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1 OBJECTIVES OF THE THESIS

The presented dissertation thesis summarizes Hudtgecontained in five

original research papers that were published instgieus international

scientific journals in the field of analytical chitny and atomic spectrometry. It

is devoted to the method of generation of volatlempounds using a

tetrahydroborate reaction and detection in a quartdtiatomizer by atomic

absorption spectrometry. The thesis can be dividem two thematic parts —

speciation analysis of arsenic based on hydrideergéion technique with

collection and separation in a cryogenic trap aadegation of volatile species

of transition metals.

1)

2)

3)

4)

5)

6)

The general objectives of this thesis have bedallasvs:

to develop a simple setup for on-line pre-reduncof pentavalent arsenicals
coupled to a hydride generator and to apply itxdida&tion state specific As
speciation analysis (Paper 1),

to test and compare Nafion membrane dryers awdliam hydroxide dryer
for their use in the same method with respectdeds of methylated arsines
(Paper 1),

to evaluate the relevance of individual expentakparameters of Ag and
Au chemical vapor generation using atomization imaltiatomizer and
atomic absorption spectrometry for sensitive desagiPapers Il and V),

to characterize the nature of Ag and Au speaieshe gaseous phase
(Papers Il and V),

to track the analyte transfer in the courselangical vapor generation of
Ag and Au including the determination of efficieesiin each individual
process of generation by means of radioactive atdrs (Papers I11-V),

to investigate and minimize transport lossesvolatilized Ag species
(Paper V).



2 INTRODUCTION

Volatile compound generation (VCG) has been estabtl as a powerful
sample introduction technique in analytical atospectrometry [1]. It employs
conversion of an analyte from a liquid sample tokatile compound (VC) that
Is introduced to a detector in the gaseous phdszgé&neration step, performed
in a generator, thus consists of these sequentalepses: conversion of the
analyte to the VC, release of the VC from the sofuto the gaseous phase and
transport of the released VC by a flow of a cargaes to the detector [1]. In
principle, VCG can serve as the sample introductiechnique for various
analytical methods, but it has attained the modersled use in atomic
absorption spectrometry (AAS) due to its simpli@tyd cheap instrumentation.

The use of VCG offers much better detection powercomparison to
nebulization techniques, which is given by follogiaspects. Firstly, the analyte
is separated from the sample matrix. Secondly, nhugher introduction and
transport efficiency of the gaseous analyte to deeector can be achieved.
Thirdly, the analyte collection and preconcentratioom the gaseous phase is
feasible. And finally, extremely mild atomizatiooraitions can be used for the
VCs [1]. Another great potential of VCG lies in thace element speciation
analysis.

At present the most popular VCs are hydrides ofssical® hydride-
forming elementsj.e. As, Bi, Ge, In, Pb, Sb, Se, Sn, Te and Tl. Hydride
generation (HG) using tetrahydroborate in acid mnedis considered to be the

most widespread and successful technique of chémdpar generation (CVG)

# The term of chemical vapor generation (CVG) spesithe general term of volatile compound genematio
(VCG) which does not take into consideration thengehow the VCs are generated. Apart from CVG based
chemical reaction, there are two other approach&<CiG — electrochemical generation [2,3] and phieéoaical
generation [4]. CVG or hydride generation (HG) ased in the thesis as terms for VCG of transitiatais and

of hydride forming elements, respectively, by theahydroborate reaction.



for conversion of those elements to their corredpan volatile hydrides [5].
Mercury is usually included in this list even thbugis generated as cold vapor
of Hg'. There are contradictory reports on the natutb@i/Cs of Cd [6].

Recently, the scope of VCG based on the tetrahydaté reaction has
been significantly expanded to the formation of atg¢ species of other
transition elements: Ag, Au, Co, Cr, Fe, Ir, Mn, M1, Os, Pd, Pt, Rh, Ru, Ti
and Zn [7,8]. However, in spite of some analytigpplications to real samples,
the situation is not as simple as in the case of [A8]. The mechanism of
generation is unclegd,10] and the identity of a final product is unkvia
Many hypotheses regarding the nature of those gwterVCs have been
suggested, such as formation of hydrides [6,11-A&hoparticles [16,17] or
hydridometal complexes [10], but none of them hasnbproven by the real
experimental evidence yet. The other drawback iatively low CVG
efficiency, i.e. the portion of the analyte introduced to the detgcin
comparison to HGvhere HGefficiency isusually close to 100% [1,9f canbe
significantly enhanced when CVG is performed in ftresence of various
reaction modifiers [8].

