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PREFACE 

The present thesis consists of seventeen papers on flame 

atomic absorption methods combined with preconcentration/ 

separation techniques for trace determination of selenium. Two 

such techniques have been the subjects of this study: Electro

chemical preconcentration and hydride generation both prior to 

the atomic absorption determination. 

The primary scope has been to develop methods, or to 

enhance existing ones, for determination of selenium in samples 

for which few alternative analytical methods are available. Many 

of the papers are thus dealing with interferences likely to 

occur in certain difficult samples, and ways of minimizing or 

avoiding them. In one paper a more general discussion of the 

reduction-oxidation properties of importance to analytical 

chemistry of selenium is given. 

Preceeding the papers a more general introduction is given, 

including comments on the biological and industrial importance 

of selenium, followed by a chapter surveying some instrumental 

methods for trace determination of selenium. In the final 

chapter atomic absorption methods for selenium are discussed in 

more general terms and in some more detail those that are 

concerned with electrochemical preconcentration and hydride 

generation. 

Some of the work included in this thesis has been carried 

out in collaboration with graduate students. Cand. scient. 

Liv Engvik and Cand. scient. Børge Holen, to whom 1 would like 

to express my thanks. 

I would also like to thank collegues for interesting 

discussions, and technicians at the workshops and glass-blower's 

for their skilled assistance. 

Finally, I wish to thank sincerely Dr. Halter Lund for his 

continuous interest and encouragement as well as for all the 

valuable discussions that took place during these years. 

Blindern, October 19B6. Ragnar Bye 
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SUMMARY 

The use of atomic absorption spectrometry in combination 
with tuo different preconcentration/separation tecnlques for the 
determination of trace concentrations of Belenium is described. 

Electrochemical preconcentration onto a platinum electrode 
with a subsequent atomisation of selenium is discussed briefly. 
Several parmeters are considered such as the presence of 
depolarizers and the temperature of the electrolyzed solutions. 
Special attention is payed to the efficiency of the atomisation 
step, and a method to improve this is proposed. Applications of 
the teqnique to real samples are also reported. 

Secondly, the separation of the selenium as the volatile 
selenium hydride from the sample solution is considered. The 
generated selenium hydride is atomised in a flame-heated quartz 
tube. Several papers in this thesis have dealt with commonly 
occurring interferants as nickel and copper and with ways of 
minimizing or avoding the interferring effects, whereas other 
papers with more theoretical aspects of the hydride generation 
process. New methods for the determination of selenium in 
technical samples with high contents of nickel and copper are 
also presented. 
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INTRODUCTION 

In 1817 reliable amounts of a new element was isolated and 
charcterized by Jons Jonsson Berzelius. In a letter to 
Berthollet dated February 9, 1B1B he told of his and J. G. Ghan's 

discovery of the new element during the burning of sulphur 
from Falun pyrites at Gripsholm, Sweden. A reddish deposit was 
recovered in this process, and when burning it produced a very 
strong odor of horse-radish. They first belived that it was 
tellurium, which had been discovered 35 years before, but 
further examination showed it to be readily volatile and 
reducible. Berzelius named it selenium, for the moon, because of 
its similarity to tellurium, which had been named for the earth. 

Selenium in environment 
Selenium is comparatively rare, its abundance in the earth 

-5 crust being about 10 weight per cent, which is comparable 
with that of cadmium and antimony. Native selenium is uncommon, 
usually occuring in conduction with native sulphur. All selenium 
minerals are rare, the most typical being Berzelanite, Cu_Se, 
Crookesite, (Cu,Tl,Ag),Se, Eicarite, (Cu,Ag>2Se and 
Naumannite, (Ag,Pb)Se. In minerals selenium is mostly compounds 
of metals as lead, silver, mercury, copper and nickel, usually 
selenides. This is expected in view of the resemblance with 
sulphur. 

Relatively large concentrations of selenium in the soil is 
also presesnt in certain areas, particularly in U.S.A., and is 
taken up by vegetation which then becomes poisonous to animals; 
their meat is then rendered unfit for human consumption. It is 
particularly plant species of the genus Astragalus that can 
contain large concentrations of selenium (more than 10 000 ppm 
of selenium has been found in such species). It is uncertain 
whether selenium is an essential element for these plants, or 
whether they are able to tolarate such high concentrations in 
the soil. The Astragalus genus is not uncommon in the Nordic 
countries. 
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The concentration of selenium in the soil is of great 
importance as regards the contents of selenium in crops, that is 
of great concern in view of its role as an essential nutritient. 
In countries low in soil-selenium supplementaion to the soil is 
therefore provided by using selenium-containing fertilizers. 

The biological role of selenium 
Since long selenium has been recognized as a toxic element 

at levels comparable to the nutritional requirement for some 
other common elements. Selenium intoxications have though never 
been a common health problem to man in general, but rather to 
certain exposed groups working in certain industries or living 
in areas having exceptional high selenium levels in the soil. 

However, in 1957 it was proved that selenium was an 
essential nutritional element (1). This opended for an extensive 
research both on the nutritional and the biochemical aspects of 
selenium, and during the last thirty years intensive 3tudies 
have been undertaken in order to elucidate its biological role. 
The status so far can be summarized as follows (2,3) 

A. Selenium intake prevents endemic cardiomyopathy (Keshan 
disease, recorded in China) and perhaps also disorders due 
to the disturbance of the iron and collagen metabolism 
(Kaskin-Beck's disease). 

B. Infants and young children on total parental nutrition seem 
to be especially vulnerable to diseases with selenium 
deficiences. 

C. Low selenium intake of patients with neuronal ceroid lipo
fuscinosis, muotonic dystrophy, progessive muscular 
dystrophy may result in an acceleration of the development 
of the disease. 
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D. A high intake of heavy metals, iron and polyunsaturated 

fatty acids combined with low intake of antioxidants may 
incrase the requirement of selenium, particularly in 
infants, women of childbearing age, patients treated with 
oxygen, and in patients predisposed to Keshan and 
Kashin-Beck s disease, cancer, cardiovascular disease and 
cardiomyopathy, and patients suffering from neuronal ceroid 
lipofuscinosis, and those from muscular disorders. 

From this it should be apperant that reliable methods for 
the determination of selenium in biological material are of 
great importance in order to control the levels of selenium in 
various biological organs. In this thesis Paper IV and partly VI 
are concerned with methods for determination of selenium in 
biological materials. 

Selenium in the industry 
Selenium has been extensively used in photocells, devices 

in which variations in the intensity of the incident light cause 
a corresponding variation of an electric current. Grey, 
crystalline selenium is the only allotrope suitable for this 
purpose; its conductivity increasing thousandfold when 
illuminated. This property is also used in xerography, a dry 
copying process. 

Other important uses of selenium are in the manufacture of 
ruby glasses, glazes in the ceramic industry, printing inks, 
a.c. rectifiers, insecticides, stainless steal to improve the 
machinability and the porosity, lead alloys for lead storage 
batteries, vulcanizing additives for rubber, copper and copper 
alloys and seleno-organic compounds. 

In some industdrial products selenium might be highly 
unwanted; for instance in sulphuric acid used in pulp plants for 
the manufacture of paper due to miscolouration of the paper. 
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Naturally occuring concentrations of selenium are, for the 
most part, too lean for economic recovery to be possible, and 
probably all the world's selenium is a by-product of some other 
industry. The largest source of selenium is the anode slimes 
that are formed during the electrolytic refining of copper, but 
large quantities are also recovered from the sludge accumulating 
in sulphuric acid plants and from electrostatic precipitator 
dust collected during the processing of copper and lead ores. 

The recovery of selenium from copper refinery slimes 
depends mostly upon two processes: Smelting or roasting with 
soda. The obtained sodium selenite is acidified and precipitated 
as elemental selenium by sulphur dioxide. This selenium may be 
dissolved in concentrated aqneous sodium sulphite, leaving 
behing the tellurium, which is insoluble. Upon acidification of 
the solution the selenium is again precitipated and can be 
subjected to other purification steps. Selenium of the highest 
purity, which is desirable for electronic uses, is made by 
destination. 

In this thesis a number of papers are concerned with new 
methods for the determination of selenium in industrial products 
(III, V, VII, VIII, IX and X ) , and other papers with studies of 
interferences likely to occur in analysis of such products (II, 
XII, XIII, XIV, XV, XVI and XVII). 



11 -

CHEMICAL AND PHYSICAL PROPERTIES OF SELENIUM OF IMPORTANCE IN 
ANALYTICAL CHEMISTRY 

Selenium having the atomic number 34 is situated between 
sulphur and tellurium in Group VI A in the Periodic Table. The 
following table shows that selenium resembles sulphur more than 
tellurium (4): 

S Se Te 
Covalent radius, A 1.04 1.17 1.37 
Electronegativity (Pauling) 2.5 2.4 2.1 

There are several allotropic forms of selenium (4): 
Trigonal (grey), a-monoclinic (red), B-monoclinic (red), 
vitreous (black), amorphous (red) and amorphous (black), it is 
the grey modification which is defined as the natural, ground 
state (&Hf and AG.= 0). 

The oxidation numbers of selenium are: -II, +IV and +VI. 
The dissosiation constants of the corresponding acids are as 
follows (5,6): 

H 2 S e 

H 2Se0 3 

H 2Se melts at -60.4 and boils at 
decomposes at 70°C whereas H-SeO. melts at 217 and boils 
at 685°C. 

K l K2 

1.3xl0~4 l.OxlO - 1 1 

2.4x10~3 4.8xl0 - 9 

>1 2.0xl0~2 

•ils at -41. .3' °C. H2 ; S e 03 
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The solubility of metal selenides has been correlated with 

that of the corresponding sulphides by the equation (4)s 

pKsp(MeSe) " ' - " ^ S U " 1 7" 1 8 

reflecting that metal selenides are even less soluble than the 
sulphides. 

The oxidation numbers of selenium are -IKselenide), 
0 (elemental selenium), +IV (selenite) and +V1 (selenate). 
The standard electrode potensiale in aqueous solutions at 25 C 
are (6): 

1.15 volt 

0.74 " 

0.37 " 

0.92 " 

From these potentials other actual potentials can be 
calculated as for instance for the reactions: 

0.37 volt 

0.19 " 

Other potentials for selenium are given elsewhere in this 
thesis (VI). 

Selenous acid and its salts are important in analytical 
chemistry, as these are the forms most commonly encountered for 
preparation of the standard selenium solutions. 

SeO? + 4H + + 2e H 2Se0 3 + H 20 

H 2SeO + 4H + 4e 

S e ( s ) + 2H + 2e — =* H 2 S e ( g . 

H 2Se0 3 + 6H T + 6e H2 S e(g) + 3 H2° 

H.SeO + 4H + 6e Se 2" + 3H 20 
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Oxidizing agents such as nitric acid or aqua regia, which 

uill effect the solution of most of the metals commonly analyzed 
for selenium, produce selenous acid in solution. Selenous acid 
is readily reduced to elemental selenium by mild reducing 
agents. Some of the reducing agents that have been employed are 
the following: Glucose, ferrous salts, stannous chloride, lower 
acids of phosphorous, ascorbic acid, hydroxylamine, hydrazine 
and sulphur dioxide. The concentration of selenite, of acid, of 
the reductant, of other ions and the temperature are of 
importance in the choice of an effective reductant. 

Tetravalent selenium, i.e. selenous acid, is oxidized to 
hexavalent, selenic acid, by strong oxidizing agents such as 
chlorate, permanganate, hydrogen peroxide and others. These 
reactions are often not quantitative unless they are performed 
under special conditions. Theoretically, chlorine should produce 
selenic acid: 

R,SeO, + CI, + R,0£=H,SeO„ + 2H + + 2Cl" 2 3 2 2 ~ 2 4 

However, the reverse reaction takes place, being of great 
importance in the analytical chemistry of selenium. The 
reduction of hexavalent selenium to tetravalent by hydrochloric 
acid is favoured by a great excess of acid and by heating the 
solution. The fact that some strong reductants (for instance 
sulphur dioxide) do not reduce hexavalent selenium (selenate) is 
probably due ti kinetic effects. A similar behavior of the 
selenate ion is observed in electrolysis; it is nor reduced 
neither to selenite nor to elemental selenium at the cathode. 
The inertness of the selenate ion upon reduction is utilized in 
several methods described in this thesis, particularly in the 
papers I, II, III, IV, V and VIII. 

Selenic acid is slightly stronger than sulphuric acid and 
is less volatile. Like sulphuric, it is very hygroscopic, reacts 
violently with water and carbonizes organic matter. It i3 also 
dissolves some nonmetals forming coloured solutions. 
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Selenic acid and sulphuric acid are isoamorphous with each 
other and will usually form salts whose crystals will mix in all 
portions, for instance CuS0..5H20 and CuSe0 4.5H 20. 

Selenium cannot be burned in air to form SeO- since 
metallic selenium will smelt and tend to distill as such. It 
can be effected in pure oxygen, but this is not practical fron 
an analytical point of veiw. However, organic compounds 
containing selenium can be burned in oxygen to form SeO,. This 
has been utilized in analytical chemistry, i.e. the Schoniger 
flask technique. 

There are still discrepancies as to the oxidation/reduction 
properties of selenium compounds. For instance the presence of 
chloride ions in selenium solutions has resulted in false 
interpretations of the properties of other reductants by other 
workers. This is discussed more closely in Paper VI in the 
thesis which also deals with other aspects of the oxidation/ 
reduction chemistry of selenium, with special emphasis to 
analytical chemistry, because such reactions are of great 
importance as most procedures for trace determination of 
selenium involve some oxidation/reduction step. 
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METHODS OTHER THAN ATOMIC ABSORPTION FOR TRACE DETERMINATION OF 
SELENIUM 

As there are several methods other than atomic absorption 
available for trace determination of selenium the most important 
of these will be considered to some extent in the following 
paragrphs. 

Neutron activation analysis (NAA) 
Although NAA is not a wide-spred technique for the 

determination of selenium (for known reasons), it is a valuable 
alternative, particlarly for controlling other metods and 
establishing reference values for selenium. 

Most NAA methods seem to have been based on the 121d Se-75 
isotope. The main disadvantage of this isotope is the long 
activation period required. The 18.5m Se-81 isotope combined 
with a fast radiochemical separation method haB been 
successfully applied (7) and is described in some detail: The 
irridiated sample is dissolved in a HN0,-H 2S0. mixture to 
which a known amount of Se-75 has been added. The selenium is 
distilled with HBr as SeBr. and is precipitated as elementary 
selenium by addition of sodium Bulphite. The precipitate is 
collected on a membran filter and the fl -activity is measured. 
After complete decay of the short-lived Se-isotopes the chemical 
yield is determined by measuring the V-activity of the recovered 
Se-75. A detection limit of 0.1 ug of selenium was claimed. 

Chromatographic methods 
Chromatographic methods for determination of selenium have 

not gained much popularity as they are often time-consuming 
owing to complicated clean-up procedures being necessary in 
order to obtain chromatograms that are not too complicated. 

However, chromatographic methods could be a valuable tool 
in combination with atomic absorption spectrometry for the 
purpose of what is known as "metal speciation", i.e. 
identification and determination of different forms of a 
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particular metal. Such a combination utilizes the potential of 
the chromatogrphic methods in separating the forms, and that of 
the AA instrument in determining the different forms of the 
metal as a specific detector. This combination has already been 
proven successful by a number of authors included the present 
for different elements included selenium 0-12). 

It is especially gas chromatographic metods that have been 
employed for trace determinations of selenium and a typical one 
is described in the following: A biological sample is digested 
in an acid mixture as HHO,-H_SO,. After dissolution the 3 2 4 
solution must be heated with urea to remove dissolved nitrogen 
oxides that otherwise could have interferred in the subsequent 
complexing reaction. The solution is heated with hydrochloric 
acid in order to reduce any selenate to selenite. The solution 
is allowed to react with l,2-diamino-3,5-dibrombenzene which 
forms 4,6-dibromopiazselenol with selenite ions, which 
thereafter is extracted into toluene. After having washed the 
toluene layer several times with acid and base, a volume is 
injected into the GC and the peak is recorded, preferably by an 
electron capture detector (13). 

Electrochemical methods 
Conventional Direct Current (DC) Polarography is not 

sufficiently sensitive for determination of trace concentrations 
of selenium. However, Differential Pulse Polarography (DPP) has 
been applied for determination of selenium in soil samples 
utilizing the single-step six-electron reduction of selenium!IV) 
in alkaline solutions: 

SeO^"" + 6H + + 6e>iH 2Se + 3H 20 

The peak potential varies somewhat with pH of the solution and 
is -1.34 V vs. S.C.E. at pH 8, but is independent of whether 
ammonium chloride or ammonium acetate is used in the ammonia 
buffer solution. After optimization of the different instrument 
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parmeters a detection limit of 5 ug/1 was achieved (14). 
Interferences from other metals (in 100-fold excess) were not 
observed (with the exception of zinc). 

Several authors have described Differential Pulse Cathodic 
Stripping Voltametry (DPCSV) for determination of selenium. This 
seems to be the most sensitive method of the electrochemical one 
for selenium. Of several papers on this technique an 
interesting approach is described here: Firstly, the cathodic 
stripping voltamogram is recorded thus determining the selenium 
content. Thereafter some KMnO. is added to the sample 
solution in order to oxidize Se(IV) to Se(VI) which is 
electrochemically inactive. Copper, lead and cadmium can 
thereafter he determined in the same solution using anodic 
stripping voltametry. The detection limit was reported to be 0.1 
ug/1 of Se (15). 

Molecular spectrometric methods 
Visible-spectrometric methods are not sensitive enough for 

determination of trace concentrations of selenium, even when 
the most sensitive cotnplexing agents as 2,3-diaminoaphtalene 
(DAN) and 3-3' -diaminobenzidine (DAB) are used. However, the 
selenium complexes formed by these agents are extremely well 
suited for fluorimetric measurements. Typically, the sample is 
dissolved a nitric-, perhloric acid mixture, excess of nitric 
acid is removed, EDTA is added to mask copper and iron and the 
acidity is adjusted to the optimum pH-range by addition of a 
buffer solution. DAM dissolved in hydrochloric- or sulphuric 
acid is added and the selenium complex is extracted into 
cyclohexan. The fluorescence is read at 590 nm after 
extractation at 360 nm. Concentrations as low as 0.1 -0.5 ug/g 
of selenium can be determined (16). This excellent sensitivity 
made fluorescence methods for selenium of the most employed 
during the last two decades, but the events of the hydride 
generation and graphite furnace atomic absorption have made 
fluorecence methods less important. 
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X-ray methods 
Neither X-ray methods. I.e. X-ray fluorescence (XRF) are 

not sensitive enough for trace determination of selenium. But if 
suitable preconcentration techniques are empoloyed, such methods 
can be used for determination of selenium in for instance 
natural waters and in solutions of digested biological materials 
(17). The most convenient preconcentration technique appears to 
be a chemical reduction of selenite and/or selenate to elemental 
selenium which can be collected on a membran filter, which 
thereafter can be analyzed in a CRF-spectrometer using the K 
line at 11.2 keV for selenium. Any reductant capable of reducing 
selenium quantitatively to the elemental state can be used. 
Selecting the proper reductant and optimizing the chemical 
conditions of the sample solutions should make it possible to 
discriminate between selenite and selenate; a potential of the 
XRF methods not fully utilized so far. The properties of some 
suitable reductants are the subject of Paper VI in this thesis. 
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ATOMIC ABSORPTION SPECTROMETRIC METHODS FOR TRACE DETERMIHATION 
OF SELEHIUM 

Determination of selenium by atomic absorption spectrometry 
(AAS) was first described in 1962 (IB). A hollow-cathode lamp 
was used and the signals were measured at the 204 nm line. Using 
an air-acetylen flame a sensitivity (1 % absorption) of 5 ppm of 
selenium in aqueous solutions was obtained. In 1964 a paper 
appeared describing the use of the most sensitive line, 196 nm, 
resulting in an incrase of the sensitivity. Thus 1 ppm was 
obtained, and the paper also described the application of flame 
AAS for the determination of selenium in a real sample (a copper 
alloy) (19). 

For trace analysis of selenium it was appearant that the 
conventional flame methods was not at all sufficiently 
sensitive, and they are now as such of less importance. However, 
in combination with suitable preconcentration and/or separation 
techniques flame AAS methods are still very useful and almost 
all papers in this thesis describe methods in which a flame 
device has been used as atomisation source. 

Graphite furnace became commercially available around 196B 
and this immediately resulted in a tremendous enhancement as 
concern both the sensitivity and the detection limit. However, 
the graphites furnace technique was beset with many problems. As 
to selenium, the main problem was that the selenium was partly 
or completely lost during the ashing step preceding the 
atomisation. This situation was changed in 1975 when the 
principle of "matrix modification" was introduced (20). This 
implied the addition of an agent to the sample solution which 
reacted with the selenium present, forming a thermally stable 
selenium compound. Nickel(II) wa3 usually preferred and by that 
means it became possible to employ ashing temperatures up to 
1 200°C without loss of selenium (21). This finding initiated 
further research on the graphite furnace methods for trace 
concentrations of selenium, and at the time present, this has 
resulted in that this technique are now extensively applied for 
selenium determinations. 
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A completely different approach was introduced for arsenic 

in 1969. It was based on the chemical generation of arsine gas 
(as for the old Marsh Method), which was trapped in a tube 
cooled in liquid nitrogen, desorbed and swept into an 
argon-acetylen flame of the AAS spectrometer (22). This 
technique became a subject of contineous research, and was 
applied to a number of elements including selenium. The hydride 
generation method offered some potential advantages: Practically 
all selenium presented in the solution was converted into the 
hydride and introduced at once Into the atomisation device. It 
was also assumed that the chemical interferences were minimized 
as the analyte was separated from the sample matrix. Although it 
is still true that the method obviously possesses many 
advantages, it is also subjected to many interferences. Numerous 
papers have dealt with those, and so do some of the papers 
in this thesis, both as concern possible mechanisms of the 
interferring reactions and proposals of avoiding or minimizing 
them (VIII-XVII). 

Two of the weakest point of the conventional nebulizer-
burner system were that only about 10 % of the aspirated sample 
solution reached the flame whereas 90 % was wasted through the 
drain, and that the transport of the sample solution to the 
burner is restlcted by the aspiration rate of the nebulizer. 
These disadvantages were eleminated by the so-called "Tantalum 
Boat" and the "Delve's Cup" techniques. A small sample volume 
(<1 ml and <0.1 ml for the "boat" and the "cup" technique, 
respectively) was introduced into a small tantalum boat or a 
nickel cup that were placed in a specially designed holder on 
the premix chamber. The solution was dried near the flame and 
the cup/boat was thereafter moved into the flame. The sample was 
thus rapidly and quantitatively atomised. As the temperatures 
that could be achieved in the cup/boat were only about 
1 200°Cr these techniques were only applicable for easily 
atomised elements such as As, Bi, Cd, Hg, Se, Ag, Te, T1 and 
Zn. For these elements the detection limits were improved by 



21 -

factors of 10 - 50 relative to those obtained with conventional 
-8 flame (23). For selenium a detction limit of 1.10 g 

(absolute) or 10 ppb was found. The present author improved the 
sensitivity for some of the elements by introducing a slotted 
quartz tube above the tantalum boat, thus increasing the 
residence time of the atoms (24) (the paper is not included 
in the thesis as it does not concern selenium but only cadmium, 
lead and silver). However, the thesis includes some papers 
describing a method which utilizes a modification of the Delve's 
Cup atomisation device: A platinum loop was employed instead of 
the nickel cup, and atomisation from the loop after a preceding 
electrolysis onto the loop proved successful (I-V). 

As it soon was evident that flame atomisation techniques, 
including the boat and cup techniques, were not sufficiently 
sensitive for tract* analysis, it became a matter of interest how 
to incrase the sensitivity by means of combinations of various 
preconcentration techniques and flame AAS. Beside the purpose of 
preconcentraion, such techniques also involved some sort of 
separation which is of great advantage as interferring elements 
thereby to some extent can be excluded from atomisation. Several 
preconcentraion/separtion techniques have been described in the 
literatures as complexation/extraction (25-27), ion exhange 
techniques (28,29) and coprecipitation (30). Electrochemical 
preconcentration combined with AAS was used for the first time 
in 1967 for the determination of mercury (31). As this thesis is 
partly concerned with this technique, it will be considered more 
closely in the next paragraph. 

Electrochemical preconcentration - atomic absorption 
spectrometry 

The work of Brandenberger and Bader (31) initiated further 
work on the electrodeposition - atomic absorption technique, and 
a number of papers on this subject appeared during the following 
years. Various types of electrodes as carbon, tungsten and 
platinum were used (32-35); platinum being the only suitable 
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type for flame atomisation. Electrolysis can be carried out 
using the constant current, the constant cell potential or the 
constant catodic potential mode, the latter being the obvious 
choice as it is the cathodic potential which gouverns which 
element(s) to be deposit. Thus a constant cathodic potential 
electrolysis implies the possibility of, to some extent, 
excluding some elements from deposition, and also in some cases 
to distinguish between different oxidation states of a given 
element. 

As to selenium it became evident that use of the acetylen -
air flame for atomisation from the platinum electrode after the 
electrolysis gave rise to high background absorption in the 
region of the selenium line (I). It was assumed that the much 
cooler hydrogen - argon flame could be a better choice, as it 
was known that better sensitivity and detection limit for 
selenium could be obtained for selenium using this flame because 
of its high transparency at the far UV range compared to other 
flames. However, it was obvious to us that the very low 
temperture of this flame was clearly insufficient for effective 
atomisation of the solid selenium deposited on the platinum 
loop. In the thesis a paper is thus reporting investigations on 
the atomisation of selenium from the platinum loop using 
electrothermal (resistive) heating of the loop in an hydrogen -
argon flame in order to achieve a fast atomistion in a 
low-baccrround flame (II); the main purpose was to attempt to 
increase the sensitivity relative to that obtained using an 
acetulen - air flame (I). This was quite successful as can be 
seen in Paper II, and methods were therefore developed for real 
samples of different kinds, as technical sulphuric acid, nickel 
alloy and digestB of biological materials. This is discribed in 
Paper III-V. 

