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WELCOME 
 
 
 
 

It is with a great pleasure that we welcome you at the International Glow Discharge 
Spectroscopy Symposium (IGDSS 2010), held in Albi, France, from August 22 to August 27, 2010. 
The conference venue is the multimedia building of the Champollion University close to the center 
of downtown Albi. 
 
 

Glow discharges cover a wide range of topics. This symposium will focus on glow discharge 
spectrometry and elemental analysis. With more than 60 participants from more than 14 countries, 
IGDSS 2010 features a rich technical program that spans the fundamental as well as applied aspects 
of the field. During this week, invited lectures, oral communications and poster presentations are 
scheduled, where international experts, industrials and early stage researchers can share in the field 
of material elemental analysis by glow discharge. In addition, the symposium is offering a special 
day dedicated to user-meetings and workshops. 
 
 

On the banks of the Tarn River in south-west France, the old city of Albi reflects the 
culmination of a medieval architectural and urban ensemble. Today, the Old Bridge (Pont-Vieux), 
the Saint-Salvi quarter and its church are testimony to its initial development (10th -11th centuries). 
Following the Albigensian Crusade against the Cathar heretics (13th century) it became a powerful 
episcopal city. Built in a unique southern French Gothic style from local brick in characteristic red 
and orange colours, the lofty fortified Cathedral (late 13th century) dominates the city, 
demonstrating the power regained by the Roman Catholic clergy. Alongside the Cathedral is the 
vast bishop’s Palais de la Berbie, overlooking the river and surrounded by residential quarters that 
date back to the Middle Ages. The Episcopal City of Albi forms a coherent and homogeneous 
ensemble of monuments and quarters that has remained largely unchanged over the centuries. It has 
been just recognized by the UNESCO World Heritage Centre at the end of July 2010. Sainte-Cecile 
cathedral is not only a formidable fortress, but a vigilant guardian of the city which has grown 
peacefully by its side, along the Tarn riverbanks. 
 
 
 

The conference organizers, including committee members and session organizers welcome 
you and hope you will enjoy IGDSS 2010 and your stay in Albi. 
 
 
 
 
 
 
 
 
 
International committee        Local committee 
 
Cornel Venzago          Karen Chevalier      
Gerardo Gamez          Philippe Guillot 
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SYNTHETIC PROGRAM 
 
 

Sunday August 22nd 
 

Welcome party 19:00 Town Hall 
 

Monday August 23rd 
 

Welcome 9:00 - 9:15 Gerardo Gamez 
Presentations 9:15 - 10.45 Gary Hieftje / Deborah Alberts 
Coffee break 10:45 - 11:00  
Presentations 11:00 - 12:30 Elisa Barisone / Aranka Derszi  

Lunch 12:30 - 13:30  
Presentations 13:30 - 15:00 Annemie Bogaerts / Varvara Efimova  
Poster session 15:00 - 16:00  
Presentation 16:00 - 16:45 Peter Horvath  

 
Tuesday August 24th 

 
Presentations 8:30 - 10.30 Kim Marshall / Ihor Korolov / Martin Kasik  
Coffee break 10:30 - 10:45  
Presentations 10:45 - 12:45 Jean-Pierre Bœuf / Giovanni Lotito / James A. Whitby 

Lunch 12:45 - 13:45  
Presentations 13:45 - 15:45 Zdenek Weiss / Sohail Mushtaq / Michael Köster 
Coffee break 15:45 - 16:00  
Presentations 16:00 - 17:30 Sebastian Schmitt / Peter Simon  

   
Conference dinner 20:00 - 23:00 Albi Bastides Mercure Hotel 

 
Wednesday August 25th 

 
Presentations 8:30 - 10.30 Arne Bengtson / Tamara Gusarova / Ken Marcus 
Coffee break 10:30 - 10:45  
Presentations 10:45 - 12:15 Patrick Chapon / Vasilka Steflekova  

Lunch 12:15 - 13:15  
Presentations 13:15 - 15:30 Maxim Voronov / Viktoria Weinstein / Simone Weyler  
Coffee break 15:30 - 15:45  
Presentation 15:45 - 16:30 Volker Hoffmann 

Awards 16:30 - 16:45 Philippe Guillot 
Closing 16:45 - 17:00 Cornel Venzago 

 
Thursday August 26th 

 
User-Meeting 9:00 - 14:00 GDMS-Users meeting (only on special invitation) 

Workshop 14:00 - 16:00 Gas mixture for GDMS (Gladnet, only on special invitation) 
 

Friday August 27th 
 

Excursion - Gladnet members and fellows 
Airbus visit 8:00 - 11:30 Toulouse 

Shiva visit / Lunch 11:30 - 14:00 Toulouse 
Town visit 14:00  18:30 Albi 

Party/Boat ride 18:30  19:30 Albi 
Dinner 20:00  23:00 Albi 
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GENERAL INFORMATIONS 
 
Registration Desk 

 
The conference material will be distributed at the registration desk located in the hall of the 
multimedia center. The registration desk will be opened Monday, Tuesday, Wednesday and 
Thursday. 
 
 
Coffee breaks 

 
Coffee and refreshments will be held in the hall of the multimedia center where the poster session is 
also located. 
 
 
Communications 
 
A Wifi network will be available in the multimedia center during the symposium: 
 

Network :  invité Login : igdss Password : 20100822 
  
    
Presentations 
 
Opening ceremony, oral lectures and awards/closing ceremony will be located in the Auditorium 1 
during the symposium. Some meeting rooms (20 people capacity, computers, LCD projector) will 
be available for working groups or checking/training presentations. 
Speakers should upload their presentation on the auditorium computer in the morning before the 
first guest speaker. If necessary (Mac or software incompatibility), personal notebook could be 
used. 
Concerning Thursday user meeting and workshop, both Auditorium (1 and 2) as well as meeting 
rooms will be available and dedicated as a function of participant number and organizer preference. 
 
 
Awards 
 
The Scientific Committee will award prizes for the best three oral presentations from early stage 
researchers. 
 
 
Special Issue Papers 
 
Authors of accepted contributions are encouraged to submit a manuscript for a special issue to the 
Journal of Analytical Atomic Spectroscopy. If you would like to submit an article please send an 
email to jaas-rsc@rsc.org stating your intent. Articles can be in any of the formats usually published 
in the journal, e.g. Full Paper, Communication, Technical Note, Tutorial Review, Critical Review or 
Perspective. Please include a statement with your submission that the work was presented at the 
IGDSS 2010 so that it can be included in the themed issue. The deadline for submission of 
manuscripts is the 1st of October 2010. The special issue is planned to come out a few months after 
the conference but the articles will be published electronically as soon as they go through the peer-
reviewing process and are accepted for publication. The address for the JAAS website is 
www.rsc.org/jaas which includes further details about the journal and how to submit an article. 
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Social events 
 
The welcome reception will be held Sunday, August 22nd, (7 pm) at the Town Hall (Hotel de 
Ville), situated in the pedestrian center (A : rue de l’Hotel de Ville). 

 

 
 

 
 

The symposium banquet will be held Tuesday, August 24th, (8 pm) at the Albi Bastides Mercure 
Hotel (A: 41 rue Porta). 
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University map 
 
 

University main entrance 

 
 
 

1 _ Maison multimedia : Multimedia center (symposium location). 
 
 

5 _ Batiment B : Lunch room. 
 
 

3 _ Batiment Emile Borel, Plasma laboratory location, near the visitor entrance (      ). 
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PROGRAM 
 
 
 
 

Monday August 23rd 
Symposium 
Welcome 

09:00 09:15    

Invited lecture 09:15 10:00 Gary Hieftje IU, Indiana 
University, Chemistry 
Department (USA) 

Novel Glow Discharges and Spectrometers to Use With 
Them 

Oral pres. 10:00 10:45 Deborah Alberts  University of Oviedo 
(Spain) 

New applications of continuous and pulsed RF-GD-OES for 
the analysis of advanced materials 

Coffee 10:45 11:00       
Oral pres. 11:00 11:45 Elisa Barisone  CUFR Jean Francois 

Champollion, Albi 
(France) 

Impact of the cathode material on the analytical glow 
discharge 

Oral pres. 11:45 12:30 Aranka Derszi  RISSP, Budapest 
(Hungary) 

Modelling of crater formation in low-pressure glow 
discharges 

Lunch 12:30 13:30       
Invited lecture 13:30 14:15 Annemie Bogaerts UA, University of 

Antwerp, Chemistry 
Department 
(Belgium) 

Modeling the effect of gaseous impurities in argon glow 
discharges: A comparative study of H2, N2 and O2 

Oral pres. 14:15 15:00 Varvara Efimova  IFW, Dresden 
(Germany) 

Optimization and quantification of the GD OES depth profiles 
measured with application of pulsed glow discharge. 

