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been employed as internal standards. In this study the use of the **Ar isotope, which is always

present in the spectrum, was investigated as a possible internal standard.

Table 3.1: Relevant data of the platinum group elements, gold and the internal standards

investigated /50].
Atomic | Element | Mass Relative Atomic First Second |
no. no. | abundance mass innisation | ionisation
(g mol") | potential potential
(eV) (eV)
18 Argon 36 0.337 39.948 15.76 27.63
38 0.063
40 99.600
21 Scandium | 45 100.0 44 956 6.56 12.80
39 Yitrium 89 100.0 88.905 6.53 12.23
57 Lanthanum | 138 0.089 138.91 5.61 11.06
139 99911
44 Ruthenium | 96 5.51 101.07 7.36 16.76
98 1.87
99 12.72
100 12.62
101 17.07
102 31.63
104 18.58
45 Rhodium 103 100.0 102.905 | 745 18.07
46 Palladium | 102 (.96 106.4 8.33 19.42
104 10.97
105 22.23
106 27.33
108 26.71
110 11.81
77 | Iridium 191 1373 192.2 9.1
193 62.7
78 Platinum 190 $.013 195.09 8.96 18.56
192 0.78
194 32.9
195 33.8
196 253
198 7.21
79 Gold 197 100.0 196.967 | 9.23 20.5

One of'the dissolution methods employed in the analysis of the platinum group metals and gold
involves an aqua regia (3:1 mixture of concentrated HCl and concentrated HNO;) leaching

procedure /51, 52]. This has the effect that the matrix of the final sample solution is mainly
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diluted aqua regia. The standard solutions from which the calibration curves are constructed

~however is in a 1.0% v/v HCI matrix. The effect of matrices consisting of different

concentrations of aqua regia on the quantitative analysis of sample solutions was investigated.

Table 3.1 shows the relative abundances of the naturally occurring isotopes of the platinum
group elements, gold and the internal standards investigated, as well as the first and second
ionisation potentials of the various elements. From this table it can be seen that the mass of the
isotope of Y is relatively well matched to those of the isotopes of Ru, Pd and Rh. The masses
of the isotopes of La are relatively well matched to those of Ir, Pt and Au. The first ionisation
potentials of Sc, Y and La are relatively close to those of the platinum group elements and gold.
Some elements have overlapping isotopes, e.g. '®Ru and '%Pd, as well as '*Ru and '“Pd. The

feasibility of using isotopes of very low abundance, e.g. '**La and '"’Pt was also investigated.

Experimental

Preparation of solutions

Tables 3.2 and 3.3 show the results of calculations performed in order to prepare stock solutions
of the platinum group elements, gold, the internal Standards; as well as standard solutions for
the preparation of calibration curves in the range 0 to 150 xg dm™ and 50 g dm™ sample
solutions in matrices containing aqua regia from 0.35 to 2.50% v/v. Higher acid concentrations
were not considered as this would shorten the lifetime of the nickel sampler and skimmer cones

considerably.

Certified solutions of the platinum group elements and gold each containing 1000 mg dm? of -
the'elem'éﬁt in 4.9% HCI were employed for the preparation of the calibration and sample
solutions (Spectrascan, Teknolab A/S, Drébak, Norway). Certified solutions of Sc and Y each
containing 1000 mg dm™ of the element in 2.5% HCI were used (Spectrascan, Teknolab A/S,
Drobak, Norway). A certified solution of La containing 5000 mg dm™ of the element in 2.5%
HNO, was used for the preparation of a stock solution (Spectrascan, Teknolab A/S, Drébak,
Norway). High purity hydrochloric acid (> 32%) and nitric acid (> 65%) (Fluka) were used for
the preparation of acidic solutions. High purity water with resistivity 18.2 MQ c¢cm (Millipore

Corporation, United States of America) was used for dilutions.
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3.3.3 The effect of aqua regia concentration on the ratios of the isotopes of the platinum group
elements and gold to the isotopes of the internal standards
The values from tables 3.5 to 3.7 (Addendum A) were used to calculate the effect of the
aqua regia concsntration in the solution on the ratios of the isotopes of the platinum group
elements and gold to those of the internal standards. This was done in order to see whether
the isotopes of the platinum group elements and gold and those of the internal standards

behave in a similar manner in aqua regia matrix.