Flame atomic spectrometric methods combined with electro
chemical preconcentration may possess the following advantages 
for trace determinations of selenium: Very satisfactory 
detection limit, i.e. 0.5 ug/l Se after a 5-min or 0.1 ug/1 
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after a 30-rain electrolysis (II); the analyte is separated from 
potentially interferring compounds in the sample solution; an 
ordinary flame AA spectrometer is necessary; the special 
electrolysis equipment is easily built; it is possible to 
distinguish between tetravalent and hexavalent selenium as only 
the former is electrochemically reducible (but the hexavalent 
can be chemically reduced to tetravaltent and thus the total 
concentration of selenium can be obtained); it should be 
particularly suited for difficult samples. As to the latter 
statement it should be mentioned that during the time working 
with the method for technical sulphuric acid (V), alternative 
methods were eagerly sought. Thus, acid samples were sent to 
laboratories employing routine methods that usually should be 
adequate for the determination of the actual concentrations of 
selenium, i.e. fluorimetric-, graphite furnace AA- and neutron 
activation analysis. The two former methods gave highly 
irreproducible results (if at all) whereas the NAA method could 
not be used owing to too high risk in irradiating concentrated, 
corrosive acids. The last possible alternative, the hydride 
genertion - atomic absorption technique, was also examined in 
this laboratory and was also proved unuseful. This is described 
in a separate paper in this thesis (VII). Thus, it seems so far 
that the electrodeposition - atomic absorption technique is the 
only applicable metod for the determination of selenium in this 
particular matrix. 

There are indications on that the method also should be 
applicable to other elements than selenium, and this could be a 
matter of further research in this field. 

Hydride generation - atomic absorption spectrometry 

Initially, the present author should like to mention that 
for the hydride generation - atomic absorption technique some 
good review papers are available (36-38), of which perhaps that 
of Nakahara is the most comprehensive one (3B). 
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The basic design of the hydrdide generation - atomic 
absorption (HGAA) system may conveniently be divided into four 
steps. The generation of the hydride! collection of the hydride 
(is usually omitted nowadays); transfer of the hydride to the 
atomiser; the thermal decompositon of the hydride to atoms in 
the light path of the spectrometer. The measured atomic 
absorption signal is proportional to the population of free 
atoms (in this case selenium) per unit cross-section of the axis 
at a given instant. 

Since the method of collecting the hydride in a liquid 
nitrogen trap, mentioned previously (11), the HGAA method has 
been continueously improved: the most important improvements 
will be commented in the next paragraphs. 

In 1972 the sensitivity of the method was improved by 
collecting the hydride gas in a balloon reservoir before 
introducing it into the hydrogen - argon flame (39). This 
apparatus was further improved and was the first which became 
commercially available (Perking-Elmer) (40). 

There were certain disadventages in using the described 
methods: Appreciable collection times were normally required for 
generation of the hydride; the hydride (and the liberated 
hydrogen) had to be collected in a vessel or a balloon; the 
limited sensitivity of the hydrogen - argon diffusion flame; the 
non-specific absorption occurring in this flame at wavelenghts 
below 200 nra. As an alternative to the hydrogen - flame a tube 
atomiser, in this case electrically heated, was proposed in 1972 
(41), thus circumventing the difficulties in using this flame. 

Several alternative reductants for the production of the 
hydrides were proposed; a mixture of hydrochloric acid, 
potassium iodide, tin(II) chloride and granular zinc, of metalic 
magnesium, hydrochloric acid and titanium!Ill) chloride, and 
sodium tetrahydroboratelIII). The latter , proposed in 1973, 
soon bacame very popular and replaced the other reductants (42). 
There were several reasons for this: It was easy to handle, it 
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possessed a very effective reduction power, it was uniform and 
easily soluble in water (alkaline) and relatively inexpensive. 
As to the stability upon storage of the solution, the statements 
were ambiguous. This tempted the present author to carry out 
some experiments in order to elucidate this problem, the 
results being presented in Paper XI. 

In 1974 Thompson and Thomerson published the use of sodium 
tetrahydroborate(III) as reductant in combination with 
atomisation in a flame-heated quartz tube (43). Almost all 
hydride generation methods published since have been based on 
their method, which also possessed the obvious advantage that 
the collection of the hydrides were no longer necessary due to 
the very rapid hydride evolution using sodium 
tetrahydroborate(III). 

There are now several hydride generation units commercially 
available; all of them based on heated quartz tube and sodium 
tetrahydroborate(III) as reductant. In some systems the quartz 
tube is heated by means of an acetylen - air flame whereas 
others employ electrohermal heating by means of resitance wires. 
The latter types are the most expensive ones, usually equipped 
with automatic control of the temperature program and of the 
dosage of the hydroborate solution. 

As a satisfactory solution to the reduction and atomisation 
problems appeared to have been found so far, more attention was 
payd to the chemical interferences that took place during the 
reduction step; i.e. immediately after the addition of the 
hydroborate solution. It had been observed that in certain 
sample solutions contaning platinum, iridium, gold, silver, 
cobalt, nickel or copper large amounts of precipitate were 
formed after the addition of the hydrdoborate, resulted in a 
marked depression of the selenium siganls. Theories on the 
caracter of the precipitates, on the reaction mechanisms 
involved, on the reasons for the interference and finally on the 
methods of avoiding such reactions were, and still are, 
presented in the literature. In many papers it has been assumed 
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that the formed precipitates were the elements in the metallic 
state. However, very little experimental evidence were given for 
this statement in the same papers. As the present author had 
serious doubts as to these claims, based on theoretical 
considerations, it was decided to undertake som experiments in 
order to attempt to verify this. A paper on the subject is 
presented in the thesis, in which it is concluded that the 
precipitates are supposed to be metal borides rather than 
metals. An explanation of the interferring reaction is also 
proposed, i.e. that the H-Se bonds in the selenium hydride 
molecules are cleaved catalytically by the borides {XII). 

The major part of the papers on the hydride generation 
technique in this thesis are concerned with proposed methods for 
minimizing interences from copper and nickel. Of the metals that 
interfere most seriously, mentioned previously in this 
chapter,copper and nickel are obviously of greatest importance 
simply because they are the most common in real samples, for 
instance in industrial products. Thus, Paper XIV-XVII report 
the development of new methods for minimizing the influence from 
copper and nickel, whereas Paper XIII describes the study of a 
method claimed to be suitable for the masking of copper. Paper 
VIII-X are reports on the application of new methods to real 
samples. 

The most simple approach in reducing interferences 
from certain metals is to add an agent to the sample solution, 
which forms complexes with that particular metal. This is 
utilized in the method for determination of selenium in pyrite 
described in Paper IX, in which method addition of 
hydrochloric acid is employed in order to complex the large 
concentration of iron(III), which, however, interferes only 
moderately. Steps are also taken to remove the nitric acid from 
the solution after digestion, because nitric acid at that time 
was recognized as an interferant (propably erroneously; later 
convincing evidents have been given for that the interference 
was due to dissolved nitrous gases in the digest solution and 
not to nitric adic itself). 
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In principle, a tremendous number of completing agents 

should be available for masking of copper and nickel. However, 
this is not at all the case when such agents are applied to the 
hydride generation technique. The reason for this is the very 
acidic sample solutions that have to be employed for an 
effective hydride generation. In solutions with pH-values below 
1 - 2 very few completing agents are useful, the reason being 
that most of these possess acid - base properties, and that it 
is necessary that they are present in the base form for an 
effective complex formation. In Paper XIV the use of thiourea is 
described for the masking of copper, and in Paper XV citric acid 
for masking of nickel; both agents being effective in quite 
strong acid solultions. Thiourea is also employed for the 
determination of selenium in an zinc ore containing copper 
described in Paper X. 

Another approach is described in Paper VIII, in which a 
method for electrolytical removal of copper before the 
determination of selenium is described. To ensure that no 
selenium was desposited onto the electrode, it was oxidized to 
the hexavalent state before the electrolysis; a state which is 
electrochemically inactive. After the electrolysis the selenium 
had to be reduced back to the teravalent state, thus becoming 
available for hydride formation. This method should, in 
principle, also be applicable to other hydride elements as 
for instance arsenic, which is non-reducible in its pentavalent 
state. 

In the two last papers, XVI and XVII, still another method 
for minimizing the interferences from copper and nickel is 
described: The addition of iron(III) to the sample solution. 
The work was initiated by the papers of Helz and Melcher 
(44,45), in which the positive effect of iron(III) for the first 
time was described. Paper XVI and XVII report further 
investigations on this method, the main task was to pake it 
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applicable for determination of selenium in samples of nickel 
and copper metal, i.e. in solutions having concentrations of 
nickel and copper several houndred times that of selenium. This 
was quite successful and the method could be a solution to a 
very difficult problem so far: The determination of selenium in 
nickel or copper metal samples by the hydride generation 
technique without removing the interferring metal from the 
sample solution. The method is at the time present tested on 
real samples in this laboratory. 
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CONCLUSIONS 

The combination of electrochemical preconcentration and 
atomic absorption spectrometry as a method for determination of 
selenium should possess the following advantages: 
Interferences from non-specific absorption arising from salts 
present in the sample are eliminated, so are also interferences 
form other metals except that originated from metals deBposited 
simultaneously. However, such a potential interference can often 
be avoided by selecting a suitable cathodic potential as It is 
the latter which gouverns which element to be deposited. For 
liquid samples no additions of chemicals are usually required, 
thus minimizing the risk of contamination. It is also possible 
to distinguish between tetra- and hexavalent selenium, as only 
the former is electrochemically reducible. It should be well 
suited for analysis of difficult samples such as concentrated 
acids, salt solutions and sea water; samples that are difficult 
to analyze by conventional graphite furnace - atomic absorption 
spectrometry. A number of other elements than selenium should 
also been suitable for this technique, i.e. the "easy-atomised" 
elements. The method is not particularly rapid; a total time of 
8 - 9 min per parallell (including a 5-min electrolysis) Is 
normal. This might be, under certain circumstances, a 
disadvantage. 

The hydride generation - atomic absorption technique is a 
very sensitive and rapid method for trace determination of 
selenium. Relative to the graphite furnace technique the 
sensitivity is similar, but the method is faster. However, some 
elements Interfer seriously. The interferring mechanisms are 
proposed to be a catalytical cleavage of the selenium hydride 
molecules caused by the formed precpitates assumed to be metal 
borides. Of the most important interferring elements are nickel 
and copper, occurring in large concentrations in many samples. 



30 -

The interferences from these metals can be minimized in several 
ways: The metals can be removed prior to the hydride generation 
step, for instance by electrolysis; the present nickel or copper 
can be made less reactive by addition of certain conplexing 
agents, which have to be effective also in quite acidic 
solutions; or finally by addition of agents that are more easily 
reduced than the present metals, provided the reduced form of 
the agent is a soluble species and not a precpitate. Some of the 
most effective methods proposed in this thesis should make it 
possible, for the first time, to determine selenium in nickel 
and copper metal samples by the hydride genration - atomic 
absorption technique without removing these ions from the 
solution prior to the hydride generation step. 
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SUMMARY 

Selenium(I V) is determined in the presence of 3.5% sodium chloride by electrochemical 
preconcentration on a platinum spiral, prior to flame atomic absorption analysis. The 
electrode position is carried out in the presence of hydrazine dihydrochloride to prevent 
the generation of chlorine at the counter electrode; chlorine oxidizea selenium(tV) to the 
non-reducible selenium(VI) ion. A detection limit of 6 ppb and an electrolysis efficiency 
of 10% were obtained for a 25-ml sample and a 5-mirt electrolysis time. The absolute 
detection limit was 10 ng. 

The electrochemical preconcentration of metals is used in atomic absorp
tion analysis to eliminate interferences from high concentrations of salts 
which would otherwise give rise to unspecific light losses. The method in
volves the electrodeposition of metals onto a metal wire or carbon rod, and 
atomization either in a normal flame [ 1 ] , or by electrothermal heating [2—5]. 
Recently it was brought to our attention [6] that the electrochemical pre
concentration method did not give satisfactory results for seleniurn(IV) 
when the sample contained a high concentration of chloride. The inter
ference from chloride arises from the generation of chlorine at the counter 
electrode (anode). The chlorine oxidizes selenium(IV) to selenium(VI), and 
thus renders it electrochemically inactive. The problem is of practical import
ance, because many of the typical samples analyzed in environmental control 
programs will contain relatively high concentrations of chloride (e.g. sea 
water, urine). 

In this work various procedures for handling the interference from chlo
ride are discussed. A platinum spiral was used for the preconcentration of 
selenium, and the deposited selenium was determined by flame atomic 
absorption analysis, by using a quartz absorption tube above the filament 
[ 1 ] . All samples analyzed contained 3.5% sodium chloride. 

EXPERIMENTAL 

A Perkin-Elmer 303 atomic absorption spectrometer and a Perkin-Elmer 
159 recorder were used. The instrument was equipped with a deuterium 
background corrector. For atomization, an air—acetylene flame and a three-
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slot burner were used. A quartz absorption tube (length 10 cm, outer dia
meter 15 mm) was placed in the optical path 16 mm above the burner. 

Atomization was done from a spiral-wound platinum wire (0.5 mm dia
meter; 99.999%, Koch-Light) as described previously [ 1 ] . It was mounted in 
a holder similar to that used for the Delves cup technique; the spiral was 
positioned just below the circular opening in the absorption tube. The dia-
meter of the opening was slightly larger than that of the spiral filament. 

The electrochemical preconcentration was done by controlled-potential 
electrolysis with a home-made potentiostat. The platinum filament served as 
the working electrode, a silver/silver chloride electrode was used as the re
ference electrode and a platinum coil was used as the counter electrode; the 
counter electrode was placed in a glass tube equipped with a porosity G l glass 
sinter. A Metrohm EA 880 vessel was used as the electrolytic cell. The samples 
were stirred with a constant-rate (500 rpm) magnetic stirrer during the 
electrolysis. 

The selenium(IV) solutions were prepared by diluting analytical-grade 
selenous acid. All solutions to be analyzed were made 3.5% in sodium 
chloride. 

Procedure 
Add 0.3 g of hydrazine djhydrochloride and 25 JJI of a 0.5 g T' copper 

sulphate solution to each 25-ml aliquot and electrolyze with stirring for 
5 min at —0.8 V vs. Ag/AgCt. At the end of the deposition period, remove 
the filament electrode from the electrolytic ceil, rinse the electrode with 
distilled water, and disconnect the electrical circuit. Wash the electrode with 
acetone, and let it dry in air before placing it in the holder, which has been 
adjusted to give the best position of the spiral filament relative to the burner 
head and the opening in the quartz absorption tube. Move the filament into 
its pre-adjusted position in a lean air—acetylene flame, and record the atomic 
absorption signal at 196.1 nm. To a new aliquot, add the same amounts of 
hydrazine dihydrochloride and copper(II) solution as before, and 2 5 - 5 0 ^ 1 
of a standard solution of selenium(IV); repeat the deposition and atomiza
tion steps, and finally calculate the concentration of selenium according to 
-lie standard addition procedure. Extinguish the flame between the measure
ments to avoid overheating the burner. 

RESULTS AND DISCUSSION 

Elcctrodeposition of selenium 
The electrochemical behaviour of selenium(IVr) has been studied mainly 

at mercury electrodes [7—9J. Based on this work, various polarographic and 
stripping voltammetric procedures have recently been developed [10—14], 
The electrochemical reactions of seleniumf]V) at graphite J15, 16] and gold 
electrodes [17] have also been described. The electroanalytical procedures 
are complicated by the formation of selenides; deposited selenium may react 
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with the electrode material, and also with co-deposited elements. This may 
give rise to interfering polarographic waves and stripping peaks. The inter
ferences can be overcome by solvent extraction [ 1 2 ] , chemical generation of 
hydrogen selenide f 13), and separation by ion-exchange [ 1 8 ] . 

The deposition of selenium(IV) at solid electrodes is preferably carried 
out from acidic solutions, at a moderately negative potential. At highly 
negative potentials and in alkaline solutions the deposited selenium can be 
further reduced to hydroger. selenide, resulting in a loss of selenium from the 
electrode. 

In the above-mentioned electroanalytical procedures, the total current 
through the cell is normally small, owing to the small area c( the working 
electrode. Consequently the generation of chlorine, which will take place at 
the counter electrode in chloride media, will be insignificant. However, in 
this work currents of the order of 1 mA were obtained, owing to the re
latively large surface area of the working electrode and the simultaneous 
reduction of hydrogen ions. Therefore, a marked evolution of chlorine was 
noticed at the counter electrode in chloride media unless special precautions 
were taken. The reaction prevented the deposition of selenium, because chlo
rine oxidized selenium(IV) to selenium(VI), and thus rendered the element 
electrochemically inactive. A qualitative test f 19J confirmed the presence 
of selenium(VI) in the sample solutions when the electrolysis had been 
carried out for some time. 

There are various ways of avoiding the interference from chlorine in the 
deposition of selenium. Firstly, the counter electrode should be placed in a 
separate anode compartment. A classical H-cell with a glass frit in the middle 
should serve the purpose well; however, in this work the counter electrode 
was placed inside a glass tube with a sintered disc at the end. A disc with a 
low porosity was first used to prevent the chlorine from leaking into the 
sample solution, but a large 1R drop, which the potentiostat did not fully 
compensate, was noted in this case. Therefore, the physical separation of the 
counter electrode with a high-porosity (Gl ) disc was combined with the 
use of hydrazine for preventing chlorine evolution. Hydrazine has long been 
used as a depolarizer in electroanaJysis [20] and was found to serve the 
purpose well in the present work, provided that a glass sinter was also 
used. Experiments with only hydrazine showed a marked decrease in the 
selenium deposition, similar to the results obtained with the glass sinter in 
the absence of hydrazine. 

When hydrazine dihydrochloride was used as the depolarizer a strongly 
acidic solution was obtained (pH 1.0). The salt prevented any pH change at 
the working and counter electrodes. Such changes would have been observed 
in the absence of a buffer, because the reactions at both electrodes involve 
hydrogen ions. In this work an acidic medium was preferred also because 
selenium(IV) is more easily reduced in such solutions [ 7 ] . The optimal 
amount of hydrazine dihydrochforide was found to be 0.3 g per 25 ml. A 
decrease in the atomic absorption signal, and thus in the amount of sel-
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Fig. 1. Effect of concentration of hydrazine dihydrochloridc (given as g/25 ml) on the 
amount of selenium deposited. 100 ppb selenium(IV) in 3.5% NaCI; deposition potential 
—1.0 V vs. Ag/AgCl; deposition time 5 min. 

Fig. 2. Effect of deposition potential on the amount of selenium deposited. (A) 100 ppb 
selenium(IV) in 3.5% NaCI with 0.3 g N,H 4 • 2HC1; (B) as in (A) with 0.5 ppm copper(II) 
added. 

enium deposited, was observed for both higher and lower concentrations of 
the hydrazine salt, as illustrated in Fig. 1. However, because the amount of 
chlorine generated is proportional to the electrolysis time, the optimal con
centration of hydrazine will probably depend on this parameter. 

The effect of deposition potential is shown in Fig. 2 (curve A). The varia
tion in the atomic absorption signal, and thus in the amount of selenium de
posited, is quite marked. Two maxima are observed, at —0.2 and —0.8 V 
respectively. The deposition of selenium is also affected by the presence of 
other metals. Copper is of particular concern here because it is present in a 
relatively high concentration in many types of samples and its deposition 
potential is close to that of selenium(IV). The effect of copper is also illus
trated in Fig. 2 (curve B). At potentials more positive than —0.4 V, a de
crease in the atomic absorption signal was noticed on addition of 0.5 ppm 
copper, whereas at more negative potentials the presence of copper made the 
Signals a l m o s t i n d e p e n d e n t of d e p o s i t i o n p o t e n t i a l . T h e f o r m a t i o n o f c o p p e r 
selenide probably prevented the generation of hydrogen selenide at the more 
negative potentials. The actual excess of copper was not critical; no signi
ficant change in peak height was observed for concentrations of copper 
lower or higher than 0.5 ppm. 

The addition of copper to the sample solution is recommended, to make 
the measurements less dependent on the deposition potential. 

Determination of selenium 
The deposited selenium was atomized in an air—acetylene flame, by 

using a three-slot burner head and a quartz absorption tube [1]. A sharp 
atomic absorption signal was obtained, as shown in Fig. 3. A shift in the 
baseline occurred as the spiral was moved into the flame because this 
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Fig. 3. Atomic absorption signal from 75 ppb selenium(IV) in 3.5% NaCl; deposition 
potential —Q.8 V; deposition time 5 min. 

altered the gas flow within the absorption tube. The peak height was always 
measured from the lower baseline. 

The height of the absorption signal was markedly influenced by the pos
ition of the spiral relative to the flame and the opening in the absorption 
tube. To obtain an optimal peak height the spiral should be placed as close 
as possible to the opening in the absorption tube. 

When electrochemical preconcentration is used, there is normally no need 
to use background correction. However, background correction was used in 
the analysis for selenium because the flame gases also absorb at 196 nm. 

The detection limit (signal to noise, 2:1) was 5 ppb selenium fora 5-min 
electrolysis. If a longer electrolysis time is used, an improved detection 
limit is obtained. The absolute detection limit was determined in the follow
ing way. A 25-/il aliquot of a 1-ppm standard selenium(lV) solution (without 
added sodium chloride) was placed directly on the platinum spiral with a 
micropipette. The electrode was dried at 80°C for 5 min and the atomiz-
ation was then carried out in the usual way. An absolute detection limit of 
10 ng was found from this experiment. In comparison, Kcrber and Fernan
dez [211 found a detection limit of 100 ng for selenium with the Delves cup. 
The poor sensitivity obtained by these authors is probably explained by the 
formation of nickel selenide in the cup and tube, which were both made 
from nickel. 

The electrolysis efficiency was determined by comparing the absorption 
signal obtained after an electrochemical deposition with the signal obtained 
by the direct application of selentum(IV) to the spiral. It was found that ca. 
10% of the selenium was deposited on the spiral during a 5-min electrolysis, 
when a 25-ml aliquot was analyzed. 

For the determination of selenium the standard addition technique should 
be used. The standard should be added to a separate aliquot of the sample, 
because of the 10% depletion of the sample during the electrolysis. Before 
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using the standard addition technique the linearity of the calibration curve 
should be checked. For concentrations above 100 ppb selenium, marked 
curvature was noticed. 

For optimal reproducibility the stirring rate and the position of the 
electrodes in the cell should be kept constant, and so should the position of 
the spiral relative to the flame and the opening in the absorption tube. 
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SUMMARY 

Different methods of atomizatian of selenium from a platinum wire filament are 
described, including electrothermal heating of the filament and atomization in an a r g o n -
hydrogen flame. A combination of these approaches proved to give the best sensitivity 
and detection limit. The selenium was preconcentrated on the filament by «lectrolysEs 
prior to the atomic absorption measurements to eliminate chemical interferences and 
improve the sensitivity of the method. The detection limit was 0.5 pg P for a 5-mirt 
electrolysis, and 0.1 rig l ' 1 when the electrolysis time was 30 min. 

The determination of selenium in the low-ppb range is impossible by 
direct flame atomic absorption spectrometry, owing to the poor sensitivity 
for this element. Instead, methods bacsd on graphite furnace atomization 
and hydride feneration are usually employed for determination of traces 
of selenium. However, for more complex matrices, atomization in a graphite 
furnace may lead to serious interferences, even if selenium is stabilized with 
a suitable metal [1—3]. Fewer interferences are encountered when the 
hydride generation technique is used, but even this technique suffers from 
interference, particularly in presence of certain elements which form volatile 
hydrides or stable selenides [4—7]. 

As an alternative to the above-mentioned techniques, an electrolytic pre-
concentration <m a platinum wire, followed by atomization in an au—acety
lene flame can be used [8, 9]. However, the air—acetylene flame gives rise to a 
high background absorption in the region of the selenium line and a sig-
nificant improvement in detection limit was therefore expected if the low. 
absorption argon—hydrogen flame could be used instead. In addition, the 
electrolytic preconcentration step would eJinunate the chemical interferences 
which are often encountered in this flame, because of its low temperature. 

In this work different methods of atamizafcion of selenium from the 
platinum wire filament were investigated, including atomization in an 
argon—hydrogen flame and electrothermal heating of the filament. A com
bination of these approaches proved to give the best sensitivity and detection 
limit. 

0003—2670/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company 
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EXPERIMENTAL 

Equipment and solutions 
A Perkin-Elmer 303 atomic absorption spectrometer and a Perkin-Elmer 

159 recorder were used. The instrument was equipped with a deuterium 
background corrector, an electrodeless discharge lamp and a thr: slot 
burner head. The selenium was measured at the resonance line 196.1 nm. 

In most experiments an argon—hydrogen flame was used. Argon entered 
by the normal air inlet and hydrogen by the fuel-gas inlet, while the auxiliary 
inlet was shut. The flow rate of hydrogen was measured with a Tri-Flat 
Flowmeter (Fischer and Porter; tube 1/8-12-G-5/36, float SS-18). A quartz 
absorption tube with inner diameter 12 nun, outer diameter 15 mm, length 
100 mm, and a circular hole midway along the wall, was placed in the optical 
path with the central axis 27.5 mm above the burner head. The tube rested 
on nickel supports. In some experiments the quartz tube was heated electri
cally by means of a Kanthal A wire coiled around the tube and connected 
to a transformer. The temperature in the tube was measured with a thermo
couple. 