Coffee and poster 
session 

15:00 16:00     Poster session 

Oral pres. 16:00 16:45 Peter Horvath  EMPA, Thun 
(Switzerland) 

Polymer analysis by pulsed radiofrequency glow discharge 
mass spectrometry 

End of the session 16:45     
GLADNET steering 
committee meeting 

17:00     

 
 
 
 
 

 
Chairman 

 
Morning session: 
 
Annemie Bogaerts 
UA, University of Antwerp, Chemistry Department (Belgium) 
 
 
Afternoon session: 
 
Volker Hoffmann 
IFW, Leibniz-Institut für Festkörper- und Werkstoffforschung Dresden (Germany) 
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Novel Glow Discharges and Spectrometers to Use With Them 
 

Gary M. Hieftje1, Steven J. Ray1, Charles G. Barinaga2, Elise  A.  Dennis1, Carsten  Englehard1, 
Christie G. Enke1, Gerardo  Gamez3, Alexander  W.  G.    Graham1, Volker Hoffmann4, David  W.  

Koppenaal2, Jacob  T.  Shelley1,  Michael Webb5 
 

1Dept. of Chemistry, Indiana University, Bloomington, IN 47405 USA 
2Pacific Northwest National Laboratory, 902 Battelle Blvd. MS K8-98, Richland, WA 99352 

3Present address: EMPA-Materials Science & Technology, Laboratory For Mechanics Of Materials 
& Nanostructures CH-3602 Thun, SWITZERLAND 

4Leibniz-Institut Für Festkörper- Und Werkstoffforschung, Dresden, P.O. Box 27 01 16, Dresden 
D-01171 GERMANY 

5University of North Carolina-Wilmington, 6-1 S. College Road, Wilmington, NC 28403 
 

Glow discharges have enjoyed a long and productive history and have been employed effectively 
with both mass and optical spectrometry.  However, new glow–discharge configurations continue to 
appear and novel spectrometer systems to exploit them keep being introduced.  In this presentation, 
several of these new alternatives will be described and evaluated. 
Two of the newly built glow discharge systems are based on atmospheric–pressure plasmas.  At 
such elevated pressures, the glow-discharge spatial structure persists but is reduced in dimensions.  
As a result, the negative glow appears as a small disk at the tip of the cathode surface.  Because of 
these small dimensions, the cathode can be sputtered very effectively.  Indeed, if the cathode 
surface is a conductive liquid, the solution surface appears to be disrupted spontaneously in an 
electrospray mode.  Species liberated during this process can then be excited and their emission 
viewed. 

In another atmospheric–pressure configuration, a helium glow discharge can be used to generate 
reactive species that, in turn, can both desorb and ionize analyte species from solids, liquids, or 
gases.  The resulting mass spectra are extraordinarily simple and therefore easy to interpret.  This 
sort of source has proven valuable in a new field termed ambient mass spectrometry. 
In a more conventional arrangement, a pulsed radiofrequency glow discharge can be used to sputter 
materials from the surface of nonconductive samples.  In the particular embodiment to be described 
here, the sample surface is a blot taken from a two-dimensional gel–based separation of proteins.  
Because the discharge has a short duration, the location of each protein–containing spot can be 
identified and the metals associated with the protein determined quantitatively.  The same basic 
configuration can be used for the three–dimensional analysis of conductive or non-conductive solid 
materials. 

In the final system, a glow discharge is used with a completely new kind of mass spectrometer, 
based on distance-of-flight (DOF) technology.  Somewhat similar to time-of-flight mass 
spectrometry (TOFMS), DOFMS determines the masses and concentrations of particular ions at a 
specific flight time but at different locations in space.  In contrast, TOFMS measures ions at a 
particular point in space but at different times. 
From these examples, it should be clear that glow discharges are not only of historical interest and 
current importance, but also that they offer tremendous promise for the future of both elemental and 
molecular spectrometry. 
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NEW APPLICATIONS OF CONTINUOUS AND PULSED RF-GD-OES FOR THE 
ANALYSIS OF ADVANCED MATERIALS 

 
Deborah Alberts, Beatriz Fernández, Rosario Pereiro, Alfredo Sanz Medel 

 
University of Oviedo, Department of Physical and Analytical Chemistry, J. Claveria 8, 33008 

Oviedo, SPAIN 
e-mail: alberts_deborah@hotmail.com 

 
Radiofrequency glow discharge (rf-GD) coupled to optical spectrometry (OES) is a powerful tool 
for the direct solid analysis of bulk materials, either conducting or insulating, and to carry out the 
in-depth profile analysis of thin layers. Generally, the rf-GD is operated in continuous mode; 
however, lately the interest in pulsed rf-GD (PGD) is steadily increasing because of its special 
features such as higher instantaneous powers leading to enhanced emission intensities and reduced 
thermal stress, important for heat-sensitive samples. Nevertheless, little investigation has been made 
regarding the analytical performance of rf-PGD-OES, compared with the continuous counterpart, 
and deeper studies for different kind of samples and coatings, especially for non-conducting and 
thermally unstable samples, is still lacking. 

In this light, the capability of rf-GD-OES has been investigated for the compositional in-
depth profiling for semi-conductors such as highly ordered and self-assembled magnetic 
nanostructures, to compensate for the existing demand of quality control during their development 
processes. For the case of insulators, limits still exist related to the low power deposited in the 
plasma. To improve their analysis, thin conductive layers were deposited on the surface and their 
influence together with the addition of a magnetic field, were measured in function of the sample 
dimensions and evaluated in order to improve instrument performances. 

To investigate properly the effective use of rf-PGD-OES a more complete understanding of 
the temporal separation of various excitation and ionisation processes is required. Therefore, time-
resolved measurements have been carried out, concentrating on the ‘pre-peak’ behaviour. A large 
number of copper emission lines have been studied and the effect of key discharge parameters 
(pressure and power) and pulse parameters (frequency and duty cycle) on the pre-peak behaviour 
has been investigated in an attempt to gain a better insight on these phenomena. 

As last part, a critical qualitative comparison of the analytical performance of rf-GD-OES, 
applied either in continuous or pulsed mode, was carried out for a broad range of conducting and 
insulating materials. The comparison will be in terms of crater shapes, sample sputtering rates and 
emission yields calculated for the materials under both discharge modes and through qualitative in-
depth resolution measurements of a tinplate coating and a multi-coated commercial glass sample. 
These optimised conditions will be applied during the calibration in pulsed mode to obtain 
quantitative in-depth profiles for a new type of composite electrodes with semi-conductive 
nanoparticles, employed in the extraction and degradation of organic pollutants in aquatic systems. 
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IMPACT OF THE CATHODE MATERIAL ON THE ANALYTICAL GLOW DISCHARGE 
 

E. Barisone(1), (2), L. Therese(1), A. Zahri(2), Ph. Belenguer(2), Ph. Guillot(1) and Th. Nelis(1). 
 

(1) DPHE, Université J. F. Champolion, Place de Verdun 81012 Albi Cedex France. 
(2) Laboratoire LAPLACE, Université Paul Sabatier,  118 rte de Narbonne, Bat3R2, 31062 

Toulouse Cedex, France. 
 
RF-Glow Discharge Optical Emission Spectrometry is a well-established technique for direct 
compositional depth profiling (CDP) analysis of solid, conducting and non-conducting samples. 
The technique is based on sputtering surface atoms and their subsequent excitation in the 
discharge1.  
The separation of sputtering and excitation makes the technique very little prone to matrix effects. 
The quantification procedure is based on the observation that emission yields depend strongly on 
the source impedance, which varies with the carrier gas density and the secondary electron emission 
yield of successively sputtered layers. Despite the apparent success1, it lacks theoretical back-up 
and its extension to non-conductive materials is difficult. 
In this experimental work, we concentrate on the link between the secondary electron emission 
yield, pressure and the electrical characteristics of the rf-GDOES. The effective secondary electron 
emission yield for various conducting material has been determined as a function of the reduced 
electrical field by measuring the Paschen curves2. 
Current-voltage curves for the rf-discharge cell employing conducting materials with very different 
secondary electron emission yields have been measured for the pressure range including the typical 
analytical conditions (500 Pa).  
It is important to stress the relevance of the “effective” secondary electron emission coefficient and 
its use as input data for GD-modeling3. It is still not quite clear, which value to be used as input 
parameter for discharge modeling. Theoretical back-up of the rf-GD quantification procedure needs 
a comparison of experimental and modeling work. The experimental work presented here is a part 
of achieving this. 
 
