 is very suitable for testing the 
wavelength accuracy of spectrophotometers. The filter shows a series of 
narrow, well-defined peaks in the UV and visible range (279–638 nm).

The didymium glass filter type F7 is also well suited for testing the wave-
length accuracy of spectrophotometers. The filter shows a variety of 
characteristic peaks in the UV, visible and near infrared range (329–875 nm). 
Furthermore, the didymium glass filter is – because of its material prop-
erties – also suitable to qualify the photometric accuracy (absorbance) 
at specific wavelengths between 270–297 nm and 310–340 nm in the 
UV range.
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(continued on page 6)



6

Cat. No. Hellma Type Product Description Note

Z600040 666.000 Consists of the individual items below Complete set for checking the wavelength and photometric accuracy

Z801658 666-F1 Holmium Oxide Glass Filter Wavelengths [nm]: 279, 361, 454, 536, 638

Z801755 666-F2 Neutral Density Glass Filter NG11 Wavelengths [nm]: 440, 465, 546.1, 590, 635

Z801879 666-F3 Neutral Density Glass Filter NG5 Wavelengths [nm]: 440, 465, 546.1, 590, 635

Z801984 666-F4 Neutral Density Glass Filter NG4 Wavelengths [nm]: 440, 465, 546.1, 590, 635

Z802093 666-F0 Empty Filter Mount

Table 1 Hellma calibration standards (glass filters for spectrophotometers)

Cat. No. Hellma Type Product Description Note

Z802204 667.003-UV Consists of the individual filter sets below Complete set for checking wavelength accuracy, photometric accuracy,  
stray light and spectral resolution acc. to Ph. Eur.

Z802328 667-UV5 Holmium oxide in perchloric acid For checking wavelength accuracy at the following wavelengths [nm]:  
241.15, 287.15, 361.5, 536.3, 640.5

Z802425 667.100-UV Includes 2 components:  
KCl solution; Ultrapure Water [blank]

For checking for stray light wavelengths [nm]:  
200 [cut off] wavelengths [nm]: 198, 200 [certified]

Z802530 667.200-UV Includes 2 components:  
Toluene in n-hexane; n-Hexane [blank]

For checking the spectral resolution wavelengths [nm]:  
266, 269

Z802654 667.305-UV Includes 3 components:  
60 mg K2Cr2O7 in HClO4;  
600 mg K2Cr2O7 in HClO4; HClO4 [blank]

For checking the photometric accuracy wavelengths [nm]:  
235, 257, 313, 350, 430

Table 2 Hellma calibration standards (liquid filters for spectrophotometers)

Filters for the qualification of stray light
Stray light in the spectrophotometer is the 
amount of light by-passing the sample and fall-
ing directly on the detector, thus the measure-
ment result may be distorted and the measur-
ing range limited. In the measurement of stray 
light, the light beam of the spectrophotometer 
is completely absorbed at a particular wave-

length through the filter used. A cut-off filter contains material that does 
not transmit radiation below a well-defined wavelength known as the 
cut-off wavelength. After inserting the stray light filter in the spectropho-
tometer, the scan program is performed in the defined wavelength range. 
When the cut-off wavelength is reached, the remaining radiation is mea-
sured, which corresponds to the amount of stray light.

sigma-aldrich.com/hellma

Further Information
If you would like to obtain further information about certified reference 
materials for the qualification of your spectrophotometer, or you wish to 
learn more about the offers from Hellma Analytics, please visit: 
hellma-analytics.com/reference

Due to their very sharply defined spectrum, the liquid filter types UV1, 
UV10, UV11 are excellent for the qualification of the amount of stray light 
in the spectrophotometer according to the pharmacopoeias’ require-
ments. They do not let any radiation pass below the cut-off wavelength. 
Thus, the displayed transmission values are stray light.

Hellma Calibration Standards available at Sigma-Aldrich®
All of Hellma’s calibration standards are available to order through 
Sigma-Aldrich. Please visit our website to view our UV/Vis calibration 
standards, reagents, supplies and order information at: 
sigma-aldrich.com/hellma
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Figure 1 Specac Golden Gate Single Reflection Diamond ATR Figure 2 Specac Quest ATR Diamond Accessory
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Sigma-Aldrich® works to develop long term partnerships 
with suppliers who demonstrate excellent and consistent 
product quality. Specac meets these goals by providing 
high quality specifications and accessories in the IR  
and FTIR market. A large selection of Specac products is 
available at Sigma-Aldrich. Please visit our website at 
sigma-aldrich.com/specac for more information regard-
ing ATR units, IR liquid cells and parts, lab pallet pressers 
and film makers.

Golden Gate Single Reflection Diamond ATR (Figure 1) is 
the world’s most versatile IR sampling system. It can be 
used for the analysis of all kinds of samples from hard solids 
to corrosive liquids, and is easy to use, sensitive and robust. 
Extreme sensitivity is achieved by high pressure contact 
against a solid, type IIIa diamond, selected for its unparal-
leled sensitivity as a single reflection ATR element, as well as 
its unique physical and chemical stability. The built-in pres-
sure control mechanism guarantees reproducibility. Both 
ZnSe and KRS-5 lens options are available. KRS-5 gives a 
wider range of mid-IR studies than ZnSe, but with reduced 
optical throughput.

Specac always seeks to improve the quality of their prod-
ucts. In addition to the Golden Gate ATR Series, Sigma-
Aldrich also offers the recently launched new product line 
of Quest ATR units. 

The Quest ATR Diamond Accessory (Figure 2) is a high per-
formance, single-reflection ATR accessory from Specac 
designed for laboratory spectroscopic sample analysis in 
the mid- and far-infrared range. With innovative optical 
design and a durable monolithic diamond ATR crystal 
option, this accessory sets the benchmark in performance 

and value for ATR spectroscopy. The durable monolithic 
diamond ATR crystal can be used without the risk of being 
scratched by inflexible solid materials. A 1.8 mm diameter 
diamond sample area allows good contact even for the 
smallest amount of analyzed material. The features of the 
Quest ATR Accessory, such as precision-molded aspheric 
mirrors, gold-coated optics and optimized angles of inci-
dence on the ATR crystal, ensure high transmission 
throughout wavelength range capability and outstanding 
quality of spectra. ATR crystals are mounted in a stainless 
steel puck and are magnetically held in place on the acces-
sory, making them easily interchangeable without requiring 
additional alignment. 

Cat. No. Product Name Description

Z802220 Specac Quest ATR Diamond 
Accessory

High throughput 
diamond, for mid-
infrared analysis  
(4000 to 400 cm-1)

Z802344 Specac Quest ATR Diamond 
Extended Wavelength 
Accessory

Extended wavelength 
diamond, for mid- and    
far-infrared analysis  
(4000 to 40 cm-1)

Z802018 Specac Golden Gate ATR Mk II With ZnSe Lenses

Z802115 Specac Golden Gate ATR Mk II With KRS-5 Lenses

Table 1 Available ATR units at Sigma-Aldrich

To facilitate the quick switch potential of the ATR accessory 
from instrument to instrument, the “Benchmark Baseplate” 
has been developed. The suitable Specac Benchmark base-
plate is included in the product portfolio provided by 
Sigma-Aldrich and needs to be ordered separately. An over-
view of available Benchmark baseplates can be found at 
sigma-aldrich.com/specac

High Performance Measurements within IR Spectroscopy 
Specac® – High quality IR and FTIR products

Magdalena Ulman, Product Manager Analytical Reagents magdalena.ulman@sial.com

Spectroscopy
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Combating the Rise of New Designer Drugs: Improved GC/MS Derivatization Techniques  
for Analysis of Methylone, Ethylone, Butylone, Mephedrone and Methedrone
Extracted from a paper by Ryan Carrell, Isil Dilek, Ning Chang, Uma Sreenivasan, Yunming Ying,  
Greg Kirkovits; Cerilliant

Cathinone-based stimulants emerged as a regulatory and 
social threat in the European Union, Asia, and US in late 
2010. Marketed as “bath salts” at head shops and on the 
internet, these synthetic cathinones offer recreational highs 
that mimic the effects of illegal drugs such as cocaine, 
methamphetamine and LSD. Packaging labels list the com-
pounds as “not for human consumption,” a tactic used to 
circumvent regulatory control and maintain legal status. 

