








Literature references on ion chromatography
Ion Chromatographic Analysis of Hydroxyapatite
Pier Luigi Buldini, Domenica Tonelli and Federica Valentini

An ion chromatographic method was developed for the deter-
mination of cations and anions in hydroxyapatites. It involved high 
pressure microwave-assisted acid digestion in closed TFM vessels in 
order to achieve complete dissolution of samples in less than half 
an hour. The clear solution resulting from the digestion was diluted, 
filtered, and directly injected onto an ion chromatograph equipped 
with a conductivity detector. The method was tested on several 
apatites and has been found to be satisfactory for the determination 
of total nitrogen (as nitrate), phosphorus (as phosphate), sulphur (as 
sulphate), and of lithium, sodium, potassium, magnesium, calcium, 
strontium, and barium. The accuracy of the proposed method was 
demonstrated by comparing the results with those obtained by ICP-
AES and UV/VIS spectrophotometry.
Analytical Letters 42 (2009) 483–491

Simultaneous Extraction of Arsenic and Selenium Species 
From Rice Products by Microwave-Assisted Enzymatic 
Extraction and Analysis by Ion Chromatography-Inductively 
Coupled Plasma-Mass Spectrometry
Jorge L. Guzmán Mar, Laura Hinojosa Reyes, G. M. Mizanur Rahman 
and H. M. Skip Kingston

A microwave-assisted enzymatic extraction (MAEE) method 
was developed for the simultaneous extraction of arsenic (As) and 
selenium (Se) species in rice products. The total arsenic and selenium 
content in the enzymatic extracts were determined by inductively 
coupled plasma mass spectrometry (ICP-MS), while the speciation 
analysis was performed by ion chromatography coupled to induc-
tively coupled plasma-mass spectrometry (IC-ICP-MS). The main 
factors affecting the enzymatic extraction process were evaluated in 
NIST SRM-1568a rice flour. The optimum extraction conditions were  

500 mg of sample, 50 mg of protease XIV, and 25 mg of alpha-amy-
lase in aqueous medium during 40 min at 37 °C. The extraction reco
veries of total As and Se reached 100 ± 3 and 80 ± 4%, respectively. 
The species stability study during the MAEE process did not show 
transformation of the target species in rice products. The results of As 
speciation obtained for SRM-1568a were in agreement with previous 
studies of As speciation performed on the same reference material. 
The proposed method was applied to the determination of As and 
Se species in rice and rice-based cereals. Arsenite [As(III)], arsenate 
[As(V)], dimethylarsinic acid (DMA), and selenomethionine (SeMet) 
were the predominant species identified in rice products.
J. Agric. Food Chem. 57 (2009) 3005–3013

Literature on references polarography/voltammetry
Accumulation Mechanism for Metal Chalcogenide 
Nanoparticles at Hg0 Electrodes: Copper Sulfide Example
Damir Krznaric‘, George R. Helz, Elvira Bura-Nakic‘ and Darija Jurašin

Mercury electrodes preconcentrate metal chalcogenide na-
noparticles effectively, enabling their detection at submicromolar 
concentrations (as ∑chalcogenide) by adsorptive cathodic stripping 
voltammetry. Understanding the unique behavior of nanoparticle 
analytes during preconcentration is critical for lowering detection 
limits and for quantification. A multistep mechanism is proposed 
on the basis of accumulation experiments with polydisperse copper 
sulfide (CuxS) nanoparticles. Particles first diffuse and adsorb at the 
Hg0 surface. When both the electrode and particles have negative 
surface potentials, this process resembles charge-impeded coagula-
tion, obeying the Schulze-Hardy rule at various electrolyte strengths. 
Consequently, accumulation rates are surprisingly sensitive to 
electrolyte concentration. Choosing accumulation potentials where 
the electrode and particles have opposite surface potentials greatly 
improves collection efficiency, especially for the smallest particles. 
After adsorption, particles undergo transformations. One product 
is a more stable (harder to reduce) form of CuxS, interpreted to 
consist of adclusters or adlayers. A very significant (~ 0.3 V) negative 
shift in reduction potential results from this transformation. Loss of 
analyte to at least one nonelectroactive product is also observed. 
Loss is greatest for the smallest particles and is sensitive to choice 
of accumulation potential. To improve accumulation efficiency, 
accumulation potentials more positive than the potential of zero 
charge of Hg electrodes are advantageous but care must be taken 
to remove dissolved chalcogenides under these conditions in order 
to avoid artifacts.
Anal. Chem. 80 (2008) 742–749