 
 1 A. Bengtson, T. Nelis, “The concept of constant emission yield in GDOES”, Anal. Bioanal. 
Chem, 2006, 385, pp. 568-585. 
 
 2 Ph. Guillot, Ph. Belenguer, L. Therese, V. Lavoine and H. Chollet, “Secondary electron emission 
coefficients of standard samples for GDOES”, Surf. Interface Anal., 2003, 35, pp. 590-592. 
 
 3 Z. Donko, “Apparent secondary-electron emission coefficient and the voltage-current 
characteristics of argon glow discharge”, Phys. Rev. E, 2001, 64, pp. 026401-1-9. 
 
 
* Work supported by GLADNET MRTN-CT-2006-035459. 
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Modelling of crater formation in low-pressure glow discharges 
 

Aranka Derzsi, Zoltán Donkó 
 

Research Institute for Solid State Physics and Optics,  
1121 Budapest, Konkoly-Thege M. streert 29-33, Hungary 

 
 
 

The main purpose of this study is to improve the understanding of low-pressure glow 
discharges by modelling and computer simulations. Analytical glow discharges, based on the 
sputtering of the sample-cathode by energetic heavy particles of the plasma, are of special interest 
in this study. The research focuses on the investigation of cathode sputtering processes and the 
dependence of crater formation on various discharge parameters, thermal effects, modes of 
operation. 

The research is carried out based on a self-consistent two-dimensional heavy particle hybrid 
model – combining the fluid description of slow plasma species with the kinetic treatment of fast 
plasma particles in a Monte Carlo (MC) model – complemented with a heat transfer model for the 
calculation of the gas temperature profiles. The plasma species considered in the hybrid model are 
electrons, atoms and ions of the discharge gas (argon) and the sputtered atoms and corresponding 
ions of the cathode material (copper). As all the important plasma processes are expected to take 
place in the vicinity of the cathode, modelling studies also focus on this part of the discharge cell: in 
the simulations the length of the investigated region is 8-10 mm in front of the cathode, the diameter 
of the cylindrical anode is 4 mm. Typical results of the hybrid model are the discharge current, 
potential distribution, the density distributions of the plasma species, their flux end energy 
distributions at desired positions of the discharge region, ionization and excitation profiles as well 
as temperature distribution profiles. Besides these, the model also makes it possible to investigate 
the processes relevant to the erosion of the cathode: as the energy of the individual heavy particles 
hitting the cathode and the position of the bombardment are known in the MC model, the 
corresponding sputtering yields can be determined; the flux of sputtered atoms as a function of 
radial position results in the erosion rate that defines the crater profile formed during a certain time 
period of sputtering. Comparison of experimental data (obtained on a 4-mm Grimm-type source at 
IFW Dresden and on a simple discharge cell configuration set up in our lab) and simulation results 
showed good agreement proving that the model considers correctly the underlying processes 
responsible for cathode sputtering. 

In this work various simulation results obtained by this hybrid model are presented for 
typical operating conditions of analytical glow discharge cells in dc mode. Further, results obtained 
by the model developed to suit the specific treatment needed to capture the characteristics of the 
pulsed operation mode are presented by taking into account the effect of the external circuit.  
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Modeling the effect of gaseous impurities in argon glow discharges: 
A comparative study of H2, N2 and O2 

 
Annemie Bogaerts 

 
Research group PLASMANT, Dept of Chemistry, University of Antwerp, 

Universiteitsplein 1, B-2610 Wilrijk-Antwerp, Belgium 
E-mail: annemie.bogaerts@ua.ac.be 

 
 
It is generally established that the working conditions in glow discharges may be considerably 
affected by the presence of small amounts of molecular gases, such as H2, N2 and O2, in the 
discharge gas. In order to obtain a better insight in the underlying mechanisms, we have developed 
a computer model for describing Ar/H2 [1], Ar/N2 [2] and Ar/O2 [3] glow discharges, with typical 
impurity concentrations varying between 0.1 and 10% (v/v). The species taken into account in the 
model include electrons, Ar atoms in the ground state and in the 4s metastable levels, Ar+ ions, as 
well as several species characteristic for each gas impurity. In the case of H2, the extra species are 
ArH+, H+, H2

+ and H3
+ ions, H atoms and H2 molecules [1]. In the N2 case, the relevant species 

include N+, N2
+, N3

+ and N4
+ ions, N atoms, N2 molecules in the ground state and in 6 different 

electronically excited levels [2]. Finally, in the case of O2, the following species are considered: O+, 
O2

+ and O- ions, O atoms in the ground state and one metastable level, O2 molecules in the ground 
state and two metastable levels, and O3 molecules [3]. In the three cases, the fast electrons are 
simulated with a Monte Carlo model, whereas all other species are treated in a fluid model. These 
species interact with each other through various chemical processes. In the Ar/H2 model, 65 
different reactions between the various species were taken into account. In the Ar/N2 model, 74 
different reactions were included, and finally the Ar/O2 model considers 87 different reactions. 
Hence, although the three gases are all diatomic in nature, different species appear to be formed in 
the glow discharge. The Ar/O2 discharge is especially interesting, because also negative ions (O-) 
are present in the discharge, although still at a lower concentration than the positive ions. Typical 
results of these models include the density profiles of the various plasma species, the relative 
importance of their production and loss mechanisms, the ionization and dissociation degree, as well 
as the effect of the gas addition on the sputtering process. 
 
[1]  Bogaerts, A. J. Anal. At. Spectrom. 2008, 23, 1441-1556.  
[2] Bogaerts, A. Spectrochim. Acta, Part B 2009, 64, 126-140. 
[3] Bogaerts, A. Spectrochim. Acta, Part B 2009, 64, 1266-1279. 
 
The author acknowledges financial support from the EU Marie Curie Research Training Network 
GLADNET. 
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Optimization and quantification of the GD OES depth profiles measured with application of 
pulsed glow discharge. 

 
Varvara Efimova1, Volker Hoffmann1, Arne Bengtson2, Jürgen Eckert1,3 

 
1IFW Dresden, Institut für Komplexe Materialen (IKM), Helmholtzstraße 20, 01069 Dresden, 

Germany 
2 KIMAB, Drottning Kristinas väg 48, 11428 Stockholm, Sweden 

3TU Dresden, Institut für Werkstoffwissenschaft, D-01062, Dresden, Germany 
 

 
 
Glow Discharge Optical Emission Spectrometry (GD OES) is a powerful tool for the elemental 
analysis of both bulk and layered samples [1]. The application of a pulsed power supply of the GD 
broadens the possibilities of the method [2]. It is a matter of common knowledge that with the 
application of pulsed glow discharges (PGD) sample heating is reduced. To estimate the extent of 
this temperature reduction the different approaches were applied. 
However, the use of PGD at commercial GD instruments has still some limitations: 
   -the influence of the PGD parameters on the analytical performance is not yet enough 
investigated; 
   -there is no proper strategy and commercially available hardware for the detection of the emitted 
light in the pulsed regime; 
   -it is difficult to quantify the profiles measured with PGD, because the existing quantification 
model is established for the continuous discharge. 
Therefore, in this work the influence of the PGD parameters on the electrical properties and light 
emission was investigated. The PMT and CCD light detection was compared in terms of its use 
with pulsed discharge. 
In the presentation the results of the above mentioned studies will be presented. 
On the base of the performed investigations the measurement of depth profiles of thermally fragile 
and thin layered samples with pulsed radio frequency (rf) GD OES was optimized. The possibilities, 
requirements and problems of quantification of the profiles measured with pulsed rf GD will be 
presented. The matrix specific as well as the matrix independent quantification approach was 
successfully applied to the measured depth profiles. Nevertheless, in a commercial scale it is still 
difficult to perform such quantification. 
 