Drugs such as methylone, ethylone, mephedrone, butylone 
and other methcathinone analogues are commonplace 
and as they have increased in popularity, toxicologists 
require certified native and labelled reference materials to 
accurately identify and quantify the new compounds. 
There have been problems with use of deuterated internal 
standards of these drugs due to loss of label in the GC/MS 
fragmentation of the derivatized compound with PFPA and 
BSTFA such that an alternative method was required. By 
freeing the base with 0.1 M sodium bicarbonate and deriva-
tising with TFAA in controlled temperature conditions, the 
decomposition of the α-amino ketones was prevented. It 
also enables butylone and ethylone to be readily distin-
guished and retains the deuterium label in the fragment ions.

The synthesis of both native and deuterated cathiniones 
was developed for assays such as this. 

These standards are part of a range of ready to use solution-
based certified reference standards developed by Cerilliant 
that are packaged in a format that preserves concentration 
and integrity of the material. Time saving to the toxicologist, 
they provide a convenient, consistent and cost-effective 
alternative to the individual preparation of working refer-
ence standard solutions in the analytical lab.

These CRMs are just a small part of a range of solution  
standards for forensic and toxicology applications that  
is continually being updated. To receive notifications  
of  newly developed standards,  please register at  
sigma-aldrich.com/registercerilliant. The current range 
can also be viewed on sigma-aldrich.com/cerilliant

A copy of the full paper including mass spectra can be 
obtained from sigma-aldrich.com/cerilliant. Previously 
presented at the Society of Forensic Toxicologists (SOFT)/
The International Association of Forensic Toxicologists 
(TIAFT), San Francisco, CA, September 2011 

Jaspreet Kaur-Nandra jaspreet.kaur-nandra@sial.com

Cat. No. Brand Description Package Size

B-045 Cerilliant Butylone HCl 1.0 mg/mL (as free base) in MeOH 

B-046 Cerilliant Butylone-D3 HCl 100 μg/mL (as free base) in MeOH 

E-071 Cerilliant Ethylone HCl 1.0 mg/mL (as free base) in MeOH

E-072 Cerilliant Ethylone- D5 HCl 100 μg/mL (as free base) in MeOH

M-138 Cerilliant Mephedrone HCl 1.0 mg/mL (as free base) in MeOH 

M-139 Cerilliant Mephedrone-D3 HCl 100 μg/mL (as free base) in MeOH

M-140 Cerilliant Methylone HCl, 1.0 mg/mL (as free base) in MeOH 

M-141 Cerilliant Methylone-D3 HCl 100 μg/mL (as free base) in MeOH

M-147 Cerilliant Methedrone HCl 1.0 mg/mL (as free base) in MeOH

sigma-aldrich.com/cerilliant

Standards
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sigma-aldrich.com/pesticides

Solvents for Pesticide Residue Analysis
Our solvents for residue analysis were developed specifically for the application of residue analysis of pesticides and other low- 
volatile, environmentally relevant substances by means of GC/ECD or GC/PND. As polychlorinated biphenyls (PCBs) are also detected 
in the GC/ECD test, Fluka’s pesticide residue analysis solvents are also suitable for the analysis of this class of substances.

 • Suitability tested for residue analysis with GC/ECD (≤ 5 ng/L compared to Lindane)
 • General very high purity for demanding GC applications
 • Improves column lifetime due to extremely low content of non-volatile matter

Visit our website at sigma-aldrich.com/pra to find out more about our offering on PRA grade solvents. 

New Analytical Standards for Pesticide Residue Analysis

Cat. No. Brand Product Package Size

32132 Fluka Aldimorph 50 mg

32279 Fluka C12-C14-Alkyldimethylethylbenzyl-
ammoniumchloride 

100 mg

32066 Fluka Amicarthiazol 100 mg

32276 Fluka Aminocyclopyrachlor 25 mg

32067 Fluka Asomate 100 mg

32275 Fluka Athidathion 25 mg

37062 Fluka Benclothiaz 25 mg

37058 Fluka Benzobicyclon 10 mg

32278 Fluka Bethoxazin 25 mg

37042 Fluka Bromobutide 25 mg

37046 Fluka Butamifos 25 mg

32231 Fluka Chlorbenside sulfone 25 mg

37056 Fluka Clomeprop 10 mg

32147 Fluka Cloransulam-methyl 50 mg

37096 Fluka Cloxyfonac 25 mg

32086 Fluka Crufomate 25 mg

37060 Fluka Cycloprothrin 10 mg

32069 Fluka Cyenopyrafen, mixture of E/Z 25 mg

32068 Fluka Cyflumetofen 50 mg

37052 Fluka Desnitro-imidacloprid hydrochloride 25 mg

32063 Fluka Dimethylvinphos 25 mg

32131 Fluka Fluacrypyrim 25 mg

32102 Fluka Flumetsulam 100 mg

37039 Fluka Fluoroimide 25 mg

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

Cat. No. Brand Product Package Size

37050 Fluka Flupyradifurone 100 mg

37047 Fluka Fluxapyroxad 100 mg

37054 Fluka Halfenprox 10 mg

32096 Fluka Indaziflam 100 mg

32065 Fluka Meperfluthrin 25 mg

32098 Fluka Meptyldinocap 25 mg

32277 Fluka Metamifop 25 mg

32148 Fluka Methasulfocarb 25 mg

37049 Fluka Penflufen 100 mg

32094 Fluka Penoxsulam 25 mg

32064 Fluka Penthiopyrad 25 mg

37079 Fluka Phenmedipham-ethyl 25 mg

37051 Fluka Pyribencarb 25 mg

37077 Fluka Pyribenzoxim 100 mg

37048 Fluka Sedaxane, mixture of isomers 100 mg

32072 Fluka Simeton 25 mg

32092 Fluka Tecloftalam 50 mg

32150 Fluka Tecloftalam imide 10 mg

37087 Fluka Tetraconazole 100 mg

37076 Fluka Tiadinil 25 mg

37043 Fluka Tolfenpyrad 25 mg

32149 Fluka Trichlamide 100 mg

37044 Fluka Uniconazole 50 mg

37078 Fluka Valifenalate 25 mg

With more than 1700 high-purity pes-
ticide and metabolite standards for 
food and environmental analysis, the 
Sigma-Aldrich PESTANAL® product 
line is the most comprehensive pesti-
cide standards portfolio available on 

the market. In order to keep up-to-date with new developments in 
 pesticide analysis, we continually add new products to the portfolio. 