As for detection by AAS, atomization of the analyteghe form of the VC
IS @ neccessary step. Atomization in the quarte atbmizer (QTA) is the most
common approach mainly due to its excellent seusitieasy operation and
cheap equipment. It is also suitable for the ugsh weparation techniques for
speciation analysis because it operates continpdusb]. Recently a new
advanced type of the QTA, a multiple microflame riatube atomizer
(multiatomizer) [18,19], was developed and siguifitty improved the linearity
of calibrations and resistance to interference$ [19

Arsenic is found in the environment in several cloainforms and its
chronic exposure of humans from food and watereisegally associated with
cancer of skin and of other internal sites and vatfurther various adverse

health effects. However, the toxicity of As spedaid$ers significantly and thus



there is a worldwide interest in As speciation gsigl As mentioned above,
there is a great potential of VCG in this field.efé are three approaches to
speciation analysis of As based on HG: selective giBeration of substituted
arsines with cryotrapping separation and post-sdjoar HG [1,5]. The third
possibility involves separation of individual an@yspecies, usually by high
performance liquid chromatography, followed by H@daletection [20]. The
method of selective HG based on pre-reduction eysplbe fact that only
trivalent As species can be converted to theiresponding volatile arsines by
the tetrahydroborate reaction in moderately aciddioma. For complete
conversion of pentavalent species from the sameumed pre-reduction step is
neccessary. This behavior is commonly utilized g speciation analysis when
one aliquot is pre-reduced to determine the sunriedlent and pentavalent
arsenicals, another sample aliquot is not treateéll pre-reductant and arsines
solely from trivalent forms are generated. Congditn of pentavalent forms is
thus calculated from the difference. Nowadays Lt@y® (L-cys) has become a
popular pre-reductant owing to higher stabilitycomparison to originally used
potassium iodide [21-26]. Generation of substitiaesines with cryotrapping
separation can be used for As speciation analgsigel because the individual
As species (inorganic or mono-, di- and trimethgdtcan be converted to their
corresponding volatile arsines [27]. In collectistep they are retained in the
cryogenic trap cooled by liquid nitrogen and thasily separated by heating the
trap thanks to significant differences in their limg points [27-29]. The
corresponding boiling points are -55, 2, 35.6 afd°C in the sequence of
arsine, methylarsine, dimethylarsine and trimettsytee, respectively [27-29].
When combining both methods, selective HG and g@dioer of substituted
arsines, we can thus obtain the whole speciatiofornmation on all
toxicologically important As species.e. trivalent and pentavalent inorganic,

mono-, di- and trimethylated arsenicals.



3 ACHIEVED RESULTS

3.1 On-line Pre-reduction of Pentavalent Arsenicals by

Thioglycolic Acid (Paper 1)

Paper | demonstrates the feasibility of the prexcedy agent, thioglycolic
acid (TGA), for determination of pentavalent inargaand mono-, di- and
trimethylated arsenicals in comparison to curreadigd L-cys [21]. Since TGA
has been supposed to react much faster with pdetdvarsenicals [30] at
ambient temperature a new setup for on-line preatoh by TGA has been
suggested. The application of segmented flow byalnbles for suppression of
axial dispersion and better mixing with the analyddution in the pre-reduction
coil has been considered as the most suitable Aggroximate reaction times

of IAs(V), MAs(V) and DMAs(V) with TGA have been tesmined as less than

2 min.
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Fig. 1a,b Typical chromatograms of As species; a) measuili#id an-line pre-
reduction, solid line — 2 ng ml of iAs(V), MAs(V) and DMAs(V), dotted
line — blank; b) measured without on-line pre-rditug solid line — 2 ng mt of
IAs(lll) and TMAs(V)O, dotted line — blank; 1 — if¢), 2 — MAs(V), 3 —
DMAs(V), 4 —iAs(lll), 5 — TMAs(V)O, NS — non-spda signal; sample loop
volume 0.597 ml.

Typical chromatograms of pentavalent species medswith on-line pre-
reduction and of iAs(lll) and TMAs(V)O measured hatut pre-reduction are
displayed in Fig. 1a,b. The LODs (based am. criterion, sample volume
0.597 ml) for all methylated arsenicals have rangeiveen 30 and 50 pg Tl
LODs for iAs(lll) and iAs(V) have been worse, 100da135 pg mt,
respectively, mainly due to iAs(lll, V) content the blanks and non-specific
absorption (Fig. 1a).

