
36 Literature references

Metrohm is the only company that is able to offer you a prod-
uct range covering the entire spectrum of ion analysis from just one 
source:
•	ion chromatography
•	titration (potentiometric, thermometric and Karl Fischer titration)
•	voltammetric trace analysis

Metrohm also offers a variety of other products for the modern 
analysis laboratory and for process analysis:
•	columns for ion chromatography
•	comprehensive automated solutions
•	dosing devices and liquid handling systems
•	pH meters, ion meters and conductometers
•	sensors for a wide range of different applications
•	software for instruments, networks and databases
•	stability measuring instruments
•	systems for online and atline process analysis

Innumerable users from research, industry and the education 
sector work with Metrohm products in their everyday routine and 
appreciate their reliability, accuracy and flexibility. The examples 
of scientific work described below demonstrate areas in which 
Metrohm instruments can be used and provide at the same time 
valuable application know-how. We are pleased to be able to of-
fer you this literature service. However, we are unable to provide 
you with photocopies of the original work. For one thing, this is 
impossible for copyright reasons. We would ask you to download 
the articles directly from the publishers’ website or to contact your 
nearest university library, where it will usually be possible to obtain 
the required information on reasonable terms.

Free and comprehensive application know-how is available to 
you from Metrohm in the form of Application Bulletins (AB), Ap-
plication Notes (AN), technical posters and monographs. Consult 
our application database on http://products.metrohm.com to 
find a solution to your application problem.

Literature references on potentiometric titration
Practical application and statistical analysis of titrimetric 
monitoring of water and sludge samples
S.W.H. Van Hulle, S. De Meyer, T.J.L. Vermeiren, A. Vergote, J. Hogie 
and P. Dejans

Titrimetry offers the possibility of simultaneous measurement at 
low cost of several (buffering) components. A first step in the study 
towards practical application of the titrimetric technique was the 
titrimetric analysis by up- or down-titration of standard solutions, 
standard mixtures, solid digester samples and water samples coming 
from autotrophic nitrogen-removal reactors. The resulting raw data 
were further processed with an Excel-based program. This program 
first converts the raw data into a buffer curve upon which a linear 
buffer capacity model is fitted to the experimental data by estimating 
the (buffer) concentrations and corresponding pKa values. As such 
the type of component and the concentration can be determined. As 
a second step the resulting calculated concentrations were analysed 
statistically to assess the accuracy and precision of the titrimetric 
technique. For this purpose, the data were paired, i.e. the difference 
between the concentration obtained with titrimetry and the con-
centration obtained with another technique such as colorimetry or 
gas chromatography was calculated. First the normality of the paired 
data was assessed. Then, a paired t-test (normal data) or a paired 
Wilcoxon test (normal data) was used to statistically compare the 
results obtained with the titrimetric technique to either the stock 
solution concentration or measurements with another method 
(colorimetry or gas chromatography). The statistical tests showed 
that, depending on the titrant concentration, concentrations from 
50 mg/L to 3 000 mg/L could adequately be measured with the 
titrimetric technique. 
Water SA (Online) 35 (2009) 329–333

Literature references



A novel potentiometric method for the determination of 
real crosslinking ratio of poly(aspartic acid) gels
Viktória Torma, Tamás Gyenes, Zoltán Szakács and Miklós Zrínyi

In order to obtain nontoxic functional polymer gels for bio
medical applications, chemically crosslinked poly(aspartic acid) gels 
have been prepared using 1,4-diaminobutane as crosslinker. The 
presence of COOH and amino groups on the network chains renders 
these gels pH sensitive. Due to the specific hydrophobic–hydrophilic 
balance, these gels show a significant volume transition at a well-
defined pH close to the pK value of uncrosslinked poly(aspartic acid). 
Since the magnitude of volume change critically depends on the 
degree of crosslinking, it is an important task to determine the topo-
logical characteristics of these networks. A novel method based on 
potentiometric acid–base titration has been developed to assess the 
crosslinking ratio, excluding physical crosslinks and entanglements. 
It turned out that only 25% of all crosslinker molecules forms real 
crosslinks between the poly(aspartic acid) chains; the rest react with 
one of its functional groups and forms short pendant side chains. At 
a nominal crosslinking ratio of 0.1, the number average molecular 
mass between crosslinks is found to be Mc = 2300. 
Acta Biomaterialia 6 (2010) 1186–1190

Literature references on Karl Fischer titration
Karl Fischer titration to determine moisture in honey: 
A new simplified approach
Albino Gallina, Nicoletta Stocco and Franco Mutinelli

Honey, produced by Apis mellifera from nectar or honeydew, 
contains a discrete quantity of water (about 17%). The variability 
of water content influences the quality, the stability, the workability 
and the storage of honey. Moisture in honey is usually measured via 
determination of refractive index (RI); from the value measured, the 
percentage is calculated by an empirical formula or by «conversion» 
table. A possible alternative approach is the Karl Fischer titration 

