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SYNOPSIS 

The principle of internal standardization has been used in quantitative analytical emission spectroscopy 
since 19ZS to minimize the errors arising from fluctuations in sample preparation, excitation-source 
conditions, and detection parameters. Althougn modern spectroscopic excitation sources are far more stable 
and electronic detection methods are more precise than before, the system for the introduction of the sample 
in spectrometric analysis using inductively coupled plasma (ICP) introduces significant errors, and internal 
standardization can still play a useful role in improving the overall precision of the analytical results. 

The criteria for the selection of the elements to be used as internal standards in arc and spark 
spectrographic analysis apply to a much lesser extent in ICP-spectrometric analysis. 

Internal standardization is recommended for use in routine ICP simultaneous spectrometric analysis 
to improve its accuracy and precision and to provide a monitor for the reassurance of the analyst. However, 
the selection of an unsuitable reference element can result in misuse of the principle of internal standardization 
and, although internal standardization can be applied when a sequential monochromator is used, the main 
sources of error will not be minimized. 

SAMEVATTING 

Die beginsel van interne standaardisering word sedert 1925 in kwantitaliewe analitiese 
emissiespektroskopie gebruik om foute as gevolg van wisselings in monstervoorbereiding, 
opwekbrontoestande en opsporingsparameiers tot die minimum te beperk. Hoewel die moderne 
spektroskopiese opwekbronne baie meer stabiel is en elektroniese opspoormetodes presieser is as voorheen, 
bring die stelsel vir die invoering van die monster in spektrometriese analise met gebruik van induktief-
gekoppelde plasma (ICP) beduidende foute mee, en interne standaardisering kan nog 'n nuttige rol speel 
om die totale presisie van die analitiese r-jsultate te verbeter. 

Die maatstawwe vir die keuse van die elemente wat as interne standaarde by ontleding deur boog- en 
vonkspektrografie gebruik moet word, is in 'n baie minder mate van toepassing op spektrometriese ontleding 
met ICP. 

Interne standaardisering word aanbeveel vir gebruik in gelyktydige spektrometriese roetineontledings 
met ICP om die akkuraatheid en presisie daarvan te verbeter en as monitor vir die selfvertroue van die 
analis te dien. Die keuse van 'n ongeskikte verwysingselement kan egter lei tot die misbruik van die beginsel 
van interne standaardisering en hoewel interne standaardisering toegepas kan word wanneer 'n sekwensiele 
monochromator gebruik word, sal die vernaamste foutbronne nie geminimeer word nie. 
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1. INTRODUCTION 
Before the introduction of internal standardization, the outlook for quantitative emission spectroscopy 

was bleak. In 1910 Kayser1 wrote, 'Summarizing the results of all the experiments carried Oiit, I concluded 
that quantitative spectrum analysis is impracticable'. In 1916 Lewis2 commented, 'There is little hope that 
quantitative spectroscopy will ever attain that order of precision associated witi> gravimetric work, but ... 
a degree of accuracy favourably comparable with that of the processes on which chemists are wont to rely 
is within the range of common practice'. Even in 1926 Konen1 concluded, 'I have no other alternative but 
to adhere to the opinion expressed by Kayser and me years ago, that a quantitative spectrochemical analysis 
in the sense of a well-founded science does not exist'. From 1915, Meggers worked on the development 
of quantitative spectrochemical analysis and, in 1922, Meggers, Kiess, and Stimscn published a paper4 that 
was destined to lay the foundations for modern quantitative emission spectroscopy throughout the World. 

2. HISTORY OF INTERNAL STANDARDIZATION 
The principle of internal standardization (i.s.) was introduced in I92S by Walter Gcrlach'. Gerlach's 

concept of i.s. was important in that it provided a new stimulus, and before long a refined i.s. method 
called 'the absolute method of homologous pairs of lines' was published6. Since then, the only modification 
to the i.s. method has been the addition of fixed amounts of internal-standard elements to the samples 
and calibration standards at an early stage in their preparation. More recently. Bar net t, Fassel, and Kniseley 
published two papers7* in which they review the use of i.s. in analytical emission spectroscopy. 