In order to demonstrate the method applicationumdn urine samples a
recovery study has been performed. The recovefiai As species have been
between 96 and 105%.
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3.2 Losses of Methylated Arsines on the Nafion Memane Dryer

(Paper II)

The Nafion membrane dryer has been commonly usadalytical atomic
spectrometry. It is an elegant way to remove wedgor and droplets from the
gaseous stream and thus to avoid incidental blgc&inthe cryogenic trap by
frozen water. The presence of water vapor canasge fluctuations of signal
baseline of atomic absorption or fluorescence spewter. No problems have
been reported with the Nafion membrane dryers tiveryears [31,32] and it
also became a standard part of a commercial atbnooescence spectrometer
[33]. However, in this technical note (Paper II) ineve reported on the serious
losses of volatile dimethylarsine and trimethylaeswhile passing this Nafion
tube dryer. Impacts of such behavior on the acguofthe speciation analysis
based on the HG approach have been discussed ar Raghe dryer with

NaOH pellets as a water absorbent has been suggestesafe alternative.

3.3 Chemical Vapor Generation of Ag and Au - Method

Optimization (Papers IlI-V)

In the method of CVG of Ag the previously optimizegeneration
conditions [16,34] have been adapted in Paperollinhieasurements with the
quartz multiatomizer. The individual parametergeneration€.g. optimum pH
of the reaction mixture, the presence of reactiadifrers — Triton X-100 and
Antifoam B) and the parameters of atomizatiewy.(influence of the carrier gas
flow rate, temperature and oxygen intake to thetiatoimizer) have been
optimized with regard to the best sensitivity ohéal.

A special attention is paid in Paper IV to transmdrthe Ag species in the
gaseous phase to the atomizer. The possible reasdrsnsport losses under
various conditions have been analyzed. Subsequehtynew multiatomizer

design has been produced (Fig. 2) in order to atnhdirectly to the generator

11



and to keep the transport path as short as posSitderemarkable improvement
and much better performance have been found wieemthtiatomizer inlet arm
has been heated to 300 °C and when a small ambd@ytto the carrier gas Ar
has been added. As an illustration, the sensitivéty increased approximately
3 times in comparison to the previous setup widpiey chamber employed in
Paper IlI.

The conditions found as optimal for generation of #as been taken as a
base for generation of Au species in Paper V wathes differences. It is worth
noting that in accordance with earlier reports 1#35,36] sodium
diethyldithiocarbamate has been found a furtheregdion enhancer and that
the optimum carrier Ar flow rate has been 240 miitivhich is about 5 times

higher in comparison to Ag study.

—j)........x...\\v

Outer gas Outer gas

Air R=110Q Air

Carrier gas Ar + O,
|+ H, (from NaBH,)+ Ag(n)
B

s

Fig. 2 Improved design of the multiatomizer for bettemsjport of Ag volatile

species. (Reproduced from Paper IV.)
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3.4 Nature of Ag and Au Volatile Species (Papersiliand V)
Investigations have been carried out in order émiifly yet unknown nature
of volatile Ag and Au species formed by the tetddoporate reaction. An
aerosol study and observation of sampled gaseoasepm a transmission
electron microscope (TEM) have proven that theydeah the gaseous phase is
apparently in the form of nanoparticles that asmdported along with aerosol
droplets by the carrier gas to the atomizer. As itlepicted in Fig. 3a,b the
spherical particles of around 10 nm in size hawnhbdentified for CVG of both
Ag and Au and these particles have been mainlycessd in isolated clusters
of a few to a few tens of particles. The Ag andaoms in those particles have
been clearly identified with the help ehergy dispersive X-ray spectroscopy

microanalysis.

Fig. 3a,b TEM images of generated particles in the gasebase) a) Ag (scale
bar = 100 nm), b) Au (scale bar = 200 nm).

3.5 Radiotracer Study of Generation Efficiency (Paers Il1-V)

CVG efficiency of Ag, transport efficiency and thistribution of the
analyte within the system have been studied uSittg indicator in Paper Il
The fraction found irthe trapping devicsituated in place of the multiatomizer,
corresponding to overallVG efficiency has been determined as 8.1%. Another

15.3% has been found deposited in the conduitsngadde gaseous phase.
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In Paper IV, these data have resulted in modibeatf the multiatomizer
design (Fig. 2) so that the gaseous phase with geries would be more
effectively transfered to the optical tube. In gubsequent radiotracer study we
have concentrated not only on the assessment of €fi¢dency but above all
on transport at various temperatures of the inet &he superiority of 300 °C
over the other temperatures for efficient transpas been clearly demonstrated
and CVG efficiency has been improved to 32.5%.

