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UHPLC – State-of-the-Art in Chromatography 

Dear Colleague, 

Smaller packing particles and higher column 

pressures were being proposed for greater 

separation efficiencies and faster run-times in 

liquid chromatography many years ago. In 

2004, the first commercial UHPLC instrument 

was introduced based on a column particle 

size of less than 2 μm. Since that time, many 

instrument manufacturers have developed 

several  UHPLC systems targeting these 

improvements in resolution and efficiency. 

And the efforts continue, with scientists today 

developing a growing array of dedicated 

methods and applications in their daily 

business.

In support of these advances in new technolo-

gies, improvements have been made in the 

quality of mobile phases. These improvements 

continue forth, in response to more recent 

UHPLC enhancements that have again raised 

the bar on the demand for mobile phases of 

exceptional quality. In combination with very 

sensitive detection methods, such as the latest 

developments on MS detection, it has become 

more and more challenging to guarantee a 

mobile phase quality that fits all requirements in 

a reliable manner. Sigma-Aldrich is well experi-

enced in meeting demanding requirements, 

with a very successful history and a broad offer-

ing of products for various applications. 

Since techniques related to UHPLC have 

become increasingly common, we are proud 

to introduce a new grade of mobile phase that 

is designed for UHPLC separations with MS 

detection methods.

Our new LC-MS Ultra CHROMASOLV® product line provides 

an outstanding quality and an ultra pure mobile phase that 

is tested specifically to UHPLC applications. Furthermore, 

we offer an increased lot-to-lot consistency with a very nar-

row specification level to ensure UHPLC suitability, which is 

achieved by considering parameters of the preparation 

process far beyond filtration.

With our broad portfolio of pure and dedicated solvents for 

modern applications, such as LC-MS or Headspace analysis, 

the next step is to accelerate your analytical performance. 

Sigma-Aldrich supports your ambition for the best possible 

analysis by providing an array of high-quality solvents, 

blends, additives and chromatography materials to meet 

your research needs. Visit us at sigma-aldrich.com to find 

the resources to accomplish your own challenging mission.

With kind regards,

 

Dr. Michael Kiselewsky 

Product Manager Analytical Reagents 

michael.kiselewsky@sial.com

Dr. Michael Kiselewsky 

Product Manager Analytical Reagents

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 director: Ingo Haag, PhD  

Editor: Daniel Vogler

sigma-aldrich.com/analytix



33

T
a

b
le

 o
f 

C
o

n
te

n
ts

sigma-aldrich.com/analytix

Titration

 19 Volumetric Concentrates for Titration by 

Sigma-Aldrich

  Prepare Acid, Base and Salt Standard Solutions with 

FIXANAL® Ampoules

 21 Determination of Water Content in Aldehyde 

and Ketone samples

  HYDRANAL®-K Reagent Line for Karl Fischer 

Titration

Feature Article

 4 Introduction of Novel Performance-Tested 

Solvents for UHPLC Applications

  New LC-MS Ultra CHROMASOLV® Grade Solvents 

and Additives

Standards

 7 New Conductivity and Redox Standard 

Solutions

 8 New Standards for Food Analysis

 9 Analytical Standards for the Ingredients of 

Milk Thistle and other Medicinal Plants

Microbiology

 11 Corynebacterium diphtheriae

  Diagnosis of an uncommon potential pathogen 

Derivatization

 12 A Novel Chiral Derivatizing Reagent for 

Enantiomeric CE Separation 

 16 Derivatization of Aliphatic Amines



4

sigma-aldrich.com/lc-ms

Introduction

Recent innovations in HPLC and mass spectrometry (MS), 

including Fused-Core® particles and ultra high perfor-

mance/pressure liquid chromatography (UHPLC) systems, 

have pushed the limits of speed (throughput), efficiency, 

and sensitivity. They have greatly increased the amount and 

quality of data obtained from HPLC and LC/MS experi-

ments. While the technical “buzz” is usually around columns 

and instruments, the solvents used for mobile phases, 

sample preparation, and sample dissolution are also critical 

components of the system. Their influence on reducing 

background noise and baseline instability, extending col-

umn lifetime, and maintaining system integrity cannot be 

underestimated nor overlooked. These solvent-related 

issues as they apply to UHPLC are discussed in this article; 

the same arguments apply to traditional HPLC as well.

The Problem of Solvent-Derived Impurities

Background noise is typically caused by impurities that 

enter the system from the sample, by leaching from system 

components (bottles, tubes, valves, vials, etc.), and from 

solvents and additives. To reduce the latter contribution, 

Sigma-Aldrich developed and recently introduced Fluka®-

brand LC-MS Ultra CHROMASOLV grade solvents and addi-

tives. This new product line is tested for UHPLC performance, 

including gradient applications, under both UV and MS 

detection.

There are several considerations when selecting a solvent 

for demanding UHPLC (or sensitive HPLC) applications: 
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Introduction of Novel Performance-Tested Solvents for UHPLC Applications
New LC-MS Ultra CHROMASOLV® Grade Solvents and Additives

1. Impurities (types and concentrations)

2. Concentra tion of impurities under weak gradient condi-

tions, with resulting elution later in the chromatogram 

or subsequent runs

3. Baseline under gradient elution

4. Reduction of system down-time for cleaning

Experimental problems resulted from these can be signifi-

cantly reduced, if not eliminated entirely, by using the new 

LC-MS Ultra CHROMASOLV grade solvents. The solvents are 

tested for performance in UHPLC gradient separations, as 

well as UV and positive and negative ion mode MS detection. 

The tests and the corresponding solvent performance are 

presented and discussed below.

HPLC, UHPLC Columns and Instruments

The UHPLC/UV/MS testing is performed with state-of-the-

art LC and MS instruments. Columns are Ascentis® Express 

Fused-Core C18 particles (2.7 μm) and totally porous sub-2 

μm particle C18. The mass spectrometer is a focusing time-

of-flight system, which provides high resolution and mass 

precision, as well as very high sensitivity. This system per-

mits highly reliable detection and identification of impuri-

ties, even at trace levels.

Measurement of Solvent’s Performance under  

Gradient Conditions 

Using a gradient of acetonitrile in water, the new LC-MS 

Ultra CHROMASOLV grade solvents have extremely low 

total UV baseline drift compared to classical LC-MS grade 

Rudolf Köhling, LC-MS Application Scientist rudolf.koehling@sial.com
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Figure 1 UV baseline UV drift of the solvent baseline resulting from a gradient application of LC-MS Ultra CHROMASOLV Acetonitrile/ 

water (red) compared with LC-MS grade Acetonitrile/water (blue) 
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(continued on page 6)
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Figure 2 Average ESI(-) mass spectra of the LC/UV/MS data shown in Figure 1. Salt impurities, e.g. organic acids, cause UV absorption 

and increase the UV drift. As a consequence, these salts influence the MS noise and cause additional signals by cluster formation, for 

example. The ESI(-) mode is particularly sensitive for such impurities. Standard HPLC gradient grade solvents or LC-MS grade solvents are 

generally not tested under these conditions. 

and gradient grade acetonitrile. Drift is below 8 mAU at 

210 nm for acetonitrile (Figure 1). Compared to standard 

LC-MS grade solvents, this new grade has significantly lower 

baseline and fewer minor peaks.

