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Nomenclature, symbols, units and their usage in 
spectrochemical analysis - X. Preparation of 
materials for analytical atomic spectroscopy and 
other related techniques (Recommendations 1988) 

Abst rac t  - The prepara t ion  of ma te r i a l s  p r i o r  t o  spectrochemical  
ana lys i s  is  an important  and spec ia l i zed  s t e p  i n  the  determin- 
a t i o n  of e lements ,  e s p e c i a l l y  where these  a r e  a t  t r a c e  l e v e l s ,  
This document d e t a i l s  t he  recommended terminology f o r  descr ib ing  
the  sampling and prepara t ion  of ma te r i a l s  f o r  such ana lyses .  
Explanatory diagrams of t h e  sampling s t ages  and i l l u s t r a t i v e  
examples of the  routes  from i n i t i a l  sample t o  t h e  f i n a l  spec t ro-  
chemical ana lys i s  a r e  a l s o  presented.  
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1. INTRODUCTION 

A series of documents dea l ing  wi th  nomenclature, symbols and u n i t s  used i n  
spectrochemical ana lys i s  is i ssued  by IUPAC. P a r t  I ( P u r e  & A p p l i e d  
C h e m i s t r y ,  3 0 ,  653-679  ( 1 9 7 2 ) )  and P a r t  I1 (Pure & A p p l i e d  C h e m i s t r y ,  45, 
99-103 ( 1 9 7 n )  a r e  concerned mainly wi th  genera l  recommendations i n  t h e  f i e l d  
of emission spectrochemical  a n a l y s i s .  P a r t  I11 ( P u r e  6 A p p l i e d  C h e m i s t r y ,  - 4 5 ,  105-123  ( 1 9 7 6 ) )  dea l s  wi th  t h e  nomenclature of a n a l y t i c a l  flame 
spectroscopy and assoc ia ted  procedures.  P a r t  I V  ( P u r e  & A p p l i e d  C h e m i s t r y ,  - 5 2 ,  2541-2552  ( 1 9 8 0 )  ) concerns X-ray emission (and f luorescence)  spectroscopy.  
P a r t  V dea l s  with the  c l a s s i f i c a t i o n  and desc r ip t ion  of r a d i a t i o n  sources .  
P a r t  V I  covers o p t i c a l  molecular luminescence spectroscopy.  Pa r t  V I I  dea l s  
with molecular absorp t ion  spectroscopy (W/VIS) , P a r t  V I I I  documents 
p e r t i n e n t  information f o r  X-ray wavelengths.  P a r t  I X  dea l s  with t h e  f i e l d  
of ins t rumenta t ion  f o r  t h e  d i spe r s ion  and i s o l a t i o n  of o p t i c a l  s p e c t r a .  

The prepara t ion  of ma te r i a l s  p r i o r  t o  spectrochemical ana lys i s  i s  one of t h e  
most important  s t e p s  i n  t h e  determinat ion of elements,  e s p e c i a l l y  where these  
a r e  a t  t r a c e  l e v e l s ,  and proposals  a r e  given he re in ,  P a r t  X I  f o r  nomenclature 
on prepara t ion  of ma te r i a l s .  

1.1 Sampling procedures and definitions 

Sampling procedures not  
s p e c i f i c a l l y  r e l a t e d  t o  
spectrochemical procedures 
w i l l  be d e a l t  with i n  a 
r e p o r t  e n t i t l e d  "Recommend- 
a t i o n s  f o r  t h e  Nomenclature 
of Sampling i n  Ana ly t i ca l  
Chemistry" i n  prepara t ion  
by IUPAC Ana ly t i ca l  
Chemistry Divis ion,  
Commission V-3, on ana ly t -  
i c a l  nomenclature. A s  
t h i s  has not  y e t  been 
published t h e  genera l  terms 
used i n  t h e  p re sen t  
document have been s e l e c t e d  
a f t e r  consu l t a t ion  wi th  
Commission V-3 i n  an at tempt  
t o  harmonize terminology 
common t o  t h e  two documents 
i n  advance of pub l i ca t ion .  
The terminology adopted 
here  is ou t l ined  schematic- 
a l l y  i n  F ig .  1 ,  e labora ted  
wi th  examples i n  F ig .  2 ,  
and discusse: below. The 
routes  from l o t "  t o  
ana lys i s  i n  F igs .  1 and 2 
a r e  i n d i c a t i v e  only and t h e  
a c t u a l  rou te s  s e l e c t e d  f o r  
any p a r t i c u l a r  purpose a r e  
dependent on t h e  samplinq 
plan adopted. Refer r ing  
the re fo re  t o  F igs .  1 and 2 
t he  nomenclature of t h e  
d i f f e r e n t  sample types i n  
t h e  sampling h ie rarchy  i s  
ou t l ined  below i n  the  
d e f i n i t i o n s .  
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Fig .  1 Schematic diagram of sampling 
s t ages  and terminology 

A lot: 
purposes of t h e  i n v e s t i g a t i o n .  
sampled by using a p a r t i c u l a r  sampling p lan .  
Sample u n i t :  t he  d i s c r e t e  i d e n t i f i a b l e  po r t ion  s u i t a b l e  f o r  t ak ing  a s  a 
sample or  as  a po r t ion  of a sample. 
d i f f e r e n t  s t a g e s  of sampling. 

an i d e n t i f i e d  quan t i ty  of ma te r i a l  assumed t o  be uniform f o r  t h e  
I t  c o n s t i t u t e s  t h e  t o t a l  ma te r i a l  t o  be  

These u n i t s  may be d i f f e r e n t  a t  

Bulk sample: 
- 

combination of sample u n i t s .  
t h e  sample r e s u l t i n g  from t h e  planned aggregat ion o r  
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Fig. 2 Examples of routes from sample to analysis illustrating the use of 
sampling terminology. 