In the ***®%°Au radiotracer experiments of Paper V, CVG efficierof
11.9% has been assessed at the optimized cargdtogarate — 240 ml mit.
Further results have also indicated that the reledsAu to the gaseous phase

can be even doubled when Ar purge flow rate issiased to 600 ml mih

3.6 Analytical Performance and Application of Ag aml Au

Chemical Vapor Generation (Papers IV and V)

In general, applications of CVG of transition mstdlave been seldom
reported in literature. Paper IV tries to preséetitnproved method of Ag CVG
with atomization in the modified quartz multiatomizFig. 2) as quite suitable
for water analysis. The LOD §3anw Sample volume 0.25 ml) has been assessed
as 1.0 ng mf. The developed method has also been evaluatedabyzing two
proficiency-testing samples of drinking water wghtisfactory conformity of
results. The interference study has been perfoiméee presence of two typical
hydride-forming elements (As and Se) and othersitem metal ions (Cu, Co,
Ni and Au). No significant suppression has beenenkesl up to interferent
concentration of 1Qug mi* with the exception of Au causing 18% signal
depression already at O mi™ level. In order to look into the mechanism of
such interference, TEM has been employed for th@pmg of supposed
changes in the structure of the generated Ag [bestic

The analytical performance for Au determination bagn rather poor in

Paper V because the reached LOD,(3 sample volume 0.5 ml) for

14



atomization in the multiatomizer has been 28 ng’minder optimized
conditions. This inferior analytical performancest@en given most likely by
the high Ar carrier flow rate that has not been patible with the best
multiatomizer performance due to serious dilutioside the atomizer. In-situ
trapping of the generated Au species in the GRalszsbeen widely investigated
in Paper V, unfortunately, poor efficiency of thagping step was responsible

for analytical performance inferior to conventiohgluid sample introduction.

15



4 CONCLUDING REMARKS

The entire thesis is devoted to the method of VC&ng the
tetrahydroborate reaction. It represents signifiGgamd previously unpublished
contributions to understand the processes in VCG dnalytical atomic
spectrometry. All five papers included in this tisdsave been published in the
prestigious international scientific journals arke tresults have been also
presented at both national and international cenfees in the form of poster
contributions or lectures. All the objectives hdeen successfully fulfilled and
the main outputs are summarized below.

The setup for on-line pre-reduction of pentaval@atrganic, mono- and
dimethylated As species using TGA as the fast edewtant has been
developed. This unique way of pre-reduction is uo loest knowledge the first
method to perform on-line pre-reduction without tfeed of impractical heating
of the reactor. It is better suited for the anaysi various samples that would
require under normal circumstances time-consumingd alaborsome
pretreatment of each individual sample. Anotherspeative application of
presented on-line pre-reduction could be in As ighen analysis methods
employing post-separation HG approach where high @mform generation
efficiency for all forms would be highly desirable.

In the same method the pronounced losses of méthyéasines have been
discovered on the Nafion tube dryer currently usedanalytical atomic
spectrometry. Impacts of such behavior to accuohspeciation analysis by the
methods where HG step is involved have been poiotégd The dryer with
sodium hydroxide has been suggested as a posaithleafe alternative.

In the method of CVG of Ag and Au the generatioogass has been
thoroughly studied by various analytical methodd &mo main outputs have
been reached. Firstly, the nanoparticles transpateng with aerosol droplets

have been experimentally identified as a final weaproduct in the gaseous

16



phase. This result of the thesis is believed tthkemost important because the
character of those (volatile) species has been loyppthesized in literature but
never experimentally proven so far. These findiegs help to explain yet

unclear mechanism of generation of transition nsetdecondly, investigations
of the transfer of Ag and Au within the generatemg radionuclides of those
elements have revealed efficiencies of the gemergirocess and above all its
weak points. These radiotracer studies have bees found extremely

important regarding the potential improvement ie thenerator or atomizer

design.

17



5 REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Dédina J.: Generation of Volatile Compounds for Amabl Atomic
Spectroscopy. InEncyclopedia of Analytical Chemistry. John Wiley &
Sons, Ltd., 2010.