In addition to UV, drift under MS conditions is measured in 

the LC-MS Ultra CHROMASOLV® grade solvent quality con-

trol. UV data is collected at typical wavelengths to maintain 

comparability. A high UV detection sensitivity is important 

because many LC-MS systems are equipped with in-line UV 

detectors designed for UHPLC applications. Figure 2 

shows that the low UV absorption from the reduction in 

impurities also results in reduced MS noise, particularly in 

the Electrospray Ionization ESI(-) mode. This is a novel speci-

fication among LC-MS solvents: LC-MS Ultra CHROMASOLV 

solvents are actually tested with ESI(-) RP gradients using 

digoxin as the internal standard. 

Blank runs of standard reversed-phase gradients of 30% to 

80% acetonitrile in water generally result in low and stable 

baselines with HPLC columns packed with particles >3 μm. 

However, this is not the case UHPLC separations because of 

the typically higher flow rates and short columns. Figures 

3 and 4 (positive and negative ion mode ESI, respectively) 

show that UHPLC gradients using standard solvents have 

many more impurity peaks and rising baselines compared 

to LC-MS Ultra CHROMASOLV solvents. 

Improved Testing with Very Low Noise Limits and 

Short UHPLC Columns at High Flow Rates

Finally, special gradient tests for UV and MS are designed  

for UHPLC separations with short columns, typically 5 cm to 

10 cm in length. High flow rates permit detection of as 

many impurities as possible in short run times. MS experi-

ments are performed in both ESI(-) and ESI(+) modes. The 

signal height of 5ppb reserpine and 20ppb digoxin stan-

0 1 2 3 4 5 6 7 8 Time [min]

200

400

600

800

Intens.

Figure 3 Baseline in Positive Ion Mode MS Detection ESI(+) LC-MS chromatograms of a standard blank gradient using LC-MS Ultra 

CHROMASOLV Acetonitrile/water (red) compared to standard HPLC solvents (blue)
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Cat. No. Brand Name Description Package Size

14261 Fluka® Acetonitrile LC-MS Ultra CHROMASOLV, ≥99.9%, gradient tested for UHPLC, UV & MS 1 L, 2 L

14262 Fluka Methanol LC-MS Ultra CHROMASOLV, ≥99.9%, gradient tested for UHPLC, UV & MS 1 L, 2 L

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

14264 Fluka Trifluoroacetic acid LC-MS Ultra eluent additive, ≥ 99.0% suitable for UHPLC-MS 1 mL, 2 mL

14265 Fluka Formic acid LC-MS Ultra eluent additive, ≥ 98% suitable for UHPLC-MS 1 mL, 2 mL

14266 Fluka Ammonium formate LC-MS Ultra eluent additive, suitable for UHPLC-MS 25 g

14267 Fluka Ammonium acetate LC-MS Ultra eluent additive, suitable for UHPLC-MS 25 g

Table 1 New LC-MS Ultra CHROMASOLV solvents and LC-MS Ultra eluent additives.

dards, respectively, are used as threshold for noise and impu-

rity signals. At these low levels, this experimental set-up 

should cover the demands of most trace analyses (Figure 5).

These detection limits differ considerably from standard 

HPLC gradient or LC-MS grade solvents, and pay tribute to 

the higher demands of UHPLC. In particular, the improve-

ments in detection systems (UV, MS) reveal the smallest 

amounts of impurities. In order to obtain very low detec-

tion limits, reliable instrument performance, and to lessen 

the amount of system maintenance, it is important to 

always use the highest quality solvent. The LC-MS Ultra 

CHROMASOLV® meets and exceeds these criteria.

Conclusion

The advent of UHPLC and other high-efficiency HPLC and 

LC-MS techniques have set new standards for sensitivity, effi-

ciency, and throughput. In order for the UHPLC system to 

provide this reliable data and high performance and elimi-

nate system down-time, it is critical to use solvents that are as 

carefully developed, prepared, and tested as other compo-

nents of the system. The solvents must be tested in situ under 

demanding UHPLC conditions, under various detection 

modes. Fluka’s new LC-MS Ultra CHROMASOLV grade sol-

vents fulfill these requirements.
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Figure 5 Improved Testing with Very Low Noise Limits and Short UHPLC Columns at High Flow Rates Measurement of 5ppb reserpine 

and 20ppb digoxin as part of the UHPLC application tests. The average spectra should not contain higher signals than the internal 

standards ([M+H]+ for reserpine and [M-H]-, [M+HCOO]- for digoxin). 
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Figure 4 Baseline in Negative Ion Mode MS Detection Baseline of LC-MS Ultra CHROMASOLV Acetonitrile/water gradient in negative ion 

ESI mode (red). The upper blue trace is from standard HPLC grade solvent under the same conditions as Figure 3.
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New Conductivity and Redox Standard Solutions

Sigma-Aldrich is complementing its offering of conductivity 

standards and redox standards by a comprehensive range of 

new products as part of the Fluka® product line.

The electrical conductivity of aqueous solutions is a mea-

sure of the current conducted by the ions present in the 

water. The factors that determine the conductivity are con-

centration and nature of the ions, as well as temperature and 

viscosity of the solution. The electrical conductivity of pure 

water is 5.483 μS/m at 25 °C due to its own dissociation.

The new Fluka conductivity standard solutions are each 

delivered in a 500 mL package size and the values are trace-

able to NIST. A list of the new products can be found in 

Table 1.

Cat. No. Brand Description Package Size

06811 Fluka Conductivity Standard, 

200 uSi/cm

500 mL

56890 Fluka Conductivity Standard, 

300 uSi/cm

500 mL

41303 Fluka Conductivity Standard, 

400 uSi/cm

500 mL

06999 Fluka Conductivity Standard, 

500 uSi/cm

500 mL

06949 Fluka Conductivity Standard, 

1000 uSi/cm

500 mL

51795 Fluka Conductivity Standard, 

2000 uSi/cm

500 mL

04656 Fluka Conductivity Standard, 

2500 uSi/cm

500 mL

Cat. No. Brand Description Package Size

44348 Fluka Conductivity Standard, 

3000 uSi/cm

500 mL

59962 Fluka Conductivity Standard, 

5000 uSi/cm

500 mL

67233 Fluka Conductivity Standard, 

10000 uS/cm

500 mL

51715 Fluka Conductivity Standard, 

20000 uSi/cm

500 mL

91916 Fluka Conductivity Standard, 

30000 uS/cm

500 mL

56255 Fluka Conductivity Standard, 

50000 uS/cm

500 mL

41702 Fluka Conductivity Standard, 

80000 uS/cm

500 mL

59777 Fluka Conductivity Standard, 

100000 uS/cm

500 mL

64181 Fluka Conductivity Standard, 

150000 uS/cm

500 mL

03729 Fluka Conductivity Standard, 

200000 uS/cm

500 mL

66337 Fluka Conductivity Standard, 

300000 uS/cm

500 mL

69038 Fluka Conductivity Standard, 

350000 uS/cm

500 mL

73138 Fluka Conductivity Standard, 

450000 uSi/cm

500 mL

55898 Fluka Conductivity Standard, 

500000 uSi/cm

500 mL

Table 1 New Fluka branded conductivity standards

The redox potential is measured in volts and can be 

described as the tendency of a chemical species to acquire 

electrons. The values of the new Fluka redox standard solu-

tions are quoted as the potential of a platinum electrode 

versus an Ag/AgCl reference in 3M potassium chloride. 

Table 2 lists the new offerings in the Fluka redox standards 

product line.

