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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.
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Introduction

The use of purity data in the calculation of the composition of calibration gas mixtures is an essential
element in establishing metrological traceability of the certified gas composition. Purity analysis is
usually challenging as, normally, trace levels of various components should be determined in a matrix
for which limited or no measurement standards are readily available.

In many practical situations, purity data in some form are available. For the preparation of calibration
gas mixtures, it is important that this information is interpreted in a consistent fashion and taken into
account in the calculation of the composition of the mixture.
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Gas analysis — Purity analysis and the treatment of
purity data

1 Scope

This document establishes the requirements for the purity analysis of materials used in the preparation
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4 Symbols

In this document, the following symbols are used.

i
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running index over the components in a mixture
index of the parent gas

index of a specific component in a mixture

limit of detection of component i in parent gas j

standard uncertainty (of the quantity between brackets)
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mass fraction of component i in parent gas j

amount-of-substance fraction of component i in parent gas j

volum

e fraction of component i in parent gas j

5 Principles

5.1 General
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E1  If preparing a lpw-concentration oxygen in nitrogen mixture, oxygen might also be pr
burity in the nitrogen:

E2  For natural-gas mixtures, i-pentane is often found as an impurity in n-pentane and
as well as beifigiddded as a minor component in its own right.

rity thathas the potential to influence the result of an analytical verification of the mi>
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an impurity that might be reactive with respect to any other component in the mixture.

EXAMPLE 4

nitrogen might react with the nitric oxide to form nitrogen dioxide.

Significant impurities

If preparing a mixture of nitric oxide in nitrogen, any oxygen present as an impurity in the

A significant impurity is an impurity that is predicted to contribute more than 10 % to the target
uncertainty of the content of any of the components in the calibration gas mixture. The application of
this criterion requires knowledge of the preparation method used (gravimetric, volumetric, static, or
dynamic) and the uncertainties associated with the various steps involved.

The above described steps are summarized as a flowchart in Figure 1.

2
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list all critical and
other potential impurities®

see 5.1

carry out the steps below for each
identified impurity in turn

.
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is the impurity
expected to be 'critical'?

see 5.2.1

is the impurity
expected to be 'significant'?

see 5.2.2

is the impurity
expected to be 'significant'?

see 5.2.2

no

A

yes
A no indicative purity. yes
. P
purity analysis with| analysis requitéd
results that are |« see 6.3
traceable required l
see 6.2
yes
do the results indicate
the'presence of a significant
v impurity?

report results
of purity /¢
analysis

no purity analysis
required®

see 6.4

a  Jf an unpredicted or-unknown impurity is identified during the course of a purity analysis, retugn to the start

of the flowchaft:

b Jf preferred)d purity analysis with results that are traceable can be carried out instead of an indicative purity

dnalysiss

¢ I|f préferred, a traceable or indicative purity analysis can be carried out.

Figure 1 — Purity analysis flowchart

6 Analysis of impurities

6.1 General

The extent of purity analysis required shall be determined by the outcome of the flowchart in Figure 1.

Each of these levels is discussed in 6.2 to 6.4.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=195b6291f68fc9aff8582cb957f024ea

IS0 19229:2019(E)

The process shown in the flowchart in Figure 1 shall be undertaken for each of the listed potential
impurities. Purity analysis can be carried out by one or more appropriate analytical techniques. In
some instances, more than one technique might be needed.

EXAMPLE When determining the purity of methane, hydrocarbon impurities can most accurately be
determined by gas chromatography with flame ionization detection (GC-FID), while other impurities can be
determined by GC with thermal conductivity detection (GC-TCD) or discharge ionization detection (GC-DID).