ICP : Inductively Coupled Plasma 
XRF : X-ray Fluorescence 
ADPC : Ammonium Pyrrolidine Dithiocarbamate 

MIBK : Methyl Isobutyl Ketone 
AAS : Atomic Absorption Spectrometry 
OES : Optical Emission Spectrometry 

(systematic name : ammonium 1-pyrrolidinecarbodithioate) 
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Laboratory sample: 
d i r e c t l y  from a bulk sample: 
Composite sample: o f t e n  prepared as  a r e p r e s e n t a t i v e  mixture  of s e v e r a l  
d i f f e r e n t  (usua l ly  bulk)  samples, and from which the  labora tory  sample i s  
taken.  
T e s t  sample: 
process  involv ing  homogenization using phys ica l  o r  mechanical t rea tments  such 
a s  gr inding ,  d r i l l i n g ,  m i l l i n g  o r  s i ev ing .  The tes t  sample i s  then  i n  a 
form s u i t a b l e  f o r  subsamplinq f o r  a n a l y t i c a l  purposes,  f o r  s t o r i n g  f o r  f u t u r e  
a n a l y s i s  o r  f o r  use f o r  t e s t  purposes o t h e r  than a n a l y t i c a l .  
The a n a l y t i c a l  sample: t he  f i n a l  product  of sampling which se rves  f o r  t h e  
de te rmina t ion  of a t  l e a s t  one q u a l i t y  c h a r a c t e r i s t i c .  
subsampling t h e  t e s t  sample d i r e c t l y  o r  by chemically o r  phys i ca l ly  t r e a t i n g  
the  t e s t  sample, o r  a subsample of it, t o  provide a form s u i t a b l e  f o r  
a n a l y s i s .  The a n a l y t i c a l  sample may be subdivided t o  enable ,  f o r  example, 
r e p l i c a t e  measurements t o  be made. I n  some types  of a n a l y s i s  only a p a r t ,  
unspec i f ied  i n  s i z e ,  of t he  a n a l y t i c a l  sample i s  consumed i n  the  a n a l y s i s .  

Where no homogenization o r  subd iv i s ion  is  necessary the  l abora to ry  sample, 
t he  t e s t  sample, and, i f  t he  l a t t e r  r equ i r e s  no f u r t h e r  chemical o r  phys i ca l  
t rea tment ,  t h e  a n a l y t i c a l  sample are i d e n t i c a l .  

With some homogeneous ma te r i a l s  such a s  waters o r  o i l s  t h e  l abora to ry  sample 
may be taken  d i r e c t l y  from a sample u n i t  and, i f  no f u r t h e r  subd iv i s ion  o r  
homogenization i s  c a r r i e d  o u t ,  t he  l abora to ry  sample i s  the  tes t  sample. 
S imi l a r ly ,  wi th  atmospheric p a r t i c u l a t e s  c o l l e c t e d  on a f i l t e r ,  t h e  sample 
u n i t  i s  t h e  labora tory  sample and, i f  no f u r t h e r  subd iv i s ion  o r  homogenization 
i s  c a r r i e d  o u t ,  a l s o  t h e  t e s t  sample. 

I n  many spectrochemical  techniques t h e  phys ica l  and chemical form of the  
sample a c t u a l l y  p a r t i c i p a t i n g  i n  the  measurement, and con t r ibu t ing  t o  the  
s i g n a l ,  may d i f f e r  from t h a t  of t he  a n a l y t i c a l  sample. I n  t h e s e  cases  i t  
may undergo s e v e r a l  t ransformat ions  from one s t a t e  t o  another ,  f o r  example, 
i n  flame atomic spectroscopy,  i n t o  an ae roso l  and then a metal vapour o r  i t  
may be converted i n t o  a gaseous hydride i n  t h e  de te rmina t ion  of hydride- 
forming elements .  These forms might be considered ' i n s t rumen ta l  samples '  
bu t  s i n c e  such t ransformat ions  may no t  be f u l l y  under t h e  c o n t r o l  of t h e  
ana lys t  they a r e  excluded from cons ide ra t ion  i n  t h i s  document on sample 
p repa ra t ion .  

The a n a l y t i c a l  sample should t r u l y  r ep resen t  t he  l abora to ry  sample, bu t  t h i s  
may not  be t h e  case i n  a l l  r e spec t s  i n  the  case of p a r t i a l  d i g e s t i o n  o r  
because dur ing  i t s  p repa ra t ion ,  t h e  m a t e r i a l  may have become oxid ized  o r  
hydrated,  dehydrated,  carbonated e t c .  The p repa ra t ion  of such samples may 
r equ i r e  a d d i t i o n a l  p recau t ions ,  such as working under dry and/or i n e r t  gas 
atmospheric cond i t ions .  