The design of the filament electrode is shown in Fig. 1. The filament 
consisted of a spiral-wound 0.5-mm platinum-wire, with a total length of 
10 cm, which was spot-welded onto 1.0-mm platinum support wires. It was 
mounted in a holder similar fco that used for the Delves cup technique. 
The filament was heated electrically; a transformer and a Variac were con
nected to the filament electrode via a mieroswitch, which was mounted on 
the Delves cup holder. The arrangement allowed the current to pass only 
when the filament was correctly positioned in the flame just below the hole 
in the absorption tube. The hole in the tube wall was made slightly larger 
than the size of the filament. The complete arrangement is shown in Fig. 2. 
The temperature of the filament was measured with an optical pyrometer. 

The selenium was deposited on the filament by controlled potential 
electrolysis using a home-made potentiostat. The filament served as the 
working electrode, an Ag/AgCl/sat. KC1 electrode (Metrohm EA427) was 

1 2 3 4 5 6 7 
Fig. 1. Filament electrode (dimensions ate in cm): 1, Ft filament, 0.5 mm wire; 2, P t 
support wires, 1 mm; 3, Pt—Cu Junction; 4 , B 14/23 joint; 5, teflon stopper; 6, Cu wire», 
1 mm; 7, banana jack. 
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Fig. 2. Arrangement for electrothermal heating of the filament: 1, Variac; 2, transformer; 
3, ampe tome ter; 4, microiwitch; 6, quaitz absorption tube; 6 r filament electrodt; 7, 
banana jocks and plugs; 8, ctectrodo holder; 9,10-A lute; 10, voltmeter. 

used as the reference electrode, and the counter electrode was a platinum 
coil. A Metrohm EA880 vessel was used as electrolysis cell, and the solution 
was stirred with a constant-rate (500 rpm) magnetic stirrer during the 
electrolysis. 

Selenium(IV) solutions were prepared by diluting analytical-grade selenous 
acid. The supporting electrolyte was usually 0.09 M (1:200) sulphuric acid 
(Suprapur, Merck). 

Procedure 
Electrolyze a 25-mI aliquot with efficient stirring for 5 min at —0.2 V vs. 

Ag/AgCl (or use another suitable potential). Remove the filament electrode 
from the cell, and rinse it with water and acetone before disconnecting the 
electrical circuit. Adjust the flow rates of the flame gases to 111 min'1 for 
argon and 2.4 1 min"' for hydrogen, and ignite the flame. Let the filament 
dry for 30 s above the flame, ca. 10 cm above the burner (temperature 
70—80°C). Place the filament electrode in the holder, and connect it to the 
transformer. Move the filament into its pre*adjusted position in the flame, 
directly below the hole in the absorption tube, and record the atomic 
absorption signal at 196.1 nm, as the raicroswitch triggers the electrothermal 
heating of the filament. 

The heating power to the filament should be as high as possible, without 
risking melting of the filament. For the Filament used in this work, the 
heating power was 41.2 W (4.05 V, 10.18 A). 

RESULTS AND DISCUSSION 

The determination of selenium by flame atomic absorption spectrometry 
after electrochemical precorteentration on a platinum wire filament has 
already been described f 8, 9]. However, the air—acetylene flame used in 
the previous work had the disadvantage, in determinations of selenium, that 
it absorbed at wavelengths below 200 nm. The detection limit was restricted 
by this background absorption, which gave rise to a noisy baseline. The 
baseline was also shifted when the filament was moved into the flame, 
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although background correction was used [ 9 ] . The absorption peak obtained 
in the air—acetylene flame was non-symmetrical, with some tailing, and aft 
high concentrations even double peaks could be observed. Owing to the 
relatively high temperature of the flame, the surface of the quartz tube was 
seen to deteriorate with time, and this gave rise to more pronounced tailing 
of the peak. 

Alternative methods of atomization were therefore investigated. To avoid 
a high background absorption, the use of an argon—hydrogen flame was 
studied first. In contrast to the air—acetylene flame, it was found that the 
temperature of the argon—hydrogen flame was insufficient for direct atomi
zation of selenium from the platinum filament. Electrical heating of the 
filament was therefore introduced, in addition to the flame atomization. 
With this arrangement, a well-defined symmetrical absorption peak with 
no tailing was obtained. The sensitivity was found to be twice as good as 
that of the air—acetylene flame atomization. Furthermore, background 
correction was no longer needed, because a very stable baseline with little 
drift and noise was obtained. The baseline did not shift when the filament 
was moved into the flame. 

Effect of electrothermal heating 
As already mentioned, no signal was obtained when the filament with 

selenium was moved directly into the argon—hydrogen flame (except at high 
concentrations of selenium, see below). Therefore, the filament was heated 
by passing an electric current through the wire, simultaneously with the 
flame atoraization. The electrical heating was controlled by a microswitch, 
which allowed the current to pass only when the filament was correctly 
positioned in the flame just below the hole in the absorption tube. The 
microswitch ensured reproducible heating of the filament, protected it from 
being damaged by oxidation, and also prevented it becoming overheated and 
melting when it was removed from the flame. 

The variation of the atomic absorption signal with the filament tempera
ture was studied by recording the signal as a function of the electrical power 
applied to the filament. The results are shown in Fig. 3 . It can be seen that 
the peak height increases markedly with the filament temperature. At the 
highest power used, the temperature was very close to the melting point of 
platinum; only a slight variation in the power would cause the filament 
to melt. Therefore, a somewhat lower power (41.2 W) was chosen as the 
standard condition for heating. The corresponding filament temperature was 
measured as 1680°C in absence of the flame. 

Although the flame temperature was much lower than the temperature of 
the filament, the flame was still found to be essential for the atomization 
process to occur. Thus, no atomic absorption signal for selenium was obtained 
in absence of the flame, irrespective of the filament temperature, in contrast 
to the results previously obtained for cadmium [ 1 0 ] , The reason for this is 
probably that selenium forms polyatomic molecules in thg colder vicinity of 
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Pig. 3. Variation in peak huight (curve 1) and peak area (curve 2) with the electrical 
power applied to the filament. Selcnium(IV) (20 vB l'1) '" 0-09 M sulphuric acid, 5 min 
electrolysis time, deposition potential —0.8 V. 

Fig. 4. Variation in peak height (curve 1) and flame absorption (curve 2) with the flow 
rftte of hydrogen. Argon flow 11 1 min'1, 40 ug Se l'1 in 0.09 M sulphuric acid, 2 min 
electrolysis time, deposition potential —0.2 V. 

the filament, in absence of the flame. From Fig. 3 it can be seen that the 
area of the atomic absorption signal was fairly constant for the higher 
powers applied, which indicates that the total amount of selenium atomized 
was nearly constant too, for this part of the curve. However, the peak width 
decreased markedly with increasing powers, indicating that the rate of 
atomization increases with the temperature. 

The relatively high temperature needed for the atomization of selenium is 
explained by the formation of non-volatile platinum selenide at the filament 
surface, However, when larger amounts of selenium were deposited on the 
filament, some of the selenium was found to be present in an unstabilized 
form. This unstabilized selenium could be atomized in the argon—hydrogen 
flame, without electrothermal heating of the wire. Thus, when a solution 
containing 30 ti% Se I"1 was electrolyzed for 5 min, it was found that 10% of 
the deposited selenium was tost within 30 s, when the filament was moved 
into the flame. Further, when selenium was deposited for 5 min from a 100 
jig l'1 solution, the flame atomization resulted in multiple absorption peaks 
of selenium, in absence of electrothermal heating. The amounts of selenium 
deposited in these experiments were below that required for a monolayer 
coverage of the filament. However, the unstabilized selenium was probably 
deposited on active surface sites which were already covered with platinum 
selenide. 

The use of a micros witch-con trolled electrothermal heating of the wire 
ensured that both stabilized and unstabilized selenium were atomized 
simultaneously when the filament was moved into the flame. A single well-
defined symmetrical absorption peak was then obtained, irrespective of the 
chemical form of the selenium present at the filament surface. 
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Effect of gas flom 
The height of the atomic absorption signal was found to depend on the 

flow rate of the flame gases. Thus, the peak height increased when the flow 
rates were decreased below the values recommended in the instrumental 
manual. However, a minimum flow rate of 11 1 min -1 for argon was needed 
in order to ensure a stable baseline. Atomic absorption signals were then 
recorded at different How rates of hydrogen; the results are shown in Fig. 4. 
The maximum peak height was obtained at 2.4 1 min -1; a minimum hydrogen 
flow rate of 1.81 min -1 was needed for the flame to burn. 

From Fig. 4 it can also be seen that the background absorption of the 
flame increases with the flow rate of hydrogen, probably because of increased 
formation of water vapour. At a hydrogen flow of 2.4 1 min"1 the background 
absorption amounts to ca. 3% only, which is low compared to the X2—13% 
absorption normally found for this type of flame at 196 nm f 11]. The low 
absorption is explained by the tow flow rates used, and the presence of the 
quartz absorption tube above the filament. In absence of the quartz tube the 
absorption was found to be ca. 8%. 

Effects of the absorption tube 
In addition to the positive effect upon the background absorption men* 

tioned above, the quartz tube increases the residence time of the selenium 
vapour in the optical path. In agreement with this, the sensitivity obtained 
with the quartz tube was 5 times better than that observed in absence of 
the tube. The height o£ the quartz tube above the burner bead was found to 
be of less importance. Maximum absorption was obtained when the tube was 
placed in the upper part of the flame, because of the higher temperature in 
this region. A distance of 27.5 mm from the burner head to the central axis 
of the tube was normally employed. 

In contrast to the air—acetylene flame, the argon—hydrogen flame did not 
cause a visible deterioration of the quartz tube, even after prolonged use, 
probably because of the much lower flame temperature. 

Electrically heated absorption tube 
With the technique described above there will be a significant temperature 

gradient from the hot filament to the cooler flame surrounding it. An improved 
sensitivity would, therefore, be expected if a higher temperature could be 
ensured for the atomic cloud. For this reason, electrical heating of the 
absorption tube was tested in combination with the argon—hydrogen flame. 
With the particular set-up employed a maximum temperature of 1080°C 
could be reached within the heated tube. Using this temperature, a 50% 
increase in the peak height was observed, but this was obtained at the 
expense of a noisier baseline. Also a separate power supply was required for 
the heating, which was rather a slow process. Therefore, no practical use was 
made of the electrically heated absorption tube. However, these experiments 
indicate that selenium is more efficiently atomized when the temperature 
of the selenium vapour is increased. 



A few experiments were carried out with the electrically heated tube, in 
absence of the argon—hydrogen flame. Only the filament heating was main
tained, in addition to an argon flow through the tube, to minimize back
ground absorption. No signal was obtained for selenium in these experiments, 
probably because of the low temperature of the atomic cloud. 

The electrolysis step 
Controlled potential electrolysis is very effective for separation and pre-

concentration when used in combination with atomic absorption spectro
metry (8J. By adjusting the deposition potential, the efficiency of the 
separation of a given element from the matrix can be optimized. The 
potential needed for the reduction of selenium(IV) depends to a certain 
extent on the composition of the sample solution. In diluted sulphuric acid, 
the reduction of selenium starts at +0.6 V vs. Ag/AgCI, as can be seen from 
Fig. 5. A deposition potential of —0.2 V vs. Ag/AgCI was mostly used in this 
work. The evolution of hydrogen, which took place at more negative poten
tials, probably accounts for the minimum in the curve around —0.4 V. At 
this potential the gas bubbles did not leave the electrode, with the result that 
the electrode surface was partly blocked. 

The amount of selenium deposited on the electrode was found to be a 
linear function of the electrolysis time for deposition times below 30 min. 
The result indicates that depletion of the solution during the electrolysis was 
insignificant, because otherwise a curved relationship would have been 
observed. In other words, the preconcentration step was nearly nondestruc
tive, and repetitive analysis on the same aliquot was therefore possible. 
Normally a 5-min electrolysis was used, to keep the total analysis time to a 
minimum (8—9 min). Obviously, a significant improvement in sensitivity 
and detection limit will be obtained if a longer deposition time is used. 

The peak height was found to depend on the rate of stirring of the solu
tion. The size of the magnetic bar and the rotation speed of the stirrer both 
had a pronounced effect on the peak height. Optimum stirring was obtained 
by using a 2.0-cm stirring bar and a rotation speed of 500 rpm. 

s\ 
Fig. 5. Variation in peak height with deposition potential. Sclemum(IV) (20 »g 1"') in 
0.09 M sulphuric acid, 6 mln electrolysis time. 
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Sensitivity and interferences 
The standard curve was found to be linear up to an absorbance of 0.18 

(34% absorption). The curve was almost horizontal above an absorbance of 
0.24 (43% absorption). Under optimized experimental conditions» the 
detection limit (signal-to-noise ratio 2:1) for a 5-min electrolysis time was 
found to be 0.5 jig 1"'. For a 30-min electrolysis, the corresponding value 
was 0.1 fig r 1 . The reciprocal sensitivity» expressed in MS 1_ 1 & 2%» war 
identical with these values. The values given above are a factor of 10 better 
than those obtained when the filament was heated in an air—acetylene flame 
[9]. The standard deviation of the method, including both the electrolysis 
and the atomization steps, was ca. 5%. 

As already mentioned, the electrolytic preconcentration step eliminates 
most of the chemical interferences which may be encountered in the deter
mination of selenium. Thus, a 1000-fold excess of iron and nickel proved to 
have no effect on the peak height. Only copper, which was deposited on the 
filament at —0.2 V, caused a 27% decrease in the signal, when present in a 
1000-fold excess. Anions had no marked effect on the peak height. At —0.2 
V even chloride did not interfere with the determination of selenium, 
because chlorine was only produced at the anode in insignificant amounts. 

CONCLUSION 

It has been shown that selenium(IV), after electrochemical preconcentra
tion on a platinum wire filament, is best atomized in an argon—hydrogen 
flame with simultaneous electrothermal heating of the wire. A very low 
background is obtained in this way, because of the low-absorption flame 
used. The electrothermal heating of the wire, controlled by a microswitch, 
was found to be essential for the atomization process because of the low 
temperature of the argon—hydrogen flame and the formation of thermally 
stable platinum selenide at the filament surface. For maximum sensitivity, 
the filament should be heated to a temperature just below the melting point 
of platinum. No signal was observed with electrothermal atomization in 
absence of the flame. 

The detection limit obtained for selenium, 0.5 fig 1~' with a 5-min electro
lysis, was a factor of 10 better than that found by atomization in an air-
acetylene flame [9]. A further five-fold improvement in the detection limit 
nas obtained for 30-min electrolysis times. A similar improvement in detec
tion limit is to be expected for other elements which can be atomized at 
relatively low temperatures. The method should be particularly useful for 
the determination of trace elements in complex matrices. The determination 
of selenium in biological materials and in technical sulphuric acid will be the 
subject of later publications. 
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Summary. The nickel alloy is dissolved in nitrio/hydrochloric/phosphoric acid mixture, 
and selenium is electrodeposited on to a platinum loop at —0.4 V (vs. Ag/AgCl). Selenium 
is atomized from the electrode in an argon/hydrogen flame with simultaneous electro
thermal heating of the loop. For the NBS standard nickel-based high-temperature alloy 
(SRM 899}, the mran value found was 9.7 ug g"1 with a standard deviation of 0.4 ug g"1 

(certified value 9.5 i 0.1). 

Knowledge of the trace concentrations of selenium in nickel, nickel-based 
alloys and stainless steel is of metallurgical importance as selenium can affect 
the physical and mechanical properties of the alloy. Reliable methods for the 
determination of selenium in such materials are therefore needed. 

Graphite-furnace atomic absorption spectrometry has been applied for 
this purpose. To avoid calibration with solutions of standard alloys or matrix-
matched solutions, Kujirai et a]. (1] separated the selenium from the matrix 
solution by coprecipitation with arsenic, and redissolved the precipitate in 
acid. Several authors have noted that the presence of iron in the sample solu
tion results in erroneous background compensation when a deuterium source 
is used [2—4]. Recently, it was also observed that cobalt has the same effect 
as iron on the deuterium compensation [4], as do chromium and nickel 
when the signals are measured at the 204-nm line [4]. To ensure the elimina
tion of these spectral interferences, very expensive and sophisticated instru
ments equipped with either the Zeeman [4] or Smith—Hieftje[5] background 
correcting systems are needed. Nickel is also one of the elements which 
seriously interfere in hydride-generation atomic absorption spectrometry. To 
determine selenium in nickel samples, Welz and Melcher |6] found it neces
sary to precipitate and filter off nickel as nickel hydroxide. 

As an alternative it was decided to examine whether flame atomic absorp
tion spectrometry (a.a.s.) with electrochemical preconcentration could be 
applied for the determination of selenium in nickel alloys. This technique 
has previously proved successful for other complicated matrices such as tech
nical sulphuric acid (7], The technique involves eieetrodeposition of the 

0OO3-2670/8'i/$03.00 © 1984 Elsevier Science Publishers B.V. 
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selenium from the sample solution onto a platinum electrode at an optimum 
cathodic potential for a fixed time (a few minutes). The deposited selenium 
is atomised in an argon-hydrogen flame; simultaneous electrical heating of 
the electrode loop ensures rapid atomization of the selenium. A detection 
limit of 0.5 u& l"1 selenium has been obtained after 5 min electrolysis [8]. 

Experimental 
Equipment and solutions. A Perkin-Elmer 300 atomic absorption spectrom

eter was used with a Radiometer Servograph REC-51 recorder. The instru
ment was equipped with an electrodeless discharge lamp for selenium and a 
three-slot burner head. The selenium signals were measured at the 196.0-nm 
resonance line. Por atomization, an argon-hydrogen flame was used with 
flow rates of 11 and 2.5 1 mhr 1 , respectively. 

Special equipment included a quartz tube with a circular hole which was 
mounted above the burner head. The design of the platinum-loop electrode 
and electrolytic cell and the arrangement for electrothermal heating of the 
platinum loop were as described elsewhere [7, S]. 

A standard selenium(lV) solution (5 mg T1) was prepared by diluting an 
aqucjus 1.000 gl"1 solution made from analytical-grade selenous acid. Nitric, 
hydrochloric and phosphoric acid and acetone were of p.a. quality (Merck). 

Procedure. To 0.5 g of the nickel alloy, add 5 ml of water, 5 ml of concen
trated nitric acid, 10 ml of concentrated hydrochloric acid and 25 ml of con
centrated phosphoric acid in a 150-ml beaker. Cover the beaker with a watch 
glass, place on a boiling water bath and heat until the sample has dissolved. 
Add 25 ml of water, place the beaker on a hot plate at ca. 200° C and heat to 
boiling. Allow to boil for 5 min. Transfer the contents to a 500-ml volumetric 
flask (or one of suitable volume) and dilute to volume with water. Transfer 
25 ml of the solution to the electrolytic cell. Electrolyze with efficient 
stirring at —0.4 V vs. sat. Ag/AgCl for 3 min (or some suitable time). Remove 
the electrode from the cell and rinse it with water and acetone without dis
connecting the circuit. Allow the electrode to dry in air, place it in the holder 
in the atomic absorption spectrometer and connect it to the transformer. 
The electrical heating power of the platinum loop should be as high as poss
ible, without risk of melting. Ignite the flame, move the etectrode into its 
predetermined position just below the hoie in the quartz tube, switch on the 
heating power, and record the signal. To further aliquots of sample solution, 
add <200 JJ f of a standard selenium(IV) solution, and repeat the procedure. 
Finally, calculate the concentration of selenium from the results of these 
standard additions. 

Results and discussion 
Dissolution procedures. When an earlier method of dissolving the sample 

in a mixture of nitric and hydrofluoric acids [4] was used, no selenium 
deposited on the electrode. Addition of boric acid or aluminium-ions to the 
mixture after dissolution, in order to bind the fluoride was unsuccessful. A 



precipitate of hydrated chromium(III) oxide, originating from the high 
chromium content of the sample, was formed when the sample was dissolved 
in perchloric acid with subsequent addition of hydrogen peroxide to reduce 
selenium(VI) to selenium(IV). This was also observed when the sample was 
dissolved in (3 + 1) nitric and hydrochloric acid (Lunge'B mixture). 

In the final procedure, an excess of hydrochloric acid over nitric acid and 
boiling with phosphoric acid ensured almost complete removal of the nitric 
acid. Moreover, phosphoric acid strongly complexes triply charged cations, 
thus decreasing the likelihood of chromium(III) precipitation. 

Deposition potential. Nickel alloys often contain large concentrations of 
iron, chromium and cobalt. It is a disadvantage if these elements deposit on 
the electrode, because the atomization temperature used is not high enough 
to remove them completely from platinum. The elements will thus be built 
up on the surface and change the character of the electrode. For this reason, 
a deposition potential of —0.4 V was seJected for selenium, although it can 
be seen from Fig. 1 that the degree of deposition is greater at more negative 
potentials. At potentials more negative than —0.45 V, however, both nickel 
and cobalt would deposit. At —0.40 V, lead, mercury, silver and copper will 
be deposited; of these metals, only copper will not be removed completely 
during atomization, and is thus the only metal of those mentioned that will 
interfere. 

Analysis of standard alloy. Four 0.5-g portions of SRM 899 "Trace alloy" 
(Nickel-Base High-Temperature Alloy) from the National Bureau of Standards 
(NBS) were taken through the whole procedure. Four volumes of standards 
were added to each, and each addition was made in duplicate. The results 
obtained were 9.7, 9.1, 10.0 and 9.9 jug g"1 giving a mean value of 9.7 and a 
standard deviation of 0.4 jug g" J. The result is in good agreement with the 
certified value from NBS of 9.5 * 0.1 jug g"1-

POTENTIAL. (Vv i . Ag/AgCl) 

Fi«, 1. Variation in peak height with deposition pa ten tin! (0.5 g of SRM 899 dissolved a 
described; electrolysis time 3 min). 
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Conclusions 
The proposed method has been shown to be useful for the determination 

of selenium in a nickel-based cobalt-chromium alloy. It should in principle 
also be applicable for other types of alloys such as stainless steel. Of the 
metals commonly found in alloys, copper is expected to interfere, as it is 
deposited simultaneously with selenium and is not completely removed from 
the electrode loop during atomization, 
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Determination of Selenium in Biological Samples 
by Electrochemical Preconcentration 
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Selcnucstiniinung in biologischen Probcn 
diirch clcktrochcmische Anrcicberung 
und Atomabsorptionsspektromerrie 
Zusuinmenfassung. Die Proben wcrden mit HNCVH^O.*/ 
V/^ddcrHNOj/HCIOiaufgcschfosseniSewirdelektroJy-
iKcli aui' einem Platindraht niedergeschlagen und durch 
AAS mit glcichzeitiger elektrothermischer utid Flammen-
Aioinisierung besiimmt. Ergebnisse werden milgeteilt fur 
die Analyse von Standardrefcrenzmateriaiien {..Bovine Li
ver'' unci ..Albacore Tuna", 1 - 3 ± 0.2 ppm Se). 

Summary. For the determination of selenium in biological 
materials the samples are digested with an HNO3/H2SO4/ 
V : O s or an HNO3/HCIO4 mixture. Selenium is then 
I'k'L'iroly/cd onto a platinum wire, followed by atomic 
absorption spectrometry with simultaneous electrothermal 
and flame alomization. Results for the reference materials 
liovine Liver and Albacore Tuna are reported {1 — 
i f 0.2 ppm Sc). 

Introduction 

l-'lcctriK-iiemiciil prcconccntration can advantageously be 
used in combination with atomic absorption spectrometry, 
to overcome various matrix interferences. Thus, this tech
nique was recently used for the determination of selenium 
m kvl1mc.1l sulphuric acid [6], and in a nickel alloy [2]. 

7 fie >ipplieaiion of electrochemical methods to biological 
dimples normally requires that the sample be completely 
digested. I his is particularly true for stripping voltammetry. 
where interfering peaks may otherwise be observed [8]. How
es cr, such effects should be less critical when electrochemical 
pK'C(iiH-cnii;tiion is used in combination with atomic 
absorption spectrometry. 

In tins paper two different digestion procedures were 
•.iiidicd 11 is shown that both procedures give accurate rc-
\uhs tor (he biological reference materials Bovine Liver and 
Albacore Tuna, when the samples arc analyzed by the 
elccTrnefictmcal preconcentration - atomic absorption 
technique 

Ollprmt rffwsix lo: R. Bye 

Experimental 

Apparatus. The equipment consisted of a Perkin-Elmer 300 
atomic absorption spectrometer with a three-slot burner, an 
clectrodeless selenium discharge lamp and a Watanabc X-Y 
recorder. A home-made potcntiostat was used for con-
trolled-potcntial deposition of selenium onto a spiral-wound 
platinum wire. An argon-hydrogen flame was used for 
atomization, wiih simultaneous electrical heating of the 
wire, which was mounted in a Delves Cup holder. Details of 
the equipment are given elsewhere [5]. 

Measurements. Selenium was deposited on the platinum wire 
by electroly/zing a 20 ml aliquot with constant stirring for 
3 min. at a deposition potential of -0 .5 V vs. Ag/AgCI. The 
wire was rinsed with water and acetone» placed in the Delves 
Cup holder, and moved into the argon-hydrogen flame, 
below (he hole in the quartz tube. The atomic absorption 
signal at 196.0 nm was recorded as the electrothermal 
heating of the wire was triggered [5\. For quantitation the 
method of standard addition was used. The Se(IV) standard 
solution was prepared fron. sclenaus acid. 

Digestion with tf/v0a/tfzS0,,/K2Os. 2.5 g of dry material 
was transferred into a 250 ml beaker and 100 ml of 1 + 1 
mixture of nitric and sulphuric acid with 0.1% of vanadium 
pentoxide was added. The beaker, covered with a watch 
glass, was heated for about 1 h on a boiling water bath, 
and then fori -2 hona hot-plate at maximum 125"C, unlil 
the digestion was complete, as indicated by a colour change 
from brown to bright green. The watch glass was rinsed 
with water, and the solution was transferred into a 500 ml 
volumetric flask and diluted to volume with water. 