[1] R. Payling, D. G. Jones, and A. Bengtson, Glow Discharge Optical Emission Spectrometry. 
John Wiley & Sons, New York, Weinheim, Brisbane, Singapore, Toronto, 1997. 
[2] Ph. Belenguer, M. Ganciu, Ph. Guillot, and T. Nelis, Pulsed glow discharges for analytical 
applications, Spectrochim Acta B 64 (2009) 623-641. 
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Polymer analysis by pulsed radiofrequency glow discharge mass spectrometry 
 

Peter Horvath, James A. Whitby, Johann Michler  

 
EMPA, Swiss Federal Laboratories for Materials Testing and Research 

Feuerwerkerstrasse 39, 3602 Thun, Switzerland 
E-mail: peter.horvath@empa.ch 

 
We have evaluated the analytical capabilities of radiofrequency glow discharge mass spectrometry 
for some polymers. A prototype instrument developed with Tofwerk AG and Horiba Jobin Yvon 
combines a pulsed RF glow discharge with a time-of-flight mass spectrometer. 
Sputtering and subsequent plasma reactions produce a mass spectrum consisting of mostly small 
molecular fragments that can be used to identify polymers (‘fingerprint’ spectra). We have used 
both positive and negative ions to demonstrate depth profiling of spin coated PMMA/Si, PETi/Si, 
PMMA/PET and PS/PETi/Si thin films.  
To understand the polymer mass spectra in more detail, we compared GD-ToF-MS results from 
PTFE with ToF-SIMS and found evidence of gas-phase reactions occurring in the plasma. We also 
compared mass spectra from different polymers with similar elemental compositions (PET, PBT 
and PMMA) and found the same molecular ions (CxHyOz

+); only the relative abundance of the ions 
was different for different polymers. We also found CxHy

+ ions that could not be produced simply 
by sputtering as they are not present in the polymer structure. 
Parametric studies (pressure, power and RF pulse length) showed that the mass spectra were very 
sensitive to changes in the discharge conditions. For all the polymers we studied (PET, PBT, PE, 
PTFE), lower pressure resulted in lower ion signals in general while gas phase reactions seemed to 
become less significant. The peak power affected the mass spectrum in a peculiar way. Some 
polymer related peaks had a maximum at 5 W, others had a maximum at 15 W while the third group 
did not show significant power dependence in the 5–70 W range. The effect of the pulse length was 
different on different polymers. The PE mass spectrum did not depend on pulse length, while all the 
ions from PET decreased by a factor of 10 and all the ions from PTFE dropped by a factor of 100 as 
the pulse length increased from 100 µs to 500 µs. These results suggest that the sputtered molecular 
material has a strong effect on the plasma and that the ion signals are not simply proportional to the 
amount of material sputtered. 
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PROGRAM 
 
 
 

Tuesday August 24th 
Symposium      
Invited lecture 08:30 09:15 Kim Marshall LECO Corporation 

(USA) 
The Fundamentals of Glow Discharge Optical Emission 
Spectrometry and Implications for Proper Instrument Design 

Oral pres. 09:15 10:00 Ihor Korolov  RISSP, Budapest 
(Hungary) 

Experimental study of charge transfer reactions between 
noble gas ions and metal atoms 

Oral pres. 10:00 10:30 Martin  Kasik  Shiva Technologies, 
Syracuse (USA) 

Analytical Glow Discharges - Quantification and Other 
Challanges 

Coffee 10:30 10:45       
Invited lecture 10:45 11:30 Jean-Pierre Boeuf Laplace, Laboratoire 

Plasma et 
Conversion 
d'Energie, Toulouse 
(France) 

Overview of glow discharges physics and applications. From 
magnetron plasmas to atmospheric pressure 
microdischarges 

Oral pres. 11:30 12:15 Giovanni Lotito  ETH Zurich and 
TOFWERK, Thun 
(Switzerland) 

Laser Ablation Glow Discharge Time-of-Fligth mass 
Spectrometry (LAGD-TOFMS) for spectrochemical imaging. 

Oral pres. 12:15 12:45 James A Whitby EMPA, Thun 
(Switzerland) 

Applicability of  RF GD-TOFMS to molecular surfaces with 
molar mass < 2000 Th 

Lunch 12:45 13:45       
Invited lecture 13:45 14:30 Zdenek Weiss LECO Instrumente, 

Plzen (Czech 
Republic) 

Catalogue of glow discharge spectra: context of the project 
and its present state 

Oral pres. 14:30 15:15 Sohail Mushtaq  Imperial College 
London (UK) 

The influence on Grimm-type discharges in argon of oxygen 
traces, either as an added gas and as a sample constituent 

Oral pres. 15:15 15:45 Michael Köster TAZ GmbH, 
Germany 

 

Coffee 15:45 16:00       
Oral pres. 16:00 16:45 Sebastian Schmitt  EMPA, Thun 

(Switzerland) 
Chemical and Optical Characterisation of Photovoltaic Thin 
Film Materials by Glow Discharge Optical Emission 
Spectrometry 

Oral pres. 16:45 17:30 Peter Simon  University of Antwerp 
(Belgium) 

Modelling of the influence of nitrogen impurities on low-
pressure argon glow discharges 

End of the session 17:30     
      
Dinner 20:00 23:00       
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The Fundamentals of Glow Discharge Optical Emission Spectrometry and 
Implications for Proper Instrument Design 

 
Kim Marshall 

 
Leco Corporation 

Saint Joseph, Michigan, USA 
 
 
Glow discharge spectrometry (GDS) has become an important tool in both academic and industrial 
laboratories, where it has been utilized effectively to analyze an extremely broad range of material 
types from electrically conductive solids, including all forms of iron and steel, aluminum, brass, 
copper, lead, tin, zinc, nickel as well as stainless steels and other highly alloyed corrosion resistant 
materials. As such, GDS has proven to be a very capable "bulk" analysis technique but surface 
analysis, also known as quantitative depth profiling (QDP) or compositional depth profiling (CDP), 
is where GDS excels.  Unfortunately, the instrumental requirements for CDP applications are 
somewhat more challenging than that of bulk analysis.  Non-conductive materials are analyzed 
using the radio frequency glow discharge (RF-GDS).  An even broader realm of samples, many of 
which are thermally labile, are also accessible using RF-GDS.  Layered combinations of almost all 
of these materials can also be analyzed by CDP.  Clearly, designing appropriate instrumentation to 
analyze this vast array of applications and materials is no simple task for the instrument designer. 
 
So where does the instrument designer start when conceptualizing a new GD spectrometer system?  
What are the appropriate questions and requirements for such an instrument?  And how, as 
instrumental scientists, do we get the answers to these questions?  The simple but nontrivial answer 
is that we must go back to basics.  We must consider the fundamentals.  We need to approach these 
questions in light of the analytical requirements of the sample(s), asking questions such as:  What 
are the fundamentals of bulk GD analysis?  How do the fundamentals and requirements of CDP 
differ from bulk analysis?  What acquisition rates are required for near-surface analysis?  What are 
the instrumental requirements of nonconductive samples?  How do thermally labile materials 
impact these requirements?  What are the typical photon fluxes and temporal behaviors encountered 
in the various applications?  What wavelength range is required to analyze most if not all glow 
discharge samples?  How do we best collect, focus, sort, detect and manipulate such analytical 
signals? 
 
This presentation will focus on these design questions in detail.  The raw data from which such 
instrumental design decisions are made will be presented and analyzed.  Various instrumental 
approaches will be compared and contrasted.  Typical trade-offs and compromises will be 
discussed. Examples of appropriate instrumental solutions will be provided.                     
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Experimental study of charge transfer reactions between noble gas ions and metal atoms 
 

I. Korolov1, A. Derzsi1, G. Bánó2, Z. Donkó1, 
 

1. Research Institute for Solid State Physics and Optics of Hungarian Academy of Science H-1525 
Budaperst. POB 49, Hungary 

 
2. Department of Biophysics, P. J. Šafarik University in Košice, 04001 Jesenna 5, Košice, Slovakia 
 

The aim of this project is to experimentally determine rate coefficients of asymmetric charge 
transfer (ACT) reactions between noble gas ions and metal atoms. These ACT reactions play an 
important role in numerous glow discharges. Unfortunately, there are very few rate coefficients 
available in the literature for analytically important metals, like Cu, Fe, Ti, Ni etc., which have 
much higher melting temperatures. Cross section data (from which rate coefficients can be 
calculated) have only been measured for the reactions with Xe+ ions at relatively high energies (> 1 
eV). Another motivation is that the accuracy of glow-discharge modelling calculations always 
depends on the correctness of the input parameters. To date, the lack of ACT rate coefficients has 
prevented the experimental verification of predictions on GD-MS sensitivity factors and limited the 
accuracy of modelling predictions for emission spectra.  

The new apparatus for the experimental determination of the rate coefficients of the ACT 
reactions between noble gas ions and metal atoms has been designed and built.  

The idea of the experiment consists of creating a constant vapour pressure of the studied 
metal inside a discharge cell using hollow cathode and plane cathode discharges. The rate 
coefficients can be determined from the characteristic decay time of noble gas ions in the afterglow 
period of the pulsed discharge. The density of the sputtered metal atoms is determined using atomic 
absorption spectroscopy. In order to better understand processes taking place in the discharge cell, a 
tungsten Langmuir Probe (l = 2.5mm; d = 20 µm) was installed at fixed position inside the cell. The 
probe technique can also help to determine the purity of the apparatus and gases, which can be 
estimated from the exponential electron density decay in Ar+ dominated He-Ar afterglow plasma. A 
numerical kinetic model has been also developed. The actual experimental conditions (temperature, 
gas pressure, etc.), diffusion and recombination loss processes are included in this model  

During the measurements, it turned out that there is no charge transfer between Ar+ and Cu 
in thermal plasmas (~300 K). In case of neon gas it was evident that during the late afterglow there 
is a quite strong emission of charge transfer line (270.3 nm). In the future the rate coefficient for 
Ne+-Cu is planed to be determined using Ne-1%Ar mixture using neon gas with higher purity (Ne 
5.0 or better). Several experiments were dedicated to Ar+-Zn and Ar+-Fe systems. The ACT rate 
coefficient ~8(±3)×10-9 cm3s-1 was obtained for the Ar+-Fe system.  