Cerveny V., Rychlovsky P., Hraték J., Sima J.: Electrochemical
Generation of Volatile Compounds for Spectral AtiaBl Methods Chem.
Listy, 103(2009), 652—-660.

Laborda F., Bolea E., Castillo J. R.: Electtemical hydride generation as
a sample-introduction technique in atomic specttoynefundamentals,
interferences, and application®nal. Bioanal. Chem., 388 (2007),
743-751.

He Y. H., Hou X. D., Zheng C. B., Sturgeon R: Critical evaluation of
the application of photochemical vapor generationanalytical atomic
spectrometryAnal. Bioanal. Chem., 388(2007), 769—774.

Dédina J., Tsalev D. L.:Hydride Generation Atomic Absorption
Spectrometry. John Wiley & Sons, Inc., Chichester, 1995.

Feng Y. L., Sturgeon R. E., Lam J. W.: Getieraof atomic and molecular
cadmium species from aqueous medial. Chem., 75 (2003), 635—-640.

Pohl P.: Recent advances in chemical vap@megation via reaction with
sodium tetrahydroboraté&rAC, Trends Anal. Chem., 23 (2004), 21-27.

Pohl P., Prusisz B.: Chemical vapor generatmf noble metals for
analytical spectrometrynal. Bioanal. Chem., 388(2007), 753—762.

D'Ulivo A.. Mechanism of generation of vol&i species by aqueous
boranes: Towards the clarification of most contreisd aspects.
Soectrochim. Acta, Part B, 65 (2010), 360-375.

[10] Feng Y. L., Sturgeon R. E., Lam J. W., D'Uliva: Insights into the

mechanism of chemical vapor generation of transibod noble metals.
J. Anal. At. Spectrom., 20 (2005), 255-265.

[11] Feng Y. L., Lam J. W., Sturgeon R. E.: Expawgdthe scope of chemical

vapor generation for noble and transition metdisalyst, 126 (2001),
1833-1837.

18



[12] Luna A. S., Sturgeon R. E., de Campos R. @Gerfical vapor generation:
Atomic absorption by Ag, Au, Cu, and Zn followingduction of aquo ions
with sodium tetrahydroborate(llIAnal. Chem., 72 (2000), 3523-353.

[13] Du X. G., Xu S. K.: Flow-injection chemical par-generating procedure
for the determination of Au by atomic absorptiore&pometry.Fresenius
J. Anal. Chem,, 370(2001), 1065-1070.

[14] Ma H. B., Fan X. F., Zhou H. Y., Xu S. K.: Hminary studies on flow-
injection in situ trapping of volatile species allg in graphite furnace and
atomic absorption spectrometric determinati§pectrochim. Acta, Part B,
58(2003), 33-41.

[15] Moor C., Lam J. W. H., Sturgeon R. E.: A nowatroduction system for
hydride generation-inductively coupled plasma magsectrometry:
determination of selenium in biological materidlsAnal. At. Spectrom., 15
(2000), 143-149.

[16] MatouSek T., Sturgeon R. E.. Surfactant asdisthemical vapour
generation of silver for AAS and ICP-OES: a mechkamnistudy.J. Anal.
At. Spectrom., 18 (2003), 487-494.

[17] Zhang C., Li Y., Wu P., Yan X. P.: Synergetichancement effect of ionic
liquid and diethyldithiocarbamate on the chemicapar generation of
nickel for its atomic fluorescence spectrometritedmination in biological
samplesAnal. Chim. Acta, 652 (2009), 143-147.

[18] Dédina J., MatouSek T.: Multiple microflame - a neppeoach to hydride
atomization for atomic absorption spectromeftyAnal. At. Spectrom., 15
(2000), 301-304.

[19] MatouSek T., Bdina J., Selecka A.: Multiple microflame quartz ¢ub
atomizer -- further development towards the idegadride atomizer for
atomic absorption spectrometr§pectrochim. Acta, Part B, 57 (2002),
451-462.

[20] Francesconi K. A., Kuehnelt D.: Determinatioh arsenic species: A
critical review of methods and applications, 20002 Analyst, 129
(2004), 373-395.

[21] MatouSek T., Hernandez-Zavala A., Svoboda IMngerova L., Adair B.
M., Drobna Z., Thomas D. J., Styblo M.¢dina J.: Oxidation state specific
generation of arsines from methylated arsenicalsedbaon L-cysteine
treatment in buffered media for speciation analpsidydride generation-
automated cryotrapping-gas chromatography-atomisor@bion spectro-

19



metry with the multiatomizerSpectrochim. Acta, Part B, 63 (2008),
396-406.