With a l l  methods of sampling and p repa ra t ion  t h e  a c c i d e n t a l  i n t roduc t ion ,  i .e .  
contamination (see Ref. a ) ,  o r  loss of one o r  more c o n s t i t u e n t s  can occur .  
This may be caused by the  materials used i n  t h e  p repa ra t ion  s t a g e s ,  t h e  
composition o r  phys i ca l  p r o p e r t i e s  of t he  conta in ing  v e s s e l s ,  t h e  chemicals 
used o r  t h e  t rea tment  employed. Therefore ,  a l l  t h e  p repa ra t ion  processes  
and t h e  m a t e r i a l s  and chemicals employed must be chosen t o  minimise contamfn- 
a t i o n  with and l o s s e s  of t he  ana ly t e .  Contamination can be avoided by the  
use of dedica ted  l abora to  -ware f o r  s p e c i f i c  ana lyses .  Clean-room, o r  
clean-g'aminar a i r - f  l o w  cab ine t s  m m  r equ i r ed  
f o r  t h e  reduct ion  of environmental  contamination. 

t he  sample suppl ied  t o  t h e  l abora to ry  and o f t e n  taken 
i t  may c o n s i s t  of sample u n i t s .  

t he  sample taken o r  formed from the  labora tory  sample, by a 

I t  i s  obta ined  by 

Accurate sample documentation i s  e s s e n t i a l  n o t  only f o r  c o r r e c t  matching of 
samples and a n a l y t i c a l  r e s u l t s  b u t ,  combined wi th  documentation of rea e n t s  

measurement and record ing  of the  a n a l y t i c a l  blank,  a l s o  se rves  t o  i d e n t i f y  
( r e t r o s p e c t i v e l y )  poss ib l e  sources  of contaminat ion.  

and consumable labora tory  i t e m s  such a s  f i l t e r  papers  and wi th  regu + a r  

Ref. a .  "Separat ion and preconcent ra t ion  of trace subs tances .  I .  Pre-  
concent ra t ion  f o r  i no rgan ic  trace a n a l y s i s ,  "Pure A p p i  . Chem., 51, 1201 (1979). 
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2. TERMS WHICH DESCRIBE THE LABORATORY SAMPLE AND THE TEST 
SAMPLE OR THEIR DIRECT ANALYSIS 

2.1 Metallic materials 

2 . 1 . 1  
and o t h e r  techniques.  

The ana lys i s  of a m e t a l l i c  ma te r i a l  is  o f t e n  c a r r i e d  o u t  using the  labora tory  
sample a s  t he  a n a l y t i c a l  sample. Laboratory samples which mav be analvsed 

Se l f -e lec t rode  samples f o r  o p t i c a l  emission spec t roscopic  ana lys i s  

-.. d i r e c t l y ,  a f t e r  a minimum of su r face  t rea tment ,  ake ingo t s ,  ba; samples, 
forged samples , c a s t  samples , cas t -p in  samples , c h i l l - p i n  samples , sp la sh  
samples. Other types of sample i n  t h i s  category a r e  s h e e t  samples, w i r e  
samples, rod samples and f ab r i ca t ed  samples (e .g .  a machined component such 
as  a gear-wheel).  I n  some cases  l a r q e  components may be sampled o r  e x c i t e d  
on s i t e  f o r  d i r e c t  ana lys i s  l o c a l l y  0; remotely. 

2 . 1 . 2  T e s t  samples from which the  a n a l y t i c a l  sample may be taken d i r e c t l y ,  
inc lude  d r i l l i n g s  , sawinqs , chips  , f i l i n g s  , mil l ings ,  t u rn ings  and shavings.  

I n  order  t o  ob ta in  a uniform c r y s t a l  s t r u c t u r e ,  and overcome i t s  previous 
me ta l lu rg ica l  h i s t o r y ,  t h e  a n a l y t i c a l  sample may be  der ived  from the  labora tory  
o r  tes t  sample by some form of h e a t  t reatment ,  followed by uenchin : a 
uniform c r y s t a l  s t r u c t u r e  may a l s o  be achieved by anneal inggat  a co:trolled 
temperature.  The me ta l lu rg ica l  h i s t o r y  may a l s o  be overcome by sub jec t ing  
t h e  su r face  t o  an  e n e r g e t i c  e l e c t r i c a l  discharge and/or by fo rg in  , hammerin9 
and r o l l i n q .  For some a n a l y t i c a l  purposes i t  may be d e s i r a b l e  to9 m e l t  o r  
vacuum-melt the  whole labora tory  sample. 

P r i o r  t o  ana lys i s ,  a l l  o r  p a r t  of t he  su r face  can be faced  mechanically t o  
form a plane su r face  o r  machined t o  t h e  requi red  shape. Thereaf te r  t h e  metal  
su r f ace  may be prepared t o  var ious  degrees of smoothness by using a disc- o r  
band-facer,  be l t - sander  o r  l i n i s h e r .  I t  may be mechanically pol i shed  and i n  
some cases  spark e ros ion ,  Sput te r ing ,  e l e c t r o l y t i c  e tch ing ,  o r  chemical 
e tch inq  may be used t o  c lean  the  su r face  o r  t o  i n v e s t i g a t e  su r face  
c h a r a c t e r i s t i c s .  Many of t hese  su r face  t rea tments  a r e  p o t e n t i a l  sources  of 
contamination and s u i t a b l e  precaut ions  should be taken.  