Digestion with HN0}/HCi04. 1.0 g of dry material was 
transferred into a 100 ml beaker, and 10 ml of a 3 + 2 
mixture of nitric and perchloric acid was added. The beaker, 
covered with a watch glass, was placed on a cold water bath, 
which was heated slowly until boiling. After 1 h al 100 C. 
the beaker was heated on a hot-plate at i20"C for J — 1 h. 
and then ai 160 C for J - I h, until the solution (ca. 5 ml) 
was almost colourless. The watch glass was rinsed with 5 ml 
of water, 10 ml of 6 M hydrochloric acid was added, and 
the solution was heated to 100'C. The solution was finally 
transferred into a 500 ml volumetric flask and diluted to 
volume with water. 

l-'mtniui Z Ami Cfxtn 114*» 321:4IH -4M 
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Nesults and Discussion 

I In- acid digestion of biological materials may lead to serious 
losses of selenium [3|. Normalty. oxidizing conditions should 
he maintained throughout the digestion, lo prevent the 
loiiiiiilinii of volatile selenium hydride. However, if a very 
strong oxidizing agent, such as perchloric acid, is used, 
selenium may he oxidized to the liexavalenl state. The ele
ment is then rendered unaccessible to further analysis by 
mosi techniques unless a subsequent reduction to the 
leiravaleui state, by for instance hydrochloric acid, is in-
i induced. 

In this work two different digestion procedures were 
im-csiigated. The procedure, which involved the use of a 
1 i I mivuirc of nitric and sulphuric acid with 0.1% of 
vanadium pcntoxidc, represented moderately oxidizing 
condition-;. A similar procedure, which also included 
liuirnjien peroxide, was used by Egaas and Julshamn [4]. 
We found, however, that the hydrogen peroxide could be 
omit led from the digestion procedure. 

The temperature was kept below 125"C. but a relatively 
larjie excess of the acids and a long digestion time was used 
to ensure ;i complete destruction of the organic material. 
Apart from its catalytic effect the vanadium pentoxide also 
functions* as an indicator for the completeness of the diges
tion. The sudden colour change from brown to green is 
probably due to the reduction of vanadium(V) to vana-
diinnfftn. The digestion procedure was used successfully 
lor i he decomposition of bovine liver, tuna fish, and also 
m.ickcrvi powder with about 7% offal. 

The procedure which employed a 3 + 2 mixture of nitric 
and perchloric acid represented wore powerful oxidizing 
cnnditions. A subsequent treatment with hydrochloric acid 
«as «.fed lo raluce any selenium(VI) to sclcnium(IV) |1], 
because sclenium(VI) is not electrochcmically reducible. The 
need for including this reduction step was demonstrated in 
experiments, which showed that much smaller (60%)atomic 
.-ibsorpiioi] signals were obtained, when the treatment with 
hulrochloiie acid was omitted (hydrochloric acid was, 
hmwver. added to the solution before electrolysis, to ensure 
identical conditions during thi< step). The HNO3/HCIO4/ 
MCI procedure worked well Tor both bovine liver and tuna 
fish However, from a safety point of view the use of 
perchloric acid is a disadvantage. 

lor i he electrochemical prcconccn Ira lion step, the depo-
siiioii potential is a critical parameter. When Ihc height 
ol the selenium signal was recorded as a function of the 

Tabic I. Determination of selenium in biological materials from 
National Bureau of Standards 

Bovine liver Albacorc Tuna 
SRM 1577 RM50 

Reference value 
( p p m ± l s > 1.1+0.1 3.39-4.01» 

HNOj /H 2 S0 4 / 

( p p m + l s ) t .Oif l . l ,1.2 ±0.2 
HNOj/HCIO* 

(ppm+ Is ) 1.2±0.2 2.9 ±0 .3 

" Range of four reported values 

deposition potential, a maximum peak height was obtained 
a( ca. —0.5 V vs. Ag/AgCl for both digestion procedures. 
Lower signals were obtained al more negative potentials in 
presence of chloride, because of the interference from 
chlorine [7]. Mo deposition occurred at positive potentials. 

The results of the analysis of the two NBS materials. 
Bovine Liver and Albacorc Tuna, are given in Table 1. Bov
ine Liver, as a Standard Reference Material, has certified 
value for selenium, whereas the Albacore Tuna is a Research 
Maleria], with only four reported values for selenium. 

For each determination at least triplicate digestions were 
carried out, and each final solution was analyzed in 
triplicate, before and after the addition of two different 
volumes of standard. 

The results obtained for the Bovine Liver agree well with 
the certified value, whereas the results for the Albacore Tuna 
are slightly lower than those reported previously. From the 
Tabic it can be seen that there is a good agreement between 
the results obtained with the two digestion procedures. 
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SUMMARY 

Electrochemical preconcentration on a platinum filament, followed by atomixation in 
en argon—hydrogen flame with simultaneous electrothermal heating of the filament, U 
used for the determination of selenium in technical sulphuric acid. The effect of expert' 
mental parameters «idt as acid concentration, deposition potential and temperature are 
described, and the speciation of selenium m sulphuric acid ia discuued. The'technical 
acids were found to contain selenium in the range 30—60 jtg 1"'. 

Sulphuric acid is one of the most widely used industrial chemicals, and the 
trace element content of this acid is therefore of interest in many different 
contexts. The concentration of selenium in sulphuric acid is of special interest 
because the acid is used in the production of fertilizers. From an agricultural 
point of view, both high and low concentrations of selenium should be avoided, 
as the former may have toxic effects and the latter may cause deficiency 
diseases. 

There are few reports on the determination of selenium in sulphuric acid. 
Barcza and Sommer [1] have suggested the use of spectrophotometry with 
3,3'-diaminobenzidine in this analysis, after distillation of selenium tetra-
bromide in a microdistillation apparatus and extraction of the formed piaz-
selenol into toluene. Shimoishi and Tfiei [2] have used gas chromatography 
with electron-capture detection, after treatment with a redox buffer and 
subsequent extraction of 5-nitropiazselenol into toluene. 

Selenium in concentrated sulphuric acid is not easily determined by atomic 
absorption spectrometry. The concentration of thiselement is normally below 
the detection limit of flame atomization, and the high concentration of sul
phate prevents the use of graphite-furnace atomization in this analysis [3] . 
The latter fact was also confirmed in this work. The use of the hydride 
generation technique was also attempted, but serious interferences were 
observed [4]. 

In this work, electrochemical preconcentration on a platinum filament, 
followed by atomization in an argon—hydrogen flame with simultaneous 
electrothermal heating of the filament, is used for the determination of 

0003—2670/81/0000-OOQQ/$02.50 © 1981 Elsevior Scientific Publishing Company 
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selenium in technical sulphuric acid. The technique, which Is described in 
detail in a previous paper [5] , has a very low detection limit for selenium, 
and in addition most chemical interferences are eliminated. Furthermore, the 
technique does not require the addition of chemical reagents. 

EXPERIMENTAL 

Apparatus 
A Perkin-Elmer 303 atomic absorption spectrometer was used, with a 

Perkin-Elmer 169 recorder, an electrodeless discharge lamp and a three-Blot 
burner head. For atomization, an argon—hydrogen flame was used, with flow 
rates of 11 and 2.41 muT* of argon and hydrogen, respectively. 

A quartz tube with inner diameter 12 mm, length 100 mm and a circular 
hole midway along the wall, was placed in the optical path, with the central 
aids 27.5 mm above the burner head. The tube rested on nickel supports. 

The filament electrode was made from a spiral-wound platinum wire; 
details of the design are given elsewhere [5] . It was mounted In a bolder 
similar to that used for the Delves Cup technique. The filament was heated 
electrically; a transformer and a Variac were connected to the filament elec
trode via a microswitch, which allowed the current to pass only when the 
filament was correctly positioned in the flame just below the hole in the 
quartz tube [5]. 

Selenium was deposited on the filament by controUed-potential electrolysis 
using a home-made potentiostat.ThefiUunentaerved as the working electrode, 
an Ag/AgCl/sat. KC1 electrode (Metrohm EA427) with an additional salt* 
bridge filled with 0.09 M H3SG4 was used as the reference electrode, and the 
counter electrode was a platinum coil. The electrolysis cell (Metrohm EA&B0, 
20 ml) was equipped with a thermostatted jacket, through which water at 
50° C circulated. The solution was stirred with a constant-rate (500 rpm) 
magnetic stirrer during the electrolysis. 

When the electrolysis current exceeded the maximum output of the 
potentiostat, a two-electrode circuit was used, which incorporated the fila
ment electrode, the counter electrode and a d.c. power supply with adjustable 
output. The potential of the filament electrode was measured against an 
Ag/AgCl reference electrode, with a high-impedance voltmeter. 

Samples and solutions 
The technical sulphuric acid was obtained from the Norwegian manu

facturer, Borregaard Industries Limited. Sulphuric acids of analytical-grade 
were obtained from Merck, Baker and Fluka, whereas acid of Suprapur 
quality was obtained from Merck. 

Standard solutions of selenium(IV) were prepared from analytical-grade 
selenous acid. A solution containing the Se 8

a + ion was prepared by dissolving 
25 mg of elemental selenium (Merck) in 1 1 of concentrated sulphuric acid 
[6]. The solution was heated to 50—60*0, to speed up the dissolution process. 
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Further dilutions with concentrated acid were carried out to obtain a final 
solution with 25 jig Se V. 

The water used was purified by a Millipore Milli-Q system. 

Procedure 
Dilute the sulphuric acid with water in the proportion 1 + 4. Transfer a 

25-ml aliquot to the thermostatted cell and allow the temperature to reach 
50°C before electrolysing with efficient stirring for S min at —0.8 V vs. 
Ag/ AgCl. Remove the filament electrode from the cell, and rinse it with water 
and acetone before disconnecting the electrical circuit. Adjust the flow rates 
of the flame gases to 11 1 min'1 of argon and 2.4 1 min'1 of hydrogen, and 
ignite the Same. Let the filament dry for 30 s above the flame, ca. 10 cm 
above the burner (temperature 70—80°C). Place the filament electrode in the 
holder, and connect it to the transformer. Move the filament into its pie-
adjusted position in the flame, directly below the hole in the absorption tube, 
and record the atomic absorption signal at 196.1 no, as the microswitch 
triggers the electrothermal heating of the filament. The heating power to the 
filament should be as high as possible, without risking that the filament melts. 
In this work the power used was 41.2 W (4.06 V, 10.18 A). To new aliquots, 
add different volumes (10—50 jul) of a standard solution of seleniura(IV) and 
finally calculate the concentration of selenium by the method of standard 
additions. 

ItESULTS AND DISCUSSION 

Effect of acid concentration 
Preliminary experiments showed that the sulphuric acids contained very 

low concentrations of selenium. With a 1:100 dilution the concentration of 
selenium was found to be below the detection limit of the method, unless an 
unreasonably long electrolysis time was used for preconcentrating the element. 
However, no deposition of selenium occurred in concentrated sulphuric acid, 
hence some dilution of the acid was needed. The deposition of selenium proved 
to be a function of the concentration of the sulphuric acid. The effect is 
illustrated in Table 1, where the peak height of the atomic absorption signal 
is shown for different concentrations of the acid. All solutions were spiked 
with selenium(IV) (15 ug I"'). The acid used was of Suprapur quality to avoid 
variations in the blank values of selenium. Prom Table 1 it can be seen that 
no atomic absorption signal is obtained in the concentrated acid, and that 
eventually the signal reaches a maximum value for the 1.6 M acid (1 + 9 
dilution). For the analysis of technical sulphuric acid, a five-fold dilution 
(3.6 M acid) was normally preferred. A greater dilution was avoided, as this 
would result in correspondingly low selenium concentrations. Apart from 
the dilution, no reagents were added to the sample prior to the analysis. 

The variation in peak height with acid concentration reflects a change in 
the rate of deposition of selenium during the preconcentration. The fact that 
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TABLE 1 

Variation in peak height with add concentration for a Gx«d concentration (15 pg I -') of 
selenium 

Dilution Acid cone. Abaorbanca Dilution Acid cone. Abtorbanct 
H j S O , + H , 0 ( m o l l 1 ) H , a O . + H , 0 (mo l l" ) 

Cone, acid 17.8 0 1 + 4 3.6 0.126 
4 + 1 14.2 0.029 1 + 9 1.8 0.13S 
3 + 2 10.7 0.063 1 + 24 0.7 0.089 
2 + 3 7.1 0.076 

selenium is not deposited on the filament electrode in concentrated sulphuric 
acid is probably explained by an inhibition of the charge-transfer reaction at 
the platinum electrode. A similar effect is apparently not observed at a 
mercury electrode [7] . 

The change in the deposition rate may to a certain extent also depend on 
the rate of mass transport to the electrode surface. Here two experimental 
parameters are of particular interest; namely the viscosity of the solution and 
the evolution of hydrogen gas at the filament surface. The concentrated acid 
has a very high viscosity, which limits muss transport in this medium. The 
evolution of hydrogen gas, which increases the mass transport rate because 
of the ''stirring" effect, was insignificant in the concentrated acid, but 
reached a maximum for the 3.6 M acid. 

Effect of deposition potential and time 
The variation in the atomic absorption signal with the deposition potential 

is shown in Fig. 1 for two concentrations of the acid. As cart be seen from 
the curves, the deposition of selenium starts at +0.6 V in 0.09 M acid, and at 
—02. V in 3.6 M acid. The difference in reduction potential between the 

POTENTIAL [Vv«4g/dgCff T0*PSUIUHE IC*) 

Fig. 1. Variation in peak height with deposition potential: (A) 0.09 M H,aO».20**«Se(IV) 
r ' ; (B) 3.6 M H,SO„ 6.8 /jgSeflV) ]"'. 

Fifl. 2.Variation in peak height with temperature for 6.8 US Se(IV) l'1 in 3.6 M H,SO,. 



41 

two curves is thus 0.8 V, which again indicates that the reduction of selenium 
is inhibited at a platinum electrode in strong sulphuiic acid. A similarly marked 
shift in the reduction potential with the acid concentration was not observed 
for the polarographic reduction of selenium(IV) [8], which illustrates that 
the reaction depends strongly on the electrode material. 

In this work selenium was normally deposited at —0.3 V vs. Ag/AgCI/sat. 
KCi. A vigorous evolution of hydrogen gas occurred at this potential, and the 
corresponding high electrolysis current (above 2 A) almost exceeded the 
capability of the potentiostat. Therefore the use of a simple two-electrode 
circuit for the preconcentration step was investigated. A d.c. power supply 
with adjustable output was found to serve the purpose well. The power 
supply was regulated so that tile potential of the filament was —0.8 V. 
This potential was measured against an Ag/AgCl reference electrode by a 
high-impedance voltmeter. The potential between the filament and the 
counter electrode was then ca. 4.0 V. The accuracy and precision obtained 
with the two-electrode circuit, which could tolerate high currents, were 
the same as those obtained with the potentiostat. The current remained 
nearly constant during the electrolysis. 

A 5-min electrolysis time was mostly used in this work. Within this time, 
the depletion of the solution was insignificant, hence the separation was 
virtually non-destructive. The amount deposited and consequently the 
sensitivity of the method increased linearly with the deposition time. 

Effect of temperature on deposition rate 
The deposition rate was found to increase markedly with temperature, 

particularly in the lower temperature region, from 20 to 40° C, as illustrated 
in Fig. 2. The slope of the curve at 20°C was five times that of the linear 
region above 40° C. The temperature coefficient at 20° C was 12% deg"1. The 
value, which was calculated from the expression (lOQ&AfA )/A T, where A is 
absorbance and T is temperature, is significantly higher than that normally 
found for simple inorganic ions in aqueous solution. There seems to be no 
simple explanation for the marked increase in the deposition rate at lower 
temperatures. However, the improvement in sensitivity was turned to account 
by employing a temperature of 50* C for the electrolytic preconcentration 
step. Higher temperatures were avoided for practical reasons. 

Speciatiort of selenium 
Normally, selenium exists in the tetravalent oxidation state in aqueous 

solutions. However, Borr et ai. [6] found that when elemental selenium is 
dissolved in concentrated sulphuric acid the polyatomic cation Ses

2*, with 
a green colour, is formed. The ion may be further oxidized to Se4

1*, which 
has a yellow colour. A solution containing the 5e« I + ion was prepared by 
dissolving selenium metal in the concentrated acid. The atomic absorption 
signal obtained for this solution (after dilution to 3.6 M acid) was then 
compared with the signal found for a corresponding solution where selenium 
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had been added as selenium(lV) ions. Identical peak heights were obtained 
for the two solutions, indicating that the method described in this work will 
give correct results whether selenium is present as selenium(IV) or in a lower 
oxidation state. 

However, if selenium were present as selenium(VI), it would not be 
deposited in the preconcentration step. Although the presence of selenium-
(VI) in sulphuric acid is unlikely, an aliquot of the acid was treated with 
hydrochloric acid, which would reduce any Se(VI) to Se(IV), and the atomic 
absorption signal was then recorded in the usual way. No increase in signal 
was obtained after this treatment, indicating the absence of selenium(Vl) in 
the acid. 

Analysis of different acids 
Acids of both technical and analytical grade were analyzed for selenium. 

The results, which are given in Table 2, were obtained by using the method 
of standard additions. For converting the results from wg 1~' to fig kg - 1, the 
value 1.83 kg l - 1 was used for the acid density. The samples were analyzed in 
triplicate both before and after each standard addition. Separate atiquott 
were taken for each determination. A linear relationship between concentra
tion and atomic absorption signal was ascertained by adding increasing 
amounts of standard. The relative standard deviation of 20 measurements, 
incorporating four different concentrations of the standard, was found to be 
5.4%. 

As can be seen from Table 2, all acids contained very low concentrations 
of selenium. The reagent-grade acids contained less than 2.5 pg l"1; this value 
represents the detection limit of the method, when a five-fold dilution and a 
5-min electrolysis are used. The results are significantly lower than those of 
Shimoishi and TSei [2] , which were within the range 13—94 jig kg"1. 

The values for the technical acids are also much lower than expected, a 
fact which is probably explained by a low content of selenium in the pyrite 
used in the production process. Attempts were made to obtain results for the 
technical acids by other techniques. Unfortunately, neutron activation 
analysis could not be used because of the risk involved in irradiating corro
sive acids, and the atomic absorption procedure with hydride generation 
also proved unsuccessful, because of interference effects [4]. 

TABLE 2 

Results for selenium in different sulphuric acida 

Type of acid Diluted acid (1 + 4) Concentrated acid 
(jigl* 1) Ut l ' 1 ) tøgkg*') 

Technical quality, batch I* 6.82 34.1 18.6 
Technical quality, batch 2" 11.4 57.0 31.1 
Analytical-grade'* <0 .5 <2.5 <1.4 

'Borregaard Industriel Limited. Sarpaborg, Norway. b Merck , Baker and Fluka. 



41 

REFERENCES 

1 L. Bareza and L. Sommar. Fraaanhu Z. Anal. Cham., 192 (1963) 304. 
2 Y. Shimolahl and K. Toai, Tahurta, 17 (1970) 166. 
3 O. C. Kunaalman and E. A. Huff, At. Abanrpt. NavaL, 16 (1976) 29. 
4 R. Bya, B. Hoton and W. Lund, hi praparation. 
6 B. Holan, R. Bya and W. Lund, Anal. Chlm. Acta, 130 (1981) 267. 
6 J. Ban-, R. J. OlUatpla, R. Kapoor and K. C. Malhotra. Can. J. Cham., 46 (1966) 149. 
7 E. I. Patuuakaa, I. V. JanltakI) and B. P. Rtnkjaritajana. Tr. Akad. Nauk. Bit. SSR, Sar. 

B. 3 (1966) 66. 
8 O. D. Cltrirtun, E. C. KnoblMk and W. C. Purdy, Anal. Cham., 36 (1963) 1128. 



i All nghls [«served 
0OWI14OW $100+000 

Copyright f I9S3 Pcrgamon Pre» Lid 

CRITICAL EXAMINATION OF SOME COMMON 
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In an attempt to resolve apparently conflicting statements in the literature, a study has been 
made of (he admit of various roiucUinis on selenium! VI) and selenium! IV). Chloride in hot non-oxidizing 
acid medium «ill reduce ScfVIl »> Se|IV) bul not further. Sulphur dioxide u>il] reduce Sc|IV) to Se. but 
has. noelTeei on SetVI), Jhdrjzinium salts reduce both ScfVIl mul Sc! J VI toSc, bul hydroxylammonium 
salts reduce only Set IV) to Se Hydrogen peroxide partially reduces Sc(VI) to Sc(IV| hut not further. If 
chloride is also present |m reduce Sc( VI) in Sc(IV)), sulphur dioxide or hydroxylammnmum salts c.m then 
reduce the Se(IV) to Se. and this combined effect has led to some confusion in interpretation or 
experimental observations. 

There is an increasing interest in determination of 
selenium in both organic and inorganic materials. 
The instrumental techniques usually employed have 
recently heen reviewed.' The techniques are often 
very different, with respect holh to Ihc analytical 
reactions and the physical principles oT the measuring 
process, but usually have in common the demand that 
the selenium should be in one particular oxidation 
state. 

The oxidation nutnhers for selenium arc - If, O. 
» IV and t VI Most techniques (but not all) require 

that the sample ts brought into solution for analysis. 
This is usually achieved with oxidants, rcsulling in 
selenium(IV) or selcnium(VI). or a mixture of the 
two. For a few techniques elemental selenium is 
preferable or necessary, for instance for gravimetric 
and some X-ray and nculron-aclivation methods, hut 
lor mosi instrumental techniques selcnium(IV) is 
required. Hence, after decomposition of the sample 
under conditions resulting m Ihe presence or sele-
imirrrfY'fr. u reduction Kill be necessary. 

The choice of reduclnnt is important and depends 
on I he tmliiil and linal oxidation suites obtaining in 
Ihe system. The most frequenity used rcductants for 
production of selenium! IVI or elemental selenium arc 
chloride, hydra/imum and hydroxylammonium 
compounds, sulphur dioxide and Imtrogen peroxide. 
Sodium horohydride is used exclusively for produc
ing selenium) -- III and is not considered here, In Ihe 
literature there seems to e\iM some confusion as lo 
the cllect \-<\' llic various reduclanis, in terms of the 
initial .tnd linal oxidation states of the selenium 
Moreover, ihe composiiion of the reaction medium is 
not always considered uhen the reducing properly of 
a rediivlanl is deduced Thus the presence of other 
reducing species in Ihe solution e.m easily lead lo 
erroneous conclusions concerning the elTcct of ihe 

reductant under lest. For instance, in a recent paper 
it is claimed that sulphur dioxide generated from in 
situ decomposition of dimethyl sulphite reduces scle-
niumfVI) lo the clement, and that this would nol be 
possible if sulphur dioxide gas were used. r However, 
Ihe experiment were done with fairly concentrated 
hydrochloric acid media, and in such solutions ele
mental selenium will always he obtained by use of 
sulphur dioxide, no matter how it is gcneraled, 
because the hydrochloric acid will reduce the Se(Vt) 
to Se(IV). uhich is Ihen reduced hy ihc sulphur 
dioxide. This is confirmed in the present work. In 
another work, chloride ions arc claimed lo reduce 
selcnium(VI) to the clemenl on prolonged boiling in 
hydrochloric acid.' This statement will be discussed 
taler in this paper. 

Quotations of results from oilier works can some
times cause confusion, usually because they are in
complete. For example, il was implied in a review' 
lhat sulphur dioxide has been found capable of 
mincing selenium*VI) Jo selenium!IV) but this ap
parent contradiction of ihc known facts arose simply 
hecause the reviewers failed to mention thai Ihe work 
cited was done with solutions containing hy-
dra?inmm ions and hydrochloric acid."1 hoth capable 
nT reducing selenium! VI j to setciiium(tV). which is 
reducible to selenium hv sulphur dioiido. 

The oxidation reduction properties of hydrogen 
peroxide when reacting with selenium species may 
also seem someuh.it contradictory, as this reagent 
h;is oficn been used Tor reducing sclenium(VI) to 
selcmumllV). but the opposite process has also been 
claimed to occur.'" It seems remarkable that both 
processes should be possihle. and reasons loi this will 
he discussed below. 

The present work is hence a discussion of the 
oxtdahon reduction properties of some common re-

http://someuh.it


ANNOTATIONS 

Ex pc ri mc i) I 

Sel VI) 
Sel VI) 
Sel VI) 
Stf VI) 
Sel V| j 
SelVI) 
Sel VI) 
Se( V|) 
Sel V|) 
Sel Vi) 
Se( VI) 
Sel IV) 
Sel VI) 
ScIIV) 
Sel VI) 
Se(IV)-
Se(IV) 

Reaction mixture 
•H.SO,+ N.H,,ILO 
. H ,S0 4 4 -N . I I „ 2 I i a 
4-HCI + N,H J.FI,0 

+ ua + N,n,.2ita 
+ H.SO, + {NM,OH),.II!S04 

+ H.SO,+ NH,OH HCl 
HCI + |NH,OH),.H,SO, 

. HCI f NH,ba isa 
+ H,SO,-*-S6, 
+ HCI +• SO. 
+ H.SO, + MgCI, + SO. 

5c(V||(50;S0)+ 11 ̂ O j + SO, 
-H.SO,+ H I 0 , f + SO,i 
H.SO. + 11,0,1+ SO,) 

•HwSO,( + sb,) 
H.SO, (+ SO,) 
HJiQ, 4- H;Q;)c»ld soluiton) 

Recovery, % 

ductanls Tor selenium species: chloride, hydrazinium 
compounds, hytfroxy/ammontum compounds, sul
phur dioxide and hydrogen peroxide. The reducing 
effects of these compounds on sclenium(VI) and (IV) 
in varfous acidic media have been examined, and the 
results arc discussed in view of the thermodynamic 
constants for the reacting compounds. 