Cat. No. Brand Description Package Size

04887 Fluka Redox standard, 124 mV 500 mL

40661 Fluka Redox standard, 200 mV 500 mL

13198 Fluka Redox standard, 250 mV 500 mL

91572 Fluka Redox standard, 300 mV 500 mL

77088 Fluka Redox standard, 358 mV 500 mL

77647 Fluka Redox standard, 400 mV 500 mL

78855 Fluka Redox standard, 465 mV 500 mL

80138 Fluka Redox standard, 600 mV 500 mL

87783 Fluka Redox standard, 650 mV 500 mL

Table 2 New Fluka branded redox standards

Matthias Nold, Product Manager Analytical Standards matthias.nold@sial.com 
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38213 Allura Red AC

40462 Red 2G

49547 Naphthol Yellow S

00889 Methyl heptadecanoate-d33 14849 Triethyl Citrate 

18137 Ponceau 4R

90984 Sucralose

Cat. No. Brand Description Package Size

38213 Fluka®                       Allura Red AC 25 mg

49547 Fluka Naphthol Yellow S 25 mg

18137 Fluka Ponceau 4R 25 mg

40462 Fluka Red 2G 25 mg

00889 Fluka Methyl heptadecanoate-d33  50 mg

14849 Fluka Triethyl Citrate 1 mL

90984 Fluka Sucralose 100 mg

Sigma-Aldrich offers a wide range of analytical standards 

for food analysis. Recently, we have expanded our product 

line with several new additions, including four aza dyes 

(Allura Red AC, Naphthol Yellow S, Ponceau 4R and Red 2G) 

as well as isotope labeled methyl heptadecanoate, the plas-

ticizer triethyl citrate and the artificial sweetener sucralose.

New Standards for Food Analysis

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

Dioxin & PCB analysis

Find useful information about Dioxin and PCB analysis  

(Sample Clean up, GC analysis, etc.) in our comprehensive  

brochure. This helpful resource can be downloaded as  

a pdf from sigma-aldrich.com/dioxin or ordered from  

sigma-aldrich.com/lit-request
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Analytical Standards for the Ingredients of Milk Thistle and other Medicinal Plants

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

An effective quality control of herbal medicinal products is 

gaining increased importance. In response, Sigma-Aldrich is 

continuously expanding its offering of analytical standards 

and primary reference standards of active ingredients and 

marker compounds in medicinal plants. An up-to-date list-

ing of these products can be found on our webpage at 

sigma-aldrich.com/medicinalplants, catalogued not 

only by alphabetical order, but also according to substance 

class and by genus for an array of medicinal plants.

One widely used medicinal plant is the milk thistle (genus 

silybum, e.g. silybum marianum). Its extracts have been used 

for many hundreds of years to treat liver diseases. Active 

ingredients are a mixture (called silymarin) of flavonolignans. 

Constituents of the silymarin include: Silybin (A and B),  

Iso silybin (A and B), Silychristin and Silydianin.

Table 1 lists analytical standards for milk thistle constitu-

ents, as well as new standards for the analysis of herbal 

medicinal products.

Cat. No. Brand Description Package Size

69664 Fluka® Bergapten 25 mg

92648 Fluka Betulin 50 mg

95426 Fluka (-)-α-Bisabolol 1 mL

68878 Fluka Borneol 10 mg

91209 Fluka Carnosic acid 5 mg

42632 Fluka Carvacrol 50 mg

67403 Fluka Cirsilineol 5 mg

55823 Fluka trans-p-Coumaric acid 50 mg

90467 Fluka Cryptochlorogenic acid 5 mg

91801 Fluka Cynarin 5 mg

Cat. No. Brand Description Package Size

16917 Fluka 1,5-Dicaffeoylquinic acid 5 mg

92204 Fluka Dihydrokaempferol 5 mg

90985 Fluka Diosmetin 10 mg

14668 Fluka Ellagic acid 50 mg

94113 Fluka Eriocitrin 5 mg

89061 Fluka Eriodictyol 10 mg

91214 Fluka Isofraxidin 5 mg

97326 Fluka Isosilybin A 5 mg

95684 Fluka Isosilybin B 5 mg

67135 Fluka Isovitexin 5 mg

68437 Fluka Kaempferol 3-glucoside 5 mg

49599 Fluka Linalyl acetate 50 mg

52186 Fluka Naringenin 50 mg

76716 Fluka Naringenin 

4’,7-dimethylether

5 mg

91213 Fluka Neochlorogenic acid 5 mg

55736 Fluka Orientin 5 mg

08992 Fluka Protocatechuic acid 50 mg

90733 Fluka Quercetin-3-O-glucuronide 5 mg

38332 Fluka Scopoletin 10 mg

02000585 Fluka Silybin A, primary reference 

standard

10 mg

59527 Fluka Silybin B 5 mg

51681 Fluka Silychristin 10 mg

30494 Fluka Silydianin 10 mg

91802 Fluka Spiraeoside 5 mg

49598 Fluka (-)-Terpinen-4-ol 50 mg

93878 Fluka trans-Sinapic acid 50 mg

54826 Fluka Umbelliferone 50 mg

14515 Fluka Vanillic acid 4-β-D-glucoside 5 mg

43907 Fluka Vitexin 4’’-O-glucoside 5 mg

56448 Fluka Xanthotoxin 50 mg

Table 1 New analytical standards of active ingredients and marker 

substances for the analysis of herbal medicinal drugs
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TraceCERT® Certified Reference Materials

All products are ...

 produced in accordance with ISO/IEC 17025 and ISO Guide 34

 traceable to internationally accepted reference materials (i.e. NIST SRM)

 on a superior level of accuracy, calculated uncertainties and lot-specific values

TraceCERT Inorganic CRMs

 Standard Solutions for AAS, ICP and IC

 Single and Multi-component Standards

 More information and product listings on:  
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TraceCERT Organic CRMs
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Corynebacterium diphtheriae 
Diagnosis of an uncommon potential pathogen

Jvo Siegrist, Product Manager Microbiology ivo.siegrist@sial.com

Corynebacterium diphtheriae is a 

gram-positive, aerobic, non-motile 

(no flagella), rod-shaped pathogen. 

It belongs to the group of Actino-

bacteria (see Table 1) and is there-

fore related to mycobacteria and 

actinomycetes. The natural source 

for Corynebacterium is soil, water, 

plants, and food products.

Four subspecies are known: C. diph-
theriae mitis, C. diphtheriae interme-
dius, C.  diphtheriae gravis, and 

C. diphtheriae belfanti; all of them 

may be toxigenic. The toxin’s origin from Corynebacterium diphtheriae is 

from a bacteriophage, specifically its DNA. The DNA expression depends 

on the iron concentration in the surrounding environment. In the pres-

ence of iron, the production of the toxin is stopped. The toxin is taken up 

into human cells and then cleaved into a protein containing an enzyme 

which inhibits the RNA synthesis. 

Diphtheria, the disease caused by the toxin, is an acute infectious disease 

primarily of the upper respiratory tract but occasionally also of the skin.

Kingdom: Bacteria

Phylum: Actinobacteria

Order: Actinomycetales

Suborder: Corynebacterineae

Family:w Corynebacteriaceae

Genus: Corynebacterium

Table 1 Scientific classification

For the accurate identification of C. diphtheria, a gram stain is performed 

to show gram-positive organisms. Particular staining methods (Albert’s 

and Ponder’s stain, containing toluidine blue or Neisser’s Methylene 

Blue stain) can be used to identify the highly pleomorphic organisms. 

The typical metachromatic granules can then be seen at the polar 

regions. 