For X-ray photo-electron spectroscopy (XPS) o r  e l ec t ron  beam e x c i t a t i o n  
methods use i s  sometimes made of vacuum-coating, vacuum-deposition, 
ion-implantat ion o r  s p u t t e r i n g  techniques t o  prepare o r  form t h e  su r f  ace of 
the  a n a l y t i c a l  sample and/or t o  prevent  build-up of e l e c t r i c a l  charge dur ing  
ana lys i s .  

A conductive sample prepared i n  one of t he  ways descr ibed above may be used a s  
a s e l f - e l ec t rode  f o r  ana lys i s  by o p t i c a l  emission spectroscopy using a r c ,  
spark o r  o t h e r  methods of e x c i t a t i o n  (see Ref. b )  . 
X-ray f luorescence a n a l y s i s .  

I t  may a l s o  be used f o r  

2.2 Liquid materials 

A l abora tory  sample, such a s  a water  sample which may have been a c i d i f i e d  a t  
t h e  t i m e  of c o l l e c t i o n ,  may be subsampled and/or f i l t e r e d  t o  provide t h e  tes t  
sample which i s  used d i r e c t l y  a s  the a n a l y t i c a l  sample. 
ana ly tes  (see Ref. c)  i n  the  labora tory  o r  t e s t  sample may be separa ted  and/ 
o r  preconcentrated by ion  exchange, s e l e c t i v e  vapor iza t ion ,  e x t r a c t i o n  o r  
p r e c i p i t a t i o n  e t c .  t o  form t h e  a n a l y t i c a l  sample. 
ma te r i a l s  t he  a n a l y t i c a l  sample may be prepared f o r  spectrochemical  a n a l y s i s  
by d i s so lv ing  i n  an organic  so lven t .  

A l t e rna t ive ly  the 

For o i l  and s i m i l a r  

2.3 Solid non-metallic materials 

2 . 3 . 1  Inorganic  Mater ia l s  

Some types of labora tory  sample, inc luding  co res ,  ch ips ,  o r  spear  
samples and s i ev ings ,  may not  be homogeneous and thus may r equ i r e  f u r t h e r  

Ref. b .  Nomenclature, Symbols, Units and t h e i r  Usage i n  Spectrochemical 
Analysis-V, Radiat ion Sources,  Pure A p p l .  Chem., 2, 1913 (1981) .  

Ref. c. Compendium of Analy t ica l  Nomenclature, H.M.N.H.  I rv ing ,  H .  
Freiser and T.S. West, Pergamon, Sec t ion  18.4.1, p .  130 (1978) .  
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t rea tment  t o  produce a test  sample of s u f f i c i e n t l y  s m a l l  p a r t i c l e  s i z e  t o  make 
r e p r e s e n t a t i v e  sampling p o s s i b l e  o r  t o  s u i t  t h e  method of a n a l y s i s  be ing  
employed. This  can  be achieved by dry g r ind inq  o r  w e t  g r ind inq  ( i .e.  gr inding  
i n  a l i q u i d  which does not  d i s s o l v e  t h e  sample) o r  s h a t t e r i n s  t h e  m a t e r i a l  i n  
a morta; (by hand o r  mechanically) b a l l - m i i l ,  pu lve r i ze r ,  d i sc -mi l l ,  s h a t t e r -  
box m i l l  o r  hammer-mill. 

The materials f o r  which such devices  are manufactured must be c a r e f u l l y  chosen 
t o  avoid contaminat ion.  Subsampling of powdered materials may r e q u i r e  t h e  use 
of r i f f l e r s ,  d i v i d e r s  o r  t h e  technique of coning and q u a r t e r i n q .  

2.3.2 Organic Materials 

Massive l abora to ry  samples o r  o rgan ic  material may be  d i f f i c u l t  t o  prepare  i n  
a form from which a r e p r e s e n t a t i v e  t e s t  sample can b e  taken.  A dry sample 
(such as p l a s t i c )  may be prepared by shredding  o r  a w e t  sample (such a s  sewage 
s ludge)  by homogenizing i n  a b lender  o r  t i s sue-b lender .  A l t e r n a t i v e l y ,  some 
organic  ma te r i a l s  may be made b r i t t l e  by f r eez ing  i n  l i q u i d  n i t rogen  (bu t  by 
no means i n  l i q u i d  a i r  because of t h e  explos ion  hazard)  t h e  f rozen  material 
t h e r e a f t e r  be ing  s h a t t e r e d  i n t o  fragments from which t h e  t e s t  sample is taken.  
Care should be taken t o  r e p o r t  r e s u l t s  a s  be ing  either on a dry-matter o r  w e t -  
mat te r  b a s i s .  