The most recent additions are listed in the table below. You can find a 
complete listing of the products on the web at  
sigma-aldrich.com/pesticides
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NEW! Flavor & Fragrance Standards for the  
Food and Cosmetic Industry
Over 350 products for accurate quality control
Our portfolio focuses on analytical standards for aroma compounds from the “EU positive list of  authorized 
f lavoring substances” (EFSA 10/2012) and the “EU regulation on cosmetic products” (1223/2009).  
Our assortment includes allergenic compounds and flavor enhancers as well as EU banned substances and  
is continuously growing!

Test your products against our Flavor & Fragrance Standards to ensure 
they maintain their high quality!

Find an up-to-date product list of all Flavor & Fragrance Standards sorted by their occurrence in food and 
 beverages, by substance classification, and in alphabetical order at sigma-aldrich.com/flavor 

sigma-aldrich.com/analytix

Check out our comprehensive portfolio of

Pharmaceutical Standards and  
Certified Reference Materials!
Including:

 • Pharmaceutical Secondary Standards
 • Impurity Standards
 • Residual Solvent Standards
 • Phytopharma Standards

sigma-aldrich.com/pharmaceuticalstandards
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Analytical Standards for Quality Control of Herbal Medicinal Products
New products complement the comprehensive product range of ingredients of medicinal plants

Reliable analytical standards are needed for the effective quality control 
of herbal medicinal products and plant derived food supplements. 
Sigma-Aldrich® offers a large portfolio of analytical standards and certi-
fied reference materials for constituents of medicinal plants, a total of 
more than 450 products. 

This product range continues to increase, as reflected by the most 
recent product additions shown in the table (on the right). You can find 
a complete list of these products, including the most common medici-
nal plants and their active ingredients by plant genus, on our website at 
sigma-aldrich.com/medicinalplants

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

Cat. No. Brand Description Package 
Size

04733 Fluka Acetyleugenol 100 mg

89773 Fluka Asiatic acid 10 mg

75747 Fluka Bakuchicin 10 mg

68612 Fluka Bakuchiol 10 mg

43778 Fluka Carvacrol methyl ether 50 mg

08941 Fluka Citropten 100 mg

08012 Fluka 1-Deoxynojirimycin 10 mg

92589 Fluka 1,9-Dideoxyforskolin 10 mg

90905 Fluka 3,3'-Di-O-methyl ellagic acid-4'-O-β-D-xylopyranoside 10 mg

79736 Fluka Eclalbasaponin I 10 mg

77084 Fluka Eclalbasaponin II 10 mg

42479 Fluka Ethyl 4-methoxycinnamate 10 mg

93049 Fluka Forskolin 10 mg

68797 Fluka Guggulsterone E 10 mg

61207 Fluka Hordenine 50 mg

75142 Fluka Hypophyllanthin 10 mg

91627 Fluka Iriflophenone 3-C-β-D-glucopyranoside 10 mg

80724 Fluka Negundoside 10 mg

78889 Fluka Osthole 25 mg

75110 Fluka Phyllanthin 10 mg

06709 Fluka Pinoresinol 10 mg

75047 Fluka Piperine 50 mg

55805 Fluka Piperyline 10 mg

94168 Fluka Rhaponticin 50 mg

43866 Fluka Salidroside 25 mg

30151 Fluka Shatavarin IV 10 mg

00290 Fluka Sinigrin potassium salt 10 mg

90957 Fluka Swertiamarin 10 mg

95652 Fluka  α-Terpinene 100 mg

61407 Fluka Trigonelline chloride 100 mg

Table 1 New analytical standards of active ingredients and marker substances for 
the analysis of herbal medicinal drugs
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Figure 1 Variety of silylated hydroxy compounds with SiR3 being either 
trimethylsilyl (TMS), triethylsilyl (TES) or tert-butyldimethyl silyl (TBS).
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Figure 2 SILMAS usually reacts within minutes with alcohols at room temperature, producing the desired silyl ether and only gaseous, volatile by-products.
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SILMAS – New Silylation Reagents for GC Derivatization 
Silyl methallylsulfinates (SILMAS) – powerful silylation agents generating only volatile by-products

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

Ideas in brief
 • Chemoselective silylation of hydroxy- and carboxylic acid groups
 • Formation of only volatile by-products
 • No additional catalyst or base needed
 • Competitive list prices

sigma-aldrich.com/derivatization
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Reagents

Derivatization of analytes by silylation is a useful technique for chro-
matographic analysis in order to increase volatility, improve both selec-
tivity and stability, and to enhance detectability [1].

However, most of the classical silylation reagents such as BSTFA, MSTFA, 
TMSI and many others require the presence of a stoichiometric amount 
of base (tertiary amines) or are activated through addition of a catalyst. 
Not infrequently, the reaction mixture has to be heated to an elevated 
temperature, posing a risk of decomposition for sensitive analytes. In 
addition, non-volatile by-products or salts formed during silyation, or 
excess reagent or catalyst often have to be tediously removed from the 
analyte solution prior to injection into a gas chromatograph.

Now, all these drawbacks can be conveniently over come using the new 
class of trialkylsilyl methallylsulfinates  (SILMAS) reagents [2]. They readily 
react with functionalized aliphatic, homoallylic, benzylic, phenolic, 
acidic and sterically hindered hydroxyl groups (Figure 1). 

Neither base nor catalyst is needed. At room temperature, the reaction 
proceeds within minutes in either dichloromethane, chloroform, aceto-
nitrile or tetrahydrofuran resp. as solvent leading to complete silylation. 
The reaction is accompanied by fast evolution of SO2 gas and isobutyl-
ene as by-products, both being fully volatile, and thus reducing sample 
preparation to simple solvent evaporation (Figure 2). 

Cat. No. Brand Description Package Size

79271 Fluka Trimethylsilyl methallylsulfinate 1 ml; 5 ml; 10X1 ml

79264 Fluka Triethylsilyl methallylsulfinate 1 ml; 5 ml; 10X1 ml

79262 Fluka tert-Butyldimethylsilyl methallylsulfinate 1 ml; 5 ml; 10X1 ml
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Ion Pair Reagents
High purity reagents for reverse phase HPLC

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

Ion pairing reagents are used to 
separate ionizable analytes by 
reversed phase HPLC. Adjusting 
the pH to suppress ions is often not 
possible and requires extensive 
method development. With Fluka® 
ion pair reagents you can work at 
an optimized pH and achieve fast 
separations of ionized and non-
ionized analytes in one run.

In reversed phase HPLC, purity of the eluent additives means better 
reproducibility, reliable methods and more accurate results. Eluent addi-
tives such as buffers or ion pair reagents can be the reason for impurity 
peaks if the quality is not sufficient for your application. Often these 
impurities vary from batch to batch. Gradient elution and detection in 
the low UV range require high purity reagents. Fluka offers the ion pair 
reagents and buffers with the highest quality for faster method devel-
opment and more reproducible results.

Fluka ion pair reagents are of the highest purity, exhibiting minimal 
extinction in the low UV even at high concentrations. In addition, an 
efficient filter test for the absence of insoluble matter is performed, plus 
a gradient suitability test is run on each batch prior to release. Due to this 
Fluka ion pair reagents ensure reliable separations with high sensitivity.

Ion pair reagents for acidic/anionic samples
Acidic samples can be separated with straight-chain alkyl quaternary 
ammonium salts or alkyl amines. The pH of the mobile phase needs to 
be adjusted to 7.5 and diluted with the HPLC solvents (acetonitrile/water 
or methanol/water) to 5 mM (Table 1).