To culture Corynebacteria, enriched media are utilized for the process; for 

example, Loeffler’s medium is recommended. All Corynebacteria need 

biotin to grow and generally grow quite slowly. Other media that can be 

used for isolation and detection are Blood Agar, Tinsdale Agar, Cystine-

Tellurite blood Agar, Hoyle’s tellurite Agar, TSA and Nutrient Agar. To 

enhance growth, blood and serum may be used. For differentiation, the 

tellurite reaction can be employed, since all Corynebacteria (including  

C. diphtheriae) are able to reduce tellurite to metallic tellurium, which is 

then evidenced by the formation of brown to black colonies; for C. diph-
theriae, a black halo can be seen around the colonies. In addition, potas-

sium tellurite may serve as a selective substance. Currently, one of the 

best methods used to detect Corynebacteria employs a selective 

medium such as Tinsdale Agar with the addition of potassium tellurite. 

Tinsdale proposed a serum-cystine-thiosulfate-tellurite agar for the iso-

lation and differentiation of C. diphtheriae. In this way, C. diphtheriae and 

diphtheroids could be differentiated. The modern formulation was 

modified by using Proteose Peptone, which improved the differential 

qualities and recovery of C. diphtheriae. The halo formation of C. diphthe-
riae on the media is unique with one exception; colonies of C. ulcerans 
occasionally show a similar appearance, but exhibit a positive urease 

test.

For the biochemical testing for confirmation or dif ferentiation of 

organisms, techniques applying the heamolytic reaction on Blood 

Agar, catalase test, nitrate and urease test are primarily employed. In 

addition, a number of other typical properties, some of which are 

listed in Table 2, may be applied in biochemical analyses.

Staining

Fluka® 01363 Neisser’s Methylene Blue Solution

Fluka 77730 Gram Staining Kit

Media

Fluka 89747 Tinsdale Agar (Base)

Fluka 27688 Columbia Agar

Fluka 70133 Blood Agar (Base)

Supplements

Fluka 17774 Potassium tellurite Solution

Fluka 73831 Tinsdale Supplement

Tests

Fluka 88597 Catalase Test

Fluka 51138 Nitrate Reagent Disks Kit

Fluka 73426 Nitrate Reduction Test

Fluka 38497 Nitrate Reagent A

Fluka 39441 Nitrate Reagent B

Table 3 The most important reagents, tests and media from Sigma-Aldrich 

Strain Growth on Blood Agar Catalase Lactose* Ribose* β-Glu β-Gur Nitrate Urease

C. diphtheriae gravis non-haemolytic + - + + + + -

C. diphtheriae mitis Small zone of β-haemolysis + - + + + + -

C. diphtheriae intermedius Small zone of β-haemolysis + + + + + + -

C. diphtheriae belfanti Small zone of β-haemolysis + - - + + - -

Table 2 Typical properties for C. diphtheriae * = acid production; β-Glu = β-Glucosidase; β-Gur = β-Glucuronidase

Figure 1 A photomicrograph of 

Corynebacterium diphtheriae taken 

from an 18-hour culture, using Albert’s 

stain. (Source: CDC)
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The reaction between DDHAIC and amino acids is illustrated 

in Figure 1. Isothiocyanate-type reagents require basic 

reaction media for the derivatization of amino acids. Several 

reaction media are tested. Best reaction yields are obtained 

with triethylamine (TEA) solution. Heating facilitates the 

derivatization reaction. The molar ratio of DDHAIC to ana-

lytes ranging from 0.1 to 50 is investigated. It is found that 

the derivatization yield becomes almost constant at a molar 

ratio greater than 10. Based on these results, amino acids 

are derivatized with DDHAIC as following: 10 μL amino acid 

solution (5 mM prepared in 0.1 M HCl) is mixed with 100 μL 

of 5% TEA (in acetonitrile); DDHAIC (50 μL of 30 mM in ace-

tonitrile) is added; the mixture is vortexed and then heated 

at 70 °C for 60 min. After cooling, the derivative solution is 

injected into the CE system for separation.

Under the selected reaction conditions, no racemization of 

any stereogenic carbon centers, neither those in DDHAIC 

nor that in amino acid, is observed during the derivatiza-

tion. This is further investigated by derivatizing three Ala 

solutions: enantiomeric L-Ala, racemic Ala (i.e. 50% D-Ala in 

a D-/L-Ala mixture), and a D-/L-Ala mixture containing 1% 

D-Ala. Figure 2 shows the three electropherograms. As 

can be seen, no DDHAIC-D-Ala peak appears in Figure 2A 

obtained from derivatizing enantiomeric L-Ala. Figure 2B 

indicates that 1% D-Ala present in a D-/L-Ala mixture can be 

unambiguously detected. It is also safe to say that there is 

no significant difference in derivatization kinetics towards 

the two enantiomers (D- and L-Ala) based on the peak areas 

corresponding to D-Ala and L-Ala as shown in Figure 2C. 

Individual enantiomers of many natural or synthetic chiral 

therapeutic agents have distinct pharmacological effects. 

Quantification of these enantiomers and their enantiomeric 

metabolites are very important for further growth within 

biomedical research and the pharmaceutical industry. 

Analytical methods based on HPLC, CE, enzymatic and 

immunochemical biosensors, etc. are commonly used for 

quantification with stereochemical specificity. CE-based 

methods offer high separation efficiency, short run time, 

instrumentation simplicity, and compatibility with small 

volume/mass samples. Various approaches have been 

developed to achieve chiral separations by CE. These 

include direct approaches where a chiral additive is added 

into the running buffer and indirect avenues that are based 

on diastereomer formation through pre-column derivatiza-

tion using a chiral derivatizing reagent. Pre-column 

derivatization often improves detection sensitivity as well. 

To date, several chiral derivatizing reagents, including 

Marfey’s reagent and (+) or (-)-1-(9- fluorenyl)ethyl chloro-

formate, are widely used for pre-column derivatization of 

amino compounds. An optimal chiral derivatizing reagent 

reacts readily with the targeted analytes and produces 

highly stable, detectable, and separable diastereomers in 

addition to a high optical purity of itself. Naturally occurring 

enantiomeric abietic acid is an excellent starting material 

for preparing chiral derivatizing reagents because it has an 

absolute optical purity and very stable stereochemistry 

structure. In this work, degradingdehydroabietylisothiocy-

anate (DDHAIC) prepared from dehydroabietic acid is 

evaluated as a chiral derivatizing reagent for enantiomeric 

CE separation of amino compounds, using amino acids as 

the model analytes. 

A Novel Chiral Derivatizing Reagent for Enantiomeric CE Separation 

Yi-Ming Liu, PhD

Department of Chemistry, Jackson State University, 1400 Lynch St., Jackson, MS 39217, USA

Figure 1 Derivatization of amino acids with DDHAIC (Fluka® 89394)
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The indirect chiral CE separation is 

performed by the mode of micel-

lar electrokinetic chromatography 

(MEKC). The CE running buffer 

contains Sodium dodecyl sulfate 

(SDS) as the surfactant to produce 

micelles and acetonitrile as an 

organic modifier. The composition 

is as following: 50 mM Na2HPO4 (at 

pH 9.0), 18 mM SDS, and 25% (v/v) 

acetonitrile. Figure 3 shows an 

electropherogram obtained from 

separating a mixture of 12 DDHAIC 

derivatized D/L-amino acids. It is 

worth noting that UV absorption 

from the derivatizing reagent, 

DDHAIC, is small compared with 

the absorption from DDHAIC-

amino acid derivatives. In Table 1, 

chiral resolution values (Rs) for 10 

pairs of DDHAIC-amino acid dia-

stereomers are listed. The value 

ranges from 0.95 to 8.9. These 

results indicate that amino acid 

dias tereomers  der ived f rom 

DDHAIC are very separable by 

MEKC. 