For some materials (such as liquids and corrosive gases), it might not be practicable to analyse the
material in its "pure"” state. In these cases, an alternative approach can be taken such as the preparation
of a gravimetric mlxture with a lower amount—of substance fraction for purity analySIS (usmg a
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ositions of the vapour and liquid phase differ, these compositions might'change durin
/vapour. Appropriate measures shall be taken to ensure that the purity data remain
stated uncertainties.

ing out a purity analysis, care should be taken to check for@ny unexpected impu

procedure in 5.2). For example, when using gas chromatoegraphy, unexpected impu
Fved as unexpected peaks in the chromatogram. If oneror more unexpected impuritie
ich should be assessed as to whether it is "critical" and/or "significant”, and the approp
hlysis then carried out, as determined by the flowchart in Figure 1.

y analysis with results that are traceable

a purity analysis with results that aretraceable, calibrate the analyser(s) using calibr
s with defined uncertainties and guantify the impurity by direct comparison with 1

ity analysis of high-purity wmatrix gases, a direct measurement of the impurities

ctionl3l.

Foscopy and gas chromatography are typical methods used in case of analysers w|
The measuremént procedure to assign amount fractions of trace impurities to high-p
vith this type‘of analysers shall be carried out by direct comparison with calibratio
the case of laser spectroscopy, using the impurity’s optical line strength or cross-se
shed metrological traceability is a valid alternative. In the case of gas chromatogr
ponse faetors (RRF) can be used in case they are validated for the specific measure
rifie. instrument. The uncertainty of the RRF shall be evaluated in accordance
16-98-3 (GUM).
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In case the analyser has no defined zero, the standard addition method in combination with well-
characterized purification systems shall be used. The manufacturer’s specification stating the purifier
removal efficiency shall be taken into account when calculating the amount fraction of the impurity and
its associated uncertainty. The measurement procedure to assign amount fractions of trace impurities to
high-purity matrix gas with this type of analysers shall be carried out according to the following steps.

— Calibrate the analyser at the higher end of the measurement range (so called “span gas”).

— Analyse the sample matrix gas passing through the purifier and calibrate the analyser as zero.

— Analyse the sample matrix gas without passing through the purifier.
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Prepare at least one calibration gas mixture of a trace impurity that needs quantification in the
matrix gas by, for example, dynamic dilution using a certified reference material and flow controllers
(see ISO 6145).

Analyse the calibration gas mixture(s) with and without passing through the purifier.

Verify that the gas analysed after passing through the purifier contains the same (zero) amount (or
response) regardless of the amount fraction of the gas entering the purifier. It can then be assumed
that the purifier removes the specific trace impurity under investigation from the sample matrix gas.

Calculate the amount fraction of the trace impurity in the sample matrix gas from the analyser

BE1 This recipe can also be used for other quantities than amount fractions, such_as\m
he fractions, or mass concentrations. Annex A gives examples in the use of analysersfor tra

sis with and without a defined zero.

gtrologically traceable purity data from another source (for example, omalcCertificate
vailable, these data can be used for this purpose. The metrological traceability of th

sessed, if not explicitly stated on the certificate or in the report previded. Such asse

include, but is not limited to, checking whether appropriate certified“reference materi

meas
then

NOT
data

comp

urement standards have been used and a rigorous uncertainty,evaluation of all step
neasurement result has been performed.

B2 A reference gas mixture is a mixture of appropriate<metrological quality that has
that are traceable to a national or international measurement standard through an unbrd

arisons with stated uncertainties. An example is a gas mixture certified by a calibratio

fulfilling the conditions stipulated in ISO/IEC 17025 and/or{SO 17034.

NOTHE 3  Where traceable gaseous measurement standards are not available, certified reference
be avpilable in liquid form with certified purity.

NOTE4  Where appropriate measurement standards or certified reference materials are not av
be ngcessary to redesign the proposed preparation in a way that traceable purity analysis is nof]
using for example materials with better purity.

NOTES5  Where traceable measurement standards or certified reference materials are not a

some|
A ser]
value

6.3

In tH
metr]

times possible to estimate the purity of starting materials by use of a kind of standard add
ies of standards containihg the "pure"” material at different concentrations is prepared and
s are extrapolated back to'zero.