The authors gratefully acknowledge the support by the MRTN-CT-035459 GLADNET 
project. 
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Analytical Glow Discharges – Quantification and Other Challenges 
 

Martin Kasik 
 

EAG Shiva, Syracuse, USA 
 
 
 
Producing a numeric value from a measurement is the fundament of the “game” in Analytical Glow 
Discharge applications. In addition, this numeric value is expected to be determined with good 
precision, reproducibility, and accuracy.  
 
Generally the following two main ionization processes are dominating the ionizations of atoms 
and/or atomized species in analytical glow discharges: the electron impact ionization (consequence 
of fast electrons) and the ionizations via metastable discharge atoms. Here we are proposing a 
simplified model to examine the effects of changes in populations of discharge ions versus 
metastable atoms on the calibration parameters. Despite a quite simplified approach, the observed 
results, using Argon as the discharge gas, indicate very good agreements with observations. 
Furthermore, this simplified model can help developing more efficient calibration methods and/or 
better Relative Sensitivity Factors, which are used for quantification of results in glow discharge 
based techniques.  
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Overview of glow discharges physics and applications. 
From magnetron plasmas to atmospheric pressure microdischarges  

 
Jean-Pierre BOEUF 

 
Université de Toulouse; UPS, INPT; LAPLACE (Laboratoire Plasma et Conversion d’Energie); 

118 route de Narbonne, F-31062 Toulouse cedex 9, France. 

CNRS; LAPLACE; F-31062 Toulouse, France. 
Email : jpb@laplace.univ-tlse.fr  

 
 
Glow discharge plasmas can be generated in a wide range of pressure conditions, from a few tens of 
mtorr as in magnetron discharges to the 0.1-10 torr range (typical of GDOES or GDMS 
applications) of standard DC glow discharges, and to the conditions of microdischarges at high 
pressure. The purpose of this lecture is to discuss the basic physics of these discharges in the 
context of typical applications and to show how modelling can help understand the complex 
coupling between charged particle transport and electric field that takes place in glow discharge 
plasmas.   
After an introduction on the properties of standard glow discharges under conditions typical of 
material analysis devices, some specific issues of the generation of glow discharges at high or low 
pressure will be discussed. This will include, for the high pressure range, the question of plasma 
uniformity and formation of self-organized structures in dielectric barrier glow discharges, which is 
directly related to the existence of a negative slope region in the current-voltage characteristics of 
glow discharges. In the low pressure range, we will show how a proper distribution of an external 
magnetic field can be used to confine the plasma in a magnetron sputtering device or to generate an 
ion beam for surface processing or space propulsion applications. 
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Laser Ablation Glow Discharge Time-of-Fligth mass Spectrometry (LAGD-TOFMS) for 
spectrochemical imaging. 

 
G. Lotitoa,b, D. Günthera , R. Knockenmussb, K. Fuhrerb, M. Goninb 

 

aETH Zurich, D-CHAB, Laboratory of inorganic chemistry, Wolfgang-Pauli-Str. 10, 8093 Zurich, 
Switzerland 

 
bTOFWERK AG, Uttigenstr. 22, 3600 Thun, Switzerland 

 

A laser sampling technique has been reported which combines laser ablation (LA) with a pulsed 

glow discharge (GD) and a time-of-flight mass spectrometer (TOFMS). The major advantages of 

this technique are, besides the improved spatial resolution compared to GDMS, the improved 

sensitivity of the analyte when ablating the material directly in the pulsed GD, and the ability to 

provide quasi simultaneous elemental and molecular information of organic material. These 

investigations have covered both inorganic and organic samples. For the inorganic samples some 

figures of merit will be presented showing an increased sensitivity when using the post-ionization 

of the pulsed GD compared to LA alone. Regarding the organic samples, results will be presented 

showing that the extent of fragmentation of molecular ions can be controlled with this approach: a 

hard ionisation in the powered phase of the discharge results in a stronger fragmentation of the 

analyte introduced into the gas phase, whereas a softer ionization in the afterglow promotes the 

formation of the higher mass parent molecular ion.  

The ability to identify the molecular origin of elements (speciation) in mass spectroscopy is of great 

interest and has immediate applications in biochemistry. 
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Applicability of  RF GD-TOFMS to molecular surfaces with molar mass < 2000 Th 
 

James A Whitby, Peter Horvath, Stela Canulescu, Johann Michler 
 

Empa, Swiss Federal Laboratories for Materials Science and Technology 
Laboratory for Mechanics of Materials and Nanostructures 

Feuerwerkerstrasse 39. CH-3602 Thun, Switzerland. 
 
 
Polymer identification and depth profiling using pulsed RF GD-TOFMS instruments have been 
demonstrated, but the mass spectra are generally not simple to interpret [1,2,3]. Pulsed dc glow 
discharges have been shown to be capable of soft ionisation of organic vapours [4-6], believed to be 
due to the dominance of either Penning ionization or proton transfer reactions in the afterglow [7], 
but these experiments can not account for fragmentation or damage to molecular surfaces that are 
involatile. We will present results from a variety of solid samples in which the parent molecule can 
be clearly recognised, thus i) demonstrating that  RF GD-TOFMS can yield readily identifiable 
mass spectra from molecular solids, and ii) allowing the nature and extent of fragmentation to be 
recognised and quantified. 
 
 
 
[1] Tuccitto N et al. (2009) Rapid Comm. Mass Spectrom. 23(5) pp549-556. 
[2] Lobo L et al. (2010) Anal. Bioanal. Chem. 396(8) pp2863-2869. 
[3] Canulescu S et al. (2009) JAAS 24(2)pp178-180.	  
[4]  Solà-Vazquez A et al., (2009) Anal. Chem. 81 pp2591-2599. 
[5] Newman K and Mason R S (2006) Rapid Comm. Mass Spectrom 20(14) pp2067-2073. 
[6] Fliegel D et al. (2006) Anal. Bioanal. Chem. 386(1) 169-179. 
[7] Lewis et al. (2003) JAAS 18(6) pp629-636.  
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Catalogue of glow discharge spectra: context of the project and its present state 
 

Zdenek Weiss 
 

LECO Instrumente Plzen, spol. s r.o., Czech Republic 
 

With a widespread use of GDS spectrometers covering continuous wavelength ranges, it is 
becoming increasingly important to have good reference data on emission spectra produced by 
different elements in a glow discharge. Most of the existing tables and databases of emission lines 
reflect another sources, such as ICP and arc/spark. Such sources can be approximately described in 
terms of excitation / ionization temperatures and spectra of individual elements can be calculated 
based on transitions probabilities of the transitions involved (if known). Unlike that, excitation in 
glow discharges depends to a large extent on specific interactions with species related to the 
working gas and therefore glow discharge spectra differ from those mentioned above and cannot be 
treated in a similar way. Therefore the existing tables are of limited use for a work with glow 
discharges. 
A project aimed at setting up a catalogue of glow discharge spectra is under way, involving several 
Gladnet partners. Spectra of some common elements were measured with high resolution on a 
Fourier Transform Spectrometer down to the vacuum UV region and complementary data were 
collected by a CCD spectrometer. Sputtering rates of pure metals and alloys used in this work were 
determined. The catalogue will consist of listings of observed lines of those elements and their 
emission yields. Experimental details and data processing methods used in this work will be 
described in the lecture and examples of preliminary results will be presented. 
Anticipated use of this catalogue includes different tasks in applications as well as GDS 
fundamentals. In the applications area, it will help to select best combinations of analytical lines of 
different elements for a given matrix to be analyzed, to predict line interferences, including their 
magnitudes, for an instrument with a given resolution, and also to identify selectively excited lines 
that might be subject to various matrix effects. It will help to generate linelists for wavelength 
calibration of CCD-based instruments for different matrices and also will give basis for a 
semiquantitative analysis without calibration on instruments with a slowly varying intensity 
response function. For fundamental studies, the catalogue data can serve as a general reference 
source about glow discharge spectra of the elements covered. 
Present state of the project will be described and prospects for its completion and extension will be 
discussed. 
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The influence on Grimm-type discharges in argon of oxygen traces, either as an added gas 
and as a sample constituent. 