Study on radiogenic lead recovery from residues in thorium 
facilities using ion exchange and electrochemical process
José A. Seneda, Christina A.L.G de O. Forbicini, Carlos A. da S. 
Queiroz, Mari E. de Vasconcellos, Sérgio Forbicini, Soraya M. da R. 
Rizzo, Alcídio Abrão
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Brazil has one of the biggest mineral thorium reserves, enabling 
the use of this material in its nuclear reactors. Consequently, this cycle 
of the fuel would need an initial purification stage of the natural 
thorium, generating residues from chemical treatment. This work 
provides operational parameters for the recovery of existing values in 
these residues, especially the radiogenic lead, which is a radioisotope 
of thorium decay chain, using ionic exchange technique associated 
to the electrochemical one. The treatment by ionic exchange in 
anionic resin and hydrochloric acid medium provides about 33.4% 
of radiogenic lead. At the electrochemical process, lead was reduced 
to a metal in nitric acid medium, presenting a recovery of 98%. The 
electrochemical process presents an increase in the cost; nevertheless 
the technological importance of the radiogenic lead in the production 
of new elements, besides being a strategic material, justifies its use.
Progress in Nuclear Energy (Article in Press) /Available online 12 
May 2009

Literature on references stability measurements
Enhanced antioxidant capacity and antimicrobial activity of 
tannic acid by thermal processing
T.J. Kim, J.L. Silva, M.K. Kim and Y.S. Jung

Thermally processed tannic acid (PTA) showed stronger anti-
oxidant capacity and antimicrobial activity by Rancimat® and disc 
diffusion tests than fresh tannic acid (FTA).

Soybean oil treated with PTA had 33–84% longer induction 
period (IP) of oxidation (8.0–14.7 h) than FTA treated oil (6.0–8.0 
h), while untreated oil (control) showed only 5.9 h IP. The IP was 
increased (p < 0.05) with increased processing time up to 15 min, 
with no changes thereafter. The PTA samples had strong antimicro-
bial activity (inhibition zone diameter ≥ 12 mm) on 10 tested human 
pathogens while the FTA samples showed antimicrobial activity only 
on two strains, Salmonella Typhimurium (ATCC 14028) and Entero-
bacter sakazakii MSDH over 1- and 2-day incubation periods. 13C 
NMR spectra showed that PTA had a higher content of hydrolysed 

aromatic carboxylic acid groups than FTA. The results showed that 
thermally processed tannic acid for 15 min had about 67% higher 
antioxidant capacity and about 50% higher antimicrobial activity 
than its fresh counterpart. Thermal processing could be useful for 
enhancing antioxidant capacity and antimicrobial activity of hydro-
lysable polyphenols in natural plants.
Food Chemistry 118 (2010) 740–746

Pan-frying of French fries in three different edible oils 
enriched with olive leaf extract: Oxidative stability and fate 
of microconstituents
Antonia Chiou, Nick Kalogeropoulos, Fotini N. Salta, Panayiota 
Efstathiou and Nikolaos K. Andrikopoulos