Ion pair reagents for basic/cationic samples
Basic samples can be separated by addition of a straight-chain alkylsul-
fonic acid to the mobile phase. The pH of the mobile phase is adjusted 
to 3–4 and diluted with the HPLC solvents (acetonitrile/water or metha-
nol/water) to 5 mM (Table 2)

Cat. No. Brand Description Package Size

02374 Fluka Sodium 1,2-ethanedisulfonate 5 g

19022 Fluka Sodium 1-butanesulfonate 2.5 g; 10 g; 50 g

30631 Fluka Sodium 1-decanesulfonate 10 g; 50 g

51832 Fluka Sodium 1-heptanesulfonate monohydrate 10 g; 50 g

51834 Fluka Sodium 1-heptanesulfonate solution 6 ampules

52862 Fluka Sodium 1-hexanesulfonate monohydrate 2.5 g; 10 g; 50 g

52864 Fluka Sodium 1-hexanesulfonate solution 6 ampules

74316 Fluka Sodium 1-nonanesulfonate 10 g

74882 Fluka Sodium 1-octanesulfonate monohydrate 10 g; 50 g; 250 g

74886 Fluka Sodium 1-octanesulfonate solution 6 ampules

76952 Fluka Sodium 1-pentanesulfonate monohydrate 2.5 g; 10 g; 50 g

76954 Fluka Sodium 1-pentanesulfonate solution 6 ampules

81806 Fluka Sodium 1-propanesulfonate monohydrate 10 g

87191 Fluka Sodium 1-tetradecanesulfonate 10 g

70289 Fluka Sodium 2-naphthalenesulfonate 10 g

81808 Fluka Sodium 2-propanesulfonate monohydrate 10 g

71443 Fluka Sodium decyl sulfate 10 g

71726 Fluka Sodium dodecyl sulfate 10 g; 50 g

75073 Fluka Sodium octyl sulfate 10 g

Table 2 Ion pair reagents for basic/cationic samples

Cat. No. Brand Description Package Size

30518 Fluka Decamethonium bromide 5 g

89789 Fluka Dipropylamine acetate salt solution 6 ampules

44239 Fluka Dodecyltrimethylammonium bromide 10 g

44243 Fluka Dodecyltrimethylammonium hydrogen sulfate 10 g

49540 Fluka Heptafluorobutyric acid solution 100 ml

52367 Fluka Hexadecyltrimethylammonium bromide 10 g; 50 g

52371 Fluka Hexadecyltrimethylammonium hydrogen 
sulfate

5 g

87208 Fluka Myristyltrimethylammonium bromide 10 g

86857 Fluka Tetrabutylammonium bromide 10 g; 50 g

86852 Fluka Tetrabutylammonium chloride 10 g; 50 g

86862 Fluka Tetrabutylammonium chloride solution 6 ampules

86853 Fluka Tetrabutylammonium hydrogen sulfate 10X1 g; 10 g; 
50 g

86903 Fluka Tetrabutylammonium iodide 2.5 g; 10 g

86899 Fluka Tetrabutylammonium phosphate monobasic 
solution

6 ampules

86608 Fluka Tetraethylammonium bromide 10 g

86626 Fluka Tetraethylammonium hydrogen sulfate 10 g; 50 g

87296 Fluka Tetraheptylammonium bromide 10 g; 50 g

87297 Fluka Tetrahexylammonium bromide 10 g

87299 Fluka Tetrahexylammonium hydrogen sulfate 5 g; 25 g

87578 Fluka Tetrakis(decyl)ammonium bromide 10 g; 50 g

87708 Fluka Tetramethylammonium bromide 10 g

74202 Fluka Tetramethylammonium chloride 50 g; 250 g

87724 Fluka Tetramethylammonium hydrogen sulfate 10 g; 50 g

02799 Fluka Tetramethylammonium sulfate 10 g

02799 Fluka Tetramethylammonium sulfate 2.5 g; 10 g

87996 Fluka Tetraoctylammonium bromide 2.5 g; 10 g

87996 Fluka Tetraoctylammonium bromide 50 g

87997 Fluka Tetrapentylammonium bromide 10 g

88103 Fluka Tetrapropylammonium bromide 10 g

88106 Fluka Tetrapropylammonium hydrogen sulfate 10 g

Table 1 Ion pair reagents for acidic/anionic samples
For a complete listing of our ion pair reagents, please visit 
sigma-aldrich.com/ipc
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The AQUANAL-plus product line consists of nearly 40 test kits with cor-
responding refill packs and check solutions for on-the-spot or labora-
tory water analysis. They provide fast results under safe and clean oper-
ating conditions. The results can be obtained using the color chart 
included in the test kits. 

AQUANAL-plus tests are:
 • Fast – results obtained within a few minutes

 • Easy to use – measuring range can be increased by  
use of dilution water

 • Refillable – reagents, check solutions, dilution water and accessories 
can be ordered separately

 • Economical – cost effective

AQUANAL-plus products include:
 • Test kits – With reagents, color chart, accessories, water for dilution 

and check solution in a plastic box for 100–500 tests per kit

 • Refill packs – Contain only reagents in a plastic bag

 • Check solution – A standard solution of defined concentration in a 
sealed bottle

A complete list of the AQUANAL-plus test kits appears in the following 
table. For technical assistance in choosing an AQUANAL product, please 
e-mail us at aquanal@sial.com

AQUANAL®-plus 
Test Kits

Jens Boertz, Product Manager Analytical Reagents jens.boertz@sial.com

Cat. No. Test Product Measuring Range*

32017 Acid capacity Test kit 0.1 mL = 1 mmol/L

37455 Acid capacity Refill pack 0.1 mL = 1 mmol/L

37425 Aluminum Test kit 0.02–0.2 mg/L

37465 Aluminum Refill pack 0.02–0.2 mg/L

32026 Aluminum Check solution 0.007 mg/mL Aluminum

37400 Ammonium Test kit 0.2– 8.0 mg/L

37440 Ammonium Refill pack 0.2– 8.0 mg/L

32025 Ammonium Check solution 0.1 mg/mL Ammonium

37432 Cadmium Test kit 0.02–1.2 mg/L

37472 Cadmium Refill pack 0.02–1.2 mg/L

37512 Cadmium Check solution 0.015 mg/mL Cadmium

37437 Carbonate hardness Test kit 1 drop = 1 °KH

37544 Carbonate hardness Refill pack 1 drop = 1 °KH

37791 Carbonate hardness Check solution 5 °KH

AQUANAL-plus cover many substances in water, including

Acid capacity Copper Magnesium Phenols

Aluminum Cyanide Manganese Phosphate

Ammonium Cyanide/thiocyanate Nickel Total-P

Basis Capacity Gold Nitrate Silica

Cadmium Hardness, carbonate Nitrite Silver

Chloride Hardness, residual Nitrogen, total Sulfate

Chlorine Hardness, total Oxygen Sulfite

Chlorine, Free Hydrazine Oxygen scavenger Tin

Chromium Iron Peroxide Zinc
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 * Refers to color card; may differ when working with photometer.

