
























































































































































































































































































Ana/ytica ChimicaActa, 276 (1993) 377-384
Elsevier SciencePublishers B.V., Amsterdam

Comparative study of argon and helium plasmas
in a TM olO cavity and a surfatron and their use

for hydride generation microwave-induced
plasma atomic emission spectrometry

E. Bulska 1

Laboratorium fur Reinststoffanalytik, Max-Planck-Institut fiir Metallforschung, Stuttgart, Postfach 12 2652,
4600 Dortmund 1 (Germany)

l.A.C. Broekaert
Unioersitdt Dortmund, Fachbereich Chemie, Postfach 500500, 4600 Dortmund 50 (Germany)

P. Tschopel and G. T61g
Laboratorium fur Reinststoffanalytik, Max-Planck-Institut fur Metallforschung, Stuttgart, Postfach 12 26 52,

4600 Dortmund 1 (Germany)

(Received 28th May 1992; revised manuscript received 21st December 1992)

Abstract

Argon and helium microwave-induced plasmas (MIPs) operated in a TM olO Beenakker resonator and in a
surfatron were investigated for the determination of hydride-forming elements. The MIPs in both devices were
optimized with elemental mercury vapour. The analytical figures of merit were determined for As, Sb and Se in the
case of hydride generation followed by trapping in a hot graphite furnace and subsequent evaporization of the analyte
into the plasma. The long-term stability of the plasmas obtained in both devices was found to be very good. With the
surfatron the absolute detection limits for the determination of As, Sb and Se (0.1-0.2 ng) were half those with the
TMolO cavity.

Keywords: Atomic emission spectrometry; Flow system; Antimony; Arsenic; Hydride generation; Microwave-induced
plasmas; Selenium; Surfatron
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Argon or helium microwave-induced plasmas
(MIPs) are commonly used as radiation sources
for atomic emission spectrometry [1]. MIPs oper­
ated at powers less than 200 W can be obtained

0003-2670/93/$06.00 © 1993 - Elsevier Science Publishers B.V. All rights reserved
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Fig. 1. Vertical section of long path-length thin-layer spectro­
electrochemical cell with dual working electrodes. 1 = PTFE
plates; 2 = thin polyethylene spacers; 3 - hole for the counter
electrode; 4 = hole for the reference electrode; 5 = dual work­
ing electrodes; 6 = thin-layer solution; 7 = solution inlet; 8 =
light windows. '
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EXPERIMENTAL

Hence SSEC is related to the constant of the
spectroelectrochemical cell and the optical ab­
sorption behaviour of the tested species. How­
ever, it does not depend on the tested concentra­
tion.

Molar absorbance/potential ratios obtained
from the present experiments and the literature
are given in Table 1. They varied with different
species and different cells. However, if Fe­
(CN)~- /Fe(CN):- is taken as a reference sys­
tem, the enhancement of the spectroelectrochem­
ical sensitivity of the long path-length thin-layer
cell is demonstrated by this concept, as their SSEC

values are much larger than that of an aTE cell.

Fabrication of the spectroelectrochemical cell
The spectroelectrochemical cell was fabricated

as described [7,8] with some improvements, and is
shown in Fig. 1. The cell body was made from
PTFE. The dimensions were 1.1 x 1.1 x 3 cm,
i.e., nearly the same as for a l-cm cell in conven­
tional spectrophotometry. The light path length
was ca. 0.7 cm and the width of the thin-layer
solution was ca. 250 JLm measured by an optical
microscope. The tested solution was injected into
the thin-layer space confined by the dual working
electrodes and two light windows. The cell was
positioned and fixed in the optical path of the
spectrophotometer and the light beam was passed

TABLE 1

Molar absorbance/potential ratios

Cell type a Optical path Species tested Wavelength monitored (nm) SSEC Ref.
length (mm) (A.U.l mol-I mV- I)

A 9.0 Fe(CN)~ /Fe(CN)~ 420 6.34 ± 0.01 7
9.0 Methylene Blue 666 594 ±4 7
9.0 Cu(NH3)~- /Cu(NH 3)i 600 0.416 ± 0.001 7

16.2 Fe(CN)~- /Fe(CN)~- 420 10.8 8
B 0.24 Fe(CN)~- /Fe(CN)~- 420 0.400 9

0.145 o-Tolidine 438 9.03 10

a A= long path-length thin-layer cells; B = normal OTE cells.
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RESULTS AND DISCUSSION

Investigation by CVand SEC
Thin-layer absorption spectra at different po­

tentials are shown in Fig. 2. The absorption maxi­
mum of the complex of Fe3+ with CAS is 575 nm,
while the complex of Fe2 + with CAS does not
absorb in the visible region, which agrees with the
reported data [11]. Moreover, the absorption
maximum of CAS alone was measured to be ca.
452 nm, which agrees well with the published
value [6).

According to Eqn. 6, we can obtain EO, and n
from the intercept and slope of the E vs. 10g[(A
-AR)/(Ao -A») plot after measuring E, A o'
AR and A at 575 nm. Results of three determina­
tions were EO, = 91,92 and 91 mV and n = 0.88,
0.93 and 0.89.