Indicative purity analysis

e field of ‘gas analysis, an indicative purity analysis is one that provides data o
ologicaltraceability is not established. Such a situation might arise from, for example:

gn analysis that uses gas mixtures with a composition for which the metrological tra

q

response when the matrix gas enters the analvser without passing fhrm]gh the }'mrifip ;

hss fractions,
ceable purity

of analysis)
e data shall
tsment shall
hls or other
s leading to

composition
ken chain of
h laboratory,

materials can

hilable, it can
required, by

vailable, it is
tion method.
the analysed

f which the

eability has

notheen established;

the determination of at least part of the results using theoretical response factors;

the use of optical line strength from databases from which the metrological traceability has not

been established;

data from a “certificate of analysis” without stated metrological traceability.

All data for which the metrological traceability has not been established shall be regarded as
“indicative”. Such data can be used for indicative purity analysis.

When expressing the result(s) of an indicative purity analysis, any possible bias in the data shall be
dealt with by either including an appropriate uncertainty component to account for the possible bias or
applying a correction for the bias.
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Gas manufacturers often quantify the purity of their pure gases using a specification (see Table 1 for an
example of high-purity nitrogen). Such specifications might stem from the analytical capabilities used
for the purity analysis or from monitoring the production process.

Table 1 — Example of manufacturers’ purity specification for nitrogen

Impurity Specification
umol mol-1
co <1,0
co, <1,0
C H, <0,5
NO <0,1
NO, <0,1
SO, <0,1
Ar <50
H,0 <1,0

If an impurfity, likely to be present in the “pure” parent gas, is below the limit of detection of the
analytical method used for the purity analysis, then the limit of detection is usually quoted in the gas

manufacturpr’s specification.

In this case,|the amount-of-substance fraction of the expected impurity, Xjj shall be set equal to hplf of

the value of the detection limit of the analytical method, L, as shiewn by Formula (1):

M

The uncertginty associated with x;; is evaluated assitming a rectangular distribution with L;; being the
upper limit |of the rectangle, and zero the lower;limit. The standard uncertainty associated with the
amount-of-substance fraction x;; is calculated wsing Formula (2).

i)
7 xAf3

y

(2)

Table 2 — Amount-of-substance fractions and associated standard uncertainty from the purity

specifications from Table 1 using Formula (2)

Impurity X u(x;)
pumol mol-1 pumol mol-1

Cco 0,5 0,3
CO, 0,5 0,3
CH, 0,25 0,15
NO 0,05 0,03
NO, 0,05 0,03
SO, 0,05 0,03
Ar 25 15
H,0 0,5 0,3

6.4 No purity analysis

A purity analysis is not required for impurities that are both non-critical and insignificant.
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6.5 Estimation of the amount-of-substance fractions of unmeasured (but expected)
impurities

When carrying out a purity analysis with results that are traceable or an indicative purity analysis,
an impurity might sometimes be expected to be present in a material (through either prior knowledge
or information provided by a third party, such as the manufacturer of the material), but cannot be
detected by, or is below the limit of detection of the analytical method used.

In these instances, if a more suitable and/or sensitive analytical method is not available, the amount-
of-substance fraction of the expected impurity shall be set equal to half of the value of the limit of

detection of the analytical method used.

The
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7.1
The
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Fornj

The
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calibration standards, analytical repeatability and reproducibility, and the use of relati
factqg

7.2

Depq

uncertainty of an amount-of-substance fraction calculated in this manner is, ‘bal
ngular distribution between zero and the value of the detection limit of the aalyt
assuming that there is an equal probability that the impurity might be present in {
evel from zero up to the detection limit. An undetected impurity therefore forms a
nbility distribution from which its standard uncertainty is given by Formula (2).

Use of purity data

Calculation of the amount-of-substance fraction of the most abundant con

hmount-of-substance fraction of the most abundant component in the material being

'mined by Formula (3):

n

g =1- D, x;

i=1;izk
standard uncertainty in the amount-offsiibstance fraction of the ‘pure’ component is
b the law for the propagation of uncéttainty described in ISO/IEC Guide 98-3 (GUM) a

ula (4):

n

()= Y, ul(xy)

i=1;i#k

o~

uncertainty in the-amount-of-substance fraction of each impurity shall be det
ination of all relevant factors. These might include, but are not limited to, the unc

I'S.