[22] Chen H. W., Brindle I. D., Le X. C.: Prereduct of Arsenic(V) to
Arsenic(lll), Enhancement of the Signal, and Rencof Interferences by
L-cystein in the Determination of Arsenic by HydridsenerationAnal.
Chem., 64 (1992), 667-672.

[23] Cordos E. A., Frentiu T., Ponta M., Abraham, BVarginean J.:
Optimisation of analytical parametres in inorgamicsenic (Il and V)
speciation by hydride generation using L-cysteinpeesreducing agent in
diluted HCI mediumChem. Speciat. Bioavailab., 18 (2006), 1-9.

[24] Welz B., Sucmanova M.: L-cystein as a Reduaing Releasing Agent for
the Determination of Antimony and Arsenic UsingWlmjection Hydride
Generation Atomic Absorption Spectrometry, ParOptimization of the
Analytical Parameter&nalyst, 118(1993), 1417-1423.

[25] Howard A. G., Salou C.: Cysteine enhancementhe cryogenic trap
hydride AAS determination of dissolved arsenic sge@nal. Chim. Acta,
333(1996), 89-96.

[26] Carrero P., Malavé A., Burguera J. L., Burgue¥l., Rondén C.:
Determination of various arsenic species by floweation hydride
generation atomic absorption spectrometry: invagbg of the effects of
the acid concentration of different reaction medra the generation of
arsinesAnal. Chim. Acta, 438(2001), 195-204.

[27] Braman R. S., Foreback C. C.: Methylated ForofisArsenic in the
Enviroment.Science, 182(1973), 1247-1249.

[28] Howard A. G.: (Boro)hydride techniques in taelement speciation -
Invited lectureJ. Anal. At. Spectrom., 12 (1997), 267-272.

[29] Braman R. S., Johnson D. L., Foreback C. @Ganfons J. M., Bricker, J.
L.: Separation and Determination of Nanogram Amsuof Inorganic
Arsenic and Methylarsenic Compoundsal. Chem., 49 (1977), 621-625.

[30] Howard A. G., Salou C.: Arsenic speciation ¢tryogenic trap hydride
generation atomic absorption spectroscopy: perfoomanhancement by
pre-derivatizationd. Anal. At. Spectrom., 13 (1998), 683—-686.

[31] Sundin N. G., Tyson J. F., Hanna C. P., Mc$ht&. A.: The Use of Nafion
Dryer Tubes for Moisture Removal in Flow-Injectiddhemical-Vapor
Generation Atomic-Absorption Spectromet8pectrochim. Acta, Part B,
50(1995), 369-375.

20



[32] van Elteren J. T., Das H. A., Deligny C. L.gt#&rdenbos J., Bax D.:
Arsenic Speciation in Aqueous Samples Using A Seleds(lii) As(V)
Preconcentration in Combination with An Automatalxyotrapping
Hydride Generation Procedure for Monomethylarsomecid and
Dimethylarsinic Acid.J. Radioanal. Nucl. Chem., 179(1994), 211-219.

[33] Corns W. T., Stockwell P. B., Ebdon L., Hill 3.: Development of an
atomic fluorescence spectrometer for the hydridesfiog elements.
J. Anal. At. Spectrom., 8 (1993), 71-77.

[34] MatouSek T., Sturgeon R. E.. Chemical vapoendration of silver:
reduced palladium as permanent reaction modifier @nhanced
performanced. Anal. At. Spectrom., 19 (2004), 1014-1016.

[35] Ertas G., Ataman O. Y.: Electrothermal atoralzsorption spectrometric
determination of gold by vapor formation and iruditapping in graphite
tubes Appl. Soectrosc., 58, 1243-1250 (2004).

[36] Li Z. X.: Studies on the determination of tesaemounts of gold by chemical
vapour generation non-dispersive atomic fluoreseerspectrometry.
J. Anal. At. Spectrom., 21 (2006), 435-438.

