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Certificate of Analysis
Certified Reference Material

HALF-1

Isotopic Certified Reference Material of natural hafnium

HALF-1 is an isotopic Certified Reference Material (CRM) of natural hafnium. A unit of HALF-1
contains approximately 1 mL aliquot of hafnium solution at 1000 mg kg~ in 3 % hydrochloric acid.
This material is intended for the calibration of instruments and evaluation of analysis methods for
the determination of isotope ratios of hafnium. Certified values for isotope amount ratios, isotopic
abundances, and atomic weight of hafnium have been established for this isotopic reference
material. These are listed in the table below.

Certified values are based on results from data generated at the National Research Council
Canada (NRC). The expanded uncertainty (Ucrm) in the certified value is equal to U = kuc where
Uc is the combined standard uncertainty calculated according to the JCGM Guide [1,2] and k is
the coverage factor. A coverage factor of two (2) was applied. It is intended that Ucrm accounts
for every aspect that reasonably contributes to the uncertainty of the measurement.

Table 1: Certified quantity values and expanded uncertainties for HALF-1?

Isotope mass Isotope amount ratio, Isotopic abundance,
number, A n(*Hf)/n(*""Hf) n(AHf)/n(Hf)

174 0.008 64 + 0.000 02 0.001 604 + 0.000 004
176 0.281 85 + 0.000 16 0.052 33 + 0.000 08
177 1 (exact) 0.185 66 + 0.000 16
178 1.4689 + 0.0010 0.272 72 + 0.000 08
179 0.7341 + 0.0008 0.136 29 + 0.000 04
180 1.8926 + 0.0032 0.351 39 + 0.000 28

a. The corresponding atomic weight of hafnium in HALF-1 is Ar(Hf) = 178.4871 £ 0.0010

The analytical methods used/developed for the measurement of isotopic composition of hafnium
are documented in the peer-reviewed literature [3].

Certified values

Certified values are considered to be those for which the NRC has the highest confidence in
accuracy, and that all known and suspected sources of bias have been taken into account and
are reflected in the stated expanded uncertainties. Certified values are the best estimate of the
true value and uncertainty (Table 1).

Isotopic composition of hafnium was determined by multi-collector ICPMS at NRC. The calibration
approach chosen here is based on a measurement process as described elsewhere [3].
According to this strategy, the mass-bias corrected isotope ratios of hafnium are obtained from
the log-linear temporal drifts in the measured hafnium and rhenium isotope ratios. This model
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avoids the unnecessary assumption regarding the equality of Hf and Re instrumental isotopic
fractionation [4].

Intended use

This certified reference material is intended for the calibration of instruments and evaluation of
analysis methods for the determination of isotope ratios of hafnium.

Storage

It is recommended that the material be stored at room temperature and the vials opened
immediately prior to use.

Preparation of material

The reference material was prepared from a commercial hafnium standard solution. The material
was diluted 10-fold in 3 % HCI, bottled and flame sealed in cleaned amber glass ampoules in
approximately 1 mL aliquots at 1000 mg kg~ mass fraction.

Stability

Potential instabilities due to long-term storage and transport were not considered, as it is believed
that the effects of such event would not be isotope specific. The material is deemed stable with
respect to the certified values for at least ten years.

Homogeneity

The material is deemed to be homogeneous with respect to the isotopic composition of hafnium.

Uncertainty

Included in the combined uncertainty estimate are uncertainties in the batch characterization,
uncertainties related to the regression model, and uncertainties due to primary calibration
standard, NIST SRM 989. The primary calibration standard constitutes 50 % of the combined
uncertainty of the A.(Hf) and Ri7s/177 values.

Metrological traceability

Results presented in this certificate are traceable to the Sl through NIST SRM 989 rhenium
isotopic standard [5, 6], and international measurement intercomparisons. As such, they serve as
suitable reference materials for laboratory quality assurance programs, as outlined in ISO/IEC
17025.

Quality Management System (ISO 17034, ISO/IEC 17025)

This material was produced in compliance with the NRC Metrology Quality Management System,
which conforms to the requirements of ISO 17034 and ISO/IEC 17025. The Metrology Quality
Management System supporting NRC Calibration and Measurement Capabilities, as listed in the
Bureau international des poids et mesures (BIPM) Key Comparison Database (kcdb.bipm.org/),
has been reviewed and approved under the authority of the Inter-American Metrology System
(SIM) and found to be in compliance with the expectations of the Comité international des poids
et mesures (CIPM) Mutual Recognition Arrangement. The SIM approval is available upon request.
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Updates

Users should ensure that the certificate they have is current. Our website at www.nrc.gc.ca/crm
will contain any new information.
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Date of issue: May 2019
Date of expiry: May 2029

Revised: January 2020 (metrological traceability, quality management sections and editorial
update)

Approved by: %%

Zoltan Mester, Ph. D.
Team Leader, Inorganic Chemical Metrology
NRC Metrology

This Certificate is only valid if the corresponding material was obtained directly from the
NRC or an Authorized Reseller.

Comments, information and inquiries should be addressed to:

National Research Council Canada
Metrology

1200 Montreal Road

Building M36, Room 1029

Ottawa, Ontario K1A OR6

Telephone: 613-993-2359
Fax: 613-993-8915
Email: CRM-MRCOttawa@nrc-cnrc.gc.ca
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