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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 following definitions apply in understanding how to implement an ISO International Standard and
other normative ISO deliverables (TS, PAS, IWA):

“shall” indicates a requirement;
— “should” indicates a recommendation;

— “may” is used to indicate that something is permitted;

— ‘[can” s used to indicate that something 1s possible, for example, that an organization qr individual
iis able to do something.

ISO/|EC Directives, Part 2 (sixth edition, 2011), 3.3.1 defines a requirement as an ‘éxprgssion in the
cont¢nt of a document conveying criteria to be fulfilled if compliance with the do€ixment is tp be claimed
and from which no deviation is permitted.”

ISO/]EC Directives, Part 2 (sixth edition, 2011), 3.3.2 defines a recommendation as an “expression in the
contént of a document conveying that among several possibilities one.iSorecommended as [particularly
suitable, without mentioning or excluding others, or that a certain caurse of action is prefefred but not
necepsarily required, or that (in the negative form) a certain possibility or course of action i deprecated
but rfot prohibited.”
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INTERNATIONAL STANDARD

ISO 11495:2014(E)

Jewellery — Determination of palladium in palladium
jewellery alloys — ICP-OES method using yttrium as
internal standard element

1 Scope

This|International Standard describes a method for the determination of palladiumiin palladium
jewellery alloys, preferably within the range of fineness specified in ISO 9202, by means of inductively
coupled plasma optical emission spectrometry (ICP-OES).

The preferred palladium content of the alloys lies between 500 %o (parts perthousand)|and 950 %o
palladium.

NOTH This method can be used to analyse other contents of palladium.

This|method is intended to be used as the recommended method foer the determination of fineness in
alloys covered by ISO 9202.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced deeiiment (including any amendments) applies.

ISO 11596, Jewellery — Sampling of precious.fietal alloys for and in jewellery and associated groducts

3 Terms and definitions

For the purposes of this documeht; the following terms and definitions apply.

31

bracketing

runnfing of standards-and samples in the following sequence: low standard - sample - high standard -
sample - low standard”- sample - high standard - sample - low standard - sample - high standard

4 S$hort description of method

At lepst'two accurately weighed samples are dissolved in aqua regia and made up to an exa¢tly weighed
masy. Exactly weighed portions (aliquots) of these sample solutions are mixed with the internal standard
and made up to the standard measuring volume.

Using ICP-0ES, the palladium content of the sample solution is measured by comparison of the ratio
intensities of the spectral emission of palladium (recommended line is 340,45 nm) and yttrium
(at 371,03 nm) or other appropriate lines, with the ratios for solutions containing known masses of
palladium and yttrium, using the bracketing method.

Other palladium emission lines may be used, but have to be checked for spectral interferences and the
instrumental performance.

© IS0 2014 - All rights reserved
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5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and only
distilled water or water of equivalent purity. All reagents shall be palladium free.

5.1 Hydrochloric acid (HCI), approximately 30 % to 37 % HCI (mass fraction).

5.2 Nitric

acid (HNO3), approximately 65 % to 70 % HNO3 (mass fraction).

5.3 Pure palladium (Pd).

The pal

appropt
5.4

An yttr

grade.
5.5 Aqua

Mix 3 v
6 Equipj
6.1 Custo
6.2 ICP-0

the internal

6.3 Analyj

7 Sampl

The samplin

8 Procedure

WARNING -

Internal standard.

ling

adium content shall be at least 999,9 %o. If a lower palladium content (999,5 %o).is
iate corrections could be applied.

um compound like yttrium chloride (YCl3 - 6H20) or yttrium oxide (¥203) in analy

regia.

lumes of hydrochloric acid (5.1) and 1 volume of nitric acid(5.2).
ment

mary laboratory apparatus.

ES, capable of simultaneously measuringthe palladium emission line and the emission lj
standard yttrium with a minimum optical resolution of 0,02 nm.

tical balance, with a reading accuracy of 0,01 mg.

g procedure shall\be’performed in accordance with ISO 11596.

— Suitable health and safety procedures should be followed.

1sed,

rtical

ne of

8.1 Inter

alstandard solution

Dissolve approximately 680 mg YCl3 - 6H20 (5.4) in 200 ml water and make up to 1 000 ml with water.
Alternatively, dissolve approximately 250 mg Y03 in a mixture of 25 ml water and 25 ml nitric acid
and make up to 1 000 ml with water. Due to the sensitivity of the instrument, the concentration may be
changed to achieve optimum performance.

This also ap

plies to the calibration solutions (see 8.2) and the sample solutions (see 8.3).

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=af581962318f303f99bd783e92cf3d51

ISO 11495:2014(E)

8.2 Calibration solutions

8.2.1 Weigh approximately 100 mg of palladium accurately to 0,01 mg into a tared 100 ml volumetric
flask and add 40 ml of aqua regia (5.5). Heat gently until complete dissolution of the sample. Allow to cool.
Make up with water to 100 ml and mix thoroughly. Weigh this palladium stock-solution.