EXPERIMENTAL 

Rcaiteni\ 
Sr(\'t\ ntflulum, 2 /• I. Sodium sclcnatc (4.78ft g| was 

dissolved in water arid the solulion diluted to 1000 ml. 
.5WiVt sntuftm. I g./. Sctenious acid (3.2f>7g) was dis

solved in water and the solution diluted to 1000 ml. 
Hydrazimum chloride \uluihm. \M. N ; H 4 2MCI |!0.5g) 

was dissolved in waicr and J be solution diluted to 100 ml. 
Hydrazmiwu hvdrate utluium. I A/. N d I j H ? 0 (10fl"„, 

dwitv I.».' g m | , 4.X5 mi] W ! K joined io 100 ml with water 
Hydro \\/uim>ummm thhinUe wlulum, 2M. NH.OH IICI 

(l.V)gl was dissolved in water and the solution diluted lo 
100 ml 

Ihdroxylammomum sulphate wluiinn. \M 
<mUniU HSOt 06.4 gl w«s thss(il*«r m wafer and the 
solution diluted lo 100 ml 

Hydrogen pemxtdf, 30',,. "pro analysi". 
Sulphur dii'Milf Anhydrous gav 

Procedure* 

t:\penmean I 8 To HO Oml of Sc(V|) solution 
( = ftKImg of Set Wmf or llM hydmcMoriv ami or .l.'ml 
or 1K.1/ sulphuric acid and 20 ml of hydra/mium or liv-
droxvlammonium solulion were added. The solution was 
diluted 1» J50mJ wiib water and die beaker healed on a 
boiling water-hath tor 2 hr Thereafter the precipitated 
elementa! selenium was filtered off on a pnrmity.4 sintered-
glast crucible and washed mill water and elhanol After 
dr>ing at I In for 2 hr ihc crucible was cooled and weighed. 

h.\perimeni<. <J and 10 As fnr experiments 2 and 3 
rcspeclivcly, but Ihc reduction solution was replaced by 
2f> ml of water and sulphur thiisidc «vis passed ihriwgh the 
solution for 2hr. at room lemperaiure The mixture was 
then heated for I'min on :i boiling walcr bath, and the 
selenium collccied. en . .n before 

(Yi/icrinirnr II A* for experiment **. hul Ml g of 
MgC I. ftlt.O was added aficr Ihc sulphuric a cut 

r.xprnmettt 12 As for experiment 1. but with HH>mg of 
SefV'li l<» N.i.ScO.) ,.s well .is ihe ll«mg of SrtlVf (,ts 
H.SrlM 

r^iprnmcm Mum/ 14 To ,i loluliim of IWtng ofSc(tV) 
(I If or SW V(H 14) in It) ml nl U.IIIT. M ml of 1H 1/ sulphuric 

acid were added and the beaker was covered with a watch-
glass and heated to 180 on a hot-plate. Then 20ml or 30"/;, 
hydrogen peroxide were added dropwise. with stirring of the 
solution. After cooling, the solution was diluted to ISO ml 
with water, and sulphur dioxide was passed through the 
solution for 2hr. The selenium was collected and weighed 
as before. 

Experiments 15 and 16. As for 13 and 14, but hydrogen 
peroxide was not added. 

Experiment 17. Se(lV) 1100 mg) was dissolved in 33 ml of 
ISA/ sulphuric acid, and 10 ml of 30°£ hydrogen peroxide 
were added carefully, with cooling of the solulion. The 
mixture was left for 3hr at room temperature, and any 
producl collected as before. 

The results of experiment 1-17 (means or Ihree 
replicates) arc shown in Table I. 

[ o r the discussion the standard electrode poten
tials shown in TaWe 2 will be considered. 

fly lira zitiium ctunpo unds 

Solutions of iiydrunnium sails reduce Se(VI) and 
ScflV) quamitalivcly to Se in agreement with the £ 
value": for (I). f."i) and (6) and with ihc experimental 
evidence from many earlier works. The presence or 
ahsence of chloride is of no importance. 

Hydro wlammnrtiw» compmmtk 

It seems reasonable to conclude that the hy-
drmyhimmnnmm mndoci not itself reduce Se( VI) to 

Rcavliml h . v No 

S. * SJ|' -å.- ,-'K.l\: 02\ ( l i 
S.O-» H . O * 4 H ' * 4 , r*>?NH.OH nns t3) 

n. • 2r , - :n 1 IS (M 
S<>i ^ 4 H * >-2r s-H.Sf>, * 11.(1 n I T C4i 
ScO; * J H - 4 ? , f - H 7 b f ) , l. 1I.O l is (^t 
rf.ScO, * 4 H ' + * - . -Se * iJ I . i l 0 74 If.) 
[) * : H ' * .V t * H O . OhH o> 
i i , i ) . . : i r . > . - i i i . i ) 1 7T IN) 
O. . . ' H 1 . 2r - -1I .O 1 2t (9) 

file:///uluihm
file://t:/penmean
http://iJI.il
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Se(IV) or Se to any great extent. The results show 
thai the degree of" reduction of Se(Vl) increases with 
increasing concern ration of chloride. It must there
fore be concluded that the chloride reduces Se(VI) to 
Se(iV|. which is (lien reduced to Se by the hy
droxy lammoniuni ion. In view of the E value Tor 
reaction (2) the failure of hydroxylamine to reduce 
Se(VI) is difficult to understand. Hydroxylamine re
actions are often slow, however, and Latimer' has 
pointed out that hahdes seem to given faster reduc
tion of selenale than other reduclanls do. It is also 
known that a mismatch of the electron requirements 
of the oxidant and reductant half-reaclions can create 
mechanistic problems that alFcct the reaction kinetics. 

Sulphur dioxide ami chloride 

Theoretically SO. should reduce holh Sc(VI) and 
ScllV) to Se. However, it is generally accepted that 
Sel V'f) is not reduced by SO;.**'' (hough the contrary 
has been slated,'' Likewise, it is well known that 
chloride is able lo reduce Sc(VI) to Sc(IV). This is, 
however, not evident from (he £ values. Combina
tion of reactions (3) and (5) gives: 

H : SeO, + H.O + C l . ^ S e O ; + 4 H * + 2CI (10) 

K,„ ^ 10*" 

Mc&iusc of the vcr> high concentration of* H ' and 
CI (usually above ftM) and the very low concen
tration of CI., the reaction will be forced to the left. 

As Se(JV) is easily reduced to Se by SO ? . it should 
theoretically be possible lo obtain 10fl"n reduction of 
a mixture of Sc(Vfl and Sc(IVj to Se with SO ; . 
hecnuse the Sc iirst formed from the reduction of 
Se(IV) should be capable of reducing Se(VI) to 
SeflV'l. according to a combination of reactions (5) 
and (ft): 

Se + 2SeO; + H - I H - 4H ;e3H.SeO, {III 

A'N = 10-" 

However, experiment 12 revealed that this reaction is 
not feasible, as only about 50",, recovery was ob
tained, iudicamig thai onh SeflV) was reduced. 

It has also been claimed lhal chloride enn reduce 
ScilV) to Sc on prolonged boding with hydrochloric 
acid ' if this were possible, ihe following reaction, 
which is a combination of reactions (3) and (6). 
should he displaced lo the icft: 

Se + 3H,0 + 2Cl.^4CI + H.SeO, + 4 H ' (12) 

rV„= I04-' 

Hom a thermodynamic point of view- it is very 
dilliculi to understand how this could be possible. 
{ nss of selenium from a solution of boiling concen
trated hydrochloric acid could perhaps be due to 
voliinli/ntion of ScllVl as ScCI4 (subf, (70 196 I or 
*WW(, fbp. PA ) 

Ml this seems lo confirm ihe old fact that SO : 

reduces Se(IV) to Se and that Sc(VI) is not reduced, 
However, if chloride ions are present in the acidic 
solution, these will reduce Se(VI) to Se(IV). Thus the 
sum of Sc(VI) and Se{IV| can be determined. It 
should be noted that the chloride ions need not 
originate from hydrochloric acid, as might sometimes 
be the impression obtained from older textbooks. 
This is evident from experiment 11. 

Hydrogen peroxide 

Experiments 13 and 14 show that Sc(VI) is partly 
reduced by H 2 0 ; . Reactions (7) and (8) illustrate the 
dual redox properties of H ? 0 , . i.e., that it can act 
both as a reductant and an oxidant. Combination or 
reactions (5) and (7) gives 

H A + SeQj + 2H * — H,ScO, + H , 0 + O, (13) 

K „ = 10'* 

and of (5) and (8): 

H,SeO, + H A ^ S c O i + H 3 0 + 2H • (14) 

K,4 = 10 : i 

Thus both (13} and (14) seem to be spontaneous 
reactions. Experiments 13 and 14 show that reaction 
(13) is favoured although K,\ < K,t. The reason is 
probably lhal Ihe high concentration of H ' will 
favour reaction IJ 3) hut force reaction (14) to the left. 

Combination of <7j and (8) gives: 

2 H A ^ 2 H . O + 0 , (15) 

K„= 10" 
This reaction can be catalysed hy many substances, 
and probably also by ScfJVt. because j n experiments 
14 and 17 evolution of oxygen was observed. There 
could be two reasons for this. One is reaction (15), 
and the other is a combination of |7) + (6) giving: 

2H;0 ; + H.ScO, ^ Sc + 3H.O + 20.. (16) 

K = 10' 

As ihis reaction is theoretically fe:> ih(e, an experi
ment was done Jo see whether it really lakes place. In 
experiment 17 the solution was not healed, so thai 
any possible oxidising effect from the hot. ertneen* 
irated sulphuric acid would be avoided. After 3 hr at 
room temperature no precipitated selenium could be 
detected. With a lower concentration of acid and a 
higher one of peroxide, the result was still always 
negative. A possihlc explanation for the evolution of 
oxygen observed in experiments 14 and 17 could 
therefore be: 

2H.O. S H l V ' : i l . O ^ O. (17) 

Experiments 15 and 16 were "blanks" for 13 and 
14, i.e, with no peroxide present, so that any possihte 
effccl of the sulphuric acid could be detected. No 
significant effects were observed. 
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Procedures Tor oxidation of seleniumfJV) lo sele-
nium(VI) by means of hydrogen peroxide have been 
published. 1 6 but these procedures utilized passage of 
oxygen through the solution, and therefore reactions 
(5) and (9) must be considered, giving: 

H.-SeO, + \Q, ^ SeOj + 2H ' (18) 

As shown, this reaction is feasible if the solution is 
nat loo acidic. In the works ciled the solutions were 
neutral, and the results claimed are reasonable. How
ever, in another paper. H.-O, alone was supposed to 
oxidize Se(IV) to Sc(VI), but this was not examined 
experimentally,'" and there is doubt whether it could 
really be so. 

Finally it should be pointed out that the E -values 
musl not be used unciitically for the H ? 0 ; equilibria, 
because these are in fact never true equilibria {on 
which the proper use of the thermodynamic constants 
is based), though Hie E -values arc useful in deducing 
which reactions can not lake place. 

The oxidation -reduction properties of hydrogen 
peroxide for reaction with selenium may be sum
marized as follows. 

1. H ; 0 , is capable of reducing Se(VI) to Sc(IV) (at 
least partly) in hot. concentrated sulphuric acid. 

3. H-Oj does not oxidize Sc(lV) lo Sc(VI) under such 
conditions. 

3. H J O J is Ihcorctically capable or reducing Sc(IV) to 
Se. but this reaction does not take place, at least 
not in sulphuric acid media. 

4. Hot. concentrated sulphuric acid docs not have 
any significant oxidation reduction effect 
Se(IV)-SelVI) system. 

CONfT.rSJONS 

When the total amount of selenium in the snlul 
is to be reduced to the clemenlal form, hydrazini 

compounds are preferred, as they reduce bolh SefJV) 
and Se(VI) irrespective of the acid used (other than 
nitric acid). If only Se(fV) is lo be reduced, sulphur 
dioxide should be used, but chloride ions must be 
absent. 

If selenium(VI) is to be reduced to seleniumf/V. it 
seems that chloride is the most reliable reductant. 
Moreover, reduction by chloride can be done in both 
sulphuric and perchloric acid media. Chloride should 
also be more convenient than hydrogen peroxide, 
because the latter will result in evolution of gas. 
which can result in loss of material by spray. 

As to the reducing effect of hydrogen peroxide on 
Se(Vl). the results seem somewhat ambiguous. In 
view of the dual oxidation-reduction properties of 
peroxide Ihis is not very surprising. Complete reduc
tion of Se{Vl) to Se(JV) by H , 0 ; could possibly be 
obtained by using other experimental conditions but, 
as mentioned above, for analytical purposes this 
reduction can most easily be achieved with chloride. 
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AN EXAMINATION OF THE HYDRIDE GENERATION-ATOMIC 
ABSORPTION SPECTROMETRY TECHNIQUE FOR THE 
DETERMINATION OF SELENIUM IN TECHNICAL SULPHURIC ACID 

RAGNAR BYE and B©UGG HOLEN 
Department of Chemistry, University of Oslo, Blindern, Oslt> 3 (Norway) 
(Received 25th June 1982) 

Summary. Luw recoveries of se!enium(IV)ar)dpd to technical sulphuric acid were obtained, 
allium eh recoveries from theSuprapur acid were satisfactory. It is assumed that this is due 
to the different reacLivity of the selenium present in the technical acid and Uii»selenium 
added as standards. 

A flame atomic absorption spectrornetric method with electrochemical pre-
concentration has recently been described for the determination of selenium 
in technical sulphuric acid [ 1 ] . It was mentioned that serious interferences 
were observed when the hydride generation technique was employed for that 
purpose. As this technique is widely used for the determination of selenium, 
it was considered of interest to study more closely the behaviour of selenium 
in technical sulphuric acid in order to decide whether or not the technique 
was applicable to this matrix. 

Experimental 
Apparatus. A Perkin-Elmer 300 atomic absorption spectrometer with an 

electrodeless discharge lamp was operated at standard conditions for selenium. 
The wavelength was 196.0 nm. Deuterium background correction was 
employed unless otherwise stated. The instrument was run in the absorbance 
mode. A Cole-Parmer strip-chart recorder was operated at 5 mV. The Perkin-
Elmer MHS-10 hydride generation system and a 10-cm single-slot burner 
were used as recommended by the manufacturer. An acetylene—air flame 
was employed. The How-rates were 3.5 and 10.5 I min' 1 , respectively. Argon 
(99.99%) was used as purging gas for the generating system. 

Reagents. The sulphuric acid used was of Suprapur quality (Merck) or of 
technical quality {Borregaard Industries, Norway). A 1 ppm sclenium(IV) 
solution was prepared by dilution of a 1000 ppm solution of selenium as 
selenous acid (pm anaiysif dissolved in dpionized waLer. A 3.0% sodium 
letrahydroborntc solution was prepared by dissolving the salt in deionized 
water containing 2% (w/v) sodium hydroxide and filtered. A sodium sulphite 
solution (2 g SOj l' 1) was prepared from 0.393 g of sodium sulphite and one 
pellet of sodium hydroxide dissolved in deionized water and diluted to 
100 ml. 

nO(J3-2ri7O/H2y0000-0O00/$O2.75«i 1982 Bfocvicr Scientific PuhHshinc Company 



Procedure. A 10-ml portion of (1 + 4) sulphuric acid was transferred to 
the reaction vessel. The standard selenium solution (and sometimes <100j t l 
of sulphur dioxide solution) were added by means of micro pipettes. The 
reaction vessel was attached to the hydride generation unit, and after 30 s 
the tetrahydroborate solution was dispensed into the solution. 

Results 
Effects of dilution of Suprapur acid. Three dilutions were made: 1 + 4, 

1 + 49 and 1 + 99. A calibration graph for selenium in each solution was 
obtained by making standard additions of selenium(IV); the plots are shown 
in Fig. 1. As expected from the viscosities of the solutions, the response 
(peak height) for selenium(IVJ increases with increasing dilution. For the 
(1 + 49) and (1 + 99) acids, the graphs are linear, but these solutions are 
too dilute for determination of the selenium content normally encountered 
in the technical acid. 

Effects of sulphur dioxide and selenium(IV) added to Suprapur acid. As 
sulphur dioxide absorbs strongly at the 196-nm selenium line [ 2 ] , the back
ground absorption was examined around this wavelength. Thus 0—200 ug 
of sulphur dioxide (in steps of 20 ug) were added to 10-ml aliquots of 
(1 + 4) Suprapur acid containing 100 ng of selenium(IV). The signals from 
selenium recorded with and without simultaneous deuterium background 
correction showed no significant difference in sensitivity or precision, but 
background correction was preferred in all further studies. 

To investigate possible chemical effects of sulphur dioxide, three solutions 
of (1 + 4) Suprapur acid were prepared: one with added selenium(IV) 
(4 jig Se P 1), one with added sulphur dioxide (8 mg S O ; l"1), and one with 
both additions. The selenium-spiked solutions therefore contained 40 ng of 
selenium in the 10-ml aliquot. Two days after preparation, the solutions 

Fig. I. EIToet of dilution oT sulphuric acid (Suprapur) on the soleniu 
(B) 1 • 40;(C)1 t 99. 
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ng ol 5B(]V) found ng ol Se(IV| i OHM 

Fig. 2. Selenium signals from 10 ml of (1 + 4) Suprapur sulphuric acid originally spiked 
with: (A) SeOV) and SO,: (B) Se(IV); (C)SO„ (D) without spiking. 

were analyzed for selenium by means of standard additions of selenium(IV). 
The results are shown in Fig. 2. The slope of the graph For the Se/SOj-spiked 
acid was almost the same as that for solutions obtained by standard addition 
of selennim(IV) to (1 + 4) Suprapur acid just be/ore measurements. The 
amount of selenium found was 42 ng whether or not sulphur dioxide was 
present. However, when sulphur dioxide was present, the graphs had a longer 
linear range. 

Determinations of selenium in technical acid. In tests of the hydride 
generation method, a (1 + 4) solution of technical acid was spiked with 
8 fig Se T'. jorresponding to AG peg l"1 in the concentrated acid in addition 
to the selenium originally present. After two days, 10-ml aliquots were 
analyzed by the standard addition method. The aliquots were found to 
contain 120 ng of selenium, corresponding Lo 20 \i% Se I"1 in the original 
concentrated technical acid. However, when unspiked (1 + 4) technical 
acid was analyzed directly by standard addition, a value corresponding to 
5.0 fig St* I"1 in thp concentrated acid was obtained. 

Another sample of technical acid was analyzed by another laboratory 
using the Perkin-Elmer MHS-20 hydride generation system, which is elec
trically heatpd. The result was 5.5 /ig l"1. 

The electrochemical—atomic absorption spectrometry technique [ 1 | was 
applied to the technical acids, with standard additions of selenium(IV). A 
value of 28.6 jig Sr I"1 in the concentrated acid was found, compared with 
the value of 5.0 ug I'1 found by hydride generation. For the acid which was 
analyzed by thi> MHS-20 system, 34.1 ̂ g l~l was found after electrochemical 
prcconcpntratinn, compared to 5.5 pg T1 with thr hydride system. 

Attempts to measure the selenium content by neutron activation and by 
spectrofluorimetry |3J were unsuccessful. 

Discussion 
It is well known that sulphur dioxide reduces srlenium(IV) quantitatively 

to elemental selenium from hydrochloric acid solutions. This has led some 
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authors to consider the selenium present in sulphuric acid to be selenium(O) 
because sulphur dioxide is always present in the technical acid [4, 5 J. How
ever, the selenium is undoubtedly dissolved in the acid, possibly as Sel* or 
Sel* [Q] or as other charged species [71 . The selenium in sulphuric acid is 
also electrochemicaUy active [ 1 , 8, 9J . The statement (5] that the selenium 
in sulphuric acid must be treated with an oxidant in order to become chemi
cally available is refuted by the present results, which clearly demonstrate 
that both chemically-active selenium and sulphur dioxide can exist simul
taneously in sulphuric acid. 

From the spiking experiments, it seems that the presence of sulphur 
dioxide is not responsible for the discrepancy in the results for the technical 
acid. On the contrary, sulphur dioxide seems to have some stabilizing effect 
on the selenium (cf. Fig. 2). The predominant species in strong sulphuric 
acid, therefore, are not known, but it is known that sulphur and selenium 
compounds may interact to form many sulphur—selenium compounds [ 7 ] . 
If equilibria exist between these selenium species, the change in equilibria 
during the rapid hydride generation may not be fast enough to conver*; the 
selenium completely to the same form as the selenium added as standards. 
The experiments with the spiked Suprapur acid indicate that the added 
selenium is not affected by sulphur dioxide, because recoveries were correct. 
Thus, compounds other than sulphur dioxide in the technical acid appear 
to be responsible for the transformation. 

When the spiked technical acid was analyzed by the electrochemical-
atomic absorption spectrometric method, the correct recovery (102%) was 
obtained. However, even if sulphur—selenium compounds were formed, the 
electrochemical technique would be expected to give more reliable results 
because the reduction time is considerably longer (5 min) than the few 
seconds available in hydride generation. A much larger fraction of the selenium 
present could therefore be transferred to the same form as the selenium 
standards added. 

It can be concluded that hydride generation is not the method of choice 
for the determination of selenium in technical sulphuric acid. 
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Determination of Selenium in Copper by Hydride Generation/Atomic Absorption 
Spectromelry after Electrolytic Removal of Copper 

Kag nu r i Syt* 

lh-i»trl'.:. :•• -<f Chvmislr\. Cnitvrsit\ <>f 'klo. fiox WXi lUindrnt. (kl<>:t. Norn ay 

Method-- for determination nl" small concentrations of 
selenium in copper hy atomic absorption spectrometry have 
(•ener.illy been beset with problems. Although it lins been 
claimed th;il FeJetHiim can be determined directly in Ihe nitric 
acid «ample «ttilutinn !iy graphite furnace atomic absorption 
spectrometry (/). most authors have (mind it necessary to 
include :t -r-parn'um step 12-5\. This has most frequently been 
done liy i "precipitation of tlio scl'mite ions, either with 
imn(III) hulroxide <2, •"') or lanthanum hydroxide (-/lor with 
arse-f tic afN-r reduction of seJenile to elemental selenium (5). 
As such, IUI-I hufls rniuirc strict control of the pH of the so
lution, mi'! filtration and a suiisetpieui dissolution of (!IP 
precipil.-m seem unattractive due to the risk of loss/contain-
iiiiiliun Kven mure important, ihe use of i ront l l l l hydroxide 
might e.t-ily leaf! 1.* erroneous results owing >« the seven1 

«pertrat interference iron* iron when a deuterium source is 
used as luckgnnnuj correction for selenium (6\ ~). 

>\~ to tin- hydride generalim:, atomic absorption fe<'ittuque, 
it in »•*>!). k w >wn that nipper is one of the most seriously in
terfering elements. Several attempts have heen made to 
minimize I his, all of them having in common that they could 
only compensate for minor amounts of copper (^..''). However, 
the ratio d copper-selenium i:i copper samples is about I I I s . 
iiud nunc " f Ihe proposed methods are able to compensate for 
Kt«H i-uiJii'i)!ratJnii.s. 

Tlie methods cited above II '-.T) arc ;ill based mi isolation 
of tin.' selenium from the sample Mihiffon. They an- iherefore 
dependei 1 on absolute, or at least a reproducible, recovery 
ol the ^••I.-ited selenium. Huwe\er. it might be that isolation 
of the In r t rfi-ring ion instead, i.e., copper, frmn the sample 
solution l> a more attractive approach, us the recovery of such 
ii process should he less critical Ur the selenium result. 

A method, based on this iden, i= presented in this paper. 
The copper is removed electrolyticsilly from the sample so
lution hv using the traditional electrogravimciric method for 
the determination of copper i'« preiem simjjllaiieous elec-
trwfepoMhon of the selenium, it is necessary to ensure com-
pleto oxid.ilinn oftetraviileut selenium to Ihe lipxnvalent slate 
prior to the electrodepositton. SctVJl is noi elect rnrhemif ally 
reducible \ln. II). After the ele-clmlvsis is terminated, the 
platinum . hctrnde is removed, and the selenium in the so
lution is reduced back to the teirmviJeiti stale with hydro
chloric acid, thus becoming available f. >r di-ti-rminatinn by the 
hydride L'neration technique. 

E X P E l t l M K N T A L SECTION 
RraffeiiCi. A I ppm selenhmMlV) solution was prepared from 

selennus -n ir| i p n l . A &*7<- I M V I solution of potassium per-
mnng.-mnte w:is prepared liv dissolving ~> g of KiVnO, ip.a.} ill 
wnifr and dilulinj: In H>u ml. H ,(1.. <V?r. v,vl was rnfide hy 
diluiing .«>'7i tv iv l Hjl>-. Ipn I Id times. All acid's were of p.n. 
quality ati'i were riot diluted unless oJhrrwt.se stated. Solid nm-
moniiini iiilriile was ol p.n quality 

InslriHiieiitaiiun. A I'crkiii-Kinier Mm ;it«itnc absorption 
•.prclr-'ij]. i. r with a selenium elect rod eless discharge lamp was 
operated .ii iqiiOnm, shl width J nm A Hadiotnpter Servogrnph 
UFA" M -(rip-chari recorder was oprnilrd nl .r» niV lull scale. A 
I'erkitt l-'lmer MMSH»t hvdridr jioiiPrntii.n S^MCIII and a 10-em 
•iinclp-ilni I turner were ILSHI as rn-fxninenrlod hy [ftp m arm fact ti«v. 
Anni-i'tvl'-»'* -iir flnme w;n pinplovi'd with flow rale» or :> Ti and 
2U I. miu '. ri'spectivi'lv. Ari."»* I!I9 W7,1 wns u*ed ti* purj-o the 
(,'enerntini; scsten*. 