I n  some cases t h e  e n t i r e  labora tory  sample must be  used as t h e  tes t  sample. 
Examples i n c l u d e t i s s u e  s e c t i o n s ,  s k i n  and h a i r .  Some b i o l o g i c a l  materials are 
i n  l i q u i d  form ( i . e .  blood, u r ine ,  s p i n a l  f l u i d )  from which t h e  t e s t  sample 
can r e a d i l y  be  taken .  I n  o t h e r  cases t h e  labora tory  sample must be  t r e a t e d  t o  
provide a homogeneous test  sample. Depending on t h e  elements being determined, 
t h e  laboratory-sample may be oven-dried,  vacium-dried o r  f reeze-dr ied .  The 
d r i e d  labora torv  sample i s  then  homosenized bv one of the methods s i v e n  i n  
Sec t ion  2.3.1, to fo;m the test sampie from which t h e  a n a l y t i c a l  s imple is 
taken.  For some purposes the  f reeze-dr ied  l abora to ry  sample, f o r  example a 
f reeze-dr ied  t i s s u e  s e c t i o n ,  may be  analysed d i r e c t l y .  

For materials with a complex composition, i . e .  c o n s i s t i n g  of non-homogeneous 
p a r t i c l e s  mixed a t  random o r  p a r t i c l e s  conta ined  i n  a l i q u i d ,  e .g .  wear metals 
i n  o i l s ,  t h e  test  sample and t h e  a n a l y t i c a l  sample must be taken  by an  
appropr i a t e  method, according t o  a p re sc r ibed  procedure as i n d i c a t e d  below. 
The ana ly t e  may be  p r e s e n t  i n  p a r t i c u l a t e  forms of var ious  shapes and s i z e s  
unevenly d i s t r i b u t e d  i n  t h e  l abora to ry  sample,  Prescr ibed  condi t ions  are 
usua l ly  l a i d  down (e .g .  temperature ,  mixing procedure,  e tc . )  t o  ensure  
obta in ing  r e p r e s e n t a t i v e  t es t  and a n a l y t i c a l  samples.  

2.4 Laboratory micro-samples 

I t  may be  u s e f u l  t o  take  a labora tory  micro-sample ( see  Note 1) d i r e c t l y  from 
the  sample u n i t ,  e .g .  blood from an animal.  Such samples,  however, may not  be  
f u l l y  r e p r e s e n t a t i v e  samples. A l abo ra to ry  micro-sample i n  t h e  form of an 
i s o l a t e d  p i ece  of m a t e r i a l  o r  p a r t i c l e ,  ob ta ined  f o r  example i n  f o r e n s i c  work, 
may be used d i r e c t l y  f o r  micro-analysis .  

A s e l e c t i v e  micro-sample results where a small p o r t i o n  has  been sepa ra t ed  from 
the  l o t  o r  l abora to ry  sample by s e l e c t i v e  means such as magnetic-, densi ty- ,  
o r  manual s epa ra t ion ,  by mic ro -d r i l l i nq ,  o r  by c e n t r i f u g a t i o n ,  e .g .  t h e  
sepa ra t ion  of magnetic minerals  from a geo log ica l  material, o r  t h e  s e p a r a t i o n  
of metal  p a r t i c l e s  from a l u b r i c a t i n g  o i l .  I f  i n d i v i d u a l  p a r t i c l e s  are 
analysed t h e  term i n d i v i d u a l  par t ic le  a n a l y s i s  i s  app l i ed .  

The a n a l y s i s  of s p e c i f i c  micro-areas o r  micro-volumes of a l a r g e r  sample, e :g .  
t he  a n a l v s i s  of an i n c l u s i o n  i n  a metal, is a l s o  c l a s s i f i e d  as micro-analysis  
( P a r t  V,*Sect ion 7.8.1) .  

prepared from t h e  labora tory  sample i n  such a way t h a t  a smal l  p o r t i o n  of i t s  
su r face  can be analysed wi thout  removal from t h e  surrounding bulk .  This  
enables  an  in situ micro-analysis  o r  a su r face  a n a l y s i s  t o  be c a r r i e d  o u t  
(Pure A p p l .  Chem., 2, 2023 (1983) .  This  may be  non-destruct ive,  i .e .  does 
not  change the phys ica l  o r  chemical na tu re  of t h e  sample, o r  may r equ i r e  
micro-surface removal of t he  s u r f a c e  area of i n t e r e s t .  These techniques can 
g ive  depth p r o f i l e s  of element d i s t r i b u t i o n .  

I n  these  cases, t h e  test  o r  a n a l y t i c a l  sample is 

Note 1: One d e f i n i t i o n  of a micro-sample is given i n  Ref. c as a sample of 
weight between 1 and 10 mg 
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3. TERMS USED IN THE PREPARATION OR PRETREATMENT OF THE TEST 
SAMPLE FOR ATOMIC SPECTROSCOPIC ANALYSIS 

The p repa ra t ion  of a sample f o r  a n a l y s i s  w i l l  depend on whether t h e  f i n a l  
determinat ion i s  t o  be c a r r i e d  ou t  i n  s o l u t i o n  o r  on a s o l i d .  I n  the  terms 
given below, t h e r e  i s  some overlap.  For example, a fused sample (Sect ion 
3.1.4) may be analysed d i r e c t l y  a s  a l i q u i d  m e l t  o r  t h e  cooled s o l i d  o r  i t  
may be t r e a t e d  f u r t h e r  t o  provide a so lu t ion .  
sample may be ground and p e l l e t e d .  