21



CURRICULUM VITAE

First name and surname:Stanislav Musil
Date of birth: 4" February 1983 in Prague

Employment:

since 2007Institute of Analytical Chemistry of the ASCR, u.y Detached
workplace — Department of Trace Element Analysisdekska
1083, 142 20 Prague 4

July 2004 State Printing Works of Securities, Laboratary Quality Control,
Razova 1, 110 00 Prague 1 (1 month)

Education:

2009 passed Ph.D. examination in analytical, physical amorganic
chemistry

since 2007 Ph.D. studies, Department of Analytical ChemistRaculty of
Science, Charles University in Prague, Alberto$¢Z8 43 Prague 2

2007 Master of Sciencethesis:On-line pre-reduction of pentavalent
arsenicals by thioglycolic acid for speciation angkis by
selective hydride generation-cryotrapping-AAS

2002-2007 studies of analytical chemistry at the Charlesvehsity in Prague,
Faculty of Science, Charles University in Pragudbeftov 6,
128 43 Prague 2

1998-2002 Gymnasium Bugovicka, Budjovicka 680, 140 00 Prague 4

1989-1998Elementary school of T.G. Masaryk, Madska 1375, 143 00
Prague 4

Language skills:
English First Certificate in English, 2008

22



Honours and awards:

2010 1st Poster Prize at the™@zech-Slovak Spectroscopic Conference,
sponsored by Thermo Fisher Scientific, Litomysl,5313.6.2010

2009 Analyst Poster Prize at the Colloquium Spectrpsgum
Internationale XXXVI, Budapest, Hungary, 30.8.—2(89

2009 JAAS Poster Prize at the Colloquium Spectrostonpi
Internationale XXXVI, Budapest, Hungary, 30.8.-3(89
(co-author)

2007 Spectroscopic Society of loannes Marcus Mamagie: The best
Master thesis in the field of spectroscopy comjmetit- 2' prize

Other Activities:

2008 certified in handling of sources of ionization ratthn

23



LIST OF PUBLICATIONS

Papers in impacted journals:

1.

Musil S., MatousSek T.: On-line pre-reduction of fmralent arsenicals by
thioglycolic acid for speciation analysis by seleethydride generation-
cryotrapping-atomic absorption spectromet8gectrochim. Acta, Part B,
63 (2008), 685-691.

Musil S., Kratzer J., Vobecky M., Hovorka J., Beaad., MatouSek T.:
Chemical vapor generation of silver for atomic apson spectrometry
with the multiatomizer: Radiotracer efficiency syuamhd characterization of
silver speciesSpectrochim. Acta, Part B, 64 (2009), 1240-1247.

Musil S., Kratzer J., Vobecky M., Benada OagtbuSek T.: Silver chemical
vapor generation for atomic absorption spectrometmnimization of
transport losses, interferences and applicatiomatier analysis]. Anal. At.
Spectrom., 25 (2010), 1618-1626.

Taurkova P., Svoboda M., Musil S., Matousek [Doss of di- and
trimethylarsine on Nafion membrane dryers followimgdride generation.
J. Anal. At. Spectrom., 26 (2011), 220-223.

Arslan Y., MatouSek T., Kratzer J., Musil S., Beaa®., Vobecky M.,
Ataman O. Y., @dina J.: Gold volatile compound generation: optaticn,
efficiency and characterization of the generatedmfoJ. Anal. At.
Spectrom., (2011), DOI:10.1039/C0JA00194E

List of oral conference contributions:

1.

Musil S., Kratzer J., Vobecky M., Rychlovsky RlatouSek T.: Chemical
vapour generation of silver as a method for sanmifeduction for atomic

absorption spectrometry. In: 4th International $ntdConference: "Modern

24



Analytical Chemistry”, Book of proceedings, Praguz8.—29.1.2008,
p. 113-117.

Musil S., MatouSek T., Rychlovsky P.: Thioglyicoacid as on-line pre-
reductant for speciation analysis of arsenic bgdele hydride generation-
cryotrapping-AAS. In: 4th International Student @mence: "Modern
Analytical Chemistry”, Book of proceedings, Praguz8.—29.1.2008,
p. 123-129.

Musil S., MatouSek T., Rychlovsky P.: On-lineeduction of pentavalent
arsenicals by thioglycolic acid for speciation gsa by HG-CT-AAS. In:
Workshop of Speciation Analysis, Nova Olesna, Baak Abstracts,
22.-25.6.2009, p. 18-19.

Matousek T., Musil S., Kratzer J., Arslan Y., Jydda J., Benada O.,
Vobecky M.: Generation of volatile species of tiios and noble metals
by aqueous tetrahydroborate. In: CSI XXXVI - Coliogn
Spectroscopicum Internationale, Book of Abstra&adapest, Hungary,
30.8.-3.9.2009, p. 108.