Electronic detection methods came into use in the early 1940s and, although i.s. had been successfully 
used in spectrographs analysis, spectroscopists were reluctant to employ the i.s. principle because there 
was no known means of obtaining ratios by the use of analogue circuits. The ad\ cnt of electronic detection 
led to greater precision than had been obtainable by photographic detection, and spectroscopists had become 
conditioned to using multiple reference elements as was required in spectrographs analysis. Since ratios 
could not be used easily and improved precision was beinj achieved, and since it was undesirable for several 
channels on a simultaneous spectrometer to be devoted to reference lines, it became the fashion for analysts 
to make no provision for is. in the new scheme of things. In 1948, Fisher and Warren9 patented a method 
by which they obtained the ratio of the analyte f ignal to the internal-standard signal by ending the exposure 
when the internal-standard signal reached a predetermined, constant, integrated level of intensity. This method 
was used by many manufacturer* for several years, and it was only in 1964 that ARL first introduced a 
digital-computer readout system for direct-reading spectrometers. From the early 1970s, all manufacturers 
supplied microcomputer-spectrometer systems. 

After experimenting at the Council for Mineral Technology (Mintek) for some time with a 15 kW 
inductively coupled plasma (ICP) on a Jarrell Ash 3,4m Ebert-mounted spectrograph, Watson et al.'° 
reported in 1976 that 'Most workers investigating ICP systems do not use internal standardization b:? 'ely 
on the overall stability of the combination of discharge and nebulizer'. Followine the successful use of 
scandium as the internal standard for ICP-spectrographic work, when the ICP source was used with a 
24-channel Philips SMI50direct-reading spectrometer, scandium and germanium were included as internal 
reference channels. Scandium was found to be effective in improving the precision". The 15 kW ICP was 
installed on a 45-channei Hilger El000 simultaneous direct-reading spectrometer in 1977, and since then 
i.s. has been used in all routine ICP-spectrometric methods at Mintek. Initially, use was made at Mintek 
of the Fisher and Warren method of terminating the exposure when the scandium internal reference reached 
a preset level of intensity counts. Some years later, when a dedicated digital microcomputer system replaced 
the manual electronic system, Mintek switched to the present method of fixed integration time and calibration 
against the intensity ratio of an analyte to scandium. Two scandium lines were included in the fixed 
programme of wavelength lines: an atomic line, Sc I 402.040nm, and an ionic line, Sc II 255,237nm. 

In 1979, Watson and Russell12 reported at length on the use of scandium as an internal standard. 
Commenting that 'scandium had been successfully used as the reference element', they added, 'it is 
noteworthy that none of the elements chosen for this study gave the best precision when integrating fsr 
a fixed time, the precision (0,88 to 2,0 per cent) being, in general, woise than with either of the scandium 
lines, but better than when integrating on the background'. One of t'ieir conclusions is worth repeating: 
'Most workers with ICP systems do not use i.s. finding that it offei* little or no improvement in precision 
and is therefore not worth the extra expense or time involved in the sample preparation. However, it is 
clear (hat i.s. results in a significant improvement in precision with the equipment and conditions used in 
this investigation, and the technique was used in all subsequent work'. 

i 
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In recent years, other workers have published papers dealing with precision in ICP-spectrometry" and 
with the evaluation of sequential and simultaneous spectrometer systems14 without making even passing 
reference to i.s. Although there are still spectroscopists who argue on theoretical grounds that i.s. cannot 
work, its effectiveness is now being recognized""1*. 