Pnicedure. ToU4 cor topper, acrnrati-lv weighed ina Isn-mL 
hraker. add H ltd, of nitric find U + U ("over (he heaJo-r with 

a watrh glass, and after the sum pic has dissolved (a few minutes), 
add |.r» ml. of water and I .') ml. of sulfuric neid. Heat (he bpalttr 
on a 1ml plate at l&o, °C for 45 min. Dilute to the 7a-mb mark 
on the bejikcr. and add potassium perm animate solution drop wise 
until the Rolul'mn is definitely purple {2 !1 drops ure sufficient 
when annlyv.int; "pure" cupper). Place the licaker on the hut plate, 
and let lliesuluiuin (mil for 5 mm. Add hydtt-gcN peroxide sdulion 
drepwise until the purple color disappears and the solution regains 
its faint blue color. Moil ajr,ain for fi min. t.et eont, and rinse (he 
wnleh plass inlo (lie healtrr and dilute to the l'iS-ml. mark with 
water. Add '2 c of .immouitim nitrate and clertrulyze the solution, 
with siirrhiji. at a current of l.fi A (a( a voltage of abnut 2,.r> V) 
hy usin^ n platinum ^aiize cathode and a platinum spiral anode. 
After '.«) inin. lower the henker from the electrodes, anil rinse these 
with .'stn.tll voltjiHcnJ'waturijito the honker. Add 1 tnl.ol formic 
acid, cover with :i watch ulnss, and boil for S min. Alter some 
niolinj;. rinse ihe watch tflass with water and transfer the solution 
into a 'H)l>-mL beaker. Wash the lf*0-mL beaker with small 
volumes til water and live 'ili-mL pnrtitnis of hydrochloric ncid. 
The fota! volume in the -JOOJIII. henker should now he about 300 
ml,. Cover the beaker with a watch t*lass, and heal on a hoiling 
water bath for 2 h. Let coot, rinse the watch Klass, and transfer 
the solution ui a fiOO-mL valurne!rir flu.sk, which is filled tn volume 
with water. 

Transfrr . rwnL alitumUs of the solution lo (he Intlride nenerat ii m 
vessel and perforin the hydride (jenerution/alomic ahsorpiion 
deleriniimtion. Kepent the pmcedtirpafler addition of suitable 
volumes (Slufl »1,) r,f standard sclemiunt IVI colution. Finally. 
calculate the concentration of selenium in the sample from ihe 
residts of these >tand;ml additions. 

K E S U L T S A N D D I S C U S S I O N 
The Standard Reference Material -198 "Unalloyed Copper 

Cu V" frum the National Hurea of Standards «i fh a certificrj 
value for selenium uf ] •! Jh >\ /ij*>j; ' was analyzed fi t imes. The 
followini* results were ohutined: VIA. l l . f i . i 1.8. 12.!l,and 1X7 
(JK'B l , ^iviiiR a mean value of 12.fi and one standard deviation 
«if 0.9 tig-n l in ginid agreement with the certified value. The 
blank value was determined by going through the pr'tcedure 
without a copper sample, eivinj; typically 2 wn ' The valnes 
flbme were olil/dned after subtraction of the blank. 

The sample is dissolved in nitric acid followed hy bulling 
after addition of sulfuric acid. This is to ensure removal of 
(lip nitrat:*'» oifide.c formed riurinj* the dissolution, as these 
are probably the reason for the interferences that have been 
attributed to nitrate (/"•• 'Che addition >>( potassium per-
rmi'i^'aiiale causes a rapid nxidatiou of tetruvnlent selenium 
to the hcxavnleui state. Any tellurium, antimony, and arsenic 
present wil l thereby he oxidized to their highest •••«jdal.ion 
.states tijo. The u: t- of jiolassiinii permanganate precludes the 
use ol sample di'Solution m'f'ures cnntatmni* hydruchloric 
acid, as it would IK 'Xi'di/ed to rldorttie by (he fieriimn&intiir. 
H.vflrojjen pernside, t:sed to destroy excess of permanganate, 
is known to reduce hesnvalenl selenium to letravalent under 
certain coiidilu.ns </.Vt hut causes no (rouble with this pro. 
redure :is described 

Hcforr (he electrolysis, ammonium nitrate is added tip the 
solution as a "depolarizer" in order tit rimiin/ito hydrogen 
formation at the cathode and to control the potential. Any 
nitrogentliojiii|c foimed durinj- electrolysis is decomposed by 
heating the solution with formi<-acid. 

'Che purpose of the heating step with hydrochloric acid is 
to reduce the hexa valent selenium to I he tetravalent slate (/"'J. 
Only the lelrnvnlejit stale is reducible to selenium hydride 
by sodium borohvdride. There are lew other effective r<--
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http://oxid.il
http://oJhrrwt.se
http://flu.sk
http://ll.fi
http://12.fi


1462 Anal. Cham. 1115, 57, 1482-1485 

duclants for this purpose. Besides, hydrochloric acid solutions 
are very suitable for hydride generation. 

Of other hydride-forming elements, tellurium will be re
duced to the tetravalent state by hydrochloric acid, and the 
proposed method should therefore be applicable for this el
ement too. This should also be the case for antimony and 
arsenic provided the hydrochloric acid-also contains some 
iodide, as this is necessary to reduce these elements from 
pentavaJem to the trivatent state. 

With minor modifications the method should also be useful 
for copper alloys as brass (Sn0 2 formed during dissolution 
must be filtered off; lead should end up on the anode and thus 
be removed). For copper-nickel alloys, however, nickel will 
remain in the solution during electrolysis and interfere seri
ously during the subsequent hydride formation step. However, 
a method for complezing a large amount of nickel in such 
analyses ia to be published IN), but the method has not yet 
been tested on real samples. 

Registry No. Se, 7782-49-2; Cu, 7440-60-8. 
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Determination of Selenium in Pyrite 
by (lie Atomic Absorption-Hydride Generation Technique 

Ragnar Uyc* and Walter Lund 

IX-puriiiKiii nf Chemistry. University of Oslo. Blindern. Oslo 3, Norway 

Sclcnbvsliinmung in Pyrit iibor das Hydrid 
mil Hil fe dor AAS 

Znsaiwiieufassung. Die Pyritprobe wird mit Salpeiersaure/ 
Salzsiiurc aufgcschlossen und anschlieBend werden die Ni-
trationen (lurch Erhitzen mit Schwefclsåure entfernt. Zur 
Hydridcrzcugung wird starke Salzsåure zugesetzi, um 
Sttirungcn durch Eiscn zu vcrhindern. Die Ergebnisse wurden 
mil dene» dcr Ncutronenaklivierung vcrglichen. wobei sich 
guie OtxTeinstimmungcrgab. Die Slandardabweichung liegt 
im Ucrcich von 1 — 2 ppm. 

Summary. Pyritc is digested in a {3 + 1) nitric-hydrochloric 
acid mixture. Nitrate is removed by warming the solution 
filler addition of sulphuric acid. Strong hydrochloric acid is 
•uidi'dlto hydridc/priorjgeneration to eliminate interference 
from iron. The result is compared with that obtained by 
neutron net i vu t inn analysis. Standard deviation was in the 
range of 1 - 1 ppm. 

Introduction 

Selenium isa minor constituent in sulphide ores: inpyr i t c tbc 
cotiLvninilion is normally in the range of 10— lOOppm. 
1-urther. selenium may accompany sulphur in industrial 
products derived from pyrile. There are many reports nn 
atomic ihiorplion methods for selenium in rock samples, but 
onh .t !«.** deal with pyrite ores | H - I 0 | . The high con-
cenir.nion of iron and sulphur in the latter samples may 
inicrfcre with the atomic absorption measurements, par lie-
ul u k J) the graphite furnace technique is used (3, 4. 6, 11], 
and a M/p iraiion step is normally required [1.2,7]. 

A hi»h concentration of iron may also interfere in (he 
hylrtilc Lviientlto» technique [5. t>. 12.13}. although the con. 
v-entralioii'. of iron normally encountered in digested pyrite 
sample- ma\ he tolerable, provided a high concentration of 
fndrocMi'iicacid is added (I3 | . However, when nitric acid is 
ii^-d lor digestion, the interference from this acid may be quite 
severe !f>l 

In i Ins work a procedure is proposed, which eliminates (he 
mtcrI'erruccN from iron and nitrate A simple calibration 
t urve t,.m He used. 

i vpcrimviilid 

.{[>(>.»tutu. I lie equipment consisted of a Perkin-Llmer 300 
atomic .ihsorption spectrometer with a 10cm single slot 

• Dttftrml K-i/tM'i/i fu R Bye 

burner, an electrodeless discharge lamp, a Cole Parmer 
recorder operated at 2 m V and a Pcrkin-EImer MHS-10 
hydride generation system. The reductant contained 3 % of 
sodium tetraborohydridc and 2 % of sodium hydroxide. 
Argon served as purge gas. and the cell was heated in an air-
acetylen flame, flow-rales 10.5 and 3.51 • min" \ respectively. 
The signals were measured at the 196 nm resonance line for 
selenium. Deuterium background correction was not used. 

Procedure. To 0.2g of finely ground pyritc add 12 ml of nitric 
acid ( M M ) and immediately there after 4 ml of hydrochloric 
a c i d ( t 2 M ) i n a lOflml beaker. Cover the beaker with a watch 
glass and allow to stand for 30 min, then heat on a hoiling 
water bath for t h. Add 10ml of sulphuric acid ( IKM) and 
heat the beaker nn a hot plate at 140 C until brown fumes 
disappear (about 30 min). Rinse the watch glass with water, 
transfer lo a 11 volumetric flask (or another suitable volume) 
and dilute to volume with water. If a precipitate of ferric 
sulphate is formed before dilution, heat gently until ii 
dissolves. Transfer 5 ml of the final solution to the hydride 
generation vessel and add 5 ml of hydrochloric acid (12 M). 
Ignite the flame, connect the vessel to the hydride generation 
unit and after 30s dispense the borohydride solution into the 
vessel and record the signal. Calculate the concentration of 
selenium from a calibration curve for Sc(IV) in 0.15 M 
sulphuric add . 

Analysis a} Nickel Piselvnidc. The procedure was checked by 
digesting 0.2 g of NiScj p.a. Selenium was precipitated by 
adding 10 ml of 20"„ hydrazine dihydmchloridc. which 
reduced selenium( IV) to the elementary form. Selenium) VI lis 
not reduced by ihis treatment. From the warm solution 
selenium was filtered into a Gooch crucihle, washed with 
0.1 M hydrochloric acid, dried at 105 C iind weighed. 
Complete recovery was obtained. 

Neutron Acijvatiim Analysis1. One gram was digested with a 
nitric-sulphuric acid mixture under reflux in presence of 
selenium carrier. After dissolution, the nilric acid was e \ap-
nrntetl and selenium was isolated by distillation with a 
hydrochloric-hydrohromic acid mixture. Elementary se
lenium was finally formed by reduction with ascorbic acid. 
The chemical recovery was determined by reactivation of the 
precipitate. 

Results and Discussion 

A nitric acid-hydrochloric acid mixture { 3 + I) (Lunge's 
Mixture) was used to digest the pyrite: selenium was nxidi/cd 
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Table t . Co mxn i ration of selenium in pyrile 

X 
(ppm) 

S 
(ppm) 

30. H 1.4 

27.3 2.2 

(ppm) 

29.9 30.1 32.4 

25.6 26.4 29.8 

lo the tctruvulcnt slute by this treatment. The digestion was 
checked by analysis of NiSe 2 (see Experimental) which 
showed lhat no loss of selenium by volatilization or oxidation 
to selenium(VI) occured during the process. However, chemi
cal interferences were found to affect adversely the sub
sequent generation of selenium hydride, as indicated by a 
marked depression of the atomic absorption signals. Attempts 
were made to eliminate 'the interferences by adding hy
drochloric acid (12 M) lo the sample, as suggested by Vijan 
and Leung [13], but the atomic absorption signal was only 
improved to a certain extent, indicating that the presence of 
iron was only partly accounted for the observed interferences. 
Also an addition of sulphuric acid (6 M) instead of hy
drochloric acid proved unsuccessful; a curved calibration 
curve was obtained in this ease. However, when nitric acid 
was removed by heating the solution in presence of sulphuric 
acid, and ihc solution was then made fj M in hydrochloric 
acid, the atomic absorption signals increased to their normal 
height, indicating that the observed interferences could be 
accounted for by the combined effects of nitrate and iron. By 

eliminating these interferences, the somewhat time-con
suming standard addition technique was no longer needed for 
the determination of selenium; instead, a single calibration 
curve, based on pure selenium(IV) in diluted sulphuric acid, 
could be used. 

The final procedure was used to analyze pyrile from 
Bjokasin, Norway. Because no reference material was avail
able, the sample was also analyzed by neutron activation 
analysis1. The results of both procedures are shown in 
Tabic t. The agreement is fairly good, thus a /-test shows no 
significant difference at the 95% level. 
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Originatarbeiten 

Determination of Selenium in Zinc Ore 
with High Concentrations of Lead and Copper 
by the Hydride Generation-Atomic Absorption Technique 
Rumiur ty e 

Department of Chemistry, Umvcrsily of Oslo, Blindern, Oslo 3, Norway 

.Sclenlicsiiuimiiiig fn ZuiRcr*cii mil hohen Blci-
unil KuiiFcrgchaitcn init Hiiro dcr H j drill-A AS 

/.usaiiiniirifnssung. Zur Bcslimmung wird die Probe in einem 
Gemiscli vim Salpeter- und Salzsnurc aufgelost. Oberschus-
sigo Sa'notcrsaure wird durch l-rhilzen mit Perchlorsaurc 
enii t rm -i-id /i;r Rcdukiion von ScfVI)zuSe(lV) wird weilere 
Siilzsinii L' ?ugcgchcn, liiii Zusalz von ThioharnstofTdient zur 
Vermiiii'.'tmm des slorendcn riinflusses von Kupfer. Die 
crh.dk-tun 1-rgclinissc stimmen (tut mil den durch NAA 
cilwliencn ii herein. Die Gosamt-Standardabwcichung licgt 
hoi S- I " - , , 

Summar*. For the AAS-detcrminalion of So in zinc ore with 
high concentrations or lead and copper, the sample is 
dissohed m LI nitric-hydrochloric acid mixture. Excess nitric 
acid is fcmovL-d by healing wiih perchloric acid and hy-
iiroehlon<'acid is added lo reduce Sc( VI) to Sc(IV). Thiourea 
i* added in i he sample aliquoics taken for hydride generation 
(o iiiiTiinu'/f (lie interference from copper. The result for 
M'ienium ;'i:reed well with that found by NAA. Total standard 
deviation .if the method is 5 - 10",,. 

Iiitfoiiiiiiiun 

RfCi'iiM;. • uietlind fiir the ilelernitnalion or selenium in pyrile 
mi". h\ t ' v indridc generation atomic absorption tcch-
mtjitt* " .J> jmMivhed \2] The recommended procedure in-
\nhe i t .li..u!utiiMi n|' the sample in a mixture of nitric and 
Indru. !i!.'in' acid (3 I If (l.unge's mixiurc) followed by 
ruMiir.;: ^tili Milphutic acid in order lo remove the excess of 
nunc K' I, which otherwisecould have interfered during the 
I n d n d : i.Mining process 

.•VUIMMS lo use litis method for the determination of 
seleiinni <:i /me ore «ere urn MICCCSIUI. and atlenlion was 
iit.i«n i.» '[i. 'u*iHcniso( lead and copper, thai often arc quite 
high in - n . h o u ' s I he concentration of lead can reach several 
peicent. uul if sulphuric acid is used in the dissolving 
pr'i vvi!iii.' I 'Kvipiiationof lead sulphate will occur, so lv ing 
t issi i'l ^precipi ta t ion of selenium. The concentration of 
tupper i ullen siilTicieutly high lo cause complete depres
sion ol ;! • -.c! cm inn signah «hen employing the hydrii'c 
pciKT.iiion ic*. Iinu|uc |J (>|. Copper is often present in n 
tlious.iiulinlil eicess nf selenium m /inc ores. Proposals of 
nimimm'i'.'. interference* from copper have been published. 

but most of them do nal seem satisfactory when high 
concentrations of copper are concerned. A method for 
reducing the interference from high concentrations of copper 
has been proposed from this laboratory, in which Ihe high 
capability of thiourea lo form stable copper-complexes in 
strongly acidified solutions was utilized [1]. 

In this work the procedure for pyritc has been modified in 
order to hecome suitable for zinc ores with high contents of 
lead and copper. The modification includes replacement of 
sulphuric acid by perchloric acid and addition of thiourea to 
mask the copper. The proposed method has been found useful 
for the determination of selenium in a zinc ore containing 
about 2% of lead and 150(1 ppm of copper. The results have 
been compared wiih those obtained by neutron activation 
analysis. 

Experimental 

Apparatus. A Pcrkin-I'ifmcr 31111 atomic absorption spectrom
eter with {i selenium elect rodcJcss discharge lamp was 
operated at l % n m . Background correction was not cm-
ployed. A Radiometer Scrvograph REC 51 strip-chart re
corder was operated at 5 mV full scale. A Pcrkin-Rlmcr MHS-
10 hydride generation system and a 10-cm single slot burner 
were used as recommended by the manufacturer. An acctylcn-
air flame was employed wilh flow-rates of 3.5 and 
201-min ' . respectively Argon (W.yn "„) was used as 
purging gas. 

Prorvdurt: To 0.4 g of finely ground ore add 24 ml of nitric 
acid (14 M) and 8 ml of hydrochloric acid 112 M) in a 150-ml 
beaker. Cover ihe beaker « i l h a watch glass and after 30 min 
place the beaker on a boiling water hath and allow to stand for 
I h. Add 10 ml of perchloric acid (11.5 M). place the contents 
on a hot plate at 150 C, and heat until boiling ceases (2 - 3 h, 
the volume should now be reduced approximately to the 25 ml 
mark on the beaker). After cooling to ambient temperature 
add 25 ml of hydrochloric acid (12 M), and after I h heal on a 
boiling water bath for 2h . Rinse ihc watch glass with water 
and transfer to a 500 nr 10110. ml volumetric flask. Before 
diluting (o volume, add 7(1 or 140 ml of hydrochloric acid 
(12M) in order to make Ihc solution about 2 m o l l ' in 
hydrochloric acid. 

Transfer 10 ml nf the final solution to the hydride 
generation vessel, add an appropriate volume ( < IOOHI) O( :I 
1 ppm slandaid Sell V) •solution and 1 ml of thiourea solution 
( 2 0 g l 'y Connect the vessel to the hydride generation unit, 
dispense the borohydridc solution into the sample solution. 

Iiewniii» / An.il I Iwm (IIXJI \\1 T 2* 
• SfVJiu» -InJM 11*4 
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mid record the signal. Calculate the concentration of selenium 
using ihe standard addition procedure. 

Results and Discussion 

The selenium contents in six parallels å 0.4g of a zinc ore 
••ASK-3" [3] were determined by the proposed method. The 
following values were found: 14.8— 15.6—16.7—16.8 — 
17.8- 17.9ppm of Se, giving an average of 16.6ppm and a 
standard deviation of 1.2ppm (7.2% relative). 

The sample was also analyzed for selenium by neutron 
activation analysis' and 15.5ppm was found. Taking this 
value as the "true" concentration, it was found that the values 
from the two methods agree well (belter than 95% 
probability}. 

The zinc ore lias been extensively analyzed before [31, and 
the concentrations of some of the interesting elements were as 
follows: 9.2 Zn, 2.1 Pb, 41.5 S, 35.6 Fe, 7.4 Si0 2 in percent 
and 19 Ag, 630 As, 340Cd, 88Co, 1450Cu, 37Ni in ppm.. 

It is not advisable to use sulphuric acid in removing the 
excess of nitric acid, because of the high content of lead. 
Instead, perchloric acid has been used in this work, followed 
by addition of hydrochloric acid to reduce hexavalent se
lenium to the tetravalent stale. Il might be suspected that 
perchloric acid could oxidize the added chloride to chlorine, 
thus not achieving the desired effect from chloride to reduce 
Sc(Vl). However, the agreement of the results with those 
obtained by NAA was taken as evidence that all selenium in 
the sample solution was present in the tetravalcnt state. If 
hcxavalent selenium had been present, too low results would 
have been obtained, as this oxidation state is not reducible by 
sodium borohydride. 

1 Carried out at the Institute for Energy Technology, Kjeller, 
Norway 

When the solutions were placed on the water after the 
addition ofperchloric acid, they immediately turned deep red, 
indicating formation of nitrosyl chloride and probably also of 
some chlorine from reactions between residual nitrate, 
chloride and perchloric acid. However, the gases escaped 
during the heating period, indicated by the disappearance of 
the red colour. As the initial evolution of gas can sometimes 
be so rigorous that bumping occurs it is recommended to 
wait 1 h after addition of hydrochloric acid before healing 
on the water bath. 

It might also be possible that the addition of hydrochloric 
acid results in the formation of a lead chloride precipitate. 
Calculations using the solubility product for lead chlorideand 
the formation constant for the PbCl3~ ion revealed that no 
precipitate should be formed in a solution which was 
2mol 1~l in hydrochloric acid containing the actual con
centration of lead. The concentration of acid could have in 
fact been even higher, but then the completing capability of 
thiourea would become less [1]. 

Ore samples will always contain small amounts of silica 
compounds, that will remain undissolved after digestion. 
However, it is not recommended to filter the solution, because 
the uncertainty in such an operation will probably be higher 
than the risk of introducing solid particles into the pipette, 
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ANNOTATIONS 

ON THE STORAGE OF THE SODIUM BOROHYDRIDE 
SOLUTION USED IN THE HYDRIDE-GENERATION 

ATOMIC-A3SORPTION TECHNIQUE 
R ACINAR BYE 

Department of Chemistry. University of Oslo, Oslo \ Norway 

|R fry*/ 25 January IW2. Arrvph'ti ? Marrh !WOt 

Samaary A crit ical examination has heen made nf ihe stability of sodium hnrohydride solutions on 
storage at r i 'om temperature, and al 4 in a refrigerator, hy comparison of Kit- reditcm-e fwnnr fui 
selenium! IV) m i hydride-generator, wi th thi l l o f a freshly prepared solution No significant diande in 
rvac i iu l } appeared U> he ca l led by Storage for a period of three weeks, and tl ieic seems no need to use 
Iro-^hU prepared solutions for analytical work. 

D u r i n g w o r k w i t h the hydr ide-generat ion a lomic -
u h - o r p l i o n icchniqvic in th is l abo ra to ry , i l was f ound 
that the scns i l i v i l v for selenium changed somewhat 
w i t h i he age o f the a lka l ine s o d i u m b o r o h y d r i d e sol
u t i on used. This observat ion was no i al first con 
sidered as being very remarkab le , as many workers 
had repor ted t ha i the so lu t ion was unstable o n stor
age. The mani i f i ie turcr o f the hydr ide-general ton as
sembly also r w urt mcndcii tha i the ho rohyd r i de snl-
u l i n n .sJlould be prepared da i l y , 1 However , it was dis
covered lhat some worke rs had found that the so l -
l i ho t i was stable for several weeks i f cer ta in pre-
enul ions were taken, r.r/., for at least X weeks i f the 
b i t r i i hyx lnd r wn> dissolved in 2"„ sod ium hydrox ide 
so lu t ion and stored in a refr igerator.- o r if the sol
u t i on was l i l t e red . ' These c la ims d i d no t help U> 
resolve the p rob lem, however, its b o t h a d d i t i o n o f 
sod ium hyd rox ide and f i l t ra t ion are recommended in 
t in- Opera to r ' s M a n u a l , yet H was st i l l advised to pre
pare Ihe so luhon dai ly Because quant i ta t ive argu
ments for either statemeni cou ld not be f ound in the 
lue ia l i i r c . and i l w o u l d be advantageous i f the snJ-
i . tn ' i i need not be prepi i red da i ly , it was decided to try 
in clarify ihe p rob lem 

l A I ' M U M I ' M M 

\ Peikin Mmer model 'IKI .ilormv ahscrrpfiort spec-
' I ' d i e ' e r *<t« used under ihe standard eondil inns fm sele
nium I k u l c n u n i b.u.keround eottccimn was not used The 
l non i l i ' g i i i e i . i l i on assemble was the pneumatically «iper-
i i o l IV i k i n I Imet M H S 1 0 svstcm with a T-shaped 
,\\i.\M/ m l v p l a m l in tin* air acctvk-nc ft a me Alport 
I ' i ' i ' i 1 ) ' i u.t-, i iwd. iv purging gas Ihe vyvtern was operated 
.j..<>rdmg lo die Operator's Manual 

\ ; sodium l ivdrot idc solution coni.nmng 1"„ sodium 
h . - i o l n . lmk wa , made hs disvnl img 4(1 t ig of sodium hy

droxide (Merck, pro ni i i i f iMl in ahout 5tKl ml of water, 
cooling, then dissolving W).(l g of sodium horohydi ide 
iFluka. pur urn. -'JT',,] in this solution, di lut ing lo about 
IWX) ml , and t i l ler ing into a 2<KX>-ml <.t»nd:trd flavk. mak
ing up It» volume and mixing This solution MUS d u ul oil 
into two parts, each of 10011 ml. which were sinred in 
(.crew-tap polypropylene bottles One «oJuiion was stored 
in I he dark at amhieni lemperaturc and Ihe oi l ier at 4 in a 
refrigerator These solulions were used in measuring the 
signals from afiquois of (141/ hydroehlom' acid iMc ivk . 
suprupiir) containing a cnnslam amount o| scleni innl lVl 
The signuls were enmpared with Ihose obtained hy use of a 
bonihydndc "reference" soJujjon prepared nisi heforc use. 
hy dissolving 2 Oil g of sodium hydroxide and MM) g of 
sodium borohydnde in waier and making up n> MW> ml 
after f i l tration The sodium horoh jdnde powder was de 
live ted in a sealed can. which was furnished with a plasm. 
cap for use after ihe can was opened the h»si nine O j i h 
one can was used during the experiment 

Vrm itlttrt-
l a c h horohydride solul ion nas cvainmcd in m m . stal l

ing with Ihc "reference" solution and ending wuh the M. I -
ul ion that had been »n»red m the icfngeralor. ItHl ml being 
placed in the reductant rcservo» 1 he KXi nil of the sol
ul ion slnrcd in the refrigerator were transferred la a vessel 
in (he laboratory 1 hr before use. lo allow the soluhon to 
:each amhieni lemperaluie The 10 ml o| I U W Imt io -
chlnnc acid were translerred to ihc react rutt vessel and *»l) 
filtif I -ppm standard Scl lVi solution were added by mean, 
of a Hamil ton syringe The reaction vessel was aii.iched to 
the generation unit ami the flame »a* igmied After Ml MX 
Ihc plunger was activaled in allow the hon'hydnde vol
ution lo be dispensed in lo the hydnw.hloric acid solution, 
andi l iesrgnal «a * r e t o i d e d o n a sinp-chan recotder opei-
ated ai 5 m V sensitivity This procedure was repealed live 
times for each of the three snhitums on the d.n of the test 

BKS1 l i s . AN» HIM 1 S.SHIS 

T h e means ( A t a n d cslrmafes o f the s i and -ud dev i 

a t ions (.V|of i h f i i b * t n h i n t e values for each of ihe t w o 

Icsl so lut ions were calculated and compared w i t h 
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those for the reference solution by means of the equa
tion 

_ * „ - X,c l 

/si, "+-si;; 
v it - r~ 

where n = 5. If the calculated r-valucs exceeded the 
f-values from Student's table for 8 degrees of freedom 
(2R - 2) at 90% probability, the mean values were 
concluded to be significantly different. 

