IBAS
Preparation of a calibration standard

Goal

Preparation of a calibration standard for atomic

absorption spectroscopy (AAS)
from the corresponding high purity metal
(in this example (1000 mg 1-1 Cd in dilute HNO3)



step 1: Specification

o step 1. Specification

e step 2: Identifying and analysing
uncertainty sources

e step 3: Quantifying uncertainty
components



step 1: Specification

step 1: specification

The goal of this first step is to write down
a clear statement of what is being measured.

This specification includes

« a description of the preparation of the calibration standard

« and the mathematical relationship between the
measurand and the parameters upon which it depends.



step 1: Specification
The preparation consists of the following stages
Preparation of cadmium standard

Clean metal
surface

vL

Weigh metal

%

Dissolve and
dilute
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step 1: Specification

The separate stages are:

1) The surface of the high purity metal is treated with an
acid mixture to remove any metal-oxide
contamination.

The cleaning method is provided by the manufacturer
of the metal and needs to be carried out to obtain the
purity quoted on the certificate.

2) The volumetric flask (100 ml) is weighed without
and with the purified metal inside.

The balance used has a resolution of 0.01 mg,.



step 1: Specification

3) 1 ml of nitric acid (65% m/m) and 3 ml of ion-free water
are added to the flask to dissolve the

cadmium (approximately 100 mg, weighed accurately).

Afterwards the flask is filled with ion-free water
up to the mark and mixed by inverting the
flask at least thirty times



The measurand in this example

IS the concentration of the calibration standard solution,

which depends upon
* the weighing of the high purity metal (Cd),
e ItS purity

e and the volume of the liquid in which it is dissolved.



step 1: Specification

IBAS
Calculation

a) The concentration c_4 In the standard
IS given by

1000xmx p
V

Ccd =

mg /|

Coq . Concentration of the calibration standard [mg 1-1]
1000 : conversion factor from [ml] to [l

m . mass of the high purity metal [mqg]

P . purity of the metal given as mass fraction

V : volume of the liquid of the calibration standard [ml]



Step 2: Identifying and analysing uncertainty sources
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Step 2: Identifying and analysing uncertainty sources

IBAS

Identifying and analysing uncertainty
sources

The aim of this second step is
* to list all the uncertainty sources
» for each of the parameters

which affect the value of the measurand.



Step 2: Identifying and analysing uncertainty sources

purity

The purity of the metal (Cd) is quoted in the
supplier's certificate as 99.99 + 0.01%.

P Is therefore 0.9999 + 0.0001.

These values depend on the effectiveness of
the surface cleaning of the high purity metal.



Step 2: Identifying and analysing uncertainty sources

purity
If the manufacturer's procedure is strictly followed, than

no additional uncertainty due to the contamination of
the surface with metal-oxide needs to be added to the
value given in the certificate.

BUT :
There is no information available
that 100% of the metal dissolves.

Therefore one has to check with a repeated preparation
experiment that this contribution can be neglected.



Step 2: Identifying and analysing uncertainty sources

IBAS

MasSS m

The second stage of the preparation involves
weighing the high purity metal.

A 100 ml quantity of a 1000 mg 1-1 cadmium solution
IS to be prepared.

The relevant mass of cadmium is determined by a
tared weighing, giving m= 0.10028 g



Step 2: Identifying and analysing uncertainty sources

mMasSs m

The manufacturer's literature identifies three
uncertainty sources for the tared weighing:

 the repeatabillity;

 the readabillity (digital resolution) of the balance
scale; and

 the contribution due to the uncertainty in the
calibration function of the scale.

This calibration function has two potential uncertainty
sources, identified as
 the sensitivity of the balance and

e its linearity.
(The sensitivity can be neglected because the mass by difference is done on the
same balance over a very narrow range.)



Step 2: Identifying and analysing uncertainty sources

volume V

The volume of the solution contained in the

volumetric flask is subject to three major sources of
uncertainty:

e The uncertainty in the certified internal volume of
the flask.

 Variation in filling the flask to the mark.

* The flask and solution temperatures differing from
the temperature at which the volume of the flask
was calibrated.



Step 2: Identifying and analysing uncertainty sources

_ o IBAS
The different effects and their influences are shown as a cause and - ="

effect diagram in figure
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Step 3:quantifying uncertainty components
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Step 3: quantifying uncertainty components

guantifying the uncertainty components

In step 3 the size of each identified

potential source of uncertainty

IS either directly measured,

e estimated using previous experimental results
or

» derived from theoretical analysis.



Step 3: quantifying uncertainty components
purity

The purity of the cadmium is given on the certificate as
0.9999 + 0.0001.

Because there is no additional information about the
uncertainty value, a rectangular distribution is
assumed.

To obtain the standard uncertainty u(P) the value of
0.0001 has to be divided by

0,001

J3

=0,000058

u(P) =




Step 3: quantifying uncertainty components

masSs m

"he uncertainty associated with the mass of
the cadmium is estimated, using the data from
the calibration certificate and the
manufacturer's recommendations on
uncertainty estimation, as 0.05 mg.

This estimate takes into account the three
contributions identified earlier.



Step 3: quantifying uncertainty components

IBAS

volume V

The volume has three major influences;
o calibration,
e repeatabllity and

o temperature effects.