(KFT). The objective of this work was to find the optimal parameters 
for water determination in honey with KFT without any heat treat-
ment of sample or working medium and the measurement of water 
content in more than 100 honeys of different botanical origin, using 
RI and KFT determinations. The water content, obtained with KFT, 
was usually higher than that determined by RI analysis. According to 
our results KFT seems to be the most reliable method.
Food Control 21 (2010) 942–944

Investigation of amine-buffered amide reagents 
for coulometric Karl Fischer titration 
William Larsson and Anders Cedergren

Formamide (FA), N-methylformamide (NMF), and dimethyl-
formamide (DMF), were evaluated as solvents for coulometric Karl 
Fischer (KF) reagents in combination with several amine bases. 
Except for the effect of the iodine species (iodine or triiodide), the pH 
of the reagent and the position of the sulfur dioxide/hydrogen sulfite 
equilibrium were found to be the main factors explaining the large 
difference in the observed reaction rates between water and the KF 
reagent in these solvents. Acid–base titrations showed that hydrogen 
sulfite is the main sulfur reactant in these media. The results will be 
of great importance in finding suitable combinations of base and 
solvent with respect to stoichiometry, side reactions caused by active 
carbonyl compounds, and reagent stability.
Talanta 78 (2009) 1452–1457
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Literature references on ion chromatography
Validation of a sensitive ion chromatography method 
for determination of monoethylsulfate in Indinavir sulfate 
drug substance 
S. John Prasanna, Hemant Kumar Sharma, K. Mukkanti, 
M. Sivakumaran, K.S.R. Pavan Kumar and V. Jagadeesh Kumar

The present study relates to the optimization of an ion chroma-
tography method to determine the content of monoethylsulfate at 
very low levels in Indinavir sulfate drug substance, and subsequent 
validation of the method to prove its suitability, reliability and 
sensitivity. Monoethylsulfate is a potential impurity of Indinavir 
sulfate, and may form during the preparation as well as during stor-
age. The ion chromatography method was developed in such a way 
that to enhance the detection level by introducing suppressor, and 
minimizing acquisition time by using suitable buffer of 3.2 mmole of 
sodium carbonate and 1 mmole of sodium hydrogen carbonate in 
water as eluent. The retention time of monoethylsulfate was about 
9.5 min and the total acquisition time was 25 min. The optimized 
method was validated to prove its performance characteristics by 
demonstrating selectivity, sensitivity (limit of detection and quanti-
fication), linearity, precision and accuracy. The established limit of 
detection and quantification of monoethylsulfate in Indinavir sulfate 
by this method was found to be 24 ng/mL and 74 ng/mL respectively, 
and the overall percent accuracy (recovery) of samples evaluated 
at different concentration levels was found to be 97.1, indicating 
the sensitivity and accuracy of this optimized ion chromatography 
method.
J Pharm Biomed Anal. 50 (2009) 1065–1069

An improved ion chromatographic method for fast 
and sensitive determination of N-methylpyrrolidine 
in cefepime hydrochloride
Narayanan Harihara Subramanian, Shanmugam Thyagarajan, 
Parthasarathy Manigandan, R. Ganesh Jeevan and Ganga Radhakrishnan

An alternative ion chromatographic method to the existing 
USP method for the determination of N-methylpyrrolidine (NMP) 

in cefepime hydrochloride is developed. The cefepime in solution 
behaves as a strong cation and gets retained in the analytical column, 
leading to reduction in column capacity and irreproducible retention 
time. The retained drug has to be removed with a special rinsing 
solution, followed by re-equilibration with the mobile phase. This 
process takes at least 3 to 4 h time for sample analysis. We used a 
silica-based cation-exchange column with poly-butadiene-maleic acid 
functional group attached with an optimized mobile phase compo
sition. The characteristic feature of this method is the short analysis 
time with a clear separation of NMP and the cationic drug molecule 
within a run-time of 30 min. The developed method overcomes the 
limitations of the USP method. This method describes the matrix 
elimination by choosing appropriate column and eluent condition. 
The method is tested for selectivity, linearity, limits of detection and 
quantification, accuracy, and precision and is suitable for continuous 
sample analysis. 
J Chromatogr Sci. 47 (2009) 549–552

Literature references on polarography/voltammetry
Direct determination of Zn heavy metal in tap water 
of Canakkale (Turkey) by anodic stripping voltammetry 
technique
Selehattin Yilmaz, Sultan Yagmur, Gulsen Saglikoglu and Murat 
Sadikoglu