Cat. No. Test Product Measuring Range*

37792 Carbonate hardness Check solution 10 °KH

37401 Chloride Test kit 5 – 300 mg/L

37441 Chloride Refill pack 5 – 300 mg/L

37481 Chloride Check solution 2.5 mg/mL Chloride

37137 Chloride Test kit 0.1 mL = 20 mg/L

37138 Chloride Refill pack 0.1 mL = 20 mg/L

37419 Chlorine Test kit 0.01– 0.3 mg/L

37459 Chlorine Refill pack 0.01– 0.3 mg/L

37422 Chlorine free Test kit 0.01– 0.3 mg/L

37499 Chlorine Check solution 0.02 mg/mL Chloride

37402 Chromium Test kit 0.005 – 0.1 mg/L

37442 Chromium Refill pack 0.005 – 0.1 mg/L

37482 Chromium Check solution 0.01 mg/mL Chromium

37424 Copper Test kit 0.05 – 4.5 mg/L

37464 Copper Refill pack 0.05 – 4.5 mg/L

37504 Copper Check solution 0.04 mg/mL Copper

37403 Cyanide Test kit 0.03 – 0.7 mg/L

37443 Cyanide Refill pack 0.03 – 0.7 mg/L

37420 Cyanide/thiocyanate Test kit 0.03-0.7 mg/L

37460 Cyanide/thiocyanate Refill pack 0.03-0.7 mg/L

37500 Cyanide/thiocyanate Check solution 0.005 mg/mL

37537 Gold Test kit 0.1 – 3.0 mg/L

37433 Hydrazine Test kit 0.02 – 1.0 mg/L

37473 Hydrazine Refill pack 0.02 – 1.0 mg/L

37404 Iron Test kit 0.2 – 15 mg/L

37421 Iron Test kit 0.02 – 0.2 mg/L

37444 Iron Refill pack 0.2 – 15 mg/L

37461 Iron Refill pack 0.02 – 0.2 mg/L

37484 Iron Check solution 0.2 mg/mL Iron

37501 Iron Check solution 0.02 mg/mL Iron

37426 Magnesium Test kit 100 – 1500 mg/L

37466 Magnesium Refill pack 100 – 1500 mg/L

37506 Magnesium Check solution 0.3 mg/mL Magnesium

37406 Manganese Test kit 0.03 – 0.5 mg/L

37446 Manganese Refill pack 0.03 – 0.5 mg/L

37486 Manganese Check solution 0.03 mg/mL Manganese

37487 Nickel Check solution 0.02 mg/L Nickel

37408 Nitrate Test kit 5 – 140 mg/L

37409 Nitrate Test kit 1 – 50 mg/L

37448 Nitrate Refill pack 5 – 140 mg/L

37449 Nitrate Refill pack 1 – 50 mg/L

37488 Nitrate Check solution 2 mg/mL Nitrate

37489 Nitrate Check solution 0.5 mg/mL Nitrate

37410 Nitrite Test kit 0.005 – 0.1 mg/L

Cat. No. Test Product Measuring Range*

32019 Nitrite Refill pack 0.005 – 0.1 mg/L

37428 Oxygen Test kit 1 – 12 mg/L

32021 Oxygen Refill pack 1 – 12 mg/L

37133 Oxygen Test kit 0.1 mL = 2 mg/L

37134 Oxygen Refill pack 0.1 mL = 2 mg/L

37418 Oxygen scavenger Test kit 0.2 – 3.0 mg/L

37458 Oxygen scavenger Refill pack 0.2 – 3.0 mg/L

37434 Peroxide Test kit 1.0 –30 mg/L

37474 Peroxide Refill pack 1.0 –30 mg/L

37427 Phenols Test kit 0.0 –3.0 mg/L

37467 Phenols Refill pack 0.0 –3.0 mg/L

37411 Phosphate Test kit 0.02 – 0.4 mg/L

37423 Phosphate Test kit 3 – 120 mg/L

37451 Phosphate Refill pack 0.02 – 0.4 mg/L

37463 Phosphate Refill pack 3 – 120 mg/L

37491 Phosphate Check solution 0.02 mg/mL Phosphate

37503 Phosphate Check solution 1.8 mg/mL Phosphate

37417 Residual hardness Test kit 1 drop = 0.01 °dH

37457 Residual hardness Refill pack 1 drop = 0.01 °dH

37795 Residual hardness Check solution 0.05° dH

37796 Residual hardness Check solution 0.10° dH

37412 Silica Test kit 0.01 – 0.25 mg/L

37452 Silica Refill pack 0.01 – 0.25 mg/L

37492 Silica Check solution 0.02 mg/mL Silica

37538 Silver Test kit 0.1 – 1.0 mg/L

37429 Sulfate Test kit 50 – 330 mg/L

37469 Sulfate Refill pack 50 – 330 mg/L

37509 Sulfate Check solution 11 mg/mL Sulfate

37430 Sulfide Test kit 0.02 – 0.3 mg/L

32022 Sulfide Refill pack 0.02 – 0.3 mg/L

37435 Sulfite Test kit 0.1 mL = 10 mg/L

32023 Sulfite Refill pack 0.1 mL = 10 mg/L

37436 Tin Test kit 0.1 – 1.2 mg/L

37476 Tin Refill pack 0.1 – 1.2 mg/L

37416 Total hardness Test kit 1 drop = 1 °dH

37456 Total hardness Refill pack 1 drop = 1 °dH

37793 Total hardness Check solution 5 °dH

37794 Total hardness Check solution 10 °dH

37413 Zinc Test kit 0.1 – 5.0 mg/L

37453 Zinc Refill pack 0.1 – 5.0 mg/L

37493 Zinc Check solution 0.025 mg/mL Zinc

37539 Zinc Test kit 0.02 – 0.2 mg/L

Product Table AQUANAL-plus Test Kits, Refill Packs and Check Solutions
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Pseudomonas can be found almost anywhere – in 
soil, water, plants and animals. In most cases, it is 
not a pathogen. In this genus P. aeruginosa is the 
most famous opportunistic human pathogen, 
most commonly affecting immunocompromised 
patients. Pathogenic Pseudomonas are found 
almost everywhere on the body; most commonly 
they are isolated from specimens from the urinary 
tract, respiratory tract, blood and wounds. 

 

Figure 1 Scanning electron micrograph of Pseudomonas 
aeruginosa bacteria. Source: CDC/Janice Haney Carr)

Pseudomonas can use a broad range of nutritional 
sources; they even survive in very simple nutri-
tional environments without any organic com-
pounds. They can remain viable for long periods 
of time in many different habitats and under very 
adverse conditions. Species have been found in 
water, saline solution, on utensils, and even in cos-
metics, pharmaceuticals and disinfectants. 

The bacteria have been isolated from many natural and manufactured 
foods. Psychrotrophic Pseudomonas species pose a significant food 
spoilage problem in refrigerated meat, fish, shellfish and dairy products. 
Pseudomonas can also lead to problems in water systems, and can be 
the source of contamination in the food and beverage industry [1]. It is 
also well known that Pseudomonas build protective biofilms where they 
are safe from chemical and immunological attacks.

Pseudomonas are motile (one or more polar flagella), rod shaped and aero-
bic, Gram-negative, non-fermentative bacteria. The typical bacterial size is 
0.5–1.0 x 1.5–5.0 µm. The catalase test gives a positive result, but in some 
rare cases, species show a negative reaction in the oxidase test, e.g. P. syrin-
gae. To differentiate and identify by biochemical characteristics, the Gram 
staining kit (Fluka® 77730), oxidase and catalase test and other required 
tests and media can be used (see Table 1–3 and Figure 2).