Sunflower oil, olive oil, and refined palm oil were enriched with 
an extract – rich in polyphenols – obtained from olive tree (Olea 
europaea) leaves at levels of 120 and 240 mg total polyphenols per 
kg oil. Potatoes were pan-fried in both the enriched and the non-
supplemented oils under domestic frying conditions. Total polyphe-
nols were estimated by Folin-Ciocalteu and antioxidant capacity was 
assessed by the DPPH radical scavenging assay. Tocopherols‘ content 
was determined by HPLC analysis, phytosterols and squalene by GC, 
and oxidative stability by Rancimat. Supplemented frying oils had 
higher total polyphenols and tocopherols‘ content, oxidative stability, 
and antioxidant capacity, while phytosterols and squalene content 
were not affected by the supplementation. French fries prepared 
in supplemented oils had higher total polyphenols, tocopherols, 
phytosterols, and squalene content and exhibited higher antioxidant 
capacity than those fried in non-supplemented oils. By consuming 
French fries pan-fried in enriched oils, up to 1.4-, 2.2-, and 1.5-fold 
increase of tocopherols, phytosterols, and squalene intake could be 
achieved as compared to those prepared in the non-supplemented 
oils.
LWT – Food Science and Technology 42 (2009) 1090–1097
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Seminars and trade fairs

42 Metrohm seminars and trade fairs

Come and experience our solutions and products first hand.
Metrohm is the only manufacturer in the world whose products cover 
the whole field of ion analysis. We and our agencies are pleased 
to present our instruments and latest products at trade fairs and 
conferences. Detailed information about locations and dates can be 
obtained from your local Metrohm agency as well as on the Internet 
under
www.metrohm.com/com/Events/index.html

In addition to our comprehensive range of products and with the 
aim of supporting you in the best possible manner, we also offer a 
wide range of seminars, where you can get valuable advice for your 
practical work. In one- or two-day seminars you will learn, both in 
theory and practice, about the application fields of your Metrohm 
instrument and can inform yourself about all the latest developments. 
Our experienced product specialists will be happy to give you tips on 
how you can find the optimal solution to your application problems 
and improve the accuracy of your results. Get information on the 
seminars to be held in your country from your local Metrohm agency. 
You can find a list of all our agencies under
www.metrohm.com



32 users from the chemical and pharmaceutical industry 
and eight Metrohm employees from Development, Support 
and Product Management came together for the first 
tiamo™ Users’ Meeting in the Mövenpick Hotel, with its 
Swiss ambience, in Frankfurt am Main, Germany.		
					      

The presentations focused mainly on the following topics:
•	Metrohm’s software development
•	innovations in tiamo™ 2.X
•	installation strategies for tiamo™ 
•	use of tiamo™ at several sites of a company
•	automation concepts in networked automation systems
•	making the use of complex titration systems efficient and simple 

for routine analysis
•	archiving concepts/connection to LIMS 

There was a lively discussion, which highlighted the possibilities 
and present limits of company-wide tiamo™ client/server installa-
tions. Participants, most of whom are responsible for large tiamo™ 
installations and have been trained in IT and chemistry, were able 
to exchange valuable experience and make personal contacts. 
Conversations were continued over dinner on the River Main, where, 
following a cloudy sky at the start, the sun did finally show itself.

 

Everyone agreed that direct contact between users and manu-
facturer is essential and all were very keen for this meeting to be 
repeated. Efficient use of time in a pleasant and informal setting is 
certainly desirable, but cannot be taken for granted. In Frankfurt 
everything was just right – from the good preparation through to 
the event itself; all those involved benefited a great deal over the 
two days. This meeting was only possible because of the willingness 
of the speakers from Merck in Darmstadt, Celanese in Frankfurt-
Hoechst, Evonik Goldschmidt in Essen and BASF in Ludwigshafen to 
contribute their experience and wishes to this users’ meeting in a 
thematically coordinated way. We would like to thank them once 
again on behalf of everyone! 

The next tiamo™ Users’ Meeting, focusing on client/server 
installations, is expected to take place in 2011. Quite apart from this, 
training courses for tiamo™ users and administrators will continue 
to be run regularly in Filderstadt; for years now they have been rated 
as «very good». This compliment encourages us to not ease off and 
to continue becoming just that little bit better.