Calculation of the mass fraction of the most abundant component

sed upon a
cal method,
he material
rectangular

nponent

analysed is

3

determined
nd shown in

(4)

ermined by
prtainties in
ve response

nding on the measurement standards or certified reference materials used during pur

ity analysis,

the purity data might be available in the form of mass fractions. The mass fraction of the most abundant
component w; is calculated by Formula (5):

n
Wi =1- 2 Wi

(5)
i=1;i#k
and its associated standard uncertainty by Formula (6):
2 C 2
u(wy)= Y ut(wy) ©)

i=1;i#k

If purity data on a molar basis (as amount-of-substance fractions) are required, the mass fractions of
all critical and significant impurities and their associated standard uncertainties shall be known. The
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conversion of the data, including the uncertainty evaluation, shall be carried out in accordance with
ISO 14912.

7.3 Calculation of the volume fraction of the most abundant component

For gases, the purity data are often given in volume fractions (¢). In those cases, where for a component
the content is specified to be less than a given value, the approach of 6.3 shall be used for obtaining an
estimate for the volume fraction and its associated standard uncertainty. In this case, Lij denotes the
upper value specified for the component of interest.

The volume fraction of the most abundant component ¢,; is calculated by Formula (7):

D 9

G =1 (7)
i=1;i#k
and its assofiated standard uncertainty by Formula (8):
2 c 2
u? (o )E Y, u” () (8)
i=1;i#k

If purity data are needed in the form of as mass fractions, amount-of-substance fractions, or angther
quantity, thle conversion of the data, including the uncertainty evalvation, shall be carried oput in
accordance with ISO 14912.
7.4 Other forms of purity data
If purity dafa are available of which the quantity is unspecified, such data are unusable for calculating
the content pf the abundant component.
NOTE Sych data are often stated in percentages (%), parts per million (ppm), or parts per billion (ppb),
without spec|fying the corresponding quantity.
If the quantities in which the purity data.are specified differ from the desired quantity, ISO 14912 shall

be used for
subsequent

converting these data andperforming the evaluation of measurement uncertainty i any
calculation.

8 Coverage intervals

8.1 Genefal

Fractions of
coverage inf

impuriti€s can be close to zero, which potentially leads to problems when calculat
ervalwith a normal distribution or t-distribution. By “close to zero”, it is meant thg

ing a
t the
d for

difference b

etween the fraction and zero is less than 4 times the standard uncertainty calculate

the fraction,assurmng a 959 probabitity tevet For higher probabitity tevets, ahigher mmuttipte should

be used. Similarly, the fraction of the most abundant component is considered to be close to one when
this fraction is less than 4 times the standard uncertainty away from one.

Coverage intervals shall be expressed in such a fashion, that the lower and upper bounds are within the
valid domain for fractions (0 < x; < 1, and similarly for other fractions). In other words, lower bounds
below zero and upper bounds exceeding one shall be avoided at all times (see also Figure 2). Such
coverage intervals are invalid. For high relative standard uncertainties, the normal distribution has a
significant part of the probability below zero. Other distributions, such as the beta distribution do not
have this problem, because of their definition (see Figure 2).

Valid coverage interval for fractions close to 0 or 1 are usually not symmetric. So, the notation x; + U(x,)
is inappropriate for such intervals.
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VA u(x)/x=0,8 y A u(x)/x=0,5
25000 25000 |
20000 — —
15000 15000 —
10000 —
5000
5000 - i
0 —" | . 0 >
\ \ \ \ \ > \ \ \ \ \ >
-0,00010 0,00000 0,00010 X -0,00 010 0,00000 0,00010 X
u(x)/x=0,3 U(x)/x=0,1
y A y A
40 000 — ]
100 000
30 000 — A
20000 — 60 000 —
10 000 —
20 000 —
0 1 ) » O 1 »
\ \ \ j \ > \ \ \ \ \ >
-0,00010 0,00000 0,00.010 X -0,00010 0,00000 0,00010 X
Key
X  dmount-of-substance fraction
y  probability density
Figure 2 — Beta-(solid line) and normal (dashed line) distribution for relative standard
uncertdinties of 80 %, 50 %, 30 %, and 10 % for a measured value close to z¢ro
8.2 | Fractions close to 0 or 1
For firaction ose-to-zeroo e the beta distribution pproximation-of the probability density