Measuremenls were made on days 1. 3, S, 9, II , 15. 
19 and 22 after preparation of the test solutions. 
From the Mest, none of the mean values for the lest 
soiutron appeared ro be different from the mean vaiue 
for the reference solution obtained each day. The 
values for ihe test solutions for ihe first, ihird and fifth 
day appeared to be somewhat higher (more than IS) 
(han those for the reference solution, but the differ
ences were not significant at the 90° „ level. This effect 
can probably be explained as due to the sodium boro
hydride powder adsorbing some moisture from the air 
when the can was opened, and hence losing some of 
its reactivity. This effect should be most pronounced 
in the first few days after opening of the can. After the 
fifth day the reactivity of the stored solutions very 
slowly fell below that of the reference solution, but the 
differences were never significant. 

The reactivity of (he solution which was stored in 
the cold was always slightly beder than that of the 
solution stored at ambient temperature, except for the 

first three days of storage, but the difference was 
always very small and less than one standard devi
ation. 

F-lests proved that there were never significant dif
ferences between the standard deviations of the five 
aliquots of the test solutions and the reference sol
ution taken for determination in each set. 

From this it might be reasonable to conclude (hat 
the sodium borohydride solution used for the hydride 
generation is stable for at least three weeks, probably 
longer. It seems there should be of no special need to 
prepare the solution daily. The main reason for this is 
probably that the loss of reactivity of the borohydridc 
solution is not much larger than the loss of reactivity 
of the sodium borohydride powder caused by adsorp
tion or moisture each time the can is opened. 

If the solution is stored in the cold, it is important 
to allow the solution to reach ambient temperature 
before use. especially when peak heights are to be 
measured, because the peak heights should be depen
dent on the reactivity of the borohydride, but the 
peak areas will probably be much less so. 
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ANNOTATION 

INTERFERENCES FROM BIVALENT CATIONS IN 
THE DETERMINATION OF SELENIUM BY 

HYDRIDE-GENERATION AND ATOMIC-ABSORPTION 
SPECTROMETRY 

A DISCUSSION OF THE CLAIM THAT THE METAL 
IONS ARE REDUCED TO THE METALLIC STATE BY 

SODIUM BOROHYDRrDE 

RAGNAR BYE 
Department of Chemistry. University of Oslo, Oslo 3, Norway 

[Received 25 July 1985. Revised 12 February (986. Accepted 29 March 1986) 

Summary—The cause of interference by bivalent cations in the determination or selenium by hydride-
generation and atomic-absorption is still the subject of debate. It is suggested that the» ions react with 
sodium borohydride (o produce the metal bond» and not, as generally supposed, the elemental metals. 
The metal horides are known to be highly reactive and could cause decomposition of the selenium hydride 
before it reaches the detection unit. 

Many efforts have been made to minimize the well 
known interferences from the ions of silver, copper, 
nickel, cobalt, iron, tin, cadmium and other metals 
in determination of selenium by hydride-generation 
and atomic-absorption spectrometry, HGAAS. There 
arc, however, only a few reports on the possible 
mechanisms involved in the interfering process. Re
cently, interesting papers by Welz and co-workers 
have appeared, reporting detailed studies of the inter
ference patterns of bivalent ions. ' ' Most authors 
have proposed that the interferences are caused by 
capture of the selenium hydride by the metal precip
itate formed immediately by reaction between the 
metal ion and Ihc added borohydridc ions. It is a 
common assumption that the precipitates formed 
from the interfering ions consist of the element in the 
metallic state. However, Brown e( at. proposed briefly 
that the precipitates could be borides rather than 
metals.' 

The reducing effect of borohydride is probably due 
to formation of nascent hydrogen which, in acid 
solutions, reduces sclcmurrt(IV> directly to selenium 
hydride. The lerm "nascent" describes hydrogen gas 
in a stale (probably as radicals) which is especially 
active, Another common way to produce nascent 
hydrogen is by reaction between zinc and hydro
chloric acid. 

From a thermodynamic point of view there should 
be no difference in principle between nascent hydro
gen and ordinary hydrogen gas as far as the standard 
electrode potential is concerned (zero volt). This 
means thai hydrogen gas can theoretically reduce all 
metal ions having a positive standard potential to the 
metallic state, but not the ions having negative 

£°-values under standard conditions. Another possi
bility is that the hydride ion itself is the reducing ion. 
In that case the standard potential of the half-
reaction 

- 2 . 2 3 V.' must be considered. If the hydride ion is 
the reductant all metal ions having a standard poten
tial more positive than that of magnesium could be 
reduced to the metals. Water would also be reduced, 
to give hydroxide ions and hydrogen. 

In an attempt to arrive at a better understanding 
of these important interfering reactions, the present 
paper reports some theoretical considerations and 
experimental results to support the assumption that 
the precipitates formed by some metal ions in the 
HGAA process are unlikely to be the elemental 
metals, bul rather metal borides. In this context 
attention is also drawn to earlier papers in which the 
catalytic power, and hence the preparation, of metal 
borides is described. Finally, a possible mechanism 
for the reaction between the interfering metal precip
itates and selenium hydride is proposed. 

EXPERIMENTAL 
The bivalent ions of the following metals were considered: 

Sn, Ni, Co. Cd. Fe and Zn. AH of these have negative 
lva lues . 

A series of "beaker" experiment* was performed, in which 
100 ml of a O.IOAf solution of an ion (prepared from the 
chfondeF in t.OAf hydrochloric acid were treated with 
3 ml of a 3% ftolulinn at sodium borohydride in !*/• 
sodium hydroxide solution. The results observed *te given 
in Table I. 

The precipitate from the nickel solution was immediately 
filtered off. washed with water, dried at 80 and examined 
by X-ray analysis. 
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Tabic 1 

Observed effect of 
Ion £°. V added NaBH, 

Snlll) - 0 . l t Bright yellow precipitate* 
Nilll) -0.23 Black precipitate 
Co(II) -0.28 Black precipitate 
Cd(ll) -0.40 Black precipitatet 
Fe(ll) -0.41 Black precipitate 
Zn(JI) -0.76 No precipitate 

'The bright yellow colour quickly turned greyish black. 
tA very minute amount of precipitate was observed for a 

short while and was quickly dissolved in (he solution. 

RESULTS AND DISCUSSION 

The precipitate from the nickel solution was found 
to be amorphous, as reported by others,* and no 
metallic nickel was detected. A qualitative test 
showed the presence of boron. 

There are some remarkable results in Table 1. 
First, the bright yellow precipitate formed from the 
tin solution is not easily explained. Jf it is metallic tin, 
its colour should be different. Secondly, the difference 
in behaviour of cadmium and iron, although both 
half-cells have almost the same £*-value. 

If the metals, for instance iron, were formed by 
reduction with nascent hydrogen the following equi
librium should be forced to the right: 

F c " + 2 H ; ± F e + 2H" 

From the £°-values. however, the equilibrium con
stant is 1.3 x 10" '*, so it is very hard to understand 
how such a reaction, forming a large amount of iron 
precipitate, could be feasible. 

If it is argued that the hydride ton is the reductant, 
then elementary zinc should also be formed. Also, 
the colour of the tin precipitate would still not be 
explained. 

Identical experiments with addition of zinc powder 
(2 g) instead of sodium borohydride resulted in 
formalion of nascent hydrogen, but no precipitate 
was observed in any of the solutions, as expected. 

In the literature there arc several reports on metal 
borides used as catalysts for hydrogenation ana 
organic desulphuration reactions. 6 ' Preparation of 
such borides was described as early as 1953.* and the 
topic was reviewed in 1976.' It is noteworthy that in 
the papers cited it is always recommended to syn
thesize the borides by the reaction between sodium 
borohydride and the metal ions (mostly by use of the 

metal chloride solutions). Moreover, in the case of 
cobalt,' the precipitate was analysed and found to 
consist of a metal boride with an apparent stoichi-
ometry of CojB. 

In one of the papers the desulphuration of peptides 
{i.e., splitting or C—S bonds) by nickel boride was 
described. 1 This suggests a mechanism for the sup
pression of selenium hydride formation by metal 
borides: the co valent radii of sulphur and selenium 
are 1.03 and 1.17 A, respectively,'0 and the bond 
energies for H—Se and C—S are 73 , 1 0 and 65 kcal/ 
mole, 1 2 respectively, and it is tempting to propose that 
the selenium hydride molecules are cleaved by the 
metal boride, leaving elemental selenium in the 
solution. 

CONCLUSIONS 

The interference caused by certain metal ions in the 
determination of selenium by the hydride-generation 
atomic-absorption technique could be due to capture 
and decomposition of the selenium hydride by the 
precipitate formed on addition of sodium boro
hydride. Such precipitates are probably not elemental 
metals, but rather metal borides. 
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in the Determination of Selenium 
by Hydride Generation/Atomic Absorption 
Spectrometry 
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TeUatfTV) ak MaaUcnataadttd lar Kuufcr 
bd der SekafciHamg dare» AAS ewt HjdiMuuacwg 

iMndactka 
h is well known that copper tons interfere seriously when 
selenium is determined by the hydride generation/atomic 
absorption technique. We showed recently that thiourea can be 
used to minimize this interference (I, 31. Another method of 
potential interest is that of Kirkbright aod Taddia [4J, m wmcb 
a lane excess of Tc<IV) it added to the sample solution. Il ts 
claimed that Te(IV) b reduced to IX-i f ) by the added 
borohydride solution, and then forms copper lelluridcf thai are 
more stable than the corresponding scsemoei. 

During the investigation of thiourea as a masking agent for 
copper, the tellurium method was examined in this laboratoiy. 

Offprint requtau to; R. Bye 

Attempts to use Te(IV) were not successful. On the contrary, 
the presence at TeflV) resulted in a further depression of the 
selenium signals, in disagreement with the results of Kirkbright 
and Taddia [4J. The effect of TeflV) on the selenium signal* in 
presence of copper was therefore studied in some detail, and the 
results of these experiments are given below. 

Ewprrksatal 
Apparatus. The equipment consisted of a Perfo'n-Elmcr 300 
atomic absorption spectrometer with a 10-crn single slot burner, 
an electroddess selenium discharge lamp, a Radiometer 
Servograph REC SI strip-chart recorder and a Perlin-Eltner 
MHS-10 hydride generation unit An acetylen>air flame was 
used to neat the quartz tube and argon (99.9%) to purge the 
generating system. 

Sahnlau. The test solutions containing SeflV) and Cufll) in 
3 M HCl were made from stock solutions of setenous add and 
copperfll) sulphate. The Te<tV) stock solution was made by 
dissolving 4.0 g of TeOi ia 30 ml of hot cone HO and diluted 
to 250 ml with water. The preparation of a 3% sodium 
borohydride-2% sodium hydroxide solution has been 
described elsewhere |2f. 

Operating CtmJUkmg. The spectrometer was operated at 
196.0 an, bandpass 2 aw and aosorbance mode. Background 
correction was not employed. Ftow-nle* of acetylene and air 
were 3.5 «ad 201 • n o "', respectively. 
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Tabic l . Suppression of selenium signal by tellurium" 

Sc(IV) Cu(II) Te(lV) Signal Sup
(ppW (ppm) (ppm) (absor-

bance) 
pression 

5 0 0 0.109 _ 
5 0.5 0 0.116 0 
5 0.5 30 0.049 58 
5 0.5 1.300 0.018 84 
5 3 0 0.063 0 
5 3 30 0.049 22 
5 3 1,300 0.023 63 

50 0 0 0.764 -50 0.5 0 0.317 0 
50 0.5 30 0.234 26 
50 0.5 I.30O 0.076 76 
50 3 0 0.206 0 
50 3 30 0.159 23 
50 3 1.300 0.051 75 

1 Sample volume 10 ml 

Procedure. 10-ml aliquots of the test solutions were transferred 
to the reaction vessel, the desired micro-volume of Te(IV) 
solution was added and the vessel was attached to the generation 
unit. Arter 30 s the plunger, which allowed the borohydride 
solution to be dispensed into the vessel, was depressed until 
maximum peak height was obtained. 

Results and Discassha 

Selenium signals obtained in presence of different concentra
tions of copper and tellurium are given in Table 1. The absor-
bance values represent the mean of four peak height measure
ments, with a standard deviation of approximately 10%. The 
resulls given illustrate that copper interferes in the determina
tion of selenium by the hydride generation technique, except for 
the lowest concentrations of selenium and copper. In this case 
the presence of 3 M HCI is sufficient to eliminate the interfer
ence. 

From the table it is also apparent that the presence of 
tellurium has no beneficial effect on the selenium signal when 
copper is present. On the contrary, a further suppression of the 
signals was observed when both copper and tellurium were 
present. The suppression became more pronounced when the 

concentration of tellurium was increased. To elucidate this 
effect, values for percent suppression are given, relative to the 
absorbance obtained at each copper concentration in absence 
or tellurium. 

The suppress, ./feet of a large excess of tellurium has also 
been reported previously [ 5 - 6 ] . The ability of tellurium to 
minimize the interference from copper, that was observed by 
Kirkbright and Taddia, is not supported by the data presented 
here, although the ratios of Te/Se and Cu/Se and (he concentra
tion of HCI studied in this work were chosen to cover those 
used by Kirkbright and Taddia. 

The discrepancies in the results from this work and those of 
Kirkbright and Taddia may be due to different instrumental set
up. Thus, these authors used an open argon-hydrogen flame for 
atomization, instead of a flame-heated quartz lube, which was 
used in the present work. The temperature in an argon-hydrogen 
diffusion flame is estimated to about 400° C [7], which is far 
below the temperature inside an acetylen-air heated quartz tube. 
No doubt the atomization process may be quite different for 
the two types of atomizers. 

Because of the high concentration of tellurium employed, 
precipitation occurred in the reaction vessel, in agreement with 
the observation by Verlinden and Deelstra [6]. The precipitate 
may consist of both metallic tellurium and copper telluride, and 
a co-precipitation of selenium cannot be excluded. Generally, 
the use of a masking agent which involves precipitation seems 
unattractive. 

It is concluded that the addition of tellurium(IV) cannot 
be recommended for the masking of copper when selenium is 
determined, at least not for the hydride generation equipment 
used in this work. 
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Thiourea as a Complexlng Agent for Reduction of Copper Interference In the 
Determination of Selenium by Hydride Generation/Atomic Absorption Spectrometry 

Ragcar Bye,* Liv Engvik, aad Waiter Lund 

Department of Chemistry, University of Oslo, Box 1033 Blindern. Oslo 3, Norway 

It is well-known that copper is one of the most seriously 
in terten ag elementa >n the determination of selenium by the 
hydride generation /atomic absorption technique {1-4). T o 
compensate for this interference Vijan and Leung (2) used 
a high enncentrntion of hydrochloric acid (fi-8 M). in order 
to bind copper in a stable chloro complex. Kirkbright and 
Tadiltti I-H have described nn alternative method, which 
utilizes tplhirium([V) to form a stable copper telluride. 

In this laboratory problems were encountered during the 
delnrmination of selenium in a fertilizer, which contained a 
relatively high concentration of copper. Neither the addition 
of hydrochloric acid nor tellurium(IV) eliminated the inter
ference from copper, which wan present in a 3000-fold excess. 
Therefore, the use of thiourea as a masking agent was in
vestigated. Unlike most other complexing agent* for copper, 
thiourea forma highly soluble complexes in strongly acidic 
solutions (5). It should therefore be particularly well suited 
for thp masking of copper when the hydride generation 
terhniqtif w used, because a strongly acidic sample in normally 
denimme in thin case. 

The cnmplei formation of copper with thiourea occurs after 
reduction nfCu(II) toCu(D (r^; thiourea simultaneously being 
the reduclant. Depending on the eiceaa of reagent, the pre
dominant species are 1:2, 1:3, or 1:4 complexes (5). 

A* tvil) be shown below, thiourea was found to be ail ef
fective masking agent for copper. 

E X P E R I M E N T A L S E C T I O N 
Reagent*. A I ppm Mlenium(IV) solution was prepafjd from 

ulenoun acid (p.a.). The preparation of a 3% sodidWboro-
hydride-2% sodium hydroxide solution has been described 
elsewhere 17). The stock solutiun of copper waa prepared from 
CuS0 4-5H,0 (p.o.l dissolved in water. A 20 g L'< solution of 

thiourea. (NHj)3CS, was made by dissolving the compound in the 
appropriate volume of water. 

Ins t rumenta t ion . A Perkin-Elmer 300 atomic absorption 
spectrometer with a selenium electrodeless discharge lamp was 
operated at 196.0 nm. with a 2-nm slit width. Background cor
rection was not employed. The instrument was run in the ab-
snrbnnce mode. A Radinmeter Servograph REC 51 strip-chart 
recorder was operated at 5 mV full Bcale. A Perfcin-Etmer MHS-IO 
hydride generation system and a 10-cm single slot burner were 
used as recommended by th • manufacturer. An acetylene-air 
flame waa employed with flow rates of 3.5 and 20 L min*1, re
spectively. Argon (99.99%) was used to purge the generating 
system. 

Recommended Procedure. The sample ts made 12 M in HCI 
or HjSCV A 10-ml. aliquot is transferred to the reaction vessel. 
The standard selenium solution ia added with a micropipet (£100 
til.), and L mL of a 20 g l / 1 thiourea solution is then introduced. 
The reaction vessel is attached to the hydride generation unit, 
and after 30 s the borohydride solution is dispensed into the 
solution 

R E S U L T S A N D D I S C U S S I O N 

Preliminary experiments showed that the signals from 
2.5-10 ppb of selenium were completely suppressed by 3 ppm 
of copper, in the presence of 0.8 M HCI. When the concen
tration of HCI waa increased, the selenium signal also in
creased, reaching a maximum for 5-6 M HCI, in agreement 
with the results of Vijan and Leung (2). However, even for 
6 M HCI the sensitivity was lower than in the absence of 
copper, indicating that chloride did not completely eliminate 
the Interference from copper. 

Thiourea waa found to bø an effective masking agent for 
copper, in moderately acidic solutions. T h e variation in the 
selenium signal with the concentration of thiourea and acidify 
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THIOUREA (mg) 
FJguta 1. Variation In peak height with concentration of thiourea (In 
my por 10 mL ol sample) ror dfloront concentration* of hydrochloric 
acfcJ (Uh» numbers of the right refer to mof L~* of HCf}. The cancan-
Irallon of sotonlurrHIV) was 10 ppb and of copper waa 3 ppm. 

SELENIUM ( I V ) < n g ) 
Roure 2. Castration orvos for aghnkm (ki ng per tOmLef sampto): 
A, 0.B M HO wtlhout Cir* +; B. 1.2 M HCI wnh 3 ppm Cu** and 0 .2% 
thiourea; C. 5.0 M HCI wKh 3 ppm C u " wtlhout thiourea: D, 1.2 M HCf 
with 75 ppm C o 3 * and 0.2% thiourea. 

of the sample is shown in Figure 1. The concentration of 
selenium was 10 ppb, and the concentration of copper was 3 
ppm in theBe experiments. As con be seen from the figure, 
the selenium signal reached o maximum for 20 mg, i.e., 0.2% 
of thiourea, and an acid concentration of 1.2 M. These con
centrations were therefore used in subsequent measurements. 

The decrease in the selenium signal for high concentrations 
of ncid may be due to inactivation of thiourea. Alternatively, 
thiourea may reduce Belenium{IV) to the elemental form {8, 
fll. It was examined whether this reaction took place meas
uring the selenium Bigitals 15 min after addition of thiourea. 
No reduction of the peak heights was observed, indicating that 
the latter explanation was unlikely. 

Calibration curves for selenium in solutions of different 
composition are shown in Figure 2. Curve A refers to a 
Polution without copper or thiourea, whereas the curve B 
solution contained 3 ppm of copper and 0.2% thiourea. The 
BIOJJC of the latter curve is only slightly lower than the former, 
indicating that thiourea almost eliminates the interference 
from copper. A calibration curve for selenium in the presence 
of 'A ppm of copper and 5 M HCI, without thiourea, is also 
shown in Figure 2. The lower sJope of this curve confirm» that 
HCI is lees effective than thiourea in masking copper. How
ever, all three curves are linear. 

In the above experiments the samples were acidified with 
HC'I. Hence, the positive results for thiourea could be due 
to a combined effect of this reagent and HCI. Experiments 
were therefore carried out with HjSO< instead of HCI for 
aci'ilication. In 1.2 M HJSQJ the slope of the calibration curve 
wan similar to that obtained in 1.2 M HCI, in fact somewhat 
larger. It may therefore be concluded that the observed 

Cu ( I I ) (ppm) 
Figure 3. Variation In peak height with concentration ol copper, for 
S ppb of selenium h the presence of 1.2 M HaS0 4 and 0 .2% thiourea, 

masking effect !B due to thiourea alone. 
Although the presence of thiourea minimizes the interfer

ence from copper, a complete elimination of this interference 
was not achieved. The variation in the selenium peak height 
with the concentration of capper is shown in Figure 3. As 
noted by Meyer et el (?) the depression of the signal depends 
primarily on the absolute concentration of copper. Thus, a 
decrease in the selenium sensitivity (absorbance per concen
tration unit) was observed for higher concentrations of copper, 
also when the Cu/Se ratio was kept constant. A calibration 
curve for selenium in the presence of 75 ppm of copper is 
shown in Figure 2. Although the slope of the curve is con
siderably lower than for the other curves in the figure, it ia 
Btill possible to use the curve for quantative work, provided 
that the standard addition procedure is employed. 

The use of thiourea as a masking agent for copper is of 
particular interest, because other completing agents for 
transition metals, e.g., thtoaemicarbazide and 1,10-
phenanthroline, have been found ineffective for this purpose 
(3, 4). The stability constants of the copper complexes of 
thiourea and thiosemicarbazide are similar in magnitude, but 
thiourea is the weaker base (10) and should therefore be 
somewhat more effective in strongly acidic solution. Also 
1,10-phenanthrolJne will be less effective in acidic solution. 
However, tfa" positive results obtained with thiourea may also 
be related to the reduction of Cu(LT) to Cu(I) by this reagent. 

Registry No. Selenium, 7782-49-2; thiourea, 62-56-6; copper, 
7440-50-8. 
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Citric Acid as a Masking Agent for High Concentrations of Nickel in 
the Determination of Selenium by Hydride Generation 
Atomic-absorption Spectrometry 
Ragnar Bye 
Department of Chemistry, University of Oslo, Box 1033, Blindern, Oslo 3, Norway 

C i t r i c a c i d h a s a m a s k i n g e f f e c t o n n i c k e l w h e n p r e s e n t i n t h e d e t e r m i n a t i o n o f s e l e n i u m b y t h e h y d r i d e 
( j enc - ra t i on - a t o m i c - a b s o r p t i o n t e c h n i q u e . S a t i s f a c t o r y s i g n a l s a re o b t a i n e d f o r 10 u g I - 1 o f s e l e n i u m i n t h e 
p ! t : s o n c e o f 1 6 0 0 m g I ' o f n i ckeHI I ) . T h e d e t e r m i n a t i o n o f s e l e n i u m in n i c k e l s a m p l e s is t h e n p o s s i b l e , 
p r o v i d e d a s u i t a b l e a c i d m i x t u r e is u s e d f o r d i s s o l u t i o n . H o w e v e r , t h e s t a n d a r d a d d i t i o n s c a l i b r a t i o n 
p r o c e d u r e is s t i l i n e c e s s a r y . 