Successful tiamo™ Users’ Meeting run by German Metrohm 
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44 Metrohm Autolab Poster Prize for young scientists 

The «Electrochemistry – Crossing boundaries» conference 
took place 6 to 8 October 2008 in Giessen, Germany and 
was, for the first time, run in this form as a joint event 
of several working groups and divisions of the German 
Chemical Society (Gesellschaft Deutscher Chemiker, GDCh). 

Those involved were the GDCh Division of Applied Electro
chemistry, the Working Group ElectroAnalytical Chemistry within the 
Division of Analytical Chemistry of the GDCh (ELACH), the German 
Bunsen Society for Physical Chemistry (DBG), the Society for Chemical 
Engineering and Biotechnology (DECHEMA), the Working Commit-
tee of Electrochemical Research Institutions (AGEF), the Society for 
Corrosion Protection (GfKORR) and the German Society for Galvano-
technics and Surface Treatment (DGO). A number of smaller events 
were combined in the new conference with the aim of discussing 
the interdisciplinary aspects and applications of electrochemistry and 
bringing together scientists from the various specialist fields. Electro-
chemistry had and has a wide range of applications in very different 
areas, extending from chemistry, physics, engineering and material 
sciences to biology, biochemistry and medicine. With the help of 
electrochemical methods it is possible both to research fundamental 
theoretical aspects and to analyze and optimize industrial processes.

The conference was organized in an exemplary manner by the 
working groups of Prof. J. Janek (Institute of Physical Chemistry) and 
Prof. D. Schlettwein (Institute of Applied Physics) at Justus Liebig 
University Giessen in conjunction with the GDCh. At the three-day 
conference more than 90 presentations were held and more than 
110 posters displayed. More than 200 participants attended the con-
ference. This very sucessful event was the first in a series of planned 
biennial conferences. Consequently, the next conference will take 
place in Bochum, Germany on 13 to 15 September 2010 and will be 
organized by Prof. W. Schuhmann (Ruhr University Bochum) and Prof. 
G. Wittstock (Carl von Ossietzky University Oldenburg).

In Giessen, the well-established Metrohm Autolab Prize for the 
best posters shown was awarded for the seventh time. Previously the 
prizes were awarded at the ELACH Symposium, which has now been 
incorporated within «Electrochemistry – Crossing boundaries». This 
reorganization also involves a shift in focus. Whereas previously the 
emphasis was largely on electroanalytical issues, a more comprehen
sive spectrum of topics in the field of electrochemical analysis methods 
was dealt with in 2008. Following on from this, Metrohm decided 
to endow the prize together with Metrohm Autolab. Metrohm 
Autolab’s potentiostats are used primarily in electrochemical research 
and development, and are ideal to round off the Metrohm instrument 
program, which is focused on analytical issues.

View of the Metrohm booth in the foyer of the University of Giessen with 
Sandro Haug (Deutsche Metrohm).
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With this prize, Metrohm and Metrohm Autolab aim specifically 
to encourage young scientists, who are just starting out on their 
career. The prizewinners were selected by an independent jury of 
experts. Prof. G. Wittstock (Carl von Ossietzky University Oldenburg), 
Dr. M. Wohlfahrt-Mehrens (Center for Solar Energy and Hydrogen 
Research (ZSW), Ulm), Dr. H. Pütter and Prof. J. Maier (Max Planck 
Institute for Solid State Research, Stuttgart) kindly agreed to take on 
this task. Metrohm would at this point like to thank them for their 
contribution.

Despite the many high-quality posters, at the end of the confe-
rence the jury unanimously agreed on who the three prizewinners 
should be this year. The three prizes, each worth 1‘000 Euros, were 
awarded to:
•	 Dr. Oliver Höfft (Clausthal University of Technology) for his poster 

«Plasma electrochemistry in ionic liquids: Deposition of metal and 
semiconductor-nanoparticles»
•	Dr. Lutz Kogel (University of Münster) for his poster «Electronic 

conductivity and diffusion of electrons in (Ce
0.5

Zr
0.5

)
0.8

Y
0.2

O
1.9

»
•	  Katharina Bayerlein (University of Erlangen-Nürnberg) for her 

poster «Concept for low-cost diamond electrodes with high 
chemical and mechanical stability»

With the presentation of the prizes by Prof. G. Wittstock (Uni-
versity of Oldenburg) the conference came to an end. We would 
like to congratulate the prizewinners and wish them all the best and 
continuing success in their scientific work.