Effect of agua regia concentration on the ratios of the isotopes of the platinum group

elements and oold to *®Ar

From figures 3.3 to 3.8 it can be seen that the analyte to internal standard isotope ratios
generally decrease with an increase in aqua regia concentration. The decreases in the
isotope ratios are about 20%. The relative standard deviations for the various isotopes are
about 10%. The isotopes of the platinum group elements and gold are thus not affected in
the same way as the *°Ar isotope. These preliminary results are an indication that *°Ar
would possibly not serve as a good internal standard for the platinum group elements and

gold.
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Figure 3.32: Effect of aqua regia concentration on the ratios of the ruthenium isotopes to the
1397 4 isotope. RSD for analytes to 191 a ratios is **Ru: 2%, PRu: 6%, PRu: 2%, "Ru: 3%,

IR 3%, 2Ru: 3% and '“Ru: 2%.

Calibration curves

For each of the isotopes of the platinum group elements and gold the following calibration
data were compiled: 1) correlation coefficient of the curve, 2) slope of the calibration curve,
3} intercept of the calibration curve, 4) detection limit of the calibration curve and 35) the
standard error of the predicted y-value. In the cases of 2)‘ and 3) the x-range was taken as
the concentration in ug dm™ and the y-range was taken as the measured intensity. In 4) the
detection limit (in ug dm™ ) was calculated as [(3 x s) / slope of the calibration curve] where
s is the standard deviation of the blank standard. 5) refers to the standard error of thé
predicted y-value for each x in the regression. The standard error is a measure of the
amount of error in the prediction of y for an individual x. For these calculations the y-range
is taken as'the concentration in ug dm” and the x-range is taken as the measured intensities.
Also, the concentration was calculated using the measured intensity and the regression
statistics; this value was compared to the "certified" concentration value of the standard and
the % difference calculated. The above-mentioned data were compiled for the following
cases: 1) no internal standard (tables 3.8 to 3.15, Addendum B), 2) *°Ar as internal standard
(tables 3.16 to 3.23, Addendum B), 3) *Sc as internal standard (tables 3.24 to 3.31,
Addendum B), 4) ®Y as internal standard (tables 3.32 to 3.39, Addendum B), 5) "**La as
internal standard (tables 3.40 to 3.47, Addendum B) and 6) '**La as internal standard (tables
3.48 to 3.55, Addendum B).
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Regression data with no internal standard

Correlation coefficients were 0.999 or better, except for '%Pd, "*?Pt, 1*Pt and **Ru. Detection
limits ranged from < 1 g dm for most of the isotopes to 13 wg dm™ for '%Pd, 26 g dm™ for
92pt, 5 g dm™ for '8Pt and 7 g dm™ for *Ru. The standard error of the predicted y-value
generally proved to be < 4%. Calibration curves in the concentration range 0 to 150 xg dm™

in 1% v/v HCl produced good regression statistics when no internal standard was employed.

Regoression data with **Ar as internal standard

When *Ar is employed as internal standard the correlation coefficients of the calibration curves
were 0.99 or better, except for '**Pt. Detection limits similar to the case where no internal
standard was used, were observed. In this case the standard errors of the predicted y-values
were generally < 4%, but for individual isotopes higher standard errors were observed than for
the above-mentioned case where no internal standard was employed. Worse regression data
were observed in the case of **Ar as internal standard than for the case when no intemal

standard was used.

Reeression data with ¥*Sc as internal standard

Correlation coefficients were 0.999 or better, except for '*Pt and '"*Pt. Although similar
detection limits were observed as in the cases where no internal standard was used and when
*Ar was used as internal standard, the standard errors of the predicted y-values were lower in
the case of *Sc as internal standard. Calibration curve data for the platinum group elements and

gold suggest that **Sc could be used as an internal standard in quantitative analysis.