3. PRINCIPLE OF INTERNAL STANDARDIZATION 
The intensity (I) of a snectral line is related to the number (n) of atoms or ions present in the observation 

zone of the excitation source. In theory, if n is proportional to the concentration (C) of the analyte, then 
the equation, 

l=k C (1) 

governs the relationship between / and C, where A: is a constant. Thus, a calibration graph of / against 
C should be linear with a slope of k (Figure 1). In practice, depending on the excitation source employed, 
the graph may be curved owing to such factors as self-absorption. Calibration graphs obtained by the use 
of arc and spark sources are nearly always curved, but graphs obtained by the use of an iCP source are 
nearly all linear over four to five orders of magnitude of analyte concentration because the ICP operates 
at a much l.igher temperature (8000 to 10 000 K). When a calibration graph of / against C is used, any 
fluctuation in the system used for the introduction of the sample or source of excitation may lead to a 
change in the intensity of the analyte line and a consequent error in the concentration result interpolated 
from the calibration curve. If, on the other hand, the intensity of a reference element (/,) is measured at 
the same time as the intensity of the analyte (/a), the two intensities may fluctuate in like manner when 
there are variations in the sample-in'roduction system or excitation source. Hence, if the ratio of these 
two intensities (/a:/,) is plotted on the calibration graph in place of the anaiyte intensity (Figure 2), a means 
becomes available for the correction of errors due to fluctuations in the sample-introduction system and 
excitation source. In that case, the equation used would be 

/,//, = * ' C (2) 

Concentration (C) 

FIGURE 1. Calibration graph of intensity against concentration 

2 
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Intensity of analyte 
Intensity of reference element 

Concentration (C) 

FIGURE 2. Calibration graph of intensity ratio against concentration 

A criticism levelled at this method is that the errors involved in the measurement of the two intensities 
are additive and therefore the use of an intensity ratio introduces more error into the final concentration 
result. If the two lines concerned behave in different ways in the excitation source, the errors will be additive, 
but, if the lines behave in a similar way in the source (i.e. if the lines are homologous), the errors involved 
will cancel out to a greater or lesser extent. For correction by the i.s. method to be effective, the lines must 
behave similarly when subject to fluctuations in the excitation source. In spectrographs analysis, the 
introduction of solid samples depends on the parameters of the excitation source (which are subject to 
fluctuation due, possibly, to a varying gap between the electrodes). In ICP-spectrometry, the variations 
in the parameters of the ICP source are relatively small compared with the fluctuations in the nebulizer 
system. Consequently, the need for an internal-standard line to match an analyte line in source behaviour 
is very much reduced in ICP-spectrometry. 

4. INTERNAL STANDARDIZATION IN SPECTROGRAPHIC ANALYSIS 
The use of Gerlach's concept of i.s. made quantitative emission spectroscopy feasible. Up to thai time, 

the spectrographer had been faced with possible errors at every stage of the somewhat prolonged and tedious 
spectrographs procedure. The sample taken initially was small, and, although its mass could be weighed 
with great accuracy, the nagging question of homogeneity remained: whether the small subsample, weighing 
perhaps lOmg, was truly representative of the bulk sample from which it had been derived. The uniform, 
reproducible packing of electrodes was another problem area. Control of the excitation conditions during 
an exposure that might last several minutes was problematic in view of the rate at which carbon and graphite 
electrodes burn away in an arc or spark discharge. Unfortunately, the rate of entry of the sample into the 
discharge was dependent to some ertent on the state of the discharge itself. Centering of the emission on 
the entrance slit of the spectrograph was another problem. In terms of detection, the analyst had to contend 
with differences in photographic-plate emulsions, developer strengths, and development temperatures and 
times. If systematic error in the microphotomcter is added to the possible occurrence of thermal or mechanical 
shifts in the spectrograph system, the poor accuracy and precision generally obtained are easily understood. 