A l t e rna t ive ly  the  fused 

3.1 Materials analysed in solid form 

3.1.1 Meta l l i c  ma te r i a l s  

A m e t a l l i c  tes t  sample i n  t h e  form of  d r i l l i n g s ,  sawings, o r  ch ips  e tc .  
(Sect ion 2.1) may be analysed d i r e c t l y  o r  it may be formed i n t o  a pressed-  
%, o r  p e l l e t  (see P a r t  V,  s e c t i o n s  3.4.2 and 4 . 9 )  by means of a p e l l e t i n q  
p r e s s .  Me ta l l i c  g l a s ses  may be r e c r y s t a l l i z e d  by hea t ing  t o  a i d  i n  
d i s so lu t ion .  

3.1.2 Non-metallic inorganic  ma te r i a l s  

A non-conducting inorganic  test  sample may be mixed wi th  an a d d i t i v e  (see 
Ref. c ,  Sec t ion  16.7.7, 107-108) such a s  a spectrochemical  b u f f e r ,  a 
d i l u e n t ,  a v o l a t i l i z e r ,  a d e v o l a t i l i z e r  o r  a spectrochemlcal  c a r r i e r  t o  form 
t h e  a n a l y t i c a l  sample. 

An inorganic  powder can be mixed, p r i o r  t o  p e l l e t i n g ,  wi th  a b inder  which may 
be an e l e c t r i c a l  conductor.  
absorber  i s  sometimes employed. For some w r p o s e s ,  f o r  example when only a 
small  amount of ma te r i a l  i s  a v a i l a b l e ,  t h e  p e l l e t  may be backed by t h e  pure 
b inder  o r  o t h e r  metal ,  one face  only of the  p e l l e t  being composed of t h e  
sample/binder mixture .  

3.1.3 Organic ma te r i a l s  

Some organic  ma te r i a l s  can be  analysed wi thout  pre t rea tment .  More usua l ly ,  
however, t h e  m a t e r i a l  is  ashed o r  mineral ised.  The ash ,  o r  minera l i sed  
res idue  (with o r  without  a d d i t i v e s )  may be used f o r  d i r e c t  a n a l y s i s ,  o r  
a l t e r n a t i v e l y ,  a s o l u t i o n  of t h e  sample may be prepared from i t .  (See 
Sec t ion  3.2) . 
The ma te r i a l  may be dry-ashed i n  a muff le  furnace a t  a c o n t r o l l e d  temperature .  
A l t e rna t ive ly  it may be minera l i sed  by low temperature ashing,  i n ,  f o r  
example, an atmosphere of oxygen o r  f l u o r i n e  which has  been exc i t ed  by a 
radio-frequency discharge.  

I n  o rde r  t o  determine elements which a r e  e a s i l y  v o l a t i l i z e d ,  o r  a r e  p re sen t  
a s  v o l a t i l e  spec ie s ,  o rganic  ma te r i a l  may be ashed i n  oxygen i n  a c losed  
oxygen combustion system. One such method is oxygen-flask combustion by 
which t h e  tes t  sample is  burned i n  a c losed  f l a s k  conta in ing  oxygen and an 
absorbing s o l u t i o n  i n  which the  ana ly t e s  a r e  subsequently determined. Other 
c losed  oxygen-based combustion systems such a s  pressure  bombs can a l s o  be 
used. (See a l s o  Sec t ion  3.2.6). 

For some b i o l o g i c a l  f l u i d s  a depro te ina t ion  o r  haemol sis s t a g e  may be 

3.1.4 Fused samples 

I n  order  t o  achieve homogeneity o r  t o  des t roy  t h e  c r y s t a l l i n e  s t r u c t u r e  O f ,  
f o r  example, a non-metall ic sample, it may be hea ted  wi th  a fus ion  reagent  
o r  fus ion  mixture t o  form a fused sample (the use of t he  term f l u x  i s  
discouraged) . 
The molten, fused sample may be poured on t o  a co ld ,  f l a t  su r f ace  t o  produce 
a g l a s s  which can be analysed d i r e c t l y ,  e .g .  by X-ray f luoresence  spec t ros-  
copy, o r  it may be cooled, ground and t h e r e a f t e r  analysed.  To f a c i l i t a t e  
gr inding  the  ho t  b r i t t l e  s o l i d  can be s h a t t e r e d  by dropping it i n t o  co ld  
water ,  o r  some o t h e r  l i q u i d  which does no t  d i s so lve  t h e  g l a s s .  

For X-ray f luorescence a n a l y s i s ,  a low o r  

requi red  i n  the p repa ra t ion  of the  a n a l y t i c a l  s a p  + e 
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3.1.5 S l u r r i e d  samples 

So l id  ma te r i a l s  i n  powder form can be prepared f o r  ana lys i s  a s  a s l u r r y  of the 
powder i n  an aqueous o r  l i q u i d  medium. These may be s t a b i l i z e d  by using a 
s u f f i c i e n t l y  f i n e  powder o r  by means of emul s i f i e r s  o r  t h i x o t r o p i c  agents .  
A s  f o r  organic  ma te r i a l s  of  complex composition (Sect ion 2.3.2) presc r ibed  
condi t ions  f o r  r ep resen ta t ive  sampling may be  necessary.  

3.2 Dissolution of materials 

For some methods of ana lys i s  i t  may be requi red  t h a t  t h e  a n a l y t i c a l  sample be 
i n  a l i q u i d  form - t h e  sample s o l u t i o n .  