The compact Metrohm booth in the 
foyer manned by Sandro Haug 
(Deutsche Metrohm, left) and Dr. 
Christoph Kröger (Deutsche 
Metrohm, right).

The lucky prizewinners pose together with the sponsors and the booth 
personnel at the Metrohm booth. Left to right: Katharina Bayerlein 
(University of Erlangen-Nürnberg, prizewinner), Uwe Loyall (Metrohm AG), 
Dr. Lutz Kogel (University of Münster, prizewinner), Dr. Oliver Vogt (Deutsche 
Metrohm), Dr. Maarten Van Brussel (Metrohm Autolab), Dr. Oliver Höfft 
(Clausthal University of Technology, prizewinner), Sandro Haug (Deutsche 
Metrohm) and Dr. Christoph Kröger (Deutsche Metrohm).
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46 A look back at Achema 2009

Achema 2009, the biggest trade fair for chemical engineer
ing, pharmaceutical and food technology, environmental 
protection and related sectors took place in Frankfurt am 
Main, Germany from 11 to 15 May. For the first time, 
Metrohm was there with two booths: one for laboratory 
analysis in Hall 5.1 and one for process analysis in Hall 10.2.

Branch-oriented presentation of the instruments and software for laboratory 
analysis in Hall 5.1 by Deutsche Metrohm and Metrohm AG.

Despite the adverse economic conditions we had more visitors 
than ever before. Interest in our 22 new products at the trade fair 
was enormous. The focus was on:

•	 the most compact automatic titrator – 862 Compact Titrosampler
•	 the first completely automated titration system with an integrated 

balance – 864 Robotic Balance Sample Processor
•	 the first Titrando-based coulometers – 851 and 852 Titrando; the 

latter also for volumetric Karl Fischer titrations
•	 fully automated water determination with variable sample vessels 

– 874 USB Oven Sample Processor
•	new compact ion chromatography system – 883 Basic IC plus
•	 fully automatic sample preparation systems for titration and ion 

chromatography based on the 815 Robotic USB Sample  
Processor XL 
•	air and aerosol analysis with PILS and MARGA
•	electroanalytical bath monitoring with 797 VA Computrace 

(offline analyzer), ProcessLab (atline analyzer) and ADI 2045 
(online analyzer)
•	electroanalysis with new potentiostats and modules in the 

Autolab series 
•	 the new tiamo™ and MagIC Net™ software versions 2.0
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Branch-oriented presentation of process analysis systems in Hall 10.2 by 
Deutsche Metrohm Prozessanalytik and Applikon.

Compact presentation of Metrohm’s application know-
how in ion analysis, electroanalysis and process analysis, 
arranged by sectors, e.g. «energy/power plants».

The branch-oriented presentation of the innovations on the 
basis of selected applications was very well received. Already in the 
invitation to the trade fair, typical applications were set out in table 
form, arranged by branches: chemistry, pharmaceuticals, water/air, 
metal/electronics, automotive construction/ petrochemistry, biofuels, 
energy/power plants, solar technology, plastics, biochemistry, food 
and training/research.

For most of these sectors and areas of analysis, Metrohm is 
able to offer free brochures, which provide an interesting overview 
and insight into the capabilities of the analytical methods from our 
company. Internet users will fi nd a lot of free application know-how 
for downloading on the website http://products.metrohm.com/
applications/cat-industry.aspx?ctgyName=Branche. The next 
op      por  tunity to visit us at a trade fair will be in Munich, Germany. 
Analytica will be taking place there 23 to 26 March 2010.
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