Slope=*' 
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The following errors are largely minimized by the correct use of i.s.: 
(1) loss of sample material prior to excitation, 
(2) non-uniform electrode packing, 
(3) alterations in the electrode gap, arc length, or arc volume, 
(4) changes in the arc current or in the composition of the arc gas, 
(5) variations in exposure time, 
(6) failure of the analyst to keep the emission aligned on the entrance slit, 
(7) thermal or mechanical drifts, 
(8) variations in photographic development: strength, temperature, and time, and 
(9) systematic error in the microphotometer. 
It was standard practice for the analyst to examine the volatilization curves of the analyte elements 

and proposed internal-standard reference elements for each analyte so that he could choose a reference 
element that would behave similarly to the analyte. Figure 3 depicts the volatilization (or 'burn-off') curves 
for the analytes titanium, iron, and silicon. In that case, zirconium (which happened to be the matrix element), 
gold, and beryllium were selected as the reference elements. Gold and beryllium were added to the sample 
before the electrodes were packed. 

Time, s 

FIGURE 3. Volatilization curves for zirconium, titanium, beryllium, silicon, gold, and iron 
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Following the application of i.s. to quantitative emission spectrography, a set of selection criteria for 
internal-standard elements was drawn up as a guide to the choice of reference elements. An obvious 
requirement for the reference element was that it should be an unlikely constituent of the samples to be 
analysed; further requirements were that the reference element should match the analyte element in regard to 

(a) boiling point, 
(b) atomic mass, 
(c) wavelength (of a suitable line), 
(d) excitation potential (of the line), 
(e) ionization potential, and 
(0 chemical properties (e.g. both should be silicates, chlorides, etc.). 
While these criteria helped the spectrographer in selecting internal-standard elements, the final test 

was always an experimental investigation of their behaviour. The application of i.s. enabled the 
spectrographer to report results with a relative standard deviation (s,) ranging from 5 to IS per cent. A 
precision of 8 to 12 per cent was regarded as normal, 5 per cent was good. 

Modern quantitative emission spectrometry has arisen from this background, i.e. it was a technique 
demanding considerable skill, using relatively unstable excitation sources and imprecise photographic 
detection (involving the use of multiple reference elements carefully chosen to suit the individual analyte 
elements), and yielding relatively imprecise results. 

5. INTERNAL STANDARDIZATION IN ICPSPECTROMETRY 
In ICP-spectrometry, the system for the introduction of the sample is independent of the excitation 

source, which is comparatively stable. The flow of gas can be precisely controlled, and modern radio-
frequency generators can deliver energy with a precision of 0,1 per cent. Modern electronic detection systems 
coupled with an ICP source produce results with a precision of about 2 to 3 per cent even without the 
benefit of i.s. A spectrographer who is inexperienced in ICP-spectrometry and who remembers the effort 
involved in spectrugiaphic analysis in selecting and using multiple internal-standard elements, may question 
whether there is any point in using i.s. at all. Depending on the equipment used, the plasma parameters 
can vary with time, thermal and mechanical drifts can occur, torch injector tubes and nebulizers can become 
blocked or partially blocked, and exposure times may vary. Sample solutions may not be cooled to a constant 
temperature or not made up precisely to volume. 

Indeed, all these causes of variation in intensity readings can occur even if only rarely, but the variation 
due :o the nebulization system is by far the largest and most likely cause of fluctuations in the intensity 
readings. Figure 4 shows the improvement in precision that can be achieved by the use of i.s. The lower 
trace shows the large fluctuations in chromium intensity (an s, of 3,41 per cent) obtained over 1 hour without 
recalibration. It was subsequently discovered that the nebulizer (a Babington-type 'V'-groove nebulizer) 
had been leaking from the spray chamber during this stability test. (Normally, an s, of about 1,5 per cent 
would be expected to arise from variation in the nebulizer.) The upper trace shows the slight variation in 
the intensity ratio of chromium to scandium over the same period of time (an s, of 0.176 per cent). This 
represents a convincing twentyfold improvement in precision. Under normal, more-stable operating 
conditions, one would expect a less dramatic improvement and, in general, the improvement obtained would 
be inversely proportional to the precision of the intensity readings for which no ratio had been calculated. 
The application of i.s. generally enables one to achieve an overall precision of 1 per cent or better. It is 
significant that the dramatic improvement shown in Figure 4 was obtained by use of the ratio of Cr II 
283,563 nm to Sc II 255,237 nm, both of which are ionic lines. The use of the intensity ratio of the Cr II 
line to the atomic Sc 1402,040 nm line resulted in only a marginal improvement in precision (2,74 per cent). 