Figure 2 Identification flow charts for Pseudomonas (Bergey's Manual of 
Determinative Bacteriology, 9th Edition)

Another known feature associated with Pseudomonas species (e.g., 
P. aeruginosa, P. fluorescens, P. putida) is the secretion of pyoverdin (fluo-
rescein, a siderophore), a fluorescent yellow-green pigment under iron-
limiting conditions [2]. Pseudomonas needs siderophores to build a 
complex with iron (III) and to be able to take up iron. Certain Pseudomo-
nas species may also produce additional pigments, such as pyocyanin 
(blue pigment, a siderophore) by P. aeruginosa [3], quinolobactin (yellow, 
dark green in presence of iron, a siderophore) by P. fluorescens [4], or/and 

Microbiology

Pseudomonas: An Opportunistic Pathogen 
Pseudomonas can be found almost anywhere. In most cases, it is not a pathogen.

Jvo Siegrist, Product Manager Microbiology ivo.siegrist@sial.com
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a reddish pigment called pyorubrin and pyomelanin (brown pigment) by 
P. aeruginosa [5]. On blood agar, a hemolytic reaction can be observed.

Sugars can be used as the energy source by using the Entner-Doudoroff 
pathway; the end product is pyruvate (dissimilation). A different set of 
enzymes from those used in either glycolysis or the pentose phosphate 
pathway is used (sugars are degraded without acid production). Except 
for the alcaligenes group, most species can use glucose as substrate. No 
fermentation catabolism is used from Pseudomonas, but some species 
like P. stutzeri, P. denitrificans and some species of P. aeruginosa are able to 
use nitrate as electron acceptor (instead of oxygen). The denitrification 
pathway is also used under anaerobic conditions.

Cultural methods to detect Pseudomonas
Generally Pseudomonas are not fastidious microorganisms and grow on 
very simple media like King agar, which contains a protein hydrolysate, 
magnesium chloride, potassium sulphate and agar. For selective Pseudo-
monas, media cetrimide, nalidixic acid, cephaloridine, fucidin, triclosan, 
penicillin G, pimaricin, bile salts, SDS, Tergitol®-7 sodium sulfite, fuchsin, 
malachite green and other inhibitory agents are used. The proteolytic 
activity, lipolytic activity, fluorescent pigment formation, nitrate utiliza-
tion, glutamate utilization, hemolytic reaction and other biochemical 
reactions are used in the media for the identification and differentiation 
of Pseudomonas species. There is also a synthetic basal mineral medium 
for detection of the ability to utilize acetamide (Acetamide nutrient 
broth; Fluka 00185). The acetamide is the substrate providing nitrogen 

and carbon, and Pseudomonas aeruginosa possess the ability to use that 
substrate. The reaction can be made visible by yellow coloration using 
the Nessler’s Reagent (Fluka 72190). 

For the detection, identification, differentiation, enumeration and culti-
vation of Pseudomonas, Sigma-Aldrich provides a broad range of spe-
cific agars and broths (see Table 1)

Cat. No. Description Enrichment Isolation/ Enumeration Detection Identification

Nonselective Differential Media

21065 Calcium caseinate agar   

55420 CLED agar   

60788 King agar A*  

60786 King agar B   

14305 Motility nitrate medium   

P1852 Pseudomonas Agar (for Fluorescein)  

 Differential Media     

50875 GSP agar   

78996 HiFluoro™ Pseudomonas agar base  

00185 Acetamide nutrient broth    

17129 Asparagine proline broth   

 Selective Media     

22470 Cetrimide agar  

70887 Cetrimide agar  

78886 Cetrimide broth*   

63163 Malachite green broth    

17168 Milk agar, modified according to Brown & Scott   

69965 Mossel broth    

P2102 Pseudomonas agar base  

17208 Pseudomonas isolation agar  

Table 1 Pseudomonas media, * not available in USA

Supplements Cat. No.

Cetrinix Supplement C8721

C.F.C. Supplement 53477

Table 2 Selective Supplements for Pseudomonas Media

Test for Pseudomonas Diagnostics Cat. No.

Catalase Test 88597

Gram Coloration Kit 77730

Nitrate Reagent A 38497

Nitrate Reagent B 39441

Nitrate Reagent Disks Kit 51138

Nitrate Reduction Test 73426

Nitrate Reagent Disks 51138

Oxidase Test 70439

Oxidase Strips 40560

Oxidase Reagent acc. Gaby-Hadley A 07345

Oxidase Reagent acc. Gaby-Hadley B 07817

Oxidase Reagent acc. Gordon-McLeod 18502

Table 3 Test for identification and differentiation of Pseudomonas
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Our 5 L and 10 L VOLPAC solution containers are perfect 
when larger volumes of ready-to-use titration solutions are 
needed. VOLPAC containers consist of a flexible polyethylene 
bag with an outlet tap and a cubic cardboard supporting 
frame. Because of VOLPAC’s clever design, air cannot enter 
the container during the dispensing operation. As a result, 
VOLPAC containers can be drained completely without 
contamination for less waste and more reliable analyses.

Advantages of VOLPAC containers:
 • High quality of content and packing

 • Easy handling

 • No contamination during dispensing

 • Reduced storage footprint and packaging material

All VOLPAC containers are now supplied with two different-
sized adapters that allow direct connection of the titrating 
tube to the VOLPAC container.

Cat. No. Description Package Size

Acid solutions

35335-5L-VOLPAC,  
35335-10L-VP

Hydrochloric acid solution Reag. Ph. Eur. 0.1 mol/L

35329-5L-VP 
35329-10L-VP

Hydrochloric acid solution Reag. Ph. Eur. 0.5 mol/L

35328-5L-VOLPAC  
35328-10L-VP

Hydrochloric acid solution Reag. Ph. Eur. 1 mol/L

35327-10L-VOLPAC Hydrochloric acid solution 2 mol/L

35358-5L-VP 
35358-10L-VP

Sulfuric acid solution Reag. Ph. Eur. 0.05 mol/L

35357-5L-VP 
35357-10L-VP

Sulfuric acid solution Reag. Ph. Eur. 0.1 mol/L

35355-10L-VP Sulfuric acid solution Reag. Ph. Eur. 0.25 mol/L

35354-5L-VOLPAC 
35354-10L-VP

Sulfuric acid solution Reag. Ph. Eur. 0.5 mol/L

35348-5L-VP 
35348-10L-VP

Sulfuric acid solution 2.5 mol/L

VOLPAC Solution Containers 
Acid, Base and Salt Solutions directly connected to the titrating tube

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

sigma-aldrich.com/volpac
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Titration
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Cat. No. Description Package Size

34256-10L-VOLPAC Acetic acid solution 1 mol/L

Base solutions

35116-5L-VP Potassium hydroxide solution 0.5 mol/L

35125-10L-VOLPAC Potassium hydroxide solution 0.1 mol/L

35262-10L-VOLPAC Sodium hydroxide solution 0.01 mol/L

35263-5L-VOLPAC  
35263-10L-VP

Sodium hydroxide solution Reag. Ph. Eur. 0.1 mol/L

35256-5L-VOLPAC  
35256-10L-VP

Sodium hydroxide solution Reag. Ph. Eur. 1 mol/L

35261-10L-VP Sodium hydroxide solution 0.2 mol/L

31086-5L-VP  
31086-10L-VP

Sodium hydroxide solution 0.25 mol/L

35257-5L-VOLPAC  
35257-10L-VP

Sodium hydroxide solution 0.5 mol/L

pH Buffer solutions

33665-5L-VP 
33665-10L-VP

Buffer solution pH 4.0 (20 °C) with fungicide (citric acid/sodium hydroxide/sodium 
chloride) red colored

pH 4.0

33643-5L-VP 
33643-10L-VP

Buffer solution pH 4.0 (20 °C) with fungicide (citric acid/sodium hydroxide/sodium 
chloride)

pH 4.0

33666-5L-VP 
33666-10L-VP

Buffer solution pH 7.0 (20 °C) with fungicide (potassium dihydrogen phosphate/ 
disodium hydrogen phosphate) green colored

pH 7.0

33646-5L-VP 
33646-10L-VP

Buffer solution pH 7.0 (20 °C) with fungicide (potassium dihydrogen phosphate/ 
disodium hydrogen phosphate)

pH 7.0

33667-5L-VP 
33667-10L-VP

Buffer solution pH 9.0 (20 °C) (borax/hydrochloric acid)  
blue colored

pH 9.0

33648-5L-VP  
33648-10L-VP

Buffer solution pH 9.0 (20 °C) (borax/hydrochloric acid) pH 9.0

33668-10L-VP Buffer solution pH 10.0 (20 °C) (borax/sodium hydroxide) violet colored pH 10.0

