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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following 
URL: www​.iso​.org/​iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, 
and radiological protection, Subcommittee SC 6, Reactor technology.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Reactor technology — Power reactor analyses and 
measurements — Determination of heavy water isotopic 
purity by Fourier transform infrared spectroscopy

1	 Scope

This document specifies an analytical method for determining heavy water isotopic purity by Fourier 
transform infrared spectroscopy (FTIR). It is applicable to the determination of the whole range of 
heavy water concentration. The method is devoted to process controls at the different steps of the 
process systems in heavy water reactor power plant or any other related areas.

The method can be applied for heavy water isotopic purity measurements in a heavy water reactor 
power plant or research reactor, heavy water production factory and heavy water related areas.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratory use — Specification and test methods

3	 Terms and definitions

For the purposes of this document, the following terms and definitions are applied.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
heavy water
water which contains a higher than normal proportion of the heavy isotopes of hydrogen in combination 
with oxygen

Note 1 to entry: HDO exists whenever there is water with hydrogen-1 and deuterium in the mix. HDO is formed 
when hydrogen and deuterium atoms are rapidly exchanged between light water and heavy water molecules.

Note 2 to entry: Heavy water here does not mean “heavy water” which is enriched in the heavier oxygen isotopes 
17O and 18O.

Note 3 to entry: The ice point of heavy water is as high as 3,8 °C, care should be taken to avoid heavy water from 
freezing.

[SOURCE: ISO 6107:2021, 3.272, modified — Notes 1 to 3 to entry were added.]

3.2
light water
water that contains natural abundance of protium and deuterium
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3.3
Fourier transform infrared spectroscopy
FTIR
method in which a sample is subjected to excitation of molecular bonds by pulsed, broad-band infra-red 
radiation and the Fourier transform mathematical method is used to obtain an absorption spectrum

[SOURCE: ISO/TS 80004‑6:2021, 5.8]

3.4
D2O
molecular formula of deuterium oxide

3.5
heavy water isotopic purity
catom
percentage of deuterium atoms in the total number of all hydrogen atoms including deuterium, protium 
and tritium atoms

Note 1 to entry: Expressed as atom%.

3.6
D2O concentration
cmass
percentage of the mass of D2O in total water mass, assuming that all of the deuterium exist in the form 
of D2O

Note 1 to entry: Expressed as mass fraction.

Note 2 to entry: The mass percentage of D2O is deduced from heavy water isotopic purity which does not precisely 
mean the mass percentage of D2O in water because deuterium exists both in the form of HDO and D2O.

3.7
precision
closeness of agreement between independent test results/measurement results obtained under 
stipulated conditions

[SOURCE: ISO 3534‑2:2006, 3.3.4]

4	 Principle

HDO, D2O and H2O co-exist in heavy water, with Formula (1):

H2O + D2O ⇔ 2HDO	 (1)

The O-H bond and the O-D bond have each different infrared spectroscopy. Heavy water isotopic purity 
is proportional to the absorption strength of characteristic region in infrared spectrum within certain 
range of heavy water concentration.

Almost all protium in high isotopic purity heavy water, like a mass fraction from 98,500 to 100,000 
in %, exists in the form of HDO, in which O-H has the biggest absorption at infrared wave number 
about 3  400  cm−1 (λ is 2,94  μm). The absorption strength of this specified infrared wave number is 
proportional to protium isotopic purity and proportional inversely to the deuterium isotopic purity in 
heavy water. Almost all deuterium in low concentration of heavy water, like a mass fraction from 0,05 to 
2,00 in %, exists in the form of HDO, in which O-D has the biggest absorption at infrared wave number 
about 2  500  cm−1 (λ is 4,00  μm). The absorption strength of this specified infrared wave number is 
proportional to deuterium isotopic purity and proportional to heavy water concentration.

For heavy water concentration in the range of a mass fraction from 2,00 to 98,50 in %, different ranges 
could be subdivided according to different interested regions of the spectra respectively.
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