6. EFFECT OF BLOCKAGE OF THE NEBULIZER 
Table 1 shows the effect of partial blockage of the nebulizer system on the intensity counts for the 

Sc I line (internal standard) and the effect on the concentration of aluminium expressed as percentage AI2O3. 
The concentrations were calculated by the calibration of the concentration with the intensity ratio of 

the Al I 308,215nm line to the Sc I line. At Mintek, the intensities of the two scandium internal-standard 
channels are displayed on computer output sheets for every exposure of calibration or sample solution. 
These intensities act as reassurance monitors for the operator, assuring him by their constancy of the stable 
operation of the ICP-spectrometer system. If the scandium intensity alters (it usually falls), it indicates 
that something is amiss—partial blockage of the nebulizer or a drop in argon-gas pressure below the limits 
of the gas-regulation system, or, more rarely, some more-exotic malfunction. 

5 
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Time, min 

FIGURE 4. The improvement in precision achieved by the use of internal standardization 

TABLE 1 

Effect of nebulizer blockage on an analysis using i.s. 

AI 2Oi concentration 
Sc 1 intensity (calculated with i.s.) 

mV It 

3552 56,56 
3535 56,45 
3493 56,4) 
3360 56,44 
3322 56,40 
3437 56,52 
3455 56,52 
2864 ( -20%) * 55,23 (-2*/o)« 
2267 52,12 
2201 (-40»/«)» 51.89 (-««o)* 

' Change from first reading in column 

An examination of Table 1 shows that a drop of about 5 per cent in the intensity readings does not 
affect the calculated concentration. When the intensity fell by 20 per cent, the concentration dropped by 
only 2 per cent. A drop of 40 per cent caused an 8 per cent depression in the concentration result. While 
the small fluctuations in the Sc I intensity from 3552 down to 3455 mV would be regarded as normal, a 
drop to 2864 mV would indicate that something was wrong, and this would be confirmed by the further 
drop to 2267 and 2201 mV. At that point, the operator would stop the process, rectify the fault, and repeat 
the analysis of those samples for which the scandium intensity had brcn abnormal. Normally, the same 
sample would not be aspirated repeatedly as shown in Table I. At Mintek, each sample solution is usually 
analysed twice as a precaution against anomalous results. 

6 
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7. EFFECT ON INTENSITY OF VARIATION IN THE PLASMA PARAMETERS 
The effect of variations in the plasma-operating parameters on the intensity readings was investigated 

at Min'ek by the alteration of these parameters one at a time while the remainder were kept constant. The 
variations were far greater than any slight fluctuation that might be expected in the course of normal 
operation. The study included the lines Al 1 308,215 nm, Cr II 283,563 nm, and Mg II 279,553 nm, as well 
as «'.ie two internal-standard lines, Sc I 402,040 nm and Sc II 255,237 nm. The K ills obtained with variations 
in the feed rate of the solution, the flow rate of the aerosol carrier gas, the applied power, and the observation 
height are shown in Figures 5 to 8 respectively. The parameter setting normally used at Mintek for compromise 
multi-element analysis is marked on each graph. The similarities in behaviour between the two atomic lines 
on the one hand, and the three ionic lines on the other, are clearly evident in all four graphs. Since the 
scales of the four graphs are approximately equal, they show that variations in the flowrate of the aerosol 
carrier gas cause the largest fluctuations in intensity levels, followed by variations in the observation height, 
the feed rate of the solution, and the power. 

The values used in the plotting of Figures 5 to 8 were also treated statistically, and the statistical r suits 
are given in Table 2. 