3.2.1 Acid-diges t i o n  

The m a t e r i a l  may be brought i n t o  s o l u t i o n  by ac id-d iges t ion  i n  an open v e s s e l  
a t  atmospheric p re s su re .  Acid-digest ion wi th  a s u i t a b l e  a c i d ,  o r  a combin- 
a t i o n  of a c i d s ,  may be used no t  only t o  d i s so lve  t h e  m a t e r i a l  b u t  a l s o  t o  
remove a mat r ix  c o n s t i t u e n t  by s e l e c t i v e  v o l a t i l i z a t i o n  e .g .  s i l i c o n  by the 
use of hydrof luor ic  ac id .  Organic ma te r i a l s  may be  decomposed by t h e , u s e  of 
oxidants  such a s  n i t r i c ,  s u l f u r i c  o r  pe rch lo r i c  ac ids .  The t e r m  ox ida t ive  
ac id-d iges t ion ,  r a t h e r  than the  term wet-ashing, should be used i n  the l a t t e r  
case.  

Acid vapour-phase a t t a c k  may be used t o  d i s so lve  ma te r i a l  i n  one v e s s e l  by 
the  a t t ack  of t he  vapour from an a c i d  i n  another  v e s s e l ,  The system may be 
e i t h e r  open t o  t h e  atmosphere o r  enclosed.  

Some ma te r i a l s  may no t  be  f u l l y  d isso lved  by ac id-d iges t ion  a t  atmospheric 
pressure .  A more vigorous t rea tment  involves  bomb-digestion i n  pressure  
ves se l s  l i ned  with po ly te t r a f luo roe thy lene  (PTFE) g l a s s  , s i l i c a  o r  v i t r e o u s  
(g lassy)  carbon o r  i n  s e a l e d  s i l i c a  tubes. The t e s t  sample and ac ids  a r e  
heated i n  such a c losed  v e s s e l ,  so  t h a t  the d iges t ion  i s  c a r r i e d  ou t  a t  
h igher  pressure  and temperature.  

A t e s t  sample which has been melted wi th  a fus ion  reagent  (Sec t ion  3.1.4) can 
be d isso lved  i n  an a c i d  ( o r  water )  t o  provide a s o l u t i o n  f o r  a n a l y s i s ,  This  
can be achieved by pouring t h e  h o t  m e l t  i n t o  t h e  ac id  ( w i t h  appropr ia te  
s a f e t y  precaut ions)  where it i s  coaled r ap id ly ,  s h a t t e r s  and d i s so lves ,  o r ,  
by d i s s o l u t i o n  of t he  cooled m e l t .  

The test  sample may a l s o  be transformed i n t o  an acid-soluble  form by 
s i n t e r i n q  it wi th  a s u i t a b l e  reagent .  

For the ana lys i s  of f a t s  and oils d i s s o l u t i o n  i n  organic  so lven t s  may be  
requi red .  

3.2.2 P a r t i a l  d i g e s t i o n  

I n  p a r t i a l  d iges t ion  and/or s e l e c t i v e  d iges t ion  procedures only p a r t  o r  some 
of t h e  ana ly t e s  p re sen t  a r e  brought  i n t o  s o l u t i o n .  This may be p re fe r r ed  t o  
t o t a l  decomposition i f  r e l a t i v e  concent ra t ions  of t h e  ana ly t e  i n  t h e  tes t  
samples provide s u f f i c i e n t  information (e .g . mate r i a l s  f o r  geochemical 
exp lo ra t ion ) .  According t o  t h e  reagents  used and t rea tment  appl ied  (e.g. 
a g i t a t i o n  and hea t ing  e tc . )  t he  e x t r a c t e d  po r t ion  may correspond t o  t h e  
ana ly te  p re sen t  o r  bound i n  a p a r t i c u l a r  form. 
provide a means of ana ly t e  s p e c i a t i o n  (see Sec t ion  3.5) o r  phase ana lys i s .  

3.2.3 Base-diges t i o n  

Some ma te r i a l s ,  e i t h e r  inorganic  o r  organic ,  may be d isso lved  by d i g e s t i o n  
w i t h  bases .  For organic  ma te r i a l s  i n  p a r t i c u l a r  s o l u b i l i z a t i o n  wi th  bases  
i s  o f t en  e f f i c i e n t .  

3.2.4 Enzymic decomposition 

Decomposition of organic  ma te r i a l s  (e .g . s t a r c h ,  sugars  , p r o t e i n s  e tc .  ) can 
be achieved by enzymic decomposition, i n  which t h e  enzyme converts  a high- 
molecular-mass compound i n t o  lower-molecular-mass spec ie s .  The process  can 
be regarded a s  an example of enzymic degradat ion.  

Chemical leachinq  may thus 
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3.2.5 Photochemical decomposition 

Aqueous ma te r i a l s  , such a s  n a t u r a l  waters,  may conta in  organically-bound 
elements.  These can be converted i n t o  inorganic  form by hotochemical e f f e c t s  
( r a d i o l y s i s ) .  
an a d d i t i v e  and/or acce le ra t ed  by t h e  addi ton of an oxidant .  

3.2.6 Fyro ly t i c  techniques 

Eyro ly t ic  techniques a r e  used f o r  t h e  high-temperature thermal decomposition 
of a test  sample o r  f o r  i t s  conversion from one chemical form t o  another .  