In summary, a new chiral derivatiz-

ing reagent, degradingdehydroabi-

etylisothiocyante (DDHAIC), is 

proposed for CE separation of chi-

ral amino compounds. DDHAIC 

reacts readily with amino acid 

enantiomers at an elevated tem-

perature, forming diastereomers 

stable for at least 72 hours at room 

temperature. No racemization 

occurs during derivatization. Dia-

stereomers formed from 10 pairs 

of amino acid enantiomers tested 

in this work are al l  base- l ine 

resolved. These results indicate 

that DDHAIC is a useful addition to 

the family of chiral derivatizing 

reagents. 
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Migration time (min)

D L RS

Asn 14.45 14.90 1.7

Val 16.47 18.55 4.8

Met 17.06 19.48 5.9

Leu 18.28 22.32 8.9

Phe 20.31 24.20 7.9

Trp 23.43 25.23 2.5

Ala 17.59 18.29 1.9

Thr 16.43 17.61 3.2

Ser 16.07 16.33 0.95

Vigabatrin 19.34 (R) 20.88 (S) 5.0

Table 1 MEKC migration times and resolution values of DDHAIC-amino acid diastereomers

Figure 2 Electropherograms obtained from (A) derivatization of L-Ala; (B) derivatization of a  

D- /L-Ala mixture containing 1% D-Ala; and (C) derivatization of racemic Ala. CE conditions  

(on a HP3D CE system): running buffer, 50 mM phosphate at pH 9.0 containing 18 mM SDS and 

25% acetonitrile; capillary, 50 mm id x 55 cm in length; applied voltage, 20 kV; capillary 

temperature, 20 °C; UV detection at 202 nm

(continued on page 14)
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Cat. No. Brand Description Abbr. Package Size

89394 Fluka® (1R,4aS,10aR)-7-Isopropyl-1-isothiocyanato-1,4a-dimethyl-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene

DDHAIC 100 mg

90337 Sigma Triethanolamine for amino acid analysis, ≥99.5% (GC) TEA 5 mL, 25 mL, 100 mL

71726 Fluka  Sodium dodecyl sulfate for ion pair chromatography, ≥99.0% SDS 10 g, 50 g

Table 2 Product information

Reference:

[1] Zhao S, Wang H, Zhang R, Tang L, 

Liu YM, Degradingdehydroabi-

etylisothiocyanate as a chiral 

derivatizing reagent for enantio-

meric separations by capillary 

electrophoresis, Electrophoresis, 

2006, 3428-3433.

Figure 3 Electropherogram obtained from separating a mixture of 12 DHAIC-D/L-amino acids.  

CE conditions are as presented in Figure 2.
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Your Day-to-Day Demand for TLC Plates
Sigma-Aldrich offers you a new quality of TLC plates on aluminium with a standard silica 

gel matrix. Our TLC plates now provide a reliable and easy-to-cut sheet and an out-

standing wettability. Discover the excellent separation efficiency for your daily thin 

layer chromatography workload. 

Material Brand Name Size Fluoresence Indicator Thickness of Layer

49859-50EA Supelco® Silica gel on TLC-Al foils 4 cm x 8 cm 254 nm 0.20 mm

52038-20EA Supelco Silica gel on TLC-Al foils 5 cm x 7.5 cm 254 nm 0.20 mm

23478-50EA Supelco Silica gel on TLC-Al foils 5 cm x 10 cm 254 nm 0.20 mm

12606-50EA Supelco Silica gel on TLC-Al foils 5 cm x 20 cm 254 nm 0.20 mm

56524-25EA Supelco Silica gel on TLC-Al foils 20 cm x 20 cm 254 nm 0.20 mm

55811-20EA Supelco Silica gel on TLC-Al foils 5 cm x 7.5 cm without 0.20 mm

75196-50EA Supelco Silica gel on TLC-Al foils 5 cm x 10 cm without 0.20 mm

92572-50EA Supelco Silica gel on TLC-Al foils 5 cm x 20 cm without 0.20 mm

53356-25EA Supelco Silica gel on TLC-Al foils 20 cm x 20 cm without 0.20 mm

Silica with an average pore size of 60 Å, specific pore volume 0.75 mL/g and a particle size of 5–17 μm, for reliable and 

reproducible results. A new binder system offers easy cutting.

Selectophore Brochure 2010
Basic Principles, Technical Instructions,  
Applications & Product Listings

Ionophores and auxiliary reagents for the preparation of ion-selective 

membranes:

 Ionophores

 Plasticizers

 Additives

 Solvents

 Calibration standards

 Membranes & cocktails

 Equipment

To order this brochure, please visit sigma-aldrich.com/selectophore or tick 

the box on the reply card to receive your free copy.
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Derivatization of Aliphatic Amines 

Hugh Cramer, Associate Scientist hugh.cramer@sial.com 

Shyam Verma, Market Segment Manager shyam.verma@sial.com

Michael Kiselewsky, Product Manager michael.kiselewsky@sial.com

The aliphatic amines are commonly analyzed in environ-

ment and biological samples [1]. Detection and separation 

of aliphatic amines by HPLC has been reported [2–4] earlier. 

However, aliphatic amines, generally, do not show ultravio-

let absorption or emit fluorescent light, and this makes their 

detection difficult. The derivatization allows quantitative 

conversion of amines to a detectable derivative, with mini-

mal side reactions under mild conditions. Huang et al. [1] 

recently reported that the aliphatic and diamines can be 

conveniently separated by HPLC following a pre-column 

derivatization with 2,6-dimethyl-4-quinolinecarboxylic acid 

N-hydroxysuccinimide ester (DMQC-OSu). The DMQC-OSu 

reagent readily reacts with primary and diamines exhibiting 

several advantages, such as, good selectivity in aqueous 

solution, fewer by-products, mild reaction conditions and 

excellent derivative stability. The reaction is illustrated in 

Figure 1. Its use as a spectrofluorometric reagents has also 

been reported by Cao et al. [5].

Huang et al. [1] reported a method for simultaneous analysis 

of aliphatic and diamines using reversed-phase HPLC using a 

C18 column after pre-column derivatization with DMQC-OSu. 

Following this procedure, they reported good separation of 

various primary amines and diamines with improved sensi-

tivity and selectivity. Our study presents results of derivatiz-

ing aliphatic amines with DMQC-OSu following the method 

of Huang et al. [1]. Derivatized analyte was evaluated by 

Ascentis® Express HPLC column with expectation of reduc-

ing run time and improving peak shape.

A mixed aqueous amine solution was used that contained a 

mixture of 8 different aliphatic amines (methyle-, ethyl-, 

propyl-, ethylenedi-, butyl-, amyl-, hexyl- and heptyl- 

amines). The solution was derivatized following the method 

reported by Huang et al. [1]. The derivatization conditions 

for this study, such as, concentration of DMQC-OSu, buffer 

pH, reaction temperature and time were the same optimized 

conditions as Huang et al. [1] used for maximizing derivatiza-

tion yield. A 20 μL sample of amine solution was mixed with 

20 μL of derivatization reagent solution (2 mmole DMQC-

OSu (Fluka® cat. No 49558) in acetonitrile) and 200 μL of 0.2 M 

boric acid titrate buffered to pH 7.5 with sodium hydroxide 

at 50 °C for 40 minutes. The mixture was then cooled to 

room temperature. A sample of 20 μL of this derivatized 

solution was then injected for HPLC analysis.