0-| 
2,7 Feed rate of solution, ml/min 5,4 

FIGURE 5. Variation of intensity with feed rate of solution 

In geneial, the precision was better when use was made of the ratios of the other ionic lines to the 
scandium ionic line, and of the aluminium atomic line 10 the scandium atomic line, except when the power 
was varied. The improvement in the precision of the Al I signal was about the same no matter which scandium 
line was employed as the internal standard. It is therefore clear that i.s. does not always lead to an 
improvement in precision. The principle can be misused by the use of the ratio of an analyte line to an 
unsuitable line; for c ample, when the feed rate of the solution was varied, the use of the ratio of Mg II 
to Sc I caused a marked deterioration in the precision. 
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FIGURE 8. Variation oi intensity with observation height 

TABLE 2 

Variability in intensity readings ind intensity ratios with 
plasma parameters 

Plasma Line 

Variability (s,Vt, i 1=10) 

Plasma Line Ratio Ratio 
parameter i ím Intensity toSc 1 to Sc II 

Feed rate Mgll 279,553 10,1 22,8 8,21 
o' solution Cr II 283,563 15,4 16,4 1,45 

Al 1 308,215 27,7 3,52 12,9 
Sc 1 402,040 30,4 - -
Sc II 255,237 16,8 - -

Flowrate of Mgll 82,8 89,5 15.1 
aerosol Cr II 85,4 77,2 5.74 
carrier Al 1 97,1 32,6 88,4 
gas Sc 1 82,9 - -

Sc II 88,4 - -
Applied Mgll 26,1 10,9 2,42 
power Cr II 24,4 8,55 0,67 

Al 1 27,6 6,96 5.72 
Sc 1 22,3 - -
Sc II 24,7 - -

Observation Mgll 30,0 36,5 5,50 
height Cr II 24,4 31,9 1,60 

Al 1 23,2 6,42 39,1 
Sc 1 !8/, - -
Sc II 25,5 - -
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8. SIMULATED SEVERE THERMAL DRIFT 
An ICP operating at some 8000 to 10 000 K is an energetic source of heat—a ta t̂ that is sometimes 

overlooked by manufacturers, who locate the ICP box in close proximity to the spectrometer with little 
insulation between them. The exhaust fan used to remove the gaseous products of the plasma also functions 
as a cooling system. 

During an investigation of thermal drift in the first hour or so after the start-up from cold of an 1CP-
spectrometer system, a solution of South African reference material (SARM) 8 was aspirated for 135 minutes, 
and 20 sets of intensity readings were taken. 

Son.e 20 minutes after the start of the experiment, it was discovered that the exhaust fan had not been 
switched on. The mistake was rectified, and readings continued for L further 2 hours. The results proved 
very interesting and are depicted in Figures 9 to i3. It must be borne in mind that the conditions ga\e rise 
to thermal drift that was far more drastic than any that might normally be expected to take place. The 
intensities of the Sc I and Sc II lines both declined rapidly during the first 20 minutes, the Sc II intensity 
dropping at the greater rate (Figure 9). Once the exhaust fan had come into operation, both intensities 
started recovering, and rose almost to their original level over a period of some 2 hours. The Mg II, Cr II, 
Al I, and Si I lines showed similar behaviour (Figures 10 to 13). In view of the lower magnitude of the 
magnesium, chromium, and silicon signals, they followed a pattern ' ery similar to that of Sc II; the Al I 
pattern was intermediate between that of the Sc I and Sc II lines. 