In this work, the direct determination of zinc heavy metal in 
the tap water was carried out by differential pulse anodic stripping 
voltammetry (DPASV) technique at the glassy carbon electrode (GCE). 
The zinc ions were deposited by reduction at -1.5 V on a bare glassy 
carbon surface. Then, the deposited metal was oxidized by scanning 
the potential of the electrode surface from -1.5 to -0.8 volt using a 
differential puls mode. The stripping current arising from the oxida-
tion of metal was connected with the concentration the metal in the 
sample. The concentration of zinc heavy metal found in tap water 
sample was determined to be 180 μ g L-1 using 0.2 mol L-1 acetate 
buffer (pH: 3.50).
Int. J. Electrochem. Sci. 4 (2009) 288–294
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Adsorptive stripping voltammetric behavior of nortriptyline 
hydrochloride and its determination in surfactant media
Rajeev Jain, Ashish Dwivedi and Ritesh Mishra

The effect of adding surface active agents to electrolytes 
containing nortriptyline hydrochloride on the voltammetric response 
of a hanging mercury drop electrode (HMDE) was studied. The 
current signal due to the reduction process was a function of the 
amount of nortriptyline hydrochloride, pH of the medium, type of the 
surfactant, and accumulation time at the electrode surface. Addition 
of Tween-20 to the nortriptyline hydrochloride containing electrolyte 
enhances the reduction current signal. Voltammograms of the drug 
with Tween-20 in Britton Robinson buffers of pH 2−11 exhibit a sin-
gle well-defined reduction peak, which may be due to the reduction 
of −C=C group. The reduction process was irreversible over the entire 
pH range, and the mechanism of reduction was postulated on the 
basis of controlled potential electrolysis and coulometry. Application 
of Tween-20 in the electrochemical determination of nortriptyline hy-
drochloride using square-wave voltammetry at the HMDE enhanced 
the detection limit of the analyte concentration from 8.24 ng/mL in 
the absence of surfactant to 0.92 ng/mL when present.
Langmuir 25 (2009) 10364–10369

Literature references on stability measurements
Oxidation stability of palm methyl ester: 
Effect of metal contaminants and antioxidants
Amit Sarin, Rajneesh Arora, N.P. Singh, Rakesh Sarin and R.K. 
Malhotra

The European biodiesel standard EN-14214 calls for determining 
the oxidation stability (OS) at 110 °C with a minimum induction time 
of 6 h by the Rancimat method (EN-14112). The ASTM standard 
D-6751 has recently introduced a minimum induction period of 
3 h. Palm methyl ester (PME) has been successfully evaluated as a 
diesel substitute in summer and with an additive in winter due to 
its poor cold-flow properties. Neat PME exhibited an OS of 9.24 h; 
thus, it was highly stable. Research was conducted to investigate the 
effect of the presence of transition metals, likely to be present in the 

metallurgy of storage tanks and barrels, on the highly stable PME. It 
was found that the influence of metal was detrimental and catalytic 
even for stable PME. Small concentrations of metal contaminants 
showed nearly the same influence on OS as large amounts. Copper 
showed the strongest detrimental and catalytic effect. Antioxidants, 
namely, tert-butylated hydroxytoluene (TBHT), tert-butylated phenol 
derivative (TBP), octylated butylated diphenyl amine (OBPA), and 
tert-butylhydroquinone (TBHQ) were doped to improve the OS of 
metal-contaminated PME. It was found that the antioxidant TBHQ 
was most effective among all of the antioxidants used.
Energy Fuels 24 (2010) 2652–2656

Oxidative stability and shelf-life evaluation 
of selected culinary oils
S. Parkash Kochhar and C. Jeya K. Henry

Four out of eight «healthier» oils – namely, almond oil, avocado 
oil, hazelnut oil and macadamia nut oil – studied were rich sources 
of monounsaturated fatty acids like olive oil. Grape seed oil, rice barn 
oil (marketed recently), toasted sesame oil and walnut oil contained 
high levels of essential fatty acids. The order of oxidative stability 
determined by Rancimat measuring of the induction period at four 
temperatures (90 °C, 100 °C, 110 °C, and 120 °C) was found to be 
macadamia oil > rice bran oil ≈ toasted sesame oil > avocado oil > 
almond oil > hazelnut oil > grape seed oil > walnut oil. High-level 
monounsaturated fatty acid oils gave a linear relationship between 
100 times the reciprocal of the induction period against the total 
unsaturated fatty acid content obtained as %C18:2 + 0.08 x %C18:1 
+ 2.08 x %C18:3, while the polyunsaturated fatty acid oils gave an 
exponential relationship. In the case of rice bran and hazelnut oils, 
shelf-life prediction from the extrapolation of the Arrhenius plots and 
the Q10 factors was compared well with that of storage time given by 
the oil producers. In the cases of the other oils (with an exception of 
macadamia nut oil), the predicted shelf-lives were significantly lower 
than that of the storage times; especially, walnut oil (very prone to 
oxidation) gave 15-20 times lower shelf-life than the best-before 
storage life.
Int J Food Sci Nutr. 60 (2009) 289–296
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