Complexometric solutions

34544-5L-VP Ethylenediaminetetraacetic acid disodium salt solution with zinc complex added 
(solution B)  
1 mL solution = 1 German degree of hardness in 100 mL of water

35102-5L-VP 
35102-10L-VP

EDTA-Na2 solution 0.2 mol/L

34550-5L-VP-R 
34550-10L-VP-R

EDTA-Na2 solution, Reag. Ph.Eur. 0.1 mol/L

35103-5L-VP 
35103-10L-VP

DCTA-Na4 solution, Reag. Ph.Eur. 0.1 mol/L

Salt solutions

34631-5L-VP Potassium dichromate solution for COD determination according to DIN 38409 0.02 mol/L

34277-5L-VP-R Sodium carbonate solution 0.5 mol/L

34247-10L-VP-R Sodium fluoride solution 40 g/L

34246-10L-VP-R Sodium oxalate solution 25 g/L

35224-5L-VP Sodium thiosulfate solution, for determination of iodine adsorption number  
according to ASTM D 1510

34449-10L-VP-R Sodium thiosulfate solution 0.05 mol/L

35233-5L-VP Sodium thiosulfate solution 0.2 mol/L

35245-5L-VP 
35245-10L-VP

Sodium thiosulfate solution Reag. Ph. Eur. 0.1 mol/L

34400-5L-VP Luff-Schoorl-Reagent (CuSO4*5H2O) ~25 g/L

35375-5L-VP 
35375-10L-VP

Silver nitrate solution Reag. Ph. Eur. 0.1 mol/L

Table 1 Complete list of all Fluka brand products that are available in VOLPAC containers (These products can be easily recognized since 
they are tagged with a ‘-VOLPAC’ or ‘-VP’ in their product number.)

sigma-aldrich.com/volpac
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Successful Analysis with the Karl Fischer Oven and Hydranal® Reagents
Water Content Determination for Insoluble and Interfering Samples

Some substances are insoluble in the working media of Karl 
Fischer (KF) titration or release their water only at high tem-
peratures, making them unsuitable for direct KF titration. 
Other compounds may cause side reactions with compo-
nents of the KF reagents, like iodine or methanol, and 
thereby falsify the titration results. Examples of such sub-
stances are plastics, oils with additives or a number of inor-
ganic salts. For correct water content determination in 
these substances, the indirect KF method is recommended 
– the sample water is driven out at temperatures between 
approximately 50 and 300 °C in an oven and transferred to 
the titration cell by means of a dried, inert carrier gas. An 
important condition for this method is a stable sample 
matrix at the chosen temperature. The matrix should not 
vaporize and none of the substances disassociate or 
degrade. Decomposition of the sample should be avoided 
or at least any decomposition products should not interfere 
with the KF reaction (e.g. no formation of water).

KF oven is used for:
 • Insoluble solids that only release their inherent water at tem-

peratures above 60 °C (e.g., plastics, salts)

 • Solids and liquids that undergo side reactions with conven-
tional KF titration reagents (e.g., ascorbic acid, mineral oils)

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

Ti
tr

at
io

n 

sigma-aldrich.com/hydranal

Since the investigated substances often contain only trace 
amounts of water, the KF oven is most commonly com-
bined with a coulometer, although it can be used with a 
volumeter as well. The sample size depends on the water 
content of the sample and on the type of equipment used 
for KF titration. We recommend coulometric titrations for 
amounts of water in the range of 500 –3000 μg, and volu-
metric titrations for water content of 1–10 mg per sample 
injection. Smaller amounts of water may increase the stan-
dard deviation of the determinations, while higher amounts 
may lead to condensation in the tubing.

Suitable carrier gases are air, argon or nitrogen, the latter 
ones preferred when the sample is sensitive to oxidization 
at higher process temperatures. We recommend the use of 
molecular sieves to dry the carrier gas. A residual water con-
tent of less than 10 μg/L is thereby assured. This amount 
does not present a potential problem in the subsequent 
water determination. Carrier gases containing high 
amounts of water should be pre-dried.

The flow of carrier gas is usually set to between 100 to 
500 mL/minute. Using small amounts of gas reduces the 
amount of extraneous moisture contributed by the carrier 
gas, which is usually eliminated by the drift correction of 
the instrument, and improves the absorption of extracted 
water by the KF reagent in the vessel. Large amounts of gas 
reduce the risk of water condensing in the tubing when 
large quantities of moisture are being transferred.

Before starting the titration, the carrier gas flow is set to the 
desired rate and passed through the KF cell. The system 
must be brought to a stable condition before adding the 
sample. The drift must remain constant for a longer period 
of time, at least 10 minutes, since this drift is later required for 
the automatic correction of the subsequent water determi-
nation. The automatic correction for the drift is based on the 
assumption that the residual drift of the system does not 
change throughout the total duration of the determination, 
which is typically 20 minutes. A drift that increases, for 
example, from 6 μg/min to 10 μg/min, would cause an error 
of as much as 80 μg of water. This is why the baseline condi-
tions should remain constant throughout the total condi-
tioning of the system and subsequent determinations.
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The parameters of the titrator are set to prevent automatic 
shut off before reaching the endpoint. The measurement 
should be programmed to run for at least 10 minutes. This 
time is necessary to heat the sample. Only small amounts of 
water (if any) are released in the beginning.

Individual heating temperature for each sample
The working conditions must be optimized for each 
 product analyzed. Of particular importance is the determi-
nation of the optimum oven temperature to remove the 
water. The temperature must be high enough to ensure 
rapid and complete release of water within 10–15 minutes.  
It also needs to be high enough to prevent condensation of 

the water in the transfer tubing. However, the temperature 
must also be kept low enough to prevent vaporization and 
decomposition of the sample matrix, which could interfere 
in the KF titration. The end of the titration should be 
reached after a further 3–10 minutes.

When using the KF oven technique, each sample should be 
tested at several different temperatures. Automated equip-
ment is available, permitting the run of temperature ramps 
where the sample is heated gradually over a defined time. 
The resulting graphs give information about the optimum 
heating temperature.

