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The influence of the discharge temperature and of the electron pressure on
the spectral line intensity of selected elements was studied. Both parameters
.were calculated using spectral lines of iron. It was determined that the
mathematical correction of the influence of the temperature and of the
ionization on the intensity of spectral lines yields satisfactory results only for
spectral lines of iron. In the case of other elements a satisfactory correction of
the followed parameters cannot be obtained in consequence of different spatial
distribution of corresponding atoms.

W3yyanoch BIMSIHWE TEMIIEPATypbl pa3psia M AaBJEHHS 3JEKTPOHOB Ha
MHTEHCUBHOCTb CMIEKTPANbHBIX JIMHUI M30paHHbIX 1eMeHTOB. O6a napaMeTpa
HaXO[WIKCh C UCIOJIb30BAHKUEM CIIEKTPANIbHBIX JIMHHUIE XeJle3a. Bbuto HaiijeHo,
4TO pacyeTHas MONpaBKa Ha BIIMSIHUE TEMIEPAaTypbl U MOHHU3ALMH ACT YIIOB-
JIETBOPHTENbHBIC PE3YNbTaThl TONBKO B CIIy4ae CIEKTPANIbHbBIX JIMHHUH KeJe3a,
HO B Clly4ae OCTAlbHbIX 3JIEMEHTOB KOPPEKLHSI CTAHOBUTCS HEJOCTATOYHOM
BCJIE/ICTBHE PA3HOTO MPOCTPAHCTBEHHOTO PACHOJIOXKEHHS COOTBETCTBYHOLHMX
aTOMOB.

The quantitative spectrochemical analysis consists in determining concentration
of elements in a sample using intensity values of their spectral lines [1, 2]. The
intensity of spectral line is not only a function of concentration of the correspond-
ing element, but it depends on many other factors, too. Among them the
dependence of the concentration of the investigated element in the discharge
plasma on its original concentration in the sample, the discharge temperature, the
degree of ionization, as well as the coefficient of self-absorption have to be taken
into account. Several of these parameters show a spatial distribution. The present
- paper analyzes the possibilities of correction of the temperature and electron
pressure influence on the intensity of spectral lines. The influences manifest in the
given procedure are also studied. To ensure accurate spectrochemical results the
temperature and electron pressure can be maintained on a constant level either by
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using calibration standards corresponding in their composition as closely as
possible to the composition of the sample, or by addition of an appropriate
spectrochemical additive. Several papers [3—6] were devoted to the question of
choice and use of spectrochemical buffers, but it has not been satisfactorily solved
till now. The survey of efficiency of various buffers as well as the necessary amounts
of the additive is given by Holdt [7]. Apart from these procedures the given
problem can be solved by the mathematical correction of the influence of
temperature and ionization on the intensity of spectral lines. In this direction
mainly works by Frisque, Dennen and Sankaran (8, 9] and recently by Decker and
Eve [10, 11] are known. The latter authors have made correction only for
conventionally chosen conditions of temperature and electron pressure. In the
present work the possibility of correction of AY values on the average temperature
and average electron pressure is investigated. The effectiveness of the correction is
followed by the comparison of the uncorrected with the corrected values in
dependence on the temperature. The temperature values characterizing the
discharge as a whole were calculated by means of intensities of two Fe spectral lines
of known transition probabilities and corresponding to the same species. The
degree of ionization was determined by means of intensity values of one Fe ion and
one Fe atom line. In the calculation the partition functions and the transition
probabilities for the used ion and atom line were taken into account. The necessary
numerical values were gained from graphical plots according to Boumans [12].
Using the calculated temperature and degree of ionization a formula for the
number of particles of the investigated element in dependence on the intensity of
its atom, viz. ion line was derived. The found number of particles is thus directly
connected with the concentration of the given element.

Experimental

Different discharge temperatures were obtained by using Ba, Sn, Ca, Zn, Si, and Mg (all
in appropriate compounds) in the quality of spectroscopic buffers, mixed with carbon
powder SU-602 (Elektrokarbon, Topolcany) in the ratio 1: 1. The elements were selected
according to different ionization potentials and different volatilities. The evaporation of Ti,
Sb, Ni, Co, Cd, and Fe from the mixture of their compounds, each contained in 1%
concentration in the carbon powder SU-602 was investigated under the application of the
above-mentioned buffers. To avoid the occurrence of different chemical reactions between
the investigated elements and buffer in the electrode, as well as the eventual preferred
evaporation of the buffer, the evaporation from a specially constructed electrode was
investigated. The electrode was made of graphite rods Elektrokarbon, Topol¢any SU-106
and SU-101 shaped according to Fig. 1.

The inner electrode was filled with a mixture of the investigated elements. The space
around it and above it was filled with the buffer. The spectra were taken under the
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N

Fig. 1. Shape of the used electrode.