K e y w o r d s : Selenium determination; hydride generation • atomic-absorption spectrometry; nickel 
interference; citric acid masking effect 

O w i n g to i t ic ".voll k n o w n i n te r fe rence f r u m n i c k e l , hyd r i de 
gene ra t i on - a t o m i c - a b s o r p t i o n s p e c t r o m e t r y has no t heen 
pa r t i cu l a r l y usefu l f o r the d e t e r m i n a t i o n o f se l en ium in n icke l 
samples. H o w e v e r . F l e m i n g and I d c 1 n o t e d that the in te r fe r 
ence l u n n n icke l was less p r o n o u n c e d w h e n i r o n was present 
in the -«ample. They w e r e ab le t o d e t e r m i n e se len ium in 
low-a l loy s u d w i t h o u t i n te r fe rences . W e l z and M c l c h c r - also 
f o u n d ( I M ( • t ' l e jm i i » could be determined in steels in the 
presence o! u p t o IX o f n i c k e l . These obse rva t i ons have 
recen t l y been e x a m i n e d in g rea ter de ta i l and it was f o u n d that 
w h e n u n l i t H I ) a n d n i t r i c : ic i i i we re added to the h y d r o c h l o r i c 
acid sample so l u t i ons , n i cke l d i d not depress the se len ium 
signals Cur up to a b o u t tiKI m g I ' oCm'ckef . ' Wclrantl M c l d i c r 
c x p l . i m c d i lus i n te res t i ng o h s c r v a l i o n by a r e d u c l i o n o f 
i ron( H I ) i n i ( I I ) ( a n d poss ib ly also o f n i t r a t e ) in p re fe rence 
t o the r e d m i M i i n f n i c k e l ( l l ) to e l e m e n t a l n i c k e l , H o w e v e r , at 
a n icke l t n i c e n t r a t i n n o f 10(1(1 p . p . m o n l y I I I ' ! ; , o f the 
sens i t i v i t y , r d a i h e to that w h e n n icke l was absen t , was 
o b t a i n e d . ' I his is a l o w sens i t iv i ty w h e n rea l n i cke l samples 
l o w in se len ium are ana l ysed , as the low c u n t e n l o f se len ium 
perm i t s on l ' . a l i m i t e d d i l u t i o n o f the d isso lved samp le . N i c k e l 
concen t ra t i ons nf 1001) m g I ' o r even h ighe r must be expec ted 
in such instances. 

I ' n t i h i ' i v . i l i c o n l y usefu l hyd r i de g e n e r a t i o n m e t h o d for the 
d e t e r m i n a t i o n n f se l en ium in n icke l samples seems t o he l ha l 
o l W e i / and M c l c l i e r ' i n w h i c h n icke l is r e m o v e d by f i l t r a t i o n 
as ufckeJ bv i fn>\ j iJc b e f o r e \n la l : l i * -a ! tnn o l t he s e l e n i u m . 

In seai eh i na Cor an agent I hat c o u l d c o m p e n s a t e , at least t o a 
suf f ic ient l i i g i c c . fu r ihe in te r fe rences f r o m ve ry h igh 
concen t ra t i ons o l n i c k e l . H was t o u n d that c i t r i c ac id c o u l d be 
used lur t in-, p t npuse . The m a r k i n g p roper t i es o f c i t r ic ac id on 
n i c M f l l / >•> liw iicteitwihiUiHi u f se len ium by the hyd r i de 
g c n e i i t ion . i t o m i c - a h s o r p l i n n techn ique have been e x a m i n e d 
in th is w o r k 

( e x p e r i m e n t a l 
A p p a r a t u s 

A P e t k m - I l iner M o d e l .Hill , H n m u - . i h s n r p t u m spec t romete r 
e q u i p p e d w11 l i a d ischarge l a m p lor se len ium and n p c r a l e d at ft 
\V >\as useil I h e se len ium signals were measured ; i l the 
reso. iauce l ine of I W . N n m and i c c o r d e d on a K a d i o m e l e r 
Ser»og i , iph K M ' 51 recorder The I ' e r k in - I Imer M I I S - 1 0 
h> i l i ule e i i n : . u i " i i s \ s i e m «.!•> o p e r a t e d as r e c o m m e n d e d by 
the i n . m u d . n u e r 
ti^tients 

.VnA.7 ihl-miir \tiltiimn. 201 id n i g I ' P repared h> dissol
v i n g the a k u l a t e d a m o u n l o f N i C I - M I . - O o f ana ly t i ca l -
reanent t r a . ' e I M e r c k ) in wa te r . C o n c e n t r a t e d h u l r u c h l o n c 

ac id (50 m l ) o f ana ly t i ca l - reagen t g rade ( M e r c k ) was a d d e d 
and the s o l u t i o n was d i l u t e d t o 1 I . 

Hydrochloric acid solution, 0 .6 m o l I " 1 . A 50 -m l v o l u m e o f 
c o n c e n t r a t e d ac id was d i l u t e d t o 1 1. 

Citric acid. C i t r i c ac id m o n o h y d r a t e , o f ana ly t i ca l - reagen t 
g rade ( M e r c k ) was used . 

Selenium[IV) standard solution, 5 m g I " 1 . P repa red by 
d i l u t i n g a ] ( H H ) m g l ~ ' s o l u t i o n m a d e f r o m s o d i u m se len i te o f 
pur iss . p r o ana lys i g rade ( F l u k a ) . 

Sodium tetrahydmhoratcilIf) solution. 3 % mlV. P repa red 
by d isso lv ing the salt o f p u r u m p r o analyst g rade ( F l u k a ) in 
wa te r c o n t a i n i n g 1 % m / V o f s o d i u m h y d r o x i d e . T h e s o l u t i o n 
was filtered before use. 

Procedure 

Samples o f KH) m l o f al l test so lu t i ons were p r e p a r e d as 
f o l l o w s . A p p r o p r i a t e v o l u m e s o f nickcHll) s o l u t i o n were each 
added f r o m a b u r e t t e t o |(H)-ml f lasks. S e l e n i u m ( I V ) s tandard 
s o l u t i o n ( 2 0 0 ( d ) (5 m g I ' ) a n d (he dec ided mass o f c i t r i c ac id 
were a d d e d . T h e f lasks w e r e f i l l e d t o abou t *H) m l w i t h 
h y d r o c h l o r i c ac id (O.fS m o l I ' ) . A f t e r Ihe c i t r i c ac id h a d 
d isso lved a n d Ihe so lu t i ons h a d reached a m h i e n t t e m p e r a t u r e , 
(he f lasks were f i l l e d t o v o l u m e w i t h the h y d r o c h l o r i c acid and 
mixed. 

A l i q u o t s (111 m l ) o f each s o l u t i o n a n d th ree ahquo ts o f each 
c o n c e n t r a t i o n were t aken f o r analys is . T h e resul ts p resented 
in Figs, l - i are the means of th ree d e t e r m i n a t i o n s . 

0 12 • 

S 0 ™ . ' 
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0 5© >0O 150 700 ISO 
Concentration o l citric ocid'g I ' 

Fla. 1- Van. i imn ol ne;ik height with concentration of curie acid in 
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Fig. 2. Variation of peak heighl with concentration of Ni(II) m 
Milulion-i containing II) ug I ' of Sel IV) and 250 gt 'of citric acid 
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fijj. 3. .Standard additions graph for III ml ol volution containing 10 
ug I ' of ScllVi. IWXI mg I ' or Ni(II) and 250 g I ' of attic acid 
nhLiim-U 5 ti after mining 

Results and Discussion 

When 10-mI aliquots. containing different concentrations of 
orm- acid. 1» fig I ' of selenium|IV| and 1000 mg l" 1 of 
unkclUI) aero examined, it was observed that the peak 
heigtm increased with increasing concentration of citric acid. 

as shown in Fig. I. Citric acid was not added at a concentration 
of above 250 g I" ' because of its limited solubility. 

Considering that the first pKu value for citric acid is 2.94, 5 

and that the actual pH in the test solutions was about 0.2, it is 
questionable whether the masking effect of citric acid on 
nickel(II) can he attributed to a simple anionic complex 
formation only; in the literature t't has been confirmed that 
citric acid does not form nickel complexes at pH values below 
2," A complete explanation of the masking properties of citric 
acid on nickcl(II) in strongly acidic solutions is therefore 
uncertain. 

In Fig. 2 it is shown that, although the highest possible 
concenlration of citric acid is present, nickel(II) always 
depresses the selenium signals and that the degree of 
depression increases with increasing concentration of nickd-
(II). However, even at IWXImgl- ' of nickel(II) the recorded 
absorbance for selenium is still very satisfactory for quantita
tive work (more than 3tJ% of the signal obtained in the 
absence of nickel). Moreover, precipitation of nickel, which 
probably is the major contribution KI (he depression of I be 
selenium signals, was never observed. 

As a recovery test a solution containing 10 ug I" 1 of 
scleniuml.1V). InOOmgl i of n icke l ( l l )and250g I" 1 of citric 
acid was analysed some days after mixing using the standard 
additions procedure. The calibration graph obtained, illus
trated in Fig. 3 . shows the suitability of this procedure. 

In utilising citric acid as a masking agent for nickel tons from 
dissolved nickel samples, attention should be paid to the 
presence of nitric acid used in digestion mixtures. Preliminary 
experiments indicated that nitric acid depresses the masking 
effect of citric acid. Attempts to find a suitable digestion 
procedure are now being undertaken in this laboratory. 
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Releasing Effect of Iron(JII) and Other Oxidants on the Interference 
from Nickel in the Determination of Selenium by Hydride Generation 
Atomic Absorption Spectrometry 
Ragnar Bye 
Department of Chemistry, University of Oslo, Box 1033, Blindern, Oslo 3, Norway 

The releasing effect of iron(fff) on the interference from nickeWi in the determination of selenium has been 
extended to nickel concentrations commonly found in solutions of real nickel samples. In solutions containing 
l O f i g l - ' ofselenium|IV)and l e O O m g h 1 of nickel(ll) almost 80% of the sensitivity for selenium was retained if 
the solutions were made 1000 mg h 1 in iron(lll) and 2.5 M in hydrochloric acid. Alternative oxidants such as 
chrorniurn(VI), thallium(lll) and nitric acid were investigated, but were found to be far less effective than 
iron(df) in reducing the ntclcel interference. 

Keywords: Selenium determination; hydride generation atomic absorption spectrometry; nickel interfer
ence; iron releasing effect; oxidant releasing effect 

Miiny |>it|>crs have heen published on the interferences from 
metai ions in the determination of selenium by hydride 
generalien atomic absorption spectrometry and of those 
studied ihe most serious interfercnts were found to he Au . Ag. 
Pl. Cu. Ni and Co. Copper and nickel are of particular interest 
because they arc often present in high concentrations in 
various niiitrices. When the above-mentioned elements were 
present as aqueous ions, it was observed thai a metallic 
precipitate was formed immediately on the addition of sodium 
tetrahvdroborale solution, which is used for the generation of 
the selenium hydride gas. It is thought that this interference is 
caused by the decomposition or the absorption of selenium 
hydriuV by the metallic precipitate. 

Some workers have considered the mechanisms involved 
when the formation of selenium hydride is depressed by other 
elements. Of the papers published on this matter those of 
Welz and K 'e i ther are the moM comprehensive.1 - These 
worker found (hat the presence of imn(IJf) in the sample 
solution e .it ended the interfere nee-free range of selenium 
when nicki'i ions were present It was ohserved thai imn(III) 
and posMhlv nitrate, which was also present in their sample 
solutions, depressed the reduction of nickel ions by the added 
hvdfohor.iie ions, owing to the preferential reduction of 
iron(III) and nitrate, as both possess a high oxidation 
poleniial As the reduction product of i run(l l l ) is primarily 
ironMf I ,int( mil the metal, the decomposition or absorption 
effect on selenium hydride is thus avoided. 

f limcM-r, i IK- results of Wei/ and Melcher are not entirely 
clear l o i iiiMauce. nitric acid seems to have much less effect 
than i ronl l l l ) in depressing the interference from nickel(II). 
In new of the proposed explanation, this is surprising because 
the stand.nd oxidation potential of nitric acid is even higher 
than that ol i ron(l l l ) . Moreover, (he concentration of nitric 
actd was about KKKJ times higher than that of iron/IJI). 
However, these workers employed nitric actd solutions 
containing hydrochloric acid, which changes ihe oxidalion 
potential 'if the solutions, making interpretation of the results 
more difficult. 

f-nifti their result* ir can he seen that relative to the 
semii i \n\ Mtiijiiiied from solutions ol selenium(IV) in (1.5 M 
MCI. onh Hi"'., of the sensitivity for selenium was retained in a 
2.0 M UNO i - fl.T M H O medium containing KXXJ mg I ' of 
nickel(II) .mil J'lO mg I ' of iron(HI) As this is a low 
sensitivity for the determination of selenium in real nickel 
samples, in which nickel concentrations higher than [01X1 
mg 1 l ciin be expected, it was decided to optimise the 
conditions that could extend the tolerable concentration nf 
nickel! (I) in solutions taken for (he determination of selenium 

using iron(IIi) as a releasing agent. This paper also describes 
attempts to elucidate the possible mechanisms involved when 
selenium hydride is released by oxidating agents. The effect of 
oxidising ions other than iron(III) has therefore also been 
investigated. 

Experimental 
Apparatus 

A Perkin-I-lmer Model 3fl() atomic absorption spectrometer, 
equipped with a discharge lamp for selenium and operated at 
6 W was used. The selenium signals were measured at the 
1%.0-nm resonance line and recorded on a Radiometer 
Servograph REC 51 recorder. The Perkin-l;lmer MIIS-10 
hydride generation system was operated as recommended by 
the manufacturer. 

Reagents 

Sample solutions. The following salts, all of analytical-
reagent grade, were used: nickel(II) chloride hexahydrate. 
i ron(l l l ) chloride hexahydrate. potassium dichromatc(Vl) 
and thallit imtfl l) nitrate. 

S'itric, hydrochloric and sulphuric acids- All of analytical-
reagent grade. 

Sodium trtrahydroborateilff] solution, 3% mtV, Prepared 
by dissolving the salt of purum pro analyst grade (Fluka) in 1% 
mlV sodium hydroxide solution. The solution was filtered 
before use. 

Selenium(IV) standard solution, 5 mg I '. Prepared by 
diluting a IfHIO mg I ' solution made from sodium selcnilc of 
puriss. pro analysi grade (Fluka). 

Procedure 

Aliquot* of 10 ml of each solution and three aliuunis of each 
concentration were taken for analysis. The rcsulls presented 
in Figs. 1 A arc hence Ihc means of three delerminations. 

Results and Discussion 

Initially it was thought that other ions, with a high oxidation 
potential that could he reduced to a lower oxidation stale (not 
being the metal), coutd he used instead of iron(lll). This 
possibility wa1- investigated using CY(V1) and T l ( l l l ) . The 
oxidation potentials for Cr( V]) - Cr(I I I) and 11(111) - Tl(1) are 
+1.33 and +1.2ft V, respectively i.e.. considerably higher than 
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Concentration of oxidising 
Fig. I. Llfcci of the concent rat inns of nxidising ions (in 100 nj* of 
Se(IV) in 1.0 M IICI - 10t> me I ' Ni(tl) solutions. A. Fc(lll): B, 
TKIIII:BmlC'.Cr(Vf) 

Concentration ol acid mol 1 ' 

Fl». 2. Effect of the concentrations of acids nn ifflneaf$c(lV)in 10(1 
mg I ' Ni(II) solutions. A. HC1; B. H:SO.,; and C. UNO, 

Concentration of acid'mol 

Fig. 3. Effect of the concentrations of acids on the determination of 
lOOngof Se(tV)in [00 mgl" ' Ni(II) - 1000 mg I •• Fe(lll) solutions. 
A, HCI; B, HNOj - HCI (4 + l); and C. HNO, 

Ni concern ral ion mg 

Fi*. 4. Effect of the concentration of Ni(II) on the determination of 
100 ng of Sc(IV) in 2.5 M HCJ containing A, 1000 mg 1 'of Fe{III>; 
andB. lOOOOmgl 'ofFc(II l ) 

ihiil of rVd l lJ - FWI1) (+(1.77 V). The solutions examined 
were all I M in HCI and contained 10 ug 1 ' of Sc(IV) and 100 
mg ) ' of N i f l l ) . The signals were compared with those 
obtained for a solution containing the same concentrations of 
Se(IV> and MCI only. However, despite the high oxidation 
potentials of Cr(VI) and T I f l l l } . these ions had much less 
effect than Fc(III), as revealed in Fig. I. Further work with 
C-!VI) and T l ( l l l ) was ihercforc neglected. 

tVe!/ and Melcher obtained the best results, for both Sc and 
As, when HNOi and HCI were present simultaneously in 
iron(JH) "solutions. The most probable explanation far this is 
thai nitric acid, or possibly chlorine formed by the reaction of 
the acids, has a similar effect to FcfUI). i.e., is reduced before 
Ni( l l ) . However, the effect from HNO, appeared to be low, 
and any releasing effect from HNOi was Ihereforc investi
gated. Solutions containing the same concentrations of S*(!V) 
and NiflJ) as above, bul with variable concentrations of 
HNOi , IICI and H;S0 4 , were examined. From Fig. 2 it is 
apparent that HNO, has no advantageous effect compared 
with HCI when Ni( l l ) is present. Moreover, it has less effect 
on the selenium signals lhan H_.SO,, which has no oxidising 
properties. As expected, high concentrations of hydrochloric 
acid were more effective than H J S O J owing lo comptcxation 
of (he nickel ions. 

Any combined effects of Fcf l l l ) and UNO,. H O or UNO,-
HCI mixtures were also studied using solutions containing the 
same concentration* of Se(IV) and Ni(H) as above and 10110 
m g l - ' of Fc(III). Al l HNO« - HCI mixtures were prepared in 
J ' 1 molar ratios fas employed by Welz and Melchcr): a 3 M 
concentration of this mixture is 2 4 M in HNOi and (>.* H in 

HCI. The sensitivity for Se(IV) was highest for the HCI 
solution with a maximum at 2-3 M (Fig. 3). For the I fNOi -
HCI solutions the sensitivity increased continuously with 
increasing molarity of the acid and reched a maximum at 
4-5 M; however, this was still less sensitive than the solutions 
containing HCI. Fig. .1 also demonstrates that the combination 
of Fc(MI) and HNO, gave a considerably lower sensitivity, 
and is obviously of no advantage compared with the other 
acids, 

In the lastscricsofexperimcnts, solutions rhatwere lOugl ' 
in Sc(IV). 2.5 M in HCI and 1000 or lOfKK* mg 1 -' in Fc(III) 
were examined. The concentration of NtfflJ wa< v.iried up to 
1600 m g l ' 1 . A 2.5 M concentration of hydrochloric acid was 
chosen because this concentration was within the range giving 
the greatest sensitivity (Fig. 3). The sensitivities for Sc(iVj at 
various concentrations of nickel(H) were calculated re/alive to 
Ihe signals obtained from the solutions [containing 1000 or 
lOOOn mg l-« of Fcf l lUI without Ni( l l ) fFig. 4). It was 
observed that a concentration of Fc(III) of 10 1100 mg I - 1 was 
of no advantage asa lonOmgl" ' solution produced the same 
results. Most importantly it was found thai almost 80% of the 
Sc(fV) «gnats were retained when 1600 mg I ' of Nif / I ) were 
present in solutions thai were 2.5 M in HCI and 1000 mg I ' i n 
Fe(l l i ) . 

The reason for the favourable effect of Fc(l I I) on the nickel 
interference is probably the reduction of FefII!) to Fc(ll) fry 
tetrahydrohoratc tons before reduction of the nickel ions, as 
proposed by Welz and Melcher. This effect was much inwer 
for other strong oxidant» Mich as Cr(VI) . Til 111) and UNO,, 
probahfv for k nciic reasons There are few («her oxidant* thai 
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are suitable as releasing agents, because it is required that the 
oxidants must be reduced to the respective ions in a lower 
oxidation slate, rather than being reduced to a precipitate or 
gas. Therefore. Fe(III) seems to be the most suitable agent. 

The mechanisms of the precipitate formation when Ni(Il) 
(and other interfering ions) and tetrahydroborate ions react, 
and the character of the metallic precipitate, are discussed 
elsewhere. •* 

In this work the combination of Fe(HI) and HC1 has been 
found to reduce the interference from large amounts (1600 
mg ]->) of Ni(Il) to such a degree that the determination of 
selenium in nickel metal samples by the hydride generation 
technique should be feasible using the proposed concentra
tions of Fe(lII) and HC1. This method is more suitable for 
masking the nickel interference than the one proposed 
recently,4 in which citric acid was capable of masking up to 

i 

113 

1600 mg h> of Ni(ll) . This is sufficient but the major 
drawback is the large amount of citric acid required (250 
g I-') . However, although Fe(HI)can be used successfully as a 
releasing agent it may be still be necessary to use the standard 
additions method for real nickel samples. This is to be 
investigated. 
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IRONilII) AS RELEASING AGENT FOR COPPER INTERFERENCE 
IN THE DETERMINATION OF SELENIUM BY HYDRIDE-GENERATION 
ATOMIC ABSORPTION SPECTROMETRY 

RAGNAR BYE 

Department of Chemistry. L'nkvrsity of Oslo. Box 1033, Blindern. Oslo 3 {'Norway 

(Received 2nd June 1956) 

Ptf_ft« 

Summary Jrnnilll) has a very effective releasing effect on the depressive interference 
from coppor(ll) on the determination of selenium by hydride-generation «lomic absorp
tion spectrometry In solutions with 100 mg I ' Cu(I0 . 10 Jig f" Se(IV) and 2.0 mul 1 " 
HCJ, the ahsorhancc obtainfd was much higher when c g I" Fe(III) was added than for 
any earlier releasing agt-nt. 

Of the elements that interfere seriously in the determination of selenium 
by hydride-generation a.a.s., copper and nickel are important, as these are 
common elements in metallurgical samples. When copper is analyzed for 
selenium by this technique, selenium has been separated from the matrix 
by coprecipitation with hyd rated iron oxide [ 1 . 2] or lanthanum hydroxide 
13J. Alternatively, copper can be removed electrolytically prior to the 
generation of hydrogen selenide [4] . As such steps include risks of loss of 
anal yte, it would be better if selenium in copper samples could be deter
mined in the sample solution without prior separation. 

It was recently demonstrated that iron (HI) could minimize the serious 
interference from nickeUU) in the determination of selenium by hydride-
generation a.a.s. 15, 6 ] . Copper depresses the selenium Signals even more 
strongly than nickel does. Many attempts have been made to overcome this 
problem by using various complex ing agents, but no method appears to be 
completely successful. In view of the promising results for nickel, it was 
decided to examine whether iron (III) could be used to decrease the inter
ference from largr amounts of copper. 

Experimental 
Equipment and solutions. A Perkin-Elmer 300 atomic absorption spec

trometer was used with a discharge lamp for selenium operated at 6 W. The 
selenium signals were measured at 196.0 nm and recorded on a Radiometer 
Servograph REC-51 recorder- The Perkin-Elmer MHS-10 hydride generation 
system and a 10-cni single-slot burner with an air/acetylene flame f l0 .5 '3 .5 
1 m i n ' ' ) were used as recommended by the manufacturer. Argon (99.99?r> 
was used as purging gas for the generating system. 
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The sails used for the test solutions were copper)U) chloride dihydrate 
and ironitlli chloride hexahydrate, both analyticai grade. The sodium tetra-
hydroborate solution (3?c w/v) was prepared by dissolving the salt (Fluka, 
p.a. grade) in 1" (w/v) sodium hydroxide solution; it was filtered before use. 
A seleniumilV) standard solution (5 mg l"1) was prepared by diluting a 
1000 mg J"1 solution prepared from sodium selenite (Fluka, p.a. grade). 
Procedure. The test solutions containing the chosen concentrations of 
iron)III), coppertll), selenium!IV) and hydrochloric acid were prepared in 
100-ml volumetric flasks; three 10-mI aliquots at each concentration were 
examined: the means of these data are reported. 

Results and dfscussion 
The effect of iron<III> was examined on three sets of solutions containing 

10 yg I"' selenium*IV), 100 mg 1~' copper(II), and increasing concentrations 
ot irontlll), up to 8 g l" 1. in 1, 2 and 4 mol 1~' hydrochloric acid. The 
results f Fig, 1) show that the absorbances increased up to 4 g I - ' iron(III). 
The increase at lower iron concentrations was most pronounced for the 2 
and 4 mol l ' 1 acid solutions, probably because of increased formation of 
chlorocopperlll) complexes at the higher chloride concentrations [7J. 
With >4 g r 1 iron(IIl), further increæ» in absorbance was small at all 
acid concentrations, and 4 mol I"' hydrod. trie acid gave the lowest signals, 
probably because of increasing concentrations of species such as FeClJ and 
FeCHH;0);*~. The results in Fig. 1 could be explained by the relative effects 
of hydrogen ions and chloride ions on the copper and iron species. 

The influence of the concentration of copper(II) (up to 1.6 g T 1) on the 
selenium signals in the presence of 8 and 16 g 1"| iron(HI) was investigated 
for solutions containing 10 fig I ' 1 selemum(lV) in 2 mol 1~' hydrochloric 
acid. The results obtained showed that the signals decreased continuously 
with increasing concentrations of copper(II) in both casea and that an 
iron(IU) concentration of 16 g I"' had no advantage over 8 gl"'- But quite 

F if 1. Inllm-nrr of itu' enncentratmn of ironllll) on measurements nf 100 ng ofSe( IV) 
in 100 mn I ' CulIO solutions at dilTertnt acidities (A) 1.0. (B> 2.0, (CI 4.0 mol 1'1 

hydrochloric jcirl 
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satisfactory results were obtained with 8 g 1"' iron(III); for instance, the 
absorbance was 0.05 for 10 fig I - 1 selenium(IV) at a copper(IJ) concentra
tion of 600 mg ]'' and 0.22 at 100 mg l"1 copper(II), Similarly high sensi
tivities for selenium in the presence of such concentrations of copper do not 
seem to have been achieved previously. For example, in previous work with 
thiourea, which was then considered one of the most effective masking 
agents, the absorbance was ca. 0.08 for 10 jig I - 1 selenium(IV) in the pres
ence of 100 mg r 1 copper(U) (.8], Further work on methods for the deter
mination of selenium in copper (and nickel) samples by adding iron(HI) is in 
progress. 
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