function of the fraction of the component of interest. A Monte Carlo simulation of the gravimetric
preparation of gas mixtures has indicated that this model is a reasonable approximation for the
probability density function. The beta distribution is developed for modelling probabilities and
proportions!4l. Hence, it is only defined for 0 < x < 1. Other probability density functions with similar
properties may be used as well.

To calculate a coverage interval using the beta distribution, its parameters are needed. These can
be computed from the first and second moments (mean and standard deviation) of the probability
distribution. For this purpose, the assigned value of the fraction x; and the associated standard
uncertainty u(x,;) can be taken.

© IS0 2019 - All rights reserved 9
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The beta distribution is given by Formula (9)6l:

I'(a+p)
T ()T (B)
where a and 8 denote the parameters of the beta distribution and I" is a symbol of a gamma function.

These can be calculated as follows from the mean u and standard deviation 0. The mean u is related to
the parameters as shown in Formula (10)[el:

f(x;a,B)= 1-x 9)

a-1 ( ) p-1

o
o+p
and the varifance 02 as shown in Formula (11):
a
o?= _ b (11)
(a+B)" (a+B+1)
From these pxpressions, it follows Formulae (12) and (13) follows.
1—u 1 2
az(—,———]u (12)
of H
|
B=o|+-1 (13)
Ji
Once the vallues for @ and S have been computed, the inverse of the cumulative distribution fungtion
(cdf) is neg¢ded. This function takes, as arguments;‘the parameters of the distribution and the
probability |of the quantile. For a probabilisticallysymmetric coverage interval and 95 % cové¢rage
probability, [the probabilities for the quantiles are 0,025 (=2,5 %) and 0,975 (=97,5 %) respectively. As
the beta disfribution is non-symmetric, such an interval is not the shortest one. It is a “safe” cove¢rage
interval, in that the actual coverage probability will exceed the desired one.
Not all impl¢mentations of the cumulative'distribution function of the beta distribution are numerically
stable. It is therefore recommended-to perform the calculation with a value and standard deviatipn in
the parts-pgr-million (ppm) range, and to convert the results of the calculation to the actual situgtion.
The following example shows the.ehtire process.
EXAMPLE
Suppose, from a puritydétermination, the following results are obtained: x = 100 - 102 mol mol-| with
u(x) = 30 - 1072 mol mal™,
The distance|with Tespect to zero is 100/30 = 3,3 times the standard uncertainty, so the result is considerfed to
be close to zero:

For the computation of the parameters a and [, the rescaled values u 100 - 10-% mol mol! and
0 =30+ 10-%mol mol-! are used. There is factor of 1 000 between x and y, and between the respective standard
uncertainties, because of rescaling to avoid numerical problems with some spreadsheet calculations.

The values for the parameters of the rescaled probability distribution are

a=11,11 from Formula (12);
— [ =111 088 from Formula (13).

Using the inverse of the cumulative beta probability distribution function to calculate (such as
BETAINV() in mainstream spreadsheet software), the following quantiles for P = 0,025 and P = 0,975
are obtained

q0’025 = 50,12 . 10_6

10 © IS0 2019 - All rights reserved
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q0’975 = 166,81 . 10_6

After dividing both quantiles by the factor 1 000 used for the rescaling, the lower and upper bounds of
the 95 % coverage interval are obtained. This interval is given by [50,12 nmol mol-1; 166,81 nmol mol1].

When rounding the lower and upper bounds of the coverage interval, the width of the coverage interval
after rounding shall not be meaningfully smaller than the unrounded interval. This can be ascertained
by rounding down the lower limit and rounding up the upper limit.