The results of thin-layer derivative cyclic
voltabsorptiometry, as shown in Fig. 4, show that
two pairs of peaks were observed at 575 nm but
only one pair of peaks at 480 nm. As is known,
the complex of Fe3 + with CAS hardly absorbs at
480 nm but CAS absorbs more strongly at 480 nm
than at 575 nm. Hence the peaks at 140 and 40
mVare due to the oxidation and reduction of the
complex of iron with CAS, respectively, and these
two peaks disappear at 480 nm; the peaks at
- 350 and - 380 mV are due to the oxidation and
reduction of CAS, respectively, and they become
stronger at 480 nm than at 575 nm.
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The results from the thin-layer CV experiment
are shown in Fig. 3. In spite of the distortion due
to the iR drop of the response from the thin-layer
solution, two pairs of potential peaks can easily
be found that are located at 0.1, -0.12 V and
- 0.27, - 0.43 V. Considering the conclusions
drawn from spectroelectrochemistry, it is readily
concluded that the former pair of peaks is due to
the oxidation and reduction of the complex of
iron with CAS and the latter corresponds to the
oxidation and reduction of CAS co-existing in the
solution.

Potential step amplitude in the process of analy­
sis

Based the spectroelectrochemical properties of
the complex of iron with CAS, .lA between 300
and -200 mV was taken as the analytical signal
here. The time to reach a steady absorbance after
a single potential step is about 5 min when the
width of thin layer is about 300 ILm. Because of
the dual working electrodes and therefore a large
electrode surface area/solution volume ratio, it is
certain that faster exhaustive electrolysis will be
achieved with the present cell than that with only
one working electrode, and this was verified ex­
perimentally.

Effects of the pH and the amount of CAS
pH is an important factor affecting the colour

development reaction. In this work, in order to

! 0.0083AU/mv a

Q

500 400 300 200 100 o -100 -200 -300 -400 -500

Millivolts

Fig. 4. Thin-layer derivative cyclic voltabsorptiometric trace for 3.3 JLg ml- 1 Fe3 ++O.5 mM CAS in 0.02 M acetic acid-OJ M
sodium acetate buffer. Observation wavelength: (a) 575 and (b) 480 nm. Potential scan rate, 1.5 mY S-I.
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Abstract

The programs STAR and STAR/FA were developed for the study of ionic equilibria from spectrophotometric
data. Both programs are written in Turbo-Pascal for use on personal computers. STAR is a non-linear regression
program for the refinement of complex formation constants of systems that can be described by up to 5 components
and 25 species ApBqCrDsH" where A, B, C and D can be either metal or ligand. The experimental data treated can
contain up to 50 absorption spectra, measured at 50 wavelengths. Interaction with the user is provided by
menu-driven operation and graphics presentation of data on the computer screen (or plotter). STAR/FA is a
complementary program, used for the determination of the number of absorbing species by factor analysis of the
absorbance data matrix. It can also be used for the smoothing of the experimental data. Two application examples
are given: the interaction of boric acid with 2,3-dihydroxynitrobenzene (from literature data) and the dissociation and
complex formation equilibria with Zn(II) ions of 8-hydroxyquinoline-5-sulphonic acid.

Keywords: UV- Visible spectrophotometry; Absorbance; Computer programs; Stability constants
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Spectrophotometric methods have been widely
used in the study of ionic equilibria [1,2]. Al­
though in past years spectrophotometric mea­
surements were less precise than potentiometric
measurements in the determination of complex
formation constants, absorbance data have been
.very useful in ascertaining the chemical model
describing the ionic equilibria, provided that new
absorbing species are formed. Otherwise, the
spectrophotometric methods can be used when
the experimental conditions do not allow the use
of potentiometric measurements; this is the case
when the ligand or the complexes formed are
sparingly soluble.

Otherwise, the numerical and graphical meth­
odsused for the determination of formation con-

Correspandence to: J.L. Beltran, Departament de Quimica
Analitica, Universitat de Barcelona, Diagonal 647, 08028
Barcelona (Spain).

stants {continuous variations method [1,2], corre­
sponding solutions [1], the Benesi-Hildebrand
linearization method [3,4], etc.) are applicable
only when relatively simple systems are studied.
The use of general least-squares computer pro­
grams for the treatment of multi-wavelength ab­
sorbance data overcomes this problem, and fairly
complicated equilibria (involving mixed-ligand, or
hydroxo complexes) can be solved. The most
commonly used programs in this way are SQUAD
[3] and LETAGROP-SPEFO [5], although there
are extensive revisions of least-squares programs
for the study of ionic equilibria available [6,7].

The determination of stability constants from
multi-wavelength absorbance data requires large
amounts of computer memory, so, programs such
SQUAD and LETAGROP-SPEFO were devel­
oped for use with mainframe computers. The use
of microcomputers in studying these systems was
allowed only with sophisticated mathematical
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