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Stability of intensity ratio of line pairs
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In spectrochemical analysis, frequently, elements sought are 1equired
to be determined in a wide variety ¢f compositional types. Often
a question arisos concerning the stability of the intensity ratio of
the analysis-internal standard line pair in regard to such changes.

The prosent paper explains the behaviour of the intensity ratio
with variation of temperature, electron pressure and degree of ioniza-
tion for both ideal and unideal internal standard.

1. INTRODUOTION

Seloction of the internal standard vields to certain specification according 1o
Abhrens & Taylor (1961).  Of the most important, is that the excitation charactor-
istics of cither the analysis or internal standard clements are similar.  Yet, apply-
ing such a restricted roquirement in speetrochemical analysis is often met with
obstacles. As an example, the abscnce of an internal standard with similar
oxcitation characteristics to the analysis clement. On the other hand, Boumans
(1966) suggested, the dropping of such regorous demand. He only claimed
that the function of the internal standard in mainly to meet irregularities in the
evaporation and plate errors.

In fact selection of a satisfactory internal standard necessitates the fulfilment
of two major factors, its volatilization beside its bohaviour in the plasma. The
internal standard should vaporize in a similar manner to the analysis clement.
Meanwhile, the internal standard should climinate the influence of variation of
the excitation conditions. Practice has shown that volatilization characteristics
is usually much more important than excitation characteristics.

In this paper the intensity ratio of line pair against the variation of tem-
porature, eloctron pressuro and degreo of ionization has been studied for two
groups of line pair. Tho first line pair group, have similar volatilization and
excitation characteristics. The second group bave different volatilization and

excitation characteristics.

A. Line pair with similar volatilization and excitation characleristics.

In this study two pairs were selectod, one pair copper/lead represonts volatile
elemonts whilo another ropresents the involatiles. The wavelength, the excita-
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tion potential of the four spoctral lines beside the ionization potential of the
four clements are given in table 1.

Table 1. Excitation and ionization potential of the selected elements

Group Eloments lonization Wavelength Excitation
putential potential
Volatiles Cu (analysis line) 772 oV 3273-96 A 3-77 oV

Pb (reference lino) 742V 2833:07 & 440 eV

Involatiles Co (analysis lino) 7-86 ¢V 304401 A& 407 oV
Ni (referenco hine) 763 oV 3444-77 A 3-68 eV

The behaviour of the intensity ratio of the selected spectral lines with tem-
perature and clectron pressure rvesulting from studied matrices is illustrated in
figures (1) and (2).

The effoct of the degree of ionization is explained as follows, it is well known
that with different matrices, change of arc temperature occurs. It is well known
that the degree of ionization of any clement varies in accordance with Saha's
relationship.  Suppose now an internal standard element has a low ionization
potontial, whereas that of the analysis element is high. Naturally, a change
in the sourco temperature alters the degree of ionization for both elements in
the same direction, but not 1o the same extent. Conscquently, the intensity
ratio of the analysis pair will vary with different temperatures.
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1n this work the ionization potential of copper resembles that of lead. Also
cobalt has nearly the same value as for nickel. Fortunately, the degree of
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ionization of hoth copper, fead and cobalt . nickel he
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1t is clear from the achieved resuls. that the tespond ot jomzation of cach
analysis clement resembles the respond due to the anterval standard. Conse-
quently any variation in the avalysis line intensity due to jonization. will be
climinated due to equal variation in the internal stavdard fine intensity.

In this work from fignres (1) and (2). 11 is obvieus that the intonsiy yatso
of analysis-internal standard line pair with differert temperature and cleetron
pressure produced from studied matrices is stable. The stability occeurs for
either copper/lead or for cobalt/nickel pair.

Naturally, this behaviour was expeeted since the sclected reference line of
cach pair is an idcal internal standard. Langstroth & Andrychuck (1948)
obsorved also small variation for line pairs having nearly cqual excitation poten-
tial.  Also Scott (1945) irdicated that the response of such fines to change of

matrix is very similar.