 
Sohail Mushtaqa, Edward B.M. Steersb and Juliet C. Pickeringa 

 
a Blackett Laboratory, Imperial College, London, UK 

b London Metropolitan University, UK 
  
The effects of added oxygen gas on the analytical glow discharges (GD) -, significant changes on 

electrical characteristics, and emission intensities of both analyte and carrier gas (usually Ar) – have 

been shown experimentally [1,2] and predicted by computer models [3]. However, the experimental 

studies were either limited to one of two spectral lines for each element, or used oxygen 

concentrations far higher than those likely in analytical work. These changes can seriously affect 

both the stability of the discharge and the analytical results. Contamination by oxygen traces can be 

curtailed by using high purity carrier gas, modern vacuum techniques and “clean” instrument. 

However, the complexity of discharge processes is far greater when oxygen traces are present in the 

sample either as constituent such as Fe2O3, Ti2O3 and Al2O3 or within an alloy.  

The investigations were carried out in three separate locations - at Imperial College (IC), London, 

EMPA, Thun and IFW, Dresden. Optical spectra generated in pure Ar and Ar/O2 plasmas have been 

recorded using the IC high resolution vacuum UV Fourier transform spectrometer allowing for the 

first time a detailed study of the effects on a large number of energy levels; these spectra have been 

compared, again for the first time, with spectra from an calamine sample (hot rolled alloy steel with 

oxide layer) in a pure Ar plasma. A Specturma GDA650 instrument was used to record time-

resolved spectrochemical information during the analysis of calamine. Glow discharge time of 

flight mass spectrometry (GD-TOFMS) experiments were carried out at EMPA with both iron and 

iron oxide samples. Changes in emission intensities and ion signals of both analyte and carrier gas 

will be reported and discussed. 

We gratefully acknowledge the availability of experimental facilities at IFW-Dresden and EMPA. 
Thun.  
  
 
 
[1] W. Fischer, W. Naoumidis and H. Nickel, J. Anal. At. Spectrom., 1994, 9, 375. 
[2] K. Wagatsuma and K. Hirokawa, Anal. Chim. Acta, 1995, 306, 193. 
[3] A. Bogaerts, Spectrochim. Acta, Part B, 2009, 64, 1266-1279. 
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Analytical properties of small dimensioned glow discharges - at first glance 
 

 
Michael Köster 

 
TAZ GmbH, 86495 Eurasburg, Germany 

 
 
 
 
 
A lot of diffusion layers and even some galvanic layers exceed a thickness of 200 µm. Depth 
profiling of such material is still a difficult task. Long running glow discharge depth profiling suffer 
from outside influences like crater wall sputtering, continuous changes of plasma conditions and 
incalculable plasma breakdowns, to name only a view. First applications of small dimensioned glow 
discharges in this field of applications led to some promising results. Pros and cons are presented 
here. 
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Chemical and Optical Characterisation of Photovoltaic Thin Film Materials by Glow 
Discharge Optical Emission Spectrometry 

 
 

S. W. Schmitt1, G. Gamez1, V. Sivakov2, J. Michler1 and S. H. Christiansen3 
 
 
Photovoltaic (PV) thin film (TF) materials can allow a dramatic reduction of PV energy costs due to 
less extensive material usage, easier manufacturing processes and higher efficiencies  (1). To 
develop TF-materials and production processes, new characterisation methods are needed to 
understand the intercorrelation between material properties and module quality  (2). These methods 
should as well be applicable for industrial quality control since successful PV materials will always 
have to be produced on large scales. Therefore, convenient characterisation methods have to be fast 
and efficient. Glow discharge optical emission spectrometry (GD-OES) is a well established, fast 
and easy to use means to analyse thin films. Thus, the potential of GD-OES for the analysis of thin 
transparent films for PV applications was investigated in an exemplary study.  
In the study, it could be shown, that it is possible to analyse the chemical composition of thin 
transparent films by GD-OES. In addition, an interferometry based method (3) was applied to 
determine the refractive index of the layers for several discrete plasma emission lines at the same 
time. It turned out, that the accuracy of the found refractive indices is comparable to the values 
found by ellipsometry. In Al-doped ZnO layers the correlation between dopant concentration and 
refractive index could be studied as well as the wavelength dependence of the refractive index.  The 
simultaneous determination of optical and chemical properties of thin films is particulary interesting 
for PV. The study shows, that GD-OES has a high potential to serve as a production near analysis 
tool in PV TF industry. 
 
1. European Photovoltaic Industry Association. Global Market Outlook for Photovoltaics until 
2014. http://www.epia.org/. [Online] March 2010.  

2. European Metrology Research Programme. EMRP Outline 2008. http://euramet.org/. [Online] 
November 2008.  

3. Interference Phenomena at Transparent Layers in Glow Discharge Optical Emission 
Spectroscopy. V. Hoffmann et al. 1999, Applied Spectroscopy, Vol. 53, pp. 987-990. 

 
 
 
 
 

                                                                                                                
1 EMPA, Swiss Federal Laboratories for Materials Science and Technology  
Feuerwerkerstrasse 39, 3602 Thun, Switzerland 
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3 Institute of Photonic Technology 
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Modelling of the influence of nitrogen impurities on low-pressure argon glow discharges 
 

Péter Simon(1,*), Annemie Bogaerts(1) 
 

(1) University of Antwerp, Department of Chemistry, Research group PLASMANT, 
Universiteitsplein 1, 2610 Wilrijk-Antwerp, Belgium 

(*) peter.simon@ua.ac.be 
 

Introduction 
Small amounts of molecular gases such as nitrogen can affect drastically the conditions present in 
an argon glow discharge. In glow discharge optical emission spectrometry (GD-OES) the changed 
conditions can manifest themselves in the altered sputtering rates and the modified relative 
intensities of emission lines, thereby significantly influencing the quantitative analysis [1,2]. 
Computer modelling can be very useful in revealing the underlying mechanisms responsible for 
these effects. 
 
Description of the model 
Previously [3] we developed a computer model describing Ar/ N2 glow discharges with 74 different 
chemical reactions between the plasma species including electrons, Ar atoms in the ground state 
and the 4s metastable levels, N2 molecules in the ground state and in six different electronically 
excited levels, N atoms, Ar+ ions, N+, N2

+, N3
+ and N4

+ ions. Now we have extended this model by 
taking the vibrational levels of the ground state N2 molecules into account. 

According to [4] we consider 68 vibrational levels. The additional processes involving the 
ground state molecules are the excitation and de-excitation of vibrational levels by electron impact 
collisions (e-V), the vibration-vibration (V-V) and the vibration-translation (V-T) energy exchange 
processes in N2-N2 collisions and the V-T energy exchange processes in N2-N and N2-Ar collisions. 

The electrons are simulated with a Monte Carlo model, whereas all other species are treated 
in a fluid model. 
 
Results 
The results include the relative importance of the various processes in the discharge, the two-
dimensional density profiles of several plasma species and the electron energy distribution function 
(EEDF) and the vibrational distribution function (VDF) at different positions of the discharge cell. 
 
Acknowledgement 
This work has been supported by the European Marie Curie Research Training Network 
GLADNET, contract no. MRTN-CT-2006-035459. The authors would like to thank I. V. 
Adamovich for the helpful discussion on the rate coefficients of the V-V and V-T processes. 
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[1] K. Wagatsuma (2001) Spectrochim. Acta Part B 56 465-486 
[2] E. B. M. Steers, P. Šmíd, V. Hoffmann and Z. Weiss (2008) J. Phys. Conf. Ser. 133 012020 
[3] A. Bogaerts (2009) Spectrochim. Acta Part B 64 126-140 
[4] G. Colonna, D. D’Ambrosio and M. Capitelli (2007) AIAA 2007-3906, 39th AIAA 
Thermophysics Conference, 25-28 June 2007, Miami, FL 
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Characterisation of thin films of corrosion products by RF GD-OES – possibilities and 
challenges 

 
Arne Bengtson, Dan Persson and Mats Randelius 

 
Swerea KIMAB AB, Drottning Kristinas väg 48, SE -102 16 Stockholm, Sweden 

 
Knowledge about the elemental and molecular composition of the surface films formed on metals in 
corrosive environments is essential for the understanding of the corrosion behaviour and corrosion 
mechanisms of metals and metal coatings. The corrosion products formed are complicated products 
formed by ion pairing of the ionic forms of the metals with species like, OH-, Cl-, SO4