Table I

Experimental conditions

Spectrograph PGS-2 (Zeiss, Jena)

Grating ? 651 lines/mm

Order m=1

Imaging 3 lenses with intermediate stop
Intermediate stop 3.2 mm

Filter 3 step

Slit width 0.020 mm

Electrode separation 4 mm

Exposure 5 min

Wavelength range 235—360 nm

Carrier electrode sec Fig. 1

Counter electrodes SU-104, Elektrokarbon, Topol¢any, conic
Excitation D.C. arc, 6 A

Photographic emulsion ORWO WU-3

Developing ORWO R 09, 1:20, 5 min

conditions given in Table 1. In comparison with currently used electrodes the described
shape of the electrode enables to achieve practically linear dependence of AY values on
ionization potentials of the buffering elements and also on the discharge average
temperature.
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Results and discussion

The following equations were used for the analysis of possibilities to correct the
influence of temperature and electron pressure on the spectral lines intensities.
Boltzmann’s distribution law '

’

nngzﬂ n, e kT (1)
and Saha’s equation
nin. X Z: . am)"*(kT)** _
. =1_x 2222( )hx( ) e E/kT (2)

The temperature was calculated according to the relation given for these conditions
by Sobolev [13]

_ 5200 I, — Fe I1 256.2 nm
T 042-logl,/I, I,—Fell258.5nm

3)

The calculated values characterize the discharge as a whole.

The degree of ionization can be determined by measuring the intensity of the ion
and atom line of an element. Various authors recommend different lines [12]. In
the present work the lines of the same element — iron — were used both for
thermometric and manometric measurements, to ensure these measurements to be
made at the same distribution of particles in the discharge. The degree of ionization
of the investigated element was obtained using the following relations.

Intensity of atom spectral line '

I.= A.g.hv.N, ZL e EJ/KT (4)

Intensity of ion spectral line

IizAigahViNizl‘_e_E'/kT s (5)

If higher ionization states are energetically considerably remote

N x x _ L, Zi e eynr

N. l—x:>1—x_z Ze 5
where
_Aaguvu
T Agwv, ()
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For the calculated temperature the Z, and Z; values were taken from graphical
representations of the dependence of log I upon 5040/T plotted according to
Boumans [12]. Reliable numerical values of transition probabilities for ion and
atom lines are tabulated only for some spectral lines. Boumans presents those
values for the spectral lines Mgl 27798 nm and MgII 279.55 nm. The
corresponding constants for spectral lines Fe II 273.9 nm and Fe I 275.0 nm used
by Turko [14], in whose work the partition functions had not been taken into
account, had to be determined experimentally.

The relation of transition probabilities for the Fe spectral lines used by Turko
[14] was calculated from the intensities of the Mg and Fe spectral lines measured in
spectrograms taken using a mixture of MgO and Fe,O; in CaCO; matrix. The
obtained value equals log A =2.34.

In the case when the temperature and degree of ionization is known the number
of particles N can be theoretically calculated. Its value is in a direct connection with
the concentration of the element in question. The calculation can be performed as
follows:

The number of nonionized particles N, is related to the number of all particles N
of the given element by the equation

N.=(1-x)N (8)

The degree of ionization of one element can be calculated from the determined
degree of ionization for another element

Xo _ X ZiZZul —(V,=V\VkT
1_x:—1_x|ZilZuE (9)
if
X _ _L
T = k> -x)=1 % (11)

At a known temperature and intensity relation of atom to ion lines, with regard
to the relation (6), it can be written

L Zi

k :A I:\l ZﬂZ

e[(En‘E:.l)_(vz_vl)l”kT (1 ] )

The N value can be then calculated from the equation for the intensity of spectral
line using calculated k value and the expression (1 — x,). For the atom spectral line

I;,=A(1—x)N%e‘E»“‘T (12)
For the ion spectral line
Ii=AxN%e‘Ei’kT (13)
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The expression of the number of particles N from the eqns (12) and (13) is
evident.

The number of particles expressed in this way should for a given concentration
depend no more on the temperature and the electron pressure. The influence of
such a correction of spectral line intensities was followed using graphical dependen-
ces of the AY values for different Fe atom — or ion — spectral lines upon the
ionization potential of the applied spectrochemical buffers, i.e. upon the tempera-
ture. The courses of uncorrected AY values are shown in Fig. 2. The corresponding
courses of AY values corrected using eqns (12) and (13) are shown in Fig. 3.

According to the theoretical presumption the uncorrected courses have an
ascending tendency. It means that the AY values depend under the given
conditions on the temperature the more the greater is the difference of the
excitation potentials of the two used spectral lines. After the correction, values
proportional to the number of Fe particles are obtained. As expected, the
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Fig. 2. Dependence of the AY value on the o O
ionization energv [eV] of the used buffering .
clements. 5 g v 10
1. Fell 273.95 nm/Fe Il 258.58 nm, AE =
+0.72eV; 2. Fel 309.99 nm/Fe I 275.0 nm, Fig. 3. Dependence of the relative number of
AE = +045c¢V; 3. Fell 256.2 nm/Fe Il particles on the ionization energy of the
27395nm, AE = +031eV; 4. Fel buffering elements.
309.99 nm/Fe 1310.03 nm, AE = +0.02 eV. 1—4 asin Fig. 2.
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corresponding value of the logarithm of the relation of relative Fe particle
concentrations calculated by means of intensity of the first and the second line does
not change with the ionization potential of the used buffer. All the corrected curves
are parallel to the abscissa. The dependences of AY values on the temperature can
be followed in a similar way also for the pairs of Fe spectral lines formed from one
ion and one atom spectral line. The results are in Fig. 4.