Regression data with ®Y as internal standard

Except for a few cases correlation coefficients were .9999 or better. The standard errors of the
predicted y-values were generally < 2%. In the low concentration range studied for the
platinum group elements and gold, i.e. 0 to 150 g dm™, ¥Y shows great potential as an internal

standard for quantitative determinations of these analytes.

Regression data with *®La as internal standard

Correlation coefficients calculated for calibration curves when *La is used as internal standard

were in most cases between 0.990 and 0.999. Standard errors of predicted y-values were
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generally quite high and values between 5 and 10% are observed. The calculated regression

data does not prove *La a good reference element for the analytes investigated.

Regression data with ’La as internal standard

Generally, correlation coefficients of 0.9999 or better were calculated. The standard errors of
the predicted y-values proved to be more or less the same as in the case when ¥Y was used as
internal standard. The very good regression statistics obtained suggests that '**La could also be
used as an internal standard for the quantitative determination of the platinum group elements

and gold.
Concentrations as calculated from the calibration curves
The accuracy of quantitative determinations using the calibration curves of the various internal

standards are illustrated in figures 3.33 to 3.54.

Quantitative values obtained for Au

With no internal standard the 50 g dm™ calibration standard showed values slightly higher than
50 ug dm™ which could be due to a slight drift in the calibration curve. From figure 3.33 itcan
be seen that with an aqua regia concentration of < 1% v/v values slightly lower than 50 pg dm”

were obtained.

With **Ar as internal standard the calibration standard quantitated at about 50 «g dm™ but at
aquaregia concentrations of < 1% v/v too high values were observed while too low values were
observed at higher aqua regia concentrations. Similar trends were observed for “*S¢ as internal
standard-although the deviations from the 50 g dm™ value were not as severe as in the case of

36Ar

With *Y as internal standard the solutions with aqua regia concentrations of > 1.50% v/v were
quantitated at values lower than 50 pg dm™. With **La as internal standard deviations from the
accepted value of 50 pg dm™ were observed for the calibration standard as well as for the
solutions containing 50 pg dm™ Au in other matrices. '*La showed to be the best internal
standard for Au analyses as the 50 ug dm” calibration standard and the sample solutions all

returned values of about 50 w.g dm™.
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3 Ar as internal standard returns too high and too low recovery values at lower and higher aqua
regia concentrations, respectively. As internal standard **Sc returned values close to 50 g dm™
for '"'Ru and '"?Ru over the aqua regia concentration range studied. Except for *Ru and **Ru,
%Y showed to be a good internal standard for the quantitative determination of Ru. For most
isotopes of Ru, both the isotopes of La returned values fairly close to 50 ng dm™ when used as

internal standards.

Conclusion
As some drift was observed in the calibration curves of most of the isotopes of the platinum

group elements and gold, it is necessary to employ one or more internal standards when

performing quantitative analysis of these analytes.

Plots of the ratios of analyte isotopes to internal standard isotopes versus the aqua regia
concentration present in solution showed: 1) **Ar not to be a possible internal standard, 2) ¥*Sc
to be a possible internal standard for Ru, Pd and Rh, 3) ¥Y to be possible internal standard for
the lighter platinum group elements, 4) **La to be possible internal standard for the platinum
group elements and gold and 3) “°La to be a possible refefenée element for all the analytes

investigated,

Calibration curves were constructed and very good regression data were obtained when **Y and

1°La were employed as reference elements for the platinum group elements and gold.

Quantitative values were calculated for the various calibration curves and from the results '*La
proved to Ee an excellent internal standard in the determination of Au, Ir, Pt and ¥Y proved to
be a very good reference element for Ru, Pd, Rh. This confirms the need for the matching of
the masses of the internal standards to the masses of the analytes analysed. The low abundant
192pt isotope returned values that deviated too much from the "true" value and should not be

used in the quantitative determination of Pt.
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