2- and H2O 
with poor conductivity [1]. Radio Frequency Glow Discharge Optical Emission Spectroscopy (RF 
GD-OES) is a fast, sensitive technique to obtain the in-depth distribution of elements and thickness 
of both conducting and insulating surface layers [2]. However, depth profiling of corrosion products 
presents some challenges: 
- Corrosion products on a surface are often both of non-uniform thickness and porous causing 
difficulties to obtain a vacuum seal against the sample. In several cases, this problem can be 
overcome by mounting smaller samples in special holders or soft metal pieces, e.g. SnBi alloy. - 
several major elements in the corrosion products, e.g. Cl, Na and Ca, are very difficult to quantify 
due to lack of suitable reference materials. 
- Hydrogen is a major element in several of the compounds, strongly affecting several analytical 
lines of other elements due to the “hydrogen effect”. 
- Most likely, the depth profiles are often distorted due to preferential sputtering effects. 
In spite of the challenges listed above, RF GD-OES has proven to be a powerful analytical tool for 
this very difficult analytical problem. The perhaps most demanding challenge is in interpretation of 
the analytical results obtained. In this work, RF GD-OES results are compared with molecular data 
from Fourier Transform Infrared (FTIR) spectra [3]. The FTIR results provide identification of the 
phases present in corrosion products, indirectly providing semi-quantitative elemental composition 
of the layers investigated. The results show very good agreement with the RF GD-OES data. One 
particularly interesting result is that the depth profiles show clear signals from Cl at 134,72 nm. It 
has been suggested that this line is too weak to be useful for analysis, but the data obtained indicate 
otherwise. 
 
[1] “Atmospheric Corrosion“, C. Leygraf and T. Graedel, John Wiley & Sons, New York, 
2000. 
 
[2] R. Payling, D. G. Jones, and A. Bengtson, Glow Discharge Optical Emission Spectrometry. 
John Wiley & Sons, New York, Weinheim, Brisbane, Singapore, Toronto, 1997. 
 
[3] A. Bengtson and D. Persson, Presented at European Corrosion Congress 2009, 2009, Nice, 
France. 
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How hot is the Glow Discharge? 
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In the current European project GLADNET (www.gladnet.eu) one aspect investigated has been the 
gas temperature in glow discharge (GD) and its measurement. Gas temperature affects the electrical 
parameters of the discharge and therefore may affect analytical results. GD plasmas are not in local 
thermal equilibrium, so mathematical equations for temperature estimation used for other plasma 
types cannot be applied here. Therefore the estimation of the GD gas temperature is made via 
measurement of the Doppler broadening of some emission lines or via rotational temperature 
measured using molecular bands of nitrogen, introduced into the discharge for this purpose. Spectra 
measured with the high resolution Fourier Transform Optical Emission Spectrometer at Imperial 
College in London allowed the application of both approaches at the same time. Rotational 
temperatures measured exceeded the Doppler temperatures by about 1000 K. Furthermore the 
rotational temperatures from the first negative and second positive systems differ dramatically. 
Significantly lower rotational temperatures were found in neon GD in comparison to argon GD. 
Doppler temperature results on the other hand revealed similar temperatures for both argon and 
neon plasmas. Additional experiments with plane and hollow cathode geometries under various 
pressures also gave conflicting results – rotational temperatures were found to be higher for higher 
pressures, whilst the opposite was the case for Doppler temperatures. At the conclusion the 
rotational temperature was found to give a false estimation of the gas temperature in GD. Further 
detailed investigations of GD temperatures are in progress using Doppler width of carefully chosen 
spectral lines measured with a special built instrumentation including a monochromator and a 
pressure scanning Fabry-Perot interferometer. Investigations on the temperatures measured in direct 
current and pulsed GD modes are continuing. 
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New High Resolution Radio Frequency Glow Discharge Mass Spectrometry (GDMS) System.   
 

R. Kenneth Marcus1 and Ekbal Patel2 
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While the use of radio frequency (rf) powering is now the norm for glow discharge optical emission 
spectroscopy (GD-OES), the same cannot be said in terms of the market place for GDMS.  The 
advantages realized in rf powering of GD-OES include rapid plasma stabilization, long term 
stability, high line-to-background ratios and the ability to analyze insulating materials directly.  It 
must be pointed out that these benefits are realized for conductive and non-conductive samples 
alike, as many metals naturally have insulating coatings.  The challenges and potential benefits of rf 
powering in GDMS are greater than the OES application.  Challenges occur because the mass 
analyzer samples only a limited portion of the plasma, source high vacuum must be achieved to 
alleviate residual gas suppression and molecular ion effects, GDMS samples tend to take on diverse 
shapes, and in some cases the ion volume must be floated at high accelerating voltages.  The 
potential benefits of GDMS of course lie in the extremely low detection limits that can be achieved, 
the ability to assess isotopic composition, and the ability to characterize “molecular” materials such 
as polymers. 
 
We describe here the preliminary characterization of a new, rf-GDMS system; the MSI 
Autoconcept GD90-rf.  The Autoconcept is a forward geometry, double-focussing mass analyzer 
which operates at an accelerating potential of 8 kV to achieve a resolving power of 20,000 with 
variable slit width control in the dc-GDMS mode. A direct insertion probe is employed to deliver 
either pin- or flat-type samples to the liquid nitrogen or cryogenically-cooled cell volume.  
Conversion to rf-GD operation has been affected in a straightforward manner following technology 
initially developed at Clemson University and the Oak Ridge National Laboratory and enhanced at 
MSI.  A continuous rf plasma operating at 13.56 MHz at powers of up to 40 W, using an auto-
matching network to efficiently couple the energy across a wide range of plasma and sample 
situations.  Effective operation in the rf mode ensures no degradation of mass analyzer performance 
or added detector noise.  Basic system performance for metals and glass matrices will be presented 
along with direct comparisons between the rf- and dc-modes for a high purity Ta sample.  Tantalum 
is a challenging matrix as it tends to form oxides on the surface if any oxygen is present.  Based on 
the performance to date, it appears that the benefits realized in optical sampling will be translated to 
high-resolution rf-GDMS. 
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“EMDPA” around the GD TOFMS was the first project coordinated by Horiba Jobin Yvon (HJY) 
and has been selected as a “success story” by the EU. But the company has been and is involved, as 
partner, in several other projects – national, European or international – with various products, 
Gratings, Raman, Spectroscopic Ellipsometry, SPRi (Surface Plasmon Resonance Imaging) etc. 
 
The motivations for HJY to enter a project are somehow different compared to an academic 
institution. National projects are by far more common than EU ones and though crucial, projects do 
represent a minor part of the RD activity.  
 
Through the example of EMDPA – a dedicated STREP project -, an inside look at EU projects is 
proposed showing the surprisingly equal importance of scientific and administrative aspects and 
some crucial points will be highlighted from IP issues to money transfer. 
 
Of course some results will be presented and the work of the Consortium highlighted. It is hoped 
that some of the young scientists of Gladnet in their future life – though aware of the difficulties – 
will find the challenge rewarding enough to try to add an EU dimension to their activity. 
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We present experimental/theoretical study of cathode sheath in a plane cathode, hollow 
anode, Grimm discharge in hydrogen, operated at mbar pressures and voltage ≈ 1kV. The purpose 
of our study is to extend recently developed methods for predicting the Hβ profiles induced by Stark 
and Doppler effects in a micro-hollow gas discharge at larger pressures [1].  Starting from kinetic 
equations for distribution functions of ions, and taking into account relevant inelastic processes 
(charge exchange, ionization by electrons and photons), we have obtained an expression for 
electron current density, which enables us to find an equation for electric field distribution in a 
high-field approximation. We use its solution to fit measured electric field distribution, obtained by 
deconvolution of spectral lines recorded side-on by means of Stark polarization spectroscopy. In 
deconvolution we use the model profiles  

[ ])()()()()( 21 λλλλλ GGSJy E +∗∗=  
composed of two Gaussians )(1 λG  and )(2 λG  convolved with instrumental profile )(λJ and Stark 
shift )(λES  in electric field E. The model profiles fit well experimental profiles and provide 
estimation of energies of excited hydrogen atoms. The best fit values of model free parameters 
(such as effective cross section for dissociation of H2 molecules due to electron impact) agree well 
with tabulated values, while the temperatures 1T  and 2T , that correspond to )(1 λG  and )(2 λG , 
remain practically constant throughout the cathode sheath indicating that energetic H atoms 
produced by neutralization and reflection of hydrogen ions from the cathode, move almost 
collisionlesly through the matrix gas. These findings place the focus of our further research to a 
study of formation of hydrogen ion beams and their interaction with cathode. 
Our plasma source is a laboratory-made modified Grimm-type GDS operated in hydrogen [2]. The 
hollow anode, 30 mm long with inner  and outside diameters 8.00 and 13 mm, has a longitudinal 
slot (15 mm long and 1.5 mm wide) for discharge observations. To record line spectra Ebert type 
spectrometer (2 m; 0.736 nm/mm) and CCD detector (3648 pixels, 8 mm) were used. The 
instrumental profile was Gaussian like having full half-width of 0.016 nm.  
 