Musil S., Kratzer J., Vobecky M., MatouSek T.hdbical Vapour
Generation of Silver for Atomic Absorption Spectemy: 'Ag
Radiotracer Study of Transport Efficiency and ItiSirapping on Quartz
Surface. In: 5th International Students Conferefidedern Analytical
Chemistry”, Book of proceedings, Prague, 21.-22@2 p. 51-57.

Musil S., Arslan Y., Kratzer J., Vobecky M., Beta O., MatouSek T.,
Rychlovsky P., Ataman O.Y.,ddina J.: Gold Chemical Vapor Generation
by Tetrahydroborate Reduction for AAS: RadiotraEéiciency Study and
Characterization of Gold Species. In: 6th Inteiradi Students Conference
“Modern Analytical Chemistry”, Book of proceedingsPrague,
23.-24.9.2010, p. 11-14.

Svoboda M., Musil S., MatouSek T., Rychlovsky Bédina J.: Arsenic
Speciation Analysis by Hydride Generation-CryotiagpAtomic

25



Fluorescence Spectrometry with Flame-in-Gas-shi&idmizer. In: 6th
International Students Conference “Modern AnalytiCaemistry”, Book
of proceedings, Prague, 23.—-24.9.2010, p. 19-22.

List of poster contributions:

1.

Musil S., MatouSek T., Rychlovsky P.: On-lineeduction of pentavalent
arsenicals by thioglycolic acid for speciation gsed by selective hydride
generation-cryotrapping-AAS. In: Xlll. Spectroscogionference. Lednice,
18.-21.6.2007, p. 77.

Musil S., MatouSek T., Rychlovsky P.: On-line efPeduction of
Pentavalent Arsenicals by Thioglycolic Acid for S@dion Analysis by
Selective Hydride Generation-Cryotrapping-AAS. InColloquium
Spectroscopicum Internationale XXXV. Xiamen, Chirid,.—27.9.2007,
p. 403.

Musil S., Kratzer J., Vobecky M., MatouSek T.hemnical vapour
generation of silver for AAS: assessement of intcin efficiency by
MAg radiotracer experiments. In: Tenth Rio Symposiom Atomic
Spectrometry. Salvador - Bahia, Brazil, 7.—-12.98Q00 142.

MatouSek T., Musil S., Hovorka J.: Chemical wapgeneration of silver
for AAS: tracking silver nanoparticles in the gase@haseln: Tenth Rio
Symposium on Atomic Spectrometry. Salvador - Bahirazil,
7.-12.9.2008, p. 143.

Arslan Y., MatouSek T., Kratzer J., Musil S.,aAtan O.Y., [Bdina J.:
Determination of Gold by Chemical Hydride GenenaticAtomic
Absorption Spectrometry. In: CSI XXXVI - Colloquiu®pectroscopicum
Internationale, Book of Abstracts, Budapest, Hupga0.8.—3.9.20009,
p. 165.

26



Musil S., Kratzer J., Vobecky M., MatouSek T.hemnical vapour
generation of silver for AAS: A radiotracer study generation, transport
and trapping efficiency in quartz multiatomizer.: ICSI XXXVI -
Colloquium Spectroscopicum Internationale, BookAbfktracts, Budapest,
Hungary, 30.8.—-3.9.2009, p. 247.

Musil S., Kratzer J., Vobecky M., Benada O., Maiek T.: Silver chemical
vapor generation for atomic absorption spectrometrgthod application,
interference study and progress in analyte trappmgjuartz surface. In:
XIV. Czech-Slovak spectroscopic conference, Litony&l.5.—3.6.2010,
p. Po-6.

Svoboda M., Taurkova P., Musil S., MatouSekRychlovsky P., Bdina
J.: Investigation of Cryogenic Trapping for Arseipeciation Analysis by
Hydride Generation — AAS and AFS. In: European Sysiyan on Atomic
Spectrometry, Wroclaw, Poland, 5.-8.9.2010, p. 114.

Musil S., Kratzer J., Arslan Y., Vobecky M., Beta O., MatousSek T.,
Rychlovsky P., Ataman O.Y., d&dina J.: Chemical Vapor Generation of
Gold for AAS: ¥ Au Radiotracer Efficiency Study and Characterizatio
of Gold Species. In: European Symposium on AtompecBometry,
Wroclaw, Poland, 5.-8.9.2010, p. 115.

27