T 
0 Time, min 135 

FIGURE 9. Effect of thermal drift on the intensities of the Sc I and Sc II lines 

As might be expected from these qualitative observations, when the intensity ratio of Mg II to Sc II 
(Figure 14) and that of Cr II to Sc II (Figure 15) were used, almost linear horizontal lines were obtained, 
showing that the intensity ratio had remained fairly constant despite the severe thermal changes. The intensity 
ratio of Si I to Sc I (Figure 16) was not constant, but, when Sc II was used as the internal standard, the 
intensity ratio was far more uniform (Figure 17). The intensity ratio of Al I to Sc I (Figure 18) or to Sc II 
(Figure 19) shows that neither is suitable as an internal standard. These results suggest that the mechanism 
by which these correlations arise has nothing to do with whether the line is a 'soft' line or a 'hard'19 line 
(Boumans's nomenclature20), but depends upon the physical configuration of the spectrometer. The Mintek 
polychromator has two separate spectrometer systems, and the Si I and Sc f lines are situated on different 
spectrometers, whereas the Sc II line is on the same spectrometer as the Si I line. One might expect the 
two spectrometers to be affected differently by a thermal change, which would explain why lines on the 
same spectrometer react similarly. 
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FIGURE 10. Effect of thermal drift on the intensity of the Mg II line 
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FIGURE 11. Effect of thermal drift on the intensity of the Cr II line 
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9. CHOICE OF INTERNAL-STANDARD LINES FOR HARD' ATOMIC LINES 
A brief study was made of the effectiveness of the atomic and ionic lines of scandium as internal-

standard lines for certain analyte lines that were known from previous work 2 1 , 2 2 to be 'hard'. The results 
are summarized in Table 3. 

TABLE 3 

Effectiveness of the atomic and ionic lines 
of scandium as internal-standard reference 

tines for certain 'hard' atomic lines 

Line 
nm 

Variability (s„ "•> (*i = 10) 

Line 
nm 

Intensity 
readings 

Ratio to 
Scl 

Ratio to 
Sc I I 

Sc 1 182,037 
As 1 197.197 
Zii 1 213.856 
P 1 214,914 
B 1 249.773 

0.96 
0.74 
3.50 
1.17 
2,37 

1.46 
0,89 
0,7o 
0,41 
1.04 

0.51 
0.72 
0,19 
0,19 
0,75 

It can be seen that the Sc II line is a good internal standard for the 'hard' atomic lines. The use of 
the 'wrong' internal-standard line may result in more imprecision, which would represert mi use of the 
i.s. principle. 

10. EFFECT OF INTERNAL STANDARDIZATION ON ANALYTICAL RESULTS 
To the practising analyst, who is concerned mainly with obtaining accurate analytical results, the 

somewhat involved study of the detailed effects of i.s. and the extreme changes in operating conditions 
may be of only limited interest. However, he is certain to be interested in the effect of i.s. on the analytical 
results (Table 4). 

TABLE 4 

Determination of chromium in a South 
African reference material (SARM 8) 

Recommended value: 49,0 per cent CrjOj 

Intensity. mV CriOi concentration. ", 

Sc II ( r II Calculated on 
intensity 

Calculated on 
C'r:Sc ratio 

1473 
1453 
1391 
1272 
1091 

1040 
1026 
986 
911 
796 

48.4 
47.8 
45.6 
41,8 
36,1 

48.4 
49,0 
49.2 
49,8 
50.8 

These results illustrate the point that, when intensity readings decrease for some reason or another 
(such as a decrease in gas flow, partial blockage of the nebulizer, and partial blockage of the injector tube), 
(he use of i.s. maintains the concentration result until the drop in intensity is so severe that the correcting 
effect of the internal standard is insufficient for acceptable results to be produced. 
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It should be noted that, the closer the analyte concentration comes to its detection limit, the more 
ineffective i.s. becomes. This is because the background contribution to the intensity signals becomes 
progressively more significant, and the effect of diffcrci ces in the background signals between the analyte 
and the internal standard becomes correspondingly larger. A relatively small difference in background signals, 
then, has a large influence on intensity ratio. 