Weigh approximately 4,5 g, 5,5¢g,6,5¢g, 75 g, 85 g, 95 g, and 9,8 g of the palladium stock solution
accurately to at least 0,001 g, each into a 100 ml volumetric flask. Add 10 g of the internal standard
solution (8.1) accurate to at least 0,001 g. Add 10 ml HCI (5.1) and make up to 100 ml with water. Mix
thoroughly.

Inth
to a
cons

8.2.2
0,01
to 0,
thor

Inth
toal
cons

NOTH

8.3

8.3.1
as de
alo
10 m

Inth
to a
cons

8.3.2
samy

Inth
toal

e presence of certain other elements (e.g. silver), it can be necessary to increase the HClc
maximum of 50 ml. The acid concentration of calibration solutions and sample sdluiti
stent.

Alternatively weigh 45 mg, 55 mg, 65 mg, 75 mg, 85 mg, 95 mg, and 98 mgpalladium 4
img each into a 11 flask and dissolve in 100 ml HCI (5.1) plus 30 ml HNO3+(5:2). Add 100

ughly.

e presence of certain other elements (e.g. silver), it can be necessary to increase the HCl cg
maximum of 500 ml. The acid concentration of calibration/solutions and sample solut
stent.

Sample solutions

scribed in 8.2.1. Weigh approximately 10 g of this sample stock solution accurately to
ml volumetric flask and add 10 g.of the internal standard solution (8.1) accurately to
| HCI (5.1) and make up to 100 ngl.;Mix thoroughly.

e presence of certain other elements (e.g. silver), it can be necessary to increase the HCl cq

stent.

Alternatively weigh 100 mg sample accurately to 0,01 mginto a 11 flask and dissolve
le as described in'8.2.2.

e presenceOf certain other elements (e.g. silver), it can be necessary to increase the HCI cq
maximumof 500 ml. The acid concentration of calibration solutions and sample solut

(‘tlcentration

ns shall be

hccurately to
g accurately

1 g of the internal standard solution (8.1). Add 100 ml HCl (5.2) and@ake up to 1 | with water. Mix

ncentration
ons shall be

Depending on the range of the palladium contents in‘the samples, not all the standards ajre necessary.

Weigh approximately 100 mg of the sample to the nearest 0,01 mg, dissolve and treaft the sample

0,001 g into
D,001 g. Add

ncentration

maximum of 50 ml. The-acid concentration of calibration solutions and sample solutions shall be

hnd treat the

ncentration
ons shall be

consjstenty

NOTH
on homogeneity in the material sampled.

Attention is drawn tao the pnccihili‘ry that smaller quplpc will also he more affected hy any variation

8.4 Measurements

The data processing unit of the ICP-OES is used to establish a measuring program in which the intensities
of the emission lines of Pd 340,45 nm and of the internal standard element yttrium (at 371,03 nm) can be
measured simultaneously. Set up the instrumentin accordance with the manufacturer’sinstructions and
choose appropriate background correction positions. A clean torch, spray chamber, and sample uptake
tubes shall be used and the plasma shall be stabilized before use, following the recommendations of the
instruments manufacturer.

Each standard and sample solution shall have a minimum stabilization time of 30 s, followed by the
integration times and the number of integrations required to obtain a maximum relative standard

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=af581962318f303f99bd783e92cf3d51

ISO 11495

:2014(E)

deviation (RSD) of 0,2 % [see 8.5.2, Formula (1)]. The accurate mass of palladium of the sample solution
is derived from the measurement of the two calibration solutions bracketing the rough value of the
sample solution [see 8.5.3, Formula (4) or 8.5.4, Formula (9), depending on the way of calibration and
sample solution preparation].

8.5 Calculation and expression of results

8.5.1

If the solution has been prepared in accordance with 8.2.1 and 8.3.1, use 8.5.3 for calculation or if

the solution is prepared according to the alternative route (8.2.2 and 8.3.2), use 8.5.4 for calculation.

8.5.2 The
ratios Ipq/Iyj
yttrium (int
the measuri

advantage of always referring to the same mass of the internal standard is that all calculations c3

done with m

In general, {
measureme

If the mean
calculated u

h3

then this md

853 Inv

method of internal standardization is based on the linear relation between the int

hg solutions. The accuracy of the 100 ml volumetric flask is satisfactory. The other'impo

pq instead of mpq/my, nominal.

he data processing unit provides the quotients from the simultaneously registered s
hts of the palladium and the yttrium intensities.

value, é, of the five intensity quotients (Q1, Q2, Q3, Q4, Qs)belonging to each soluti
sing Formula (1):

|

an value shall have an RSD from Q not largerthan 0,2 %.