Ascentis Express column of 10 cm length and 2.7 μm parti-

cle size was selected for this study compared to column 

length of 15 cm and particle size of 5 μm used by Huang et 

al. [1]. The derivatized sample was run by HPLC-FL and 

Figure 1 DMQC-OSu reaction with aliphatic amine [1]
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Featured Product

Description Cat. No.

2,6-Dimethyle-4-quinolinecarboxylic acid  

N-hydroxysuccinimide ester (DMQC-OSu)

49558-100 MG

Ascentis Express C18 HPLC Column  

2.7 μm particle size, L × I.D. 10 cm × 4.6 mm

53827-U

 column: Ascentis® Express C18 10 cm x 4.6 mm, 2.7 μm particles (53827-U)

 mobile phase A: water

 mobile phase B: methanol

 gradient: min %A  %B

   0 50 50

   5 10 90

   7 10 90

 flow rate: 1.0 mL/min

 temp.: 35 °C

 det.: Fluorescence, ex=326 nm, em=409 nm

 injection: 10 μL

0 2 51 4 63 7
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Peak ID

a. hydrolysate 

1. DMQC-methylamine

2. DMQC-ethylamine

3. DMQC-propylamine

4. DMQC-ethylenediamine

5. DMQC-butylamine

6. DMQC-amylamine

7. DMQC-hexylamine 

8. DMQC-heptylamine

Figure 2 Chromatogram of DMQC-OSu derivatives of amines using Ascentis Express C18 column

Order a free copy of our guide on “Derivatization Reagents” at our website:  
sigma-aldrich.com/derivatization

experiments were performed by varying gradient time for 

ACD LC simulator. Simulations were run to develop this test 

method and simulation conditions were confirmed. The 

chromatogram is shown in Figure 2. 

Huang et al. [1] suggested that in an amino acid matrix, 

DMQC-OSu can react with amino acids, and the retention 

times of amino acid derivatives were found to be shorter 

than those of aliphatic amine derivatives under the selected 

chromatographic conditions. Any interference from amino 

compounds was ruled out in detection of aliphatic amines. 

Alcohols were also reported to show no interference with 

aliphatic amines [1]. Consequently, this approach offers 

high selectivity for analysis of aliphatic amines. 

A typical chromatogram from the study of Huang et al. [1] 

showed that under the defined optimum conditions the 

eight analytes were separated in 16 minutes. Following 

their optimized derivatization method and similar test con-

ditions, the run time on Ascentis Express column was 

achieved in seven minutes with reduced re-equilibration 

from 30 to 20 minutes at equivalent column volumes. 

Results from the Ascentis Express column show higher 

peak resolution, especially early in the chromatogram, and 

improved peak shapes. These results confirm the suitability 

of the derivatization reagent, 2,6-Dimethyl-4-quinolonecar-

boxylic acid N-hydroxy succinimide ester and the optimized 

derivatization method reported by Huang et al. [1]. Also, the 

Ascentis Express C18 column allows efficient separation of 

derivatized primary and secondary aliphatic amines after 

pre-column derivatization.

References:

[1] Huang, K. et al., Chromatographia, 2009; 70. 

[2] Sahasrabuddhey B et al. Analyst, 1999, 124:1017–1021.

[3] Lloret SM, et al., J Chromatogr A, 2004, 1035:75–82.

[4] Lamba S, et al., Anal Chim Acta, 2008, 614:190–195.

[5] Cao LW, et al., Talanta, 2003, 59: 973–979. 
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Get your bulk demand of Silica 60 Å for a special price!

Sigma-Aldrich provides a broad range of silica gel and other separation 

media from standard qualities to modified specialities used for dedicated 

applications. In addition to this extraordinary diversity we offer economical 

products for generic and routine purification in the same way. Silica 60 is 

one of the most common products and used in almost every laboratory. 

Get your tailor-made quote for a large quantity demand of bulk silica 60 Å 

(premium and standard quality) that combines Sigma-Aldrich service and 

quality with a competitive pricing.

Visit us at: sigma-aldrich.com/savings or sigma-aldrich.com/silicagel

To take advantage of this offer, please use promotion code 958. Offer valid until 30.04.2011.

percent symbol © joannis kounadeas/fotolia.com

Monthly Savings 
Program

SAVE 70%

Your Day-by-Day Demand 
of Silica – 70% Off

5 best sellers

Part No. Brand Description

717177-1 KG, 5 KG, 25 KG Aldrich Silica Gel 60 for column chromatography, technical grade (63–200 μm)

717185-1 KG, 5 KG, 25 KG Aldrich Silica Gel 60 for column chromatography, technical grade (40 – 63 μm)

60741-1 KG, 5 KG, 25 KG Fluka® Silica Gel 60 for flash chrom. (63–200 μm) 

60738-1 KG, 5 KG, 25 KG Fluka Silica Gel 60 for flash chrom. (35–70 μm) 

60737-1 KG, 5 KG, 25 KG Fluka Silica Gel 60 for flash chrom. (40 – 63 μm) 4 – 6% H20
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Volumetric Concentrates for Titration by Sigma-Aldrich 
Prepare Acid, Base and Salt Standard Solutions with FIXANAL® Ampoules

Andrea Felgner, Product Manager Analytical Reagents andrea.felgner@sial.com

Our volumetric concentrates, 

packaged in convenient FIXANAL 

ampoules, allow our customers to 

achieve specific concentrations of 

high accuracy. This is accom-

plished with speed and simplicity 

due to the design features of the 

innovative FIXANAL ampoules. 

The volumetric concentrate con-

tains an exact amount of the pre-

scribed substance. By diluting the 

entire content of the ampoule by a 

determined volume, the analyst 

has complete control over the final solution concentration. 

The analyst’s confidence is aided by knowing for certain 

that the absolute amount of the titration substance has 

been tested against a certified reference material.

distilled and degassed; otherwise sluggish endpoints or 

changes to the titer may occur.

Certain concentrates having sensitive chemical properties 

require black pigmented PE ampoules or brown glass 

ampoules. All FIXANAL concentrates are calibrated against 

independently produced reference standards. All chemicals 

and test equipment are examined according to the rules of 

DIN EN ISO 9001 and DIN EN ISO 14001.

Quality Assurance, Packaging and Handling 

 FIXANAL ampoules are subject to strict production and 

quality control specifications 

 A special ampoule-sealing process guarantees titer to be 

accurate within specified shelf life 

 Ampoules are supplied with self-adhesive labels that 

can easily be attached to a storage vessel 

 Ampoules are made of high-resistance polyethylene 

(PE), natural or black-pigmented, or glass, depending on 

the content 

 PE-ampoules have an integrated rinsing funnel for per-

forating the membrane (see Figure 1); the integrated 

deflector accelerates complete rinsing of the concen-

trate from the ampoule 

 Glass ampoules do not have the twist-opening mecha-

nism; instead, a glass rod is used for piercing both ends 

of the ampoule (see Figure 2) 

 The water used to fill up to volume should be distilled 

and degassed; otherwise, sluggish endpoints or changes 

of titer may occur 

 Concentrates of iodine, containing iodide-iodate-mix-

tures, have to be treated with an equivalent amount of 

acid (+ 1% excess) before bringing them up to volume, 

in order to react to free iodine 

(continued on page 20)

Product characteristics:

 Contains exact amount of substance (e.g. 1 mol)

 Titer precision 1.000 ± 0.2%

 Economical and space-saving

 Final concentration is user-specified

For convenience, the ampoules are supplied with self-

adhesive labels that can easily be attached to a storage 

vessel by the end-user. Most ampoules are made of high-

resistance polyethylene and have an attached funnel. To 

open a FIXANAL ampoule, simply twist the top of the 

ampoule to activate flow; a specially developed rinsing 

funnel facilitates the perforation of the sealing membrane. 