See Reference [6] for more information on coverage intervals.
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Annex A
(informative)

Examples

A.1 Purity analysis for nitrogen monoxide (NO) in nitrogen using a method
without a|defined zero

T Q)
&9
. T1
NO in N,
Purifier
R2 T2
(F0)
&9
N, NOx
under test Analyser

Figure A.1 — Measurement set-up for the purity analysis using the standard addition method

This procedure makes use-of“a well-characterized purification system. The set-up contains two|flow
controllers [FC), two opeh-Close valves (R1 and R2) and two “three-way” valves (T1 and T2). It will
be assumed| that thepurifier removes the significant impurities that need to be quantified to a|level
according tp the manufacturer’s specification, or to a level as validated by the laboratory. Foy this
example, the specification of the purifier used for nitrogen monoxide (NO) is < 1 nmol mol-L. From
this specifidation, using a rectangular distribution, an estimate for the residual NO amount fraftion

of 0,50 nmolwrel-lis ebtainedwithastandard deviation £ 029 nmel mel-l This residual NO-arount

TITOT TITIToOTTITOT

fraction with the associated standard deviation will be added to the analysed NO amount fraction.

The measurement set-up is shown in Figure A.1.

The measurement procedure to assign amount fractions of trace impurities to high-purity matrix gas is
carried out according to the following steps.

1) Calibrating the analyser with the “span gas”.
2) Analysing the sample matrix gas passing through the purifier.
3) Calibrating the analyser to zero.

4) Analysing the sample matrix gas without passing through the purifier.

12 © IS0 2019 - All rights reserved
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5) Generating at least one reference gas mixture of a trace impurity that needs quantification in
the matrix gas by dynamic dilution using a certified reference material and flow controllers (e.g.
[SO 6145), for example, with the set-up as indicated in Figure A.1.

6) Analysing the reference gas mixture(s) with and without passing through the purifier.

7) Verifying that the gas analysed after passing through the purifier contains the same (zero) amount
(or response) regardless of the amount fraction of the gas entering the purifier. It will then be
assumed that the purifier removes the specific trace impurity under investigation from the sample
matrix gas.

8) the analyser
er. This can
be performed by plotting the gravimetric amount fraction of the generated standqrds against
their analytical response. If the sample matrix gas used had no trace impurity, theg calibration
ine obtained would cross the origin. If the sample matrix gas contains andmpurity ¢f the target
¢omponent, the calibration line will cross the y-axis above zero. For a linearfunction ¢f the model
' = ax + b, the line crosses the x-axis at the x-coordinate -b/a. The irhpurity contenf equals the

difference in x-coordinate between the origin and -b/a and thus thisequals b/a.

The amount fraction of NO in a 50 L nitrogen cylinder under test is‘détermined with an NO-NO,-NOx
chenjiluminescence analyser. The selected measurement range ofthe’analyser is 10 nmol/mpol NO,.

The ineasurement set-up and procedure as described above afe‘applied. The standard addifion method
was ppplied using a primary standard gas mixture (PSM):containing nominally 100 nm¢l mol-! NO.
Three calibration points are created by diluting the *PSM in a ratio of 1:100, 3:100 [and 10:100
respectively.

The amount fraction for the calibration points an@*the associated standard uncertainty is calculated

using Formula (A.1):

x;Vy
Xdili =5 (A1)
Vy+V,
NOTE1  Formula (A.1) is based onthe approximation that the amount fraction is approximately equal to the

volurhe fraction. This assumptionds,appropriate if the matrix of the gas under test and the calibratiof gas mixture
is thg same, pressures and temperatures are the same, and the amount fraction x; is low (ppm-level ¢r below).

