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Chemical metrology and the traceability of chemical measurements to a
commonly accepted reference is part of the new quality culture that is becoming
customary in analytical chemistry. Trade, prosperity, and justice depend on
measurements of “highest metrology value”, this value being defined by the accuracy of
results and their linkage to the units and standards of the Système International (SI).
For chemical measurements, it is not possible to have a single primary standard for the
“chemical yardstick”, the mole - the vast number of chemicals and their species being
one of the obvious reasons. Moreover, chemical factors such as matrix effects and
modification of a substance during analysis (dissolution, separation, derivatization) may
constitute a break in the chain of traceability or create an additional source of
uncertainty at the least.  Therefore, it appears to be difficult to establish the hierarchy in
chemical traceability for measurements involving chemical reactions.

One solution offered consists in the characterization of chemical standards and
certified reference materials by primary methods of analysis and continuing down the
chain in establishing traceability links to secondary standards and reference materials,
and to the working levels. It should be noted that fulfilment of the requirements for
primary methods, i.e., highest metrology properties, complete description and
understanding, and complete uncertainty statement in terms of SI units, becomes an
integral part of the answer.  In contrast to the outlined multistage process that faces the
preceding problems and introduces considerable additional uncertainty at each level,
instrumental neutron activation analysis (INAA) is sufficiently versatile to establish a
direct link to the amount of substance determined. The inherent quality parameters of
INAA, such as being virtually free of blank, having fully accountable effects of matrix
and physical form, and operating over a huge range of amounts, allows the comparison
of a mole (or its fraction) of a pure element with the amount of substance in the sample
analyzed with the same direct relationship as a beam balance provides. Indeed,
varieties of this approach are in common use in INAA in the comparator methods of
quantitation.

To eliminate possible perturbations of the traceability chain as they may occur in
common INAA practice, experimental measurements have been set up that only
involve the fraction of a mole of the element(s) of interest in form of the pure element,
compound or certified standard and the unknown sample.  This principle has been
used in INAA measurements for certification value assignment of high temperature
alloy SRMs.  To further demonstrate the performance parameters of INAA, we selected
the determination of chromium in SRM 1152a Stainless Steel by direct non-destructive
comparison with the pure metal in form of crystalline chromium.  The measurements
were validated with weighed aliquots of SRM 3112a dried on filter paper pellets. The
experimental results do not show deviations beyond the uncertainties of the SRMs
(≤0.2 % relative), and the assessment of the uncertainty budget indicates that
expanded uncertainties of ≤0.3 % are achievable.  The measurements demonstrate
that INAA can meet the CCQM definition of a primary ratio method of analysis.