An integrated deflector accelerates the complete rinsing of 

the concentrate. The water used for dilution should be 

Figure 1 PE ampoules

Place the ampoule on the volumetric flask. Fix the lower part and 

rotate the upper part in the direction of the arrow (maximum of 2 

turns). Remove the funnel, turn it upside down and place it firmly 

on the ampoule so that the membrane opens. Hold the ampoule at 

an angle and rotate it while thoroughly rinsing it. Fill the volumetric 

flask up to the mark at 20 °C and mix thoroughly.

Figure 2 Glass ampoules

Place the ampoule on the volumetric flask. Carefully pierce both 

ends using a glass rod. Rinse and remove glass rod, then rinse 

ampoule. Fill the volumetric flask up to the mark at 20 °C and mix 

thoroughly.
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Special Offer – The following FIXANAL® volumetric concentrates are available with a HUGE SAVINGS OF 35% OFF:

Cat. No. Description Brand

38210-1EA Sodium hydroxide concentrate, for 1 L standard solution 

c(NaOH) = 0.1 mol/L (0.1 N)

Fluka®

38200-1EA Sodium thiosulfate concentrate, for 1 L standard solution 

c(Na2S2O3) = 0.1 mol/L (0.1 N)

Fluka

38217-1EA Sodium hydroxide concentrate, for 1 L standard solution 

c(NaOH) = 0.5 mol/L (0.5 N)

Fluka

38020-1EA Ammonium thiocyanate concentrate, for 1 L standard solution 

c(NH4SCN) = 0.1 mol/L (0.1 N)

Fluka

32043-1EA Sulfuric acid concentrate, for 1 L standard solution 

c(H2SO4) = 0.05 mol/L (0.1 N)

Fluka

38282-1EA Hydrochloric acid concentrate, for 1 L standard solution 

c(HCl) = 1.0 mol/L (1.0 N)

Fluka

38073-1EA Potassium hydroxide concentrate, for 1 L standard solution 

c(KOH) = 1.0 mol/L (1.0 N)

Fluka

32047-1EA Zinc sulfate concentrate, for 1 L standard solution 

c(ZnSO4) = 0.1 mol/L

Fluka

38061-1EA Iodide Iodate concentrate, for 1 L standard solution 

c(I2) = 0.05 mol/L (0.1 N)

Fluka

38040-1EA-R Bromine concentrate, for 1 L standard solution 

c(Br2) = 0.05 mol/L

Fluka

32042-1EA Nitric acid concentrate, for 1 L standard solution 

c(HNO3) = 0.1 mol/L (0.1 N)

Fluka

38285-1EA Hydrochloric acid concentrate, for 1 L standard solution 

c(HCl) = 0.5 mol/L (0.5 N)

Fluka

38215-1EA-R Sodium hydroxide concentrate, for 1 L standard solution 

c(NaOH) = 1.0 mol/L (1.0 N)

Fluka

38070-1EA-R Potassium hydroxide concentrate, for 1 L standard solution 

c(KOH) = 0.1 mol/L (0.1 N)

Fluka

38110-1EA Potassium iodide concentrate, for 1 L standard solution 

c(KI) = 0.1 mol/L

Fluka

38002-1EA Ammonium iron(II) sulfate concentrate, for 1 L standard solution 

c((NH4)2Fe(SO4)2) = 0.06 mol/L, for COD determination

Fluka

38100-1EA-R Potassium dichromate concentrate, for 1 L standard solution 

c(K2Cr2O7) = 1/60 mol/L (0.1 N)

Fluka

38335-1EA Tetramethylammonium hydroxide concentrate, for 1 L standard solution  

c((CH3)4NO) = 0.1 mol/L (0.1 N), for titration in non-aqueous liquids

Fluka

32046-1EA Perchloric acid concentrate, for 1 L standard solution 

c(HClO4) = 0.1 mol/L (0.1 N), for titration in non-aqueous liquids

Fluka

38283-1EA Hydrochloric acid concentrate, for 10 L standard solution 

c(HCl) = 1 mol/L (1 N)

Fluka

38084-1EA-R Iodine concentrate, for 1 L standard solution 

c(I2) = 0.25 mol/L (0.5 N)

Fluka

38065-1EA Iodide Iodate concentrate, for 1 L standard solution 

c(I2) = 0.005 mol/L (0.01 N)

Fluka

38150-1EA-R Sodium (meta)arsenite concentrate, for 1 L standard solution 

c(NaAsO2) = 0.05 mol/L

Fluka

38226-1EA Sodium hydroxide concentrate, for 1 L standard solution 

c(NaOH) = 0.025 mol/L (0.025 N)

Fluka

38214-1EA Sodium hydroxide concentrate, for 10 L standard solution 

c(NaOH) = 1 mol/L (1 N)

Fluka

32044-1EA Sulfuric acid concentrate, for 10 L standard solution 

c(H2SO4) = 0.5 mol/L (1.0 N)

Fluka

32038-1EA Sodium chloride concentrate, for 1 L standard solution 

c(NaCl) = 0.1 mol/L (0.1 N)

Fluka

38294-1EA Sulfuric acid concentrate, for 1 L standard solution 

c(H2SO4) = 0.5 mol/L (1.0 N)

Fluka

38140-1EA Potassium thiocyanate concentrate, for 1 L standard solution 

c(KSCN) = 0.1 mol/L

Fluka

38030-1EA-R Barium chloride concentrate, for 1 L standard solution 

c(BaCl2) = 0.05 mol/L (0.1 N)

Fluka

38295-1EA Sulfuric acid concentrate, for 1 L standard solution 

c(H2SO4) = 0.25 mol/L (0.5 N)

Fluka

32036-1EA Potassium bromide concentrate, for 1 L standard solution 

c(KBr) = 0.1 mol/L

Fluka

To take advantage of this offer, please use Promotion Code 955. Offer valid until May 31, 2011.

Special  

Offer 

35% Off

sigma-aldrich.com/fixanal
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Determination of Water Content in Aldehyde and Ketone samples
HYDRANAL®-K Reagent Line for Karl Fischer Titration

Andrea Felgner, Product Manager Analytical Reagents andrea.felgner@sial.com

Thomas Wendt, HYDRANAL Technical Service thomas.wendt@sial.com

The HYDRANAL-K reagent product line is designed to meet 

the needs of the analytical chemist by providing accurate 

water content determination using Karl Fischer (KF) titration 

of aldehyde and ketone samples. HYDRANAL-Composite 

5K, as a replacement for methanol-containing titrating 

agents, prevents side reactions that occur during KF titration 

of aldehydes or ketones. These side reactions can compro-

mise the water content determination. HYDRANAL-Com-

posite 5K is 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

(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 

conventional 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 addition to aldehydes (Figure 2). 

This second 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 

(continued on page 22)

slower reaction speed to maximize suppression of the 

bisulfite addition side reaction. 