L Ipg
1 Iy

(mis = 10,0
correspondji
solution. Th

!
Qc =0

To determif
masses of p4
be calculate

Mpq csn

ew of deviations from the nominal mass, mjs, in grams, of the internal standard sol
0 g), each intensity quotient belonging to a measuring solution shall be corrected b
g real mass of internal standard solution Wisy, in grams, used to prepare this meas
e corrected quotient, Qc, is calculated using Formula (2):

V1s

Mg

N

le the palladium—content of the sample using the corrected intensity quotient, the
lladium in thefcalibration solutions mpq,cs,n, in milligrams, are required. These masses
d individually for each calibration solution or calibration point using Formula (3):

| Wpqgss

“Wsspdn
Mgg'pq

sity

and the concentration ratios Cpq/Cy or, better, mass ratios mpq/my. Using the samé.undss of
brnal standard solution) to prepare all solutions, it is not necessary to have an exactwvolume of

tant
in be

ingle

on is

M

ition
y the
iring

(2)

bxact
shall

(3)

where
Wrq, ss

mss, pd

is the mass of palladium used to prepare the palladium-stock solution, in milligrams;

is the mass of the prepared palladium-stock solution, in grams;

Wss, pd, n is the mass of palladium stock solution used to prepare the calibration solution, n, in

grams.
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The two calibration points nearest to the expected palladium sample content, corresponding to the
low mass, a, and to the high mass, b, are used to determine the palladium mass in the sample solution

Formula (4):
b—-a)- -
Mpg :a+( ) (QCS QCa)
(Qcr —Qca)
where
a is the mass of palladium in the calibration solution used as “low-standard”, accor

Formula (3), in milligrams;

Dca  is the corrected intensity ratio Ipg/Iy of the “low-standard”;
Dcp  is the corrected intensity ratio Ipgq/ly of the “high-standard”;

Dcs  is the corrected intensity ratio Ipg/Iy of the sample measuridgsolution.

Formula (3), in milligrams;

(4)

ding to

is the mass of palladium in the calibration solution used as “high-standard”, accolrding to

The final mass of palladium of the sample solution corresponds to-the mean value of fivg¢ measuring

cyclgs and evaluations of this type, mpd, and is calculated using Formula (5):

L 1 5
1Pd,fin =— m
in 5 ; Pd

The RSD of mpq shall not exceed 0,30 %.

=

Once

content of the sample, Xpq is expressed in parts per thousand, is calculated using Formula (

whet

CAU
vali

Wsa is the mass®fsample used to prepare the sample stock solution, in milligrams;
mss,sa is the Mmass of the prepared sample stock solution, in grams;

Wss, sa isth€'mass of sample stock solution used to prepare the sample measuring solj

mpd has been determined from the five single determinations of the sample solution, t}

_ MPd -Mgg gy

pd = 11000

Wsa - Wsssa

e

grams.

[ION — In order to comply with this International Standard, other algorithms uj

(5)

le palladium

b):

(6)

ition, in

sed shall be

ated

8.5.4 Alternatively, in view of deviations from the nominal mass, mys, in grams, of the internal standard
solution (mjs = 100,00 g), each intensity quotient belonging to a measuring solution shall be corrected by
the corresponding real mass of internal standard solution, Wisp, in grams, used to prepare this measuring
solution. The corrected quotient, Qc, is calculated using Formula (7):

© ISO
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W,
Qc=Q —>2 (7)

myg

To determine the palladium content of the sample using the corrected intensity quotient, the exact
masses of palladium in the calibration solutions mpg cs n, in milligrams, are required, using Formula (8):

Mpg,csn = WPd,Cs,n (8)

where

W P N £ Haods P2 'S £l Hods Ll 3 Lats H al
Pd, CS'I IO LIIU 111Id OO0 Ul yauaululu UuotTu tu lJl C}lal C L1ICT }Jauauu.uu CdAdIlIUul dlivll SUTULIULL, 11T TITTT

ligrams.

The two calibration points nearest to the expected palladium sample content, correspondingto the low
mass, a, and| to the high mass, b, are used to determine the palladium mass in the sample)selution yising
Formula (9)

(b-a)(Qcs —Qca)

Mpgq =at (9)
(Qco —Qca)
where
a id the mass of palladium in the calibration solution used as¢'low-standard”, according to
Fprmula (8), in milligrams;

the mass of palladium in the calibration solutionused as “high-standard”, according t
prmula (8), in milligrams;

=4

Qca igthe corrected intensity ratio Ipq/Iy of the-‘low-standard”;
Qcp igthe corrected intensity ratio Ipq/ly efthe “high-standard”;
Qcs igthe corrected intensity ratio Ipd/ly of the sample measuring solution.

The final mpss of palladium of the sample solution corresponds to the mean value of five measyiring
cycles and eyvaluations of this type, mp4, and is calculated using Formula (10):

5
— 1
mpd,fin 5 — Em 10
sl et (10)

The RSD of mpq shall netexceed 0,30 %.

Once mpy has beerrdetermined from the five single determinations of the sample solution, the pallaflium

content of tllle sample, Xpq, expressed in parts per thousand, is calculated using Formula (11):

mpd

Xpg=—-1000 (11

Sa

where

Ws, is the mass of sample used to prepare the sample stock solution, in milligrams.

CAUTION — In order to comply with this International Standard, other algorithms used shall be
validated.
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