Cat. No. Description

34739 Hydranal Coulomat AG oven, reagent for coulometric KF titration with oven (anolyte solution), for cells with and without diaphragm

34788 Hydranal Humidity absorber, drying agent for air and gases for KF titration (with indicator)

34241 Hydranal Molecular sieve 0.3 nm, drying agent for air and gases for KF titration 

34693 Hydranal-Water Standard KF oven, 140 –160 °C control of KF oven (solid standard, water content ~5%, exact value on CoA)

34748 Hydranal-Water Standard KF oven, 220 –230 °C control of KF oven (solid standard, water content 5.55 ± 0.05%, exact value on CoA) 

34694 Hydranal-Water Standard oil, standard for coulometric KF titration in oils 

Table 1 Reagents for use with KF oven
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Hydranal® Water Standards
Titer Determination and System Check for Karl Fischer Titration

Calibration, validation and control of analytical instruments 
and reagents are central requirements in most quality man-
agement systems. In the case of Karl Fischer (KF) titration, 
regular titer determination, control of measurement preci-
sion and accuracy, as well as validation and inspection of 
the instrument, are of fundamental importance.

Titer Determination in Volumetric KF Titration
For volumetric KF titration, the determination and regular 
control of the titer (or water equivalent WE) of the titration 
reagent is necessary. Despite the fact that the chemistry 
behind KF reactions is well known and the technique is 
employed in a myriad of applications, it is still necessary to 
take the time to measure the exact titer value in order to 
achieve accurate and reliable measurements.

The titer of a KF reagent is determined by measuring a 
defined volume of a substance containing a known amount 
of water. This substance can, of course, be pure water itself, 
or other substances with precisely controlled water con-
tent. Using pure water requires very exact handling and 
weighing: a reagent with titer 2 requires only 10 –15 mg of 
water per injection. Weighing errors can occur easily when 
handling such extremely small amounts of water; these 
errors lead to high standard deviations, incorrect titer val-
ues, and, in the end, to imprecise measurement results. 
However, the use of substances with a low water content 
decreases standard deviations and errors; accuracy and 
precision of results can be improved significantly. Recom-
mended acceptable standard deviation for volumetric titra-
tion: for 10.0 mg water ± 0.2 mg.

System Check for Coulometric KF Instruments
Although coulometry is considered an absolute method, 
not all titrated values are necessarily correct. Air humidity, 
electrode poisoning, or sample matrix conditions can influ-
ence the results. It is therefore necessary to test the system 
with known quantities of water, and to check the recovery 
data. This validation of the instrument should be performed 
after the titration vessel has been freshly charged with 
reagents. To monitor for interferences caused by the sam-
ple matrix, a control test should be done immediately after 
analyzing a sample. The theoretically added amount of 
water should correspond to the experimentally titrated 

amount of water. Recommended acceptable standard 
deviations for coulometric titration: 
 • for 1000 μg water ± 30 μg 
 • for 100 μg water ± 10 μg

We recommend the use of Hydranal-Water Standards with 
exactly confirmed water content:
 • for titer determination
 • for monitoring precision and accuracy
 • for validation and inspection of KF titrators according to 

ISO 9001-9003, GMP, GLP and FDA guidelines

Liquid Hydranal-Water Standards
Liquid Hydranal-Water Standards are ideal for all these tasks 
in volumetric and coulometric KF titration. They consist of 
stable solvent mixtures with specific composition and pre-
cisely determined water content, supplied in airtight glass 
ampoules to ensure quality when opened by the end user. 
The exact amount of water is given on the Certificate of 
Analysis (CoA), which is enclosed in each product package. 
The liquid Hydranal-Water Standards are filled under Argon 
in 4 mL or 8 mL glass ampoules. The humidity-proof pack-
aging allows for a minimum storage of five years. Each box 
contains ten ampoules.

Traceability to a national standard or to an SI unit is often 
required in guidelines. Our Hydranal-Water Standards are 
tested against the NIST standard reference material SRM 
2890, Water Saturated Octanol (NIST – National Institute of 
Standards and Technology USA).

ISO 760 prescribes using sodium tartrate dihydrate instead 
of pure water for titer determination of a KF titration agent. 
Hydranal-Standard sodium tartrate dihydrate is ideal for this 
application; it contains 15.66% water by weight (exact value 
stated on CoA), the value ensured by drying at 150 °C. 
Sodium tartrate dihydrate has limited solubility in metha-
nol, but it dissolves readily in Hydranal-Solvent.

Andrea Felgner, Market Segment Manager Hydranal andrea.felgner@sial.com
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Advantages of liquid Hydranal-Water Standards:
 • Filled under Argon in glass ampoules

 • One ampoule is sufficient for one test series

 • Minimum shelf-life 5 years

 • Instructions for use enclosed

 • Certificate of Analysis enclosed in each box

 • All Hydranal-Water Standards are tested against  
NIST SRM 2890

Europe and International
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

Hydranal® Standard Substances for KF Titration
Cat. No. Brand Description

Liquid Standards

34849 Fluka® Hydranal-Water Standard 10.0
Liquid standard for volumetric KF titer determination. Water content 10.0 mg/g (1.0%), exact value stated on CoA. Tested 
against NIST SRM 2890 and traceable to SI-Unit (kg).

34828 Fluka Hydranal-Water Standard 1.0
Liquid standard for coulometric KF titration. Water content 1.0 mg/g (0.1%), exact value stated on CoA. Tested against NIST 
SRM 2890. Used for validation and check of system and recovery rates.

34847 Fluka Hydranal-Water Standard 0.1
Liquid standard for coulometric KF titration. Water content 0.1 mg/g (0.01%), exact value stated on CoA. Tested against  
NIST SRM 2890. Used for validation and check of system and recovery rates.

34813 Fluka Hydranal-Standard 5.0
Liquid standard for volumetric KF titration. Water content 5.00 ± 0.02 mg/mL (5.91 ± 0.02 mg/g). 

34694 Fluka Hydranal-Water standard oil
Mineral oil-based matrix standard, for direct coulometric and volumetric KF titration and indirect titration with KF oven.  
Water content in the low ppm range, exact value stated on CoA. Tested against NIST SRM 2890.

Solid Standards

34696 Fluka Hydranal-Standard sodium tartrate dihydrate
Primary standard reference material for volumetric KF titration. Water content ~15.66%, exact value stated on CoA. Tested 
against NIST SRM 2890 and traceable to SI-Unit (kg). This standard remains stable under normal conditions and does not lose 
or absorb moisture. This product is a finely powdered solid that dissolves relatively quickly; although its solubility in methanol 
is limited.

34693 Fluka Hydranal-Water Standard KF oven 140 –160 °C
Solid standard for the control of KF oven using the coulometric or volumetric technique. Water content ~5%, exact value 
stated on CoA. Tested against NIST SRM 2890. This standard can be used to verify accuracy of results and tightness of a KF 
oven system. The function of the connected titration cell should be tested using a liquid Hydranal-Water Standard.

34748 Fluka Hydranal-Water Standard KF oven 220–230 °C
Solid standard for the control of KF oven, using the coulometric or volumetric technique. Water content 5.55 ± 0.05%, exact 
value stated on CoA. Tested against NIST SRM 2890. This standard can be used to verify accuracy of results and tightness 
of a KF oven system. The function of the connected titration cell should be tested using a liquid Hydranal-Water Standard.

Technical Support
Take advantage of our expertise gained from over 30 years 
of experience and our extensive applications database on 
KF titration. We will be glad to provide you with support  
for the analysis of your samples. Contact our Hydranal 
 specialists (details below) or visit us at 
sigma-aldrich.com/hydranal 

Please visit our website to find instructional videos on  
KF titration, including the use of water standards. A leaflet 
with detailed information on the procedure of titer determi-
nation for volumetric KF titration can be provided by our 
Technical Service on request.
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