HYDRANAL-K reagents are also suitable for some amines, 

siloxanes and other titrations requiring methanol-free 

working media. HYDRANAL-Medium K, HYDRANAL-Work-

ing 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 there-

fore must be avoided. The general utility of these reagents 

renders a universal applicability for KF titrations; they are 

also suited for easy-to-handle samples that do not interfere 

with the KF reaction.

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 is primarily 

1-methoxy-2-propanol and is entirely free of halogenated 

hydrocarbons. It is used with HYDRANAL-Composite 5K for 

the KF titration of aldehydes and highly reactive ketones like 

cyclohexanone, trifluoroacetone, and diacetyl. For certain 

less reactive ketones, HYDRANAL-Composite 5 can be used 

as the titrating agent.

HYDRANAL-Working Medium K has exceptional solvating 

power but must be designated as toxic because it contains 

2-chloroethanol. This hazardous component is omitted 

from HYDRANAL-Medium K and replaced with less toxic 

alcohols in order to lower the toxicity rating; HYDRANAL-

Medium K contains a percentage of chloroform. Not only is 

the toxicity level lowered, but the revised formulation of 

HYDRANAL-Medium K provides performance advantages 

with very reactive aldehydes such as propionaldehyde, 

butyraldehyde and crotonaldehyde. Capacity and accuracy 

are also improved for other compounds such as salicylalde-

hyde, acetylacetone, 2,4-dihydroxyacetophenone, and 

2-benzolpyridine.

Figure 1 Aldehydes and ketones undergo nucleophilic addition of 

methanol resulting in formation of acetal or ketal and water 

Figure 2 Bisulphite addition reaction consuming water
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Replacement of HYDRANAL®-Working  

Medium K with HYDRANAL-Medium K

Essentially, HYDRANAL-Medium K is a full-fledged substi-

tute for HYDRANAL-Working Medium K, providing the same 

sample capacity, speed and accuracy. 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 associated handling and 

disposal of that packaging material.

The Sigma-Aldrich laboratories compared HYDRANAL-

Working Medium K and HYDRANAL-Medium K and have 

reported these findings:

 Comparable sample capacity in 30 mL medium

 Comparable results for water content and standard 

deviation

 Comparable titration speed

 Comparable accuracy of recovery rate of added water 

after sample titration

HYDRANAL-Coulomat AK is an anolytic reagent for the cou-

lometric determination of water in ketones. It contains 

imidazole, sulfur dioxide, and iodide dissolved in a suitable 

solvent mixture and has a capacity of approximately 100 mg 

of water per 100 mL. HYDRANAL-Coulomat AK can also be 

used as a single reagent for coulometry without diaphragm. 

HYDRANAL-Coulomat CG-K is the corresponding catholytic 

reagent. It does not contain halogenated hydrocarbons. The 

water capacity of 5 mL HYDRANAL-Coulomat CG-K is 100 mg.

The total sample volume used with one charge of coulo-

metric reagents should not exceed 20 mL (as liquid sample 

or as dissolved solid sample). Because of ongoing side reac-

tions, larger sample amounts can lead to high instrument 

drift, causing vanishing end points and erroneous results of 

the 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 

Add 30 mL HYDRANAL-Medium K to the titration vessel 

and titrate to dryness with HYDRANAL-Composite 5 K. 

Add approximately 5 mL of the acetone sample, 

weighed by difference, to the vessel. Titrate the water 

content with HYDRANAL-Composite 5 K.

 Coulometric titration 

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 stable, add approximately 0.5 g of the sample, 

weighed by difference, to the cell.

General Recommendations for KF Titration in  

Aldehydes and Ketones

 Aldehydes 

Short-chain aldehydes show a strong tendency to form 

acetals (along with water formation). Aromatic aldehydes 

tend to undergo the bisulfite addition. To overcome 

these potential interferences, we recommend using 

relatively small samples and titrating rapidly to suppress 

the formation of acetals and bisulfite compounds. Cou-

lometry is not advised, but if it is necessary, the sample 

volume should be very small. For example, for water 

determination in aromatic aldehydes, the sample volume 

must be less than 0.5 mL. Aliphatic aldehydes, such as 

acetaldehyde, are highly reactive and tend to rapidly 

form acetals. Only volumetric titration with ethanol-

based K-reagents is recommended and the amount of 

sample should be kept to a minimum.

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  

aldehydes

 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 HYDRANAL-Coulomat 

reagents: Coulomat AK and Coulomat CG-K.
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 Ketones 

Ketones have a tendency to form ketals while at the 

same time forming water. Cyclohexanone and acetone 

react rapidly, while long-chain ketones and aromatic-

substituted ketones show slower reaction rates. Reactive 

ketones are titrated with ethanol-based K-reagents.  

The coulometric determination is possible by using 

HYDRANAL®-Coulomat AK and Coulomat CG-K reagents. 

The sample size for coulometric measurements should 

not exceed 1 mL; for very reactive ketones like cyclohexa-

none, a maximum of 0.5 mL per sample is recommended.

Could you imagine a subject 

more tedious and less appealing 

than Karl Fischer titration? How 

have we managed to create an 

image that inspires our custom-

ers, engages our partners who 

supply laboratory equipment and 

that even our corporate manage-

ment wave as a gold standard for 

analytics? The answer is: one person working for our 

company for 48 years, developing this technology from 

scratch, building it up against the odds and defending it 

like a lioness. Today, HYDRANAL is considered to be the 

undisputed world market leader in Karl Fischer reagents, 

with a world-wide reputation for high quality, consistency 

and reliability. I had the pleasure of working with this 

esteemed colleague for over 10 years and will maintain an 

image of an undisputed role model in my memory. 

Thanks, Helga Hoffmann, we wish you many happy years 

in your next period of life. Enjoy your retirement!

Hans-Joachim Merrem  
(Site Director Seelze/Hamburg)

Substance Application 

Number

1,2-Cyclohexanedione 306

2-Dimethylaminomethyl cyclohexanone (DMC base) 518

Butanal (N-Butyraldehyde and iso-Butyraldehyde) 248

Crospovidone (Cross-linked homopolymer of 

1-vinylpyrrolidone-2-on)

472

Dexpanthenol 507

Diacetyl (2,3-Butanedione) 496

Ethosuximide (3-Ethyl-3-methyl-2,5-pyrrolidindion) 510

Glutardialdehyde 50% 273

Glyoxal solution 40% 267

Glyoxylic acid methylester methylhemiacetal 261

Hexafluoroacetone sesquihydrate 154

N-Formylmorpholine (4-Morpholine carboxaldehyde) 392

N,N-Dimethyl formamide 424

Table 1 Available KF application reports for selected aldehydes and 

ketones

Cat. No. Brand Description Package Size

34816 Fluka® HYDRANAL-Composite 5K 500 mL, 1 L, 2.5 L

34805 Fluka HYDRANAL-Composite 5 500 mL, 1 L, 2.5 L

34738 Fluka HYDRANAL-KetoSolver 500 mL, 1 L

34698 Fluka HYDRANAL-Medium K 1 L

34817 Fluka HYDRANAL-Working Medium K 1 L

34820 Fluka HYDRANAL-Coulomat AK 500 mL

34821 Fluka HYDRANAL-Coulomat CG-K 50 mL

Table 2 Selected HYDRANAL products (complete list can be found on Sigma-Aldrich website)

To obtain application reports and more information 

on HYDRANAL-K reagents as well as on our other  

high-quality HYDRANAL reagents for pyridine-free 

water determination by KF titration, please visit our  

website sigma-aldrich.com/hydranal or contact 

our HYDRANAL laboratories:

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
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