Defining the dilution factor f = V;/(V; + V,), the standard uncertainty for f is conjputed with
Formula (A.2):

)= )

@y +Vy)t

Vi

2
—_— V.
vy +Vy)* «(v2)

(A.2)

Tab]ie A;1 — Volume flow rates and dilution factor for the three-point standard addition method

V1 u(Vy) V2 u(Vy) f u(f)
mL min-! mL min-1 mL min-1 mL min-1
10,607 0,011 994,530 0,995 0,010 553 0,000 015
30,729 0,031 974,380 0,974 0,030 573 0,000 042
101,058 0,101 904,160 0,904 0,100 533 0,000 128
NOTE The amount fraction NO of the PSM is 99,85 nmol mol-! with a standard uncertainty of 0,25 nmol mol-1.

After a flushing time of 20 min, with a flow of 1 L min-1, 30 responses are collected by the analyser

with a 10-second interval. The responses of the analyser (R
(involving the purifier) R,. The corrected response is calculated as R = R

raw.

raw

) are corrected for a “zero” reading
- Ry. The squared standard

uncertainty is obtained from u?(R) = u?(R,,,,) + U(R,). The responses and the associated uncertainties
are given in Table A.2.

© IS0 2019 - All rights reserved
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Table A.2 — Data set obtained for the purity assessment for nitrogen monoxide in nitrogen

X1 u(xy) Ry u(Ry) Reaw U(Rpaw) R u(R)
nmol mol~1 | nmol mol-! mV mV mV mV mV mV
0 -5,11 14,38 2,01 7,43 7,12 16,18
1,0537 0,003 0 -8,80 7,50 29,50 6,78 38,30 10,10
3,052 6 0,008 7 0,44 4,45 89,32 6,85 88,88 8,17
10,038 1 0,028 2 5,07 4,68 283,51 8,48 278,45 9,69

Fitting the data using a straight line as calibration function and the procedure of ISO 6143 gives the

following re
The covaria

The result if

9

b

2

u (51)
The result
(0,31 +0,33

As stated in
value and tH

amount

NOTE 2
diluted by th
gas, the calcy

A.2 Purif

A.2.1 Gen

Impurities i
These meth|
will be prov|

In the first

This example is performed under thesassumption that the nitrogen under test is not signifid

sults. The intercept a = (8,30 + 8,55) mV and the slope b = (26,87 + 1,46) mV mol an

calculated with Formulae (A.3) and (A.4):

2 2
(),
bZ

2 (b) N —2a
b* %

u(a,b)
from the standard addition method for the impurity of nitrogen monoxig
nmol mol-1,

the introduction of this example, the specification of the purifier shall be added td
e uncertainty shall be summed up quadratically. This leads to the final result of:

fraction NO = (0,81 + 0,44) nmol mol-!

e added calibration gas. In case of either a 100 nmol mol-! or a 500 nmol mol” NOin N, asad
lated impurity remains the same within 1 % relative.

'y analysis using a method with a defined zero

eral

h Zero gas mixtures can also be quantified using measurement methods with a defined
ods includel gas chromatography and optical absorption techniques. Here, two exan
ided for-eptical absorption techniques to determine the amount of substance in zero g

rase,\the analysis is based on the use of fundamental physical constants and/or univj

Q

hce u(a,b) = -9,74 mV2 mol nmol-1. The stated uncertainties are standard uncertainties.

hol1,

(A.3)

(A.4)

e is

this

antly
luent

Zero.
hples
hS.

ersal

quantities
is used.

bl

NOTE 1

e ac crncc.cactinn () ar ling ctranath (C) In tho cacand caco 1 raforonco anc ctq
ot oo~ S e e OO o e St e T Pt S e et e e eHeegoao Sttt

dard

The absorption cross-section is typically used for large molecules. Absorption cross-sections

are available from various sources including National Institute of Standards and Technology (NIST), Pacific
Northwest National Laboratory (PNNL) and High Resolution Transmission database (Hitran). The NIST Infrared
Database provides absorption coefficients o from which the cross-section can be calculated as o = a/N with N the
number density. Note that only a small part of the available absorption cross-section data is traceable.

NOTE 2  Line strength data are available for small molecules (for larger molecules spectra are so dense that
individual lines cannot be measured) in databases such as Hitran or Geisa. The unit of line strength is cm/
molecule. Note that only a small part of the available line strength data is traceable.
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