11. INTERNAL STANDARDIZATION WHEN POLYCHROMATORS OR MONOCHROMATORS ARE 
USED 
Manufacturers and purveyors of spectrometers often use the term internal standardization in conjunction 

both with simultaneous polychromators, in which many lines are measured at the same time, and with 
sequential monochromators, in which several lines are measured one after the other. The distinction between 
these two systems can perhaps best be explained by a consideration of the errors that can be minimized 
by the use of i.s.: 

(1) the failure of the analyst to make up sample solutions exactly to volume, or to cool solutions to 
a constant temperature, 

(2) fluctuations in nebulization or in feed rate of the solution, 
(3) changes in applied power, flowrate of the aerosol carrier gas, flowrate of the plasma gas, and 

observation height, 
(•») variations in exposure lime, and 
(5) thermal or mechanical drift. 
Provided a suitable internal-standard line is chosen, all these sources of error are minimized when a 

simultaneous polychromator is used. However, when i.s. is used in conjunction with a sequential 
monochromator, only errors (1) and (S) are minimized; the main sources of variation, viz nebulization and 
excitation, are not corrected for, unless the variation happens to be due to a gradual change extending 
over the entire sequence r t individual exposures. 

Although the use of the term internal standardization is correct when applied to sequential 
monochromators, the facts that the main purpose of its use is not realized and that suppliers are reluctant 
to emphasize this point incline one to regard the use of the term in conjunction with this type of 
monochromator as a misnomer. 

There is a relatively simple, inexpensive method that enables the i.s. principle to be used fully in 
conjunction with a sequential scanning monochromator. A small monochromator can be mounted to view 
the ICP at an angle different from that v;ewed by the main monochromator. Although this mini-
monochromator has relatively poor resolution, it is adequate for the monitoring of an internal-standard 
line. One could argue that it views a different portion of the plasma, but, since the main source of error 
arises from the s>stem for the introduction of the sample, this arrangement functions very well in practice. 
It has the added advantage of allowing the viewing of a higher zone in (he tail-flame of the ICP if one 
wishes to measure the spectral lines of alkali metals. 

12. COST OF INTERNAL STANDARDIZATION 
The routine use of i.s. must be counted in money as well as in the time spent on the making-up of 

stock solutions and on the addition of aliquot portions to calibration standards and sample solutions. 
Accurate measurement of the time required for the implementation of i.s. is not easy, but this aspect should 
not be forgotten. The direct costs can be «.rsessed somewhat more easily. For instance, Mintek currently 
pays up to R5000 for lOOg of scandium oxide, i.e. about three times the cost of pure gold. This seems 
expensive, but it should be borne in mind that the analysis of about 10 000 samples per annum involves 
the use of about 40 g of scandium oxide, which amounts to about 20 cents per sample. Since the elements 
determined in each sample average a little more than 6, the direct costs of i.s. can be regarded as a small 
price to pay for operating reassurance and for enhanced accuracy and precision. 

An investigation of an on-line system for the addition of internal-standard solution showed that, while 
a large saving in scandium could be achieved, the precision of the analytical results deter ioratec'. Recently, 
the traditional addition of scandium solution by pipette to the calibration and sample solutions was abandoned 
in favour of the use of an automatic motor-driven dispenser. This has proved to be a more accurate and 
reproducible method for the addition of internal standards. 
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13. CONCLUSIONS 
(1) Internal standardization is a simple, convenient, and inexpensive method of monitoring that provides 

the analyst with reassurance during operation, and significantly improves the accuracy and precision 
of the results. 

(2) When used with a monochromator, i.s. is of very limited value. 
(3) Spectroscopists familiar with the critical selection of i.s. leference elements for spectrographic 

analysis have tended to avoid its use in the ICP-spectrometric field. Since the main source of error 
is the system for the traduction of the sample, only two i.s. lines are needed: 
(i) an atomic line for the 'soft' atomic lines (e.g. copper, silicon, aluminium, gold, and silver), and 
(ii) an ionic line for ionic lines and the 'hard' atomic lines (sulphur, arsenic, zinc, phosphorus, 

boron, and cadmium). 
(4) Mintek has used i.s. for many years with direct-reading simultaneous spectrometers; its use in routine 

ICP-spectrometric analysis is recommended. 
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