B.  Line pair with different volatilization and excitation characlesistics

Ln this study, gallium was chosen as internal standard for all volatile elements.
Also ytrium was selected as internal standard for involatile elements. The
specifications of studied elements of both volatiles and involatiles are given

in table 2.
B-8
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Table 2. Specifications of studied elemerts

Group Element Tonization Wavelength Excitation
potential potential
Volatilos Ca (1.8.) 5970V 2874248 430 eV
Th 7-43 2833-07 4-40
Ay 7-58 3280-68 378
Cu 7-72 3273-96 3-77
As 10-50 2349-84 6-60
Involatiles Y (18 650 ¢V 3203-00 & -
Zr 6-95 2571-39 —
Mo 7-06 2816-15 —
Ni 7-63 3414-77 3-65 eV
(‘o 7-86 3044-01 4-07

The mannor by which the intensity ratio of selected spectral lines with
temperature and electron pressure resulting from studicd matrices are illustrateod

in figures (3) and (4).
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In this group and from previous conclusion in paper II1, the degree of ioniza-
tion of most elements {either volatiles or involatiles) has & small or negligible
effect with regard to variation in line intensity. Normally this behaviour was
expected due to the limited range of both temperature (5400-6400°K) and electron
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. 3 . .

Pressure (1—-3x10-%atm) yielded by studicd matrices. ‘onsequently  the
influence of degree of ionization on intensity ratio of line pairs will not be further
discussed.
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In this part cither gallium or yettrium does not represent an ideal internal
standard for either volatile or involatile elements. The reason is simply because
cach of them does not possess the specifications of the proper internal standard
for his group (table 2). Hence several factors has to be considered. The much
more important is the way of burning of the arc.

Naturally, a smooth burning discharge, reduces or eliminates 1arked
difference in volatilization of both analysis and internal standard lines. Conse-
quently, the intensity ratio is relatively stable with different temperatures. On
the contrary, with an erratic discharge, there is always & great probability that
uncontrolled loss of material could occur in the cvaporation process. Hence
the intensity of the analysis element would vary from that of the internal stan-
dard. Consequently, the resultant intensity ratio is unstable.

In routine spectrochemical analysis, it is always desirable to use a single
intornal standard to serve for the analysis of several elements. With a smooth
burning, this request could be satisfactorily applied. As the diszcharge becomes
erratic, a separate internal standard may have to be used for each element, or
at least for a very limited number of elements.

From figures (1) and (2), it is clear that the intensity ratio of the studied’
line pairs volatiles (Ag/Ga, As/Ga, Cu/Ga and Pb/Ga) and involatiles (Co/Y,
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NilY, Mo/Y and Zr/Y) are relatively stable in sodium carbonate matrix. Similar
conclusion was previously obtained by Longstroth and  Newbound 1942.
Although the studied pairs represent diverse values of excitation and ionization
potential, vet this result was expected because of the smooth burning exerted

by sodium carbonate matrix

Jonsequently, one can decide that with great certainity. cmploying sodium
earbonate matrix, gallium could be used as an internal standard for volatile
clements,  Also the same prineiple could be applied for yttrium with respeet

to involatiles.

The matrices caleinm carbonade and silicon dioxide afford small or negligible
variation in the intonsity ratio of certain pairs (volatiles Ag/Ga, Cu/Ga and
Ph/Ga) and involatiles (Co/Y and NijY). It is clear that the canse is the similarity

inexcitation charactersties hetween cach clement and its internal standard.

Aluminium oxide, is the only matrix that affords unstable imtensity ratios
for all line pairs  Needless to explain that the main cause to this phenomena
19 that with the inerease of alumininm concentration. a ercat probability of the
formation of residual head or globule eaists  Henee loss of the formed alumina

bead out of the electrode cavity during burning conld oceur.
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