Step 3: quantifying uncertainty components

1)calibration:

The manufacturer quotes a volume for the flask of
100 ml = 0.1 ml measured at a temperature of
20°C.

The value of the uncertainty is given without a
confidence level or distribution information, so
an assumption is necessary.

Here, the standard uncertainty is calculated
assuming a triangular distribution.

0,1ml

V6

= 0,04 ml




Step 3: quantifying uncertainty components

2) repeatability:

 The uncertainty due to variations in filling
can be estimated from a repeatability experiment
on a typical example of the flask used.

 Therefore a series of ten fill and weigh experiments
on a typical 100 ml flask
gave a standard deviation of 0.02 ml.

This can be used directly as a standard uncertainty.




Step 3: quantifying uncertainty components

IBAS

3) temperature:

According to the manufacturer
the flask has been calibrated at a temperature of
20°C,

whereas the laboratory temperature varies between
the limits of + 4°C.

The uncertainty from this effect can be calculated
from

 the estimate of the temperature range and

 the coefficient of the volume expansion.



Step 3: quantifying uncertainty components

IBAS
3) temperature:

The volume expansion of the liquid is
considerably larger than that of the flask, so only
the former needs to be considered.

The coefficient of volume expansion for water Is

2.1 x10-4 °C-1,
which leads to a volume variation of

+(100x4x 2,1x10- 4) = +0,084ml




Step 3: quantifying uncertainty components

The standard uncertainty Is calculated
using the assumption of a rectangular
distribution for the temperature variation I.e.

0.024 mi

Na)

= 0.05 ml

IBAS



Step 3: quantifying uncertainty components

IBAS

The three contributions are combined
to give the standard uncertainty u(V)

of the volume V

w(¥i=/0.04% + 0.02* + 0.05% = 0.07 ml




step 4: calculating the combined standard uncertainty

;

step 4: Calculating the combined standard uncertainty

Ccq IS given by

Crgd =

0o - - H

W

[mg 7]




step 4: calculating the combined standard uncertainty

The intermediate values, their standard uncertainties
and their relative standard uncertainties are
summarised overleaf (next table)

Value x
Description e 9L
Purity of the metal P 0.9999 0.000058 0.000058
Mass of the metal m 100.28 0.05 mg 0.0005
(mg)
z/rgl')”me of the flask V 100.0 0.07 ml 0.0007




step 4: calculating the combined standard uncertainty
IBAS
—et

Using those values, the concentration of the
calibration standard Is

_ 1000 =100 .28 = 0,9999

Comy = = 1002 .7 mg I}
cd 100.0 J




step 4: calculating the combined standard uncertainty

IBAS
For this simple multiplicative expression,
the uncertainties associated with each
component are combined as follows.

2 2 2
UelCeg) _ (MUlP) N tes) N L)
g F ' W
Jn.0o0058 2 + 0.0005 2 +0.0007 2
0.0003

U (Crg’ = Gy »0.0009 = 1002 .7mg 17 x0.0009
= 0.9mg I




step 4: calculating the combined standard uncertainty

IBAS

It is preferable to derive the combined standard
uncertainty (uc(cCd)) using the spreadsheet method.

The completed spreadsheet is shown in next table.



step 4: calculating the combined standard uncertainty

BAS
A B (—
C D E
1 P m \
2 Value 0.9999 100.28 100.00
3 Uncertainty 0.000058 0.05 0.07
4
5 |P 0.9999 0.999958 0.9999 0.9999
6 |m 100.28 100.28 100.33 100.28
7 100.0 100.0 100.0 100.07
8
9 | ¢(Cd) 1002.69972 1001.75788 1003.19966 1001.99832
10 | u(y.x) 0.05816 0.49995 -0.70140
11 | u(y)2u(y,x;)? | 0.74529 0.00338 0.24995 0.49196
12
13 | u(c(Cd)) 0.9




step 4: calculating the combined standard uncertainty
BAS
The values of the parameters are entered in the second row from Jff_*ﬁ
C21to E2.
Their standard uncertainties are in the row below (C3-E3).

The spreadsheet copies the values from C2-E2 into the second
column from B5 to B7.

The result (c(Cd)) using these values is given in B9.

The C5 shows the value of P from C2 plus its uncertainty given in
Cs3.

The result of the calculation using the values C5-C7 is given in
Co9.

The columns D and E follow a similar procedure.

The values shown in the row 10 (C10-E10) are the differences of
the row (C9-E9) minus the value given in B9.

In row 11 (C11-E11) the values of row 10 (C10-E10) are squared
and summed to give the value shown in B11.

B13 gives the combined standard uncertainty, which is the square
root of B11.



step 4: calculating the combined standard uncertainty

The contributions of the different parameters are

shown in the next Figure.
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step 4: calculating the combined standard uncertainty

The contribution of the uncertainty on the volume of
the flask is the largest and that from the weighing
procedure is similar.

The uncertainty on the purity of the cadmium has
virtually no influence on the overall uncertainty.

The expanded uncertainty U(cCd) is obtained by
multiplying the combined standard uncertainty with a
coverage factor of 2, giving

Ce )= 2x0.9mg 1™ = 1.8mg I