 
[1] Dj. Spasojević, M. Cvejić, N. M. Šišović and N. Konjević, Appl.Phys.Lett. 96, (2010) 241501 
 
[2] I. R. Videnovic, N. Konjevic, M. M. Kuraica, Spectrochimica Acta Part B 51 (1996) 1707. 
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influence on the discharge parameters. 
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In last years an investigation of electrical properties of Pulsed Glow Discharges (PGD) is going on 
driven by increasing number of applications of PGD for bulk and depth profile analysis [1-3]. In [4] 
systematic investigations of DC and RF PGD electrical properties and their connection with the gas 
pressure and the temporal parameters of the pulses are carried out. Based on results of the electrical 
measurements, the gas temperature in PGD was roughly estimated in [4,5]. 

In the presented work the investigation of the electrical properties of PGD is continued. In [2] 
waves in the current of the PGD were reported and discussed. Own investigation of PGD in dc and 
rf mode confirm this observation. For a better understanding of those waves and to clarify a 
possible connection with the gas temperature effects, a microphone was installed inside the 
discharge chamber. A good correlation of the acoustic signals and the current waves is found, as 
well as a correlation of the wave’s period with the dimension of the discharge chamber and the 
speed of sound in different gases. The discovered phenomena are explained by the gas temperature 
increase and the following gas expansion, which generate the acoustical wave and have an influence 
on the conditions of the gas discharge. The influence of the revealed waves on the light emission is 
also investigated. 

 
1. E. Oxley, C. Yang, W.W. Harrison, “Quantitative depth analysis using microsecond pulsed 

glow discharge atomic emission spectrometry”, J. Anal. At. Spectrom., 2000, 15, 1241. 
2. Th. Nelis, M. Aeberhard, M. Hohl, L. Rohr, J. Michler, “Characterisation of a pulsed rf-

glow discharge in view of its use in OES”, J. Anal. At. Spectrom., 2006, 21, 112–125. 
3. M. Voronov, P. Šmíd, V. Hoffmann, Th. Hofmann, C. Venzago, "Microsecond pulsed glow 

discharge in fast flow Grimm type sources for mass spectrometry", J. Anal. At. Spectrom., 
2010, 25, 511–518. 

4. V. Hoffmann, V.V. Efimova, M.V. Voronov, P. Šmíd, E.B.M. Steers, J. Eckert, 
"Measurement of voltage and current in continuous and pulsed rf and dc glow discharges", 
Journal of Physics: Conference Series 133 (2008) 012017. 

5. M. Voronov, V. Hoffmann, V. Efimova, “Electrical properties of pulsed Grimm-type glow 
discharge”, 2008 Winter Conference on Plasma Spectrochemistry, January 7–12, 2008. 
Temecula, California, USA. 
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It is already known that analytical results in glow discharge can be significantly affected by traces 

of molecular gases as H2, O2, N2 which may be present in the plasma gas (argon), often arising from 

sample constituents. With the main purpose of understanding better the processes occurring in the 

plasma, small fractions (0-2%v/v) of H2, O2 and N2 were introduced into the discharge gas and the 

changes in ion signal intensities for sputtered analyte, plasma gas and trace gases were examined for 

various samples. This investigation was carried out with fast flow high resolution Element GD mass 

spectrometer on Cu, Fe and Ti matrices.  

The most pronounced changes on the matrix and plasma species ion signals were observed when H2 

was added into the plasma and less significant changes were caused by O2 and N2. The changes 

were most pronounced for molecular gas content in the plasma in the range 0-0.5%. The changes in 

the matrix ion signal due to molecular gas presence are in the range of one or two orders of 

magnitude. By normalizing the ion signal of sample impurities to the matrix signal it is noticeable 

that these signals show only minor changes relative to the matrix signal. A very significant drop in 

the intensities of the Ar ion signals by varying amounts depending on the matrix up to four orders 

of magnitude was observed with the fast flow glow discharge source, while Ar++ signal increases.  

The sputter rates are also affected by molecular gases; they may be reduced due to reduced Ar ion 

and atom population or due to poisoning effects of the added gas on the sample surface. Especially 

the polishing effect of O2 on the Ti sample is obvious. Therefore the changes in the sputter rates 

give additional information which helps to interpret the data. In the constant pressure/constant 

current mode, the addition of molecular gases causes a large increase in the discharge voltage. 

Time resolved analysis with a pulsed dc mode was used to find out in which sequence ions are 

formed in the discharge process. 
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3University Duisburg-Essen, 47048 Duisburg, Germany  
 

Hydrogen can cause severe problems concerning the mechanical properties of steels. Detection and 
determination of low hydrogen contents in steels is therefore of great importance in the steel 
industry.  
Various techniques exist to analyse hydrogen in steels. The most common technique for routine 
determination of hydrogen is hot extraction, releasing all hydrogen in gaseous form from a heated 
sample.  
In order to be able to determine hydrogen with a good spatial resolution, GD-OES is a method with 
considerable potential. The analysis of the hydrogen distribution in coated materials can give useful 
information about the origin of hydrogen in steel products.  
Some problems occur while introducing GD-OES as a technique for measuring hydrogen in steels. 
Accurate determination and depth profiling of hydrogen is difficult, above all due to the lack of 
suitable reference materials. Beside this, the influence of hydrogen on the spectra of other matrix 
elements – which varies with plasma parameters voltage and current – is of great importance for 
routine depth profile analysis. A reasonable hydrogen correction is an important tool in software 
quantification algorithms. 
In addition, the diffusion of hydrogen during sputtering is not negligible. However, results of 
measurements on various bulk titanium reference materials show good correlation of the certified 
hydrogen content and the detected signal.  
In other materials, the diffusion of hydrogen during sputtering plays an even more important role. 
Materials with similar matrix composition and total hydrogen content show different hydrogen 
signals, dependant on the diffusible hydrogen content. Qualitative comparison of the diffusible and 
total hydrogen content with hot extraction supports the assumption of a strong diffusion-dependant 
sputtering in GD-OES. 
Even though those problems occur, GD-OES shows a very high sensitivity for hydrogen. A 
detection limit in the few ppm range can be achieved.  
New systematic investigations will be presented, including problems and possibilities of using GD-
OES as a standard technique for measuring hydrogen in steels. 
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Radio-frequency (rf) powered glow discharges have gained an increasing interest for the 
analysis of non-conductive samples. There are quite different applications, like the 

• bulk analysis of thick insulators (e.g. glass [1]), 
• depth profile analyses of very thin films or even of monolayers [2, 3] and 
• spatially resolved analysis of organic material by pulsed rf [4]. 

These applications require special features of the used rf instrumentation. For the analysis of 
thick insulators e.g. high voltages are needed, whereas the analysis of thin layers is only possible, if 
the discharge becomes stable in very short time. The generator also should tolerate changes of the 
impedance at the transition from conducting to insulating layers. At pulsed discharges with pulse 
length less than 1 ms, there is a special need for fast and reproducible working instrumentation. 

Therefore, in addition to the matched systems, IFW has developed free running and frequency 
controlled systems. Their advantage for special applications will be shown including the 
presentation of the corresponding electrical parameters. The measurement of the electrical discharge 
parameters proved to be very essential for the optimization of the equipment and for the evaluation 
of the analytical results [5]. 
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Figure 1: Output voltage of the frequency controlled generator in dependence on forward power at 

2,65 MHz (reflected power < 0,1 W) 

 
[1] B. Fernández, N. Bordel, R. Pereiro, A. Sanz-Medel, Anal. Chem. 76, 1039-1044 (2004). 

[2] K. Shimizu, R. Payling, H. Habazaki, P. Skeldon, G. E. Thompson, J. Anal. At. Spectrom. 19, 
692-695 (2004). 

[3] D. Klemm, V. Hoffmann, K. Wetzig, J. Eckert, Anal. Bioanal. Chem., DOI 10.1007/s00216-
009-2966-7 

[4] G. Gamez, S. J. Ray, F. J. Andrade, M. R. Webb, G. M. Hieftje, Anal. Chem. 79, 1317-1326 
(2007). 

[5] V. Hoffmann, V. Efimova, M. V. Voronov, P. Smid, E.B.M. Steers, J. Eckert, Journal of 
Physics: Conference Series 133, 1-12 (2008). 
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