In the case of the lines Fe 11 258.58 nm/Fe [ 309.99 nm a clear growing course of
the AY value is obtained also in spite of the fact that AE= —0.22 eV. This is
caused by the faster generation of ions than the lowering corresponding to the
negative difference of the excitation energies. With the lines Fe 1I 256.2 nm/Fe I
310.03 nm, for which AE = 4 0.83 eV, the run with a high slope is obtained. In this
case the relative excitation as well as the ionization grows with the temperature.
The procedure for the correction has been proved as accurate also in these cases, in
spite of the overcorrection of the second line pair at higher ionization potentials.
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Fig. 4. Dependence of the AY value (a) and of the relative number of particles (b) on the ionization
energy of the used buffering elements.
1. Fe Il 258.58 nm/Fe 1 309.99 nm, AE = —0.22¢eV; 2. Fell 256.2 nm/Fe I 310.03 nm, AE =
= +0.83eV.
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Fig. 5. Dependence of the AY value (a) and of the relative number of particles (b) on the ionization
energy of the used buffering elements.
I. Nil 310.16 nm/NiI 309.91 nm, AE = -0.06eV; 2. Coll 237.86 nm/Co II 236.37 nm,
AE = —0.12¢eV: 3. Cil 304.4nm/Col 346.28 nm, AE = —0.14eV; 4. Til 26442 nm/Til
264.1 nm, AE = +0.02eV; 5. Cd1346.6 nm/Cd 1340.3 nm,AE=0¢V.

Similar dependences were obtained also for spectral lines of the other investiga-
ted elements when the lines of the same element had been compared. As a matter
of fact the evaporation rates do not play any role under the mentioned conditions.
The dependences corresponding to the lines of Ni, Cd, Ti, and Co are in Fig. 5.

The runs of AY values for spectral lines corresponding each to another element,
as it occurs in practical analysis, are presented in Figs. 6—8. Iron which serves for
the determination of both the temperature and degree of ionization, was used as
a reference element. The character of all the presented runs agrees with the
expected one, considering the influence of the temperature and of the electron
pressure.

Apart from the presented explainable and more or less corrigible runs, also runs
contradictory to the theoretical presumptions were obtained. The examples are in
Fig. 9. The dependences had an experimentally determined growing character also
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in spite of the negative AE value and the negligible difference in the ionization
potentials of the investigated two elements.

A similar disagreement in experimental results exists also in the following
measured line pairs: Col 304.4nm/Fel 275.0nm (AE=-0.49eV), Til
264.42 nm/Fe 1 275.0 nm (AE = +0.15 eV).

The causes of these disagreements can be different. Apart from the differences in
volatilities, chemical reactions in the discharge can play a role. Their occurrence
can hardly be influenced. Chemical reactions between the investigated elements
and the buffer in the electrode cannot practically occur thanks to the used special
electrode shape. Apart from the temperature and the electron pressure, the
differences in the distribution of species in the discharge influence the intensity of
spectral line, too. It can be proved by the fact that in the case of Fe all corrected as
well as uncorrected runs of the dependence of AY on the ionization potentials of
buffers are in agreement with the theoretical expectations. The temperature and
the degree of ionization were calculated using only Fe spectral lines intensities, so
the distribution of species in the discharge was the same in all cases. Disagreement
and anomalies occur in the dependences of AY for other elements related to Fe,
where a different distribution of species occurs.
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Fig. 6. Dependence of the AY value on the
ionization energy [eV] of the used buffering
elements.

1. CdI '346.62 nm/Fel 275nm; 2. CdlI
340.36 nm/Fe 1275 nm.
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Fig. 7. Dependence of the AY value on the
ionization energy [eV] of the used buffering
elements.

I. SbIl 287.79 nm/Fel 275nm; 2. Sbl
276.99 nm/Fe 1275 nm.
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Fig. 8. Dependence of the AY value on the Fig. 9. Dependence of the AY value on the
ionization energy [eV] of the used buffering ionization energy [eV] of the used buffering
elements. elements.
Ti1264.42 nm/Sb 1276.99 nm. "1 Nil 310.16 nm/Fel 275nm; 2. Nil
310.18 nm/Fe I 275 nm; 3. Nil 309.91 nm/
/Fe 1275 nm.

The self-absorption, the wandering of the discharge, eventual incorrect tabulated
E values, measurement of the blackening, coinciding lines, etc. can represent
additional sources of errors of this correction.

In a deeper study of the mentioned factors, the presented mathematical
correction of spectral line intensities on the influence of the temperature and of the
degree of ionization with the aim to eliminate the influence of the matrix leads to
a significant improvement of the accuracy of spectrochemical analytical results.
From above it follows that the applicability of the results of the work is not
universal and a corresponding study of the given analyzed system must be
performed before the application.
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