Although not  pr imar i ly  intended as  a method of preconcent ra t ion  (see Sec t ion  
3.3) , p y r o l y t i c  techniques can be used t o  sepa ra t e  t h e  ana ly t e  o r  ana ly tes  
from t h e  mat r ix  of t h e  test  sample. 

I n  a technique c a l l e d  furnace-pyrolvsis ,  a f lowing s t ream of gas (hydrogen 
oxygen, n i t rogen ,  ch lo r ine ,  e t c . )  requi red  t o  produce v o l a t i l e  spec ie s  of t h e  
elements being determined, is  passed over t h e  t e s t  sample i n  a hea ted  furnace.  
The ana ly tes  leave  t h e  furnace i n  the  gas s t ream, o r  a r e  en t r a ined  by a 
c a r r i e r  gas .  The ana ly tes  i n  the  gas s t ream may be c o l l e c t e d  i n  an absorbing 
s o l u t i o n ,  on a carbon o r  o t h e r  f i l t e r  o r  by condensation on a cool  su r face .  
I n  the  case  of mercury t h i s  can a l s o  be  done by amalgamation wi th  a noble 
metal .  The ana ly tes  may then be swept and r e l eased  from t h e  t r a p ,  by hea t ing ,  
i n t o  a sampling source f o r  a n a l y s i s .  

The t e s t  sample may a l s o  be mixed wi th  a reagent  t o  produce a v o l a t i l e  
compound which i s  v o l a t i l i z e d  by hea t ing  and separa ted  by d i s t i l l a t i o n .  

3.2.7 Anodic oxida t ion  

Meta l l i c  samples can be d isso lved  by anodic oxida t ion .  This technique may 
a l s o  be used t o  oxid ize  and d i s so lve  inc lus ions  o r  base metal  phases from 
metals and a l l o y s .  

3.3 Preconcentration and separation 

I n  order  t o  improve t h e  l i m i t  of de t ec t ion  and t h e  r e l i a b i l i t y  f o r  t h e  
determinat ion of some ana ly tes  i t  may be d e s i r a b l e  t o  employ some form of 
preconcent ra t ion  and sepa ra t ion  t o  inc rease  the  ana ly t e  t o  mat r ix  r a t i o  (see 
Ref. c ,  Sec t ion  1 6 . 6 . 1 ,  1 0 1 )  o r  t o  reduce i n t e r f e r e n c e  e f f e c t s .  The terms 
f o r  c o l l e c t i o n  and concent ra t ion  methods have been summarized i n  previous 
IUPAC documents (see Ref. c ,  Sec t ion  4 . 2 . 2 1 ,  19 and Ref. a ,  1195) .  

Methods not  covered by these  r e p o r t s  a r e  (1) concent ra t ion  by f i r e -a s say ,  
involving hea t ing  of t h e  test  sample of an o r e  wi th  a s p e c i a l  fu s ion  reagent ,  
and f i n a l l y  removal of base metal  by the  ox ida t ive  process  of cupe l l a t ion ,  
(2) cementation of  elements i n  s o l u t i o n  on t o  a metal  cementant by spontan- 
eous e lec t rochemica l  displacement and (3)  preconcent ra t ion  on a c t i v a t e d  carbon. 

3.4 Analyte separation by volatilization using chemical reactions 

Separat ion of the  ana ly t e  from the  mat r ix  can a l s o  be achieved by transforming 
it i n t o  v o l a t i l e  spec ie s  using chemical r eac t ions  a t  approximately room temp- 
e r a t u r e .  The v o l a t i l e  ana ly t e  thus  separa ted  may be  passed e i t h e r  t o  a 
c o l l e c t i n  device such as  a co ld  f i n  er o r  co ld  t r a  , condensed on a cold 
electrode: o r  suppl ied  direc-sampling s o s c e  (see Ref. b )  . 
Wide use is  made of v o l a t i l e  spec ie s  such a s  metal  hydr ides ,  h a l i d e s ,  
che la t e s  and oxides f o r  s epa ra t ion  o r  preconcent ra t ion  of t he  ana ly t e .  

3.5 Speciation of elements 

The term s p e c i a t i o n  is  appl ied  t o  t h e  i d e n t i f i c a t i o n  of t he  p a r t i c u l a r  combin- 
a t i o n a l  form o r  oxida t ion  s t a t e  (e.g.  molybdenum as  molybdate, mercury a s  
methylmercury e t c . ) ,  i n  which an element e x i s t s  i n  a ma te r i a l  and t o  t h e  
determinat ion of t h e  element i n  t h a t  form. 

Spec ia t ion  may be  achieved d i r e c t l y  by using a method s p e c i f i c  t o  t h e  
p a r t i c u l a r  form of the  ana ly t e ,  e .g .  some molecular spec t roscopic  methods. 
Non-speciating atomic spec t roscopic  methods can be  used f o r  some s p e c i a t i o n  
s t u d i e s  i f  p recaut ions  a r e  taken i n  t h e  p repa ra t ion  s t a g e s  t o  prevent  a l t e r -  
a t i o n  of t h e  form of t h e  s p e c i e s ,  o r  add i t iona l  s epa ra t ion  s t ages  a r e  
in t roauced  t o  sepa ra t e  t h e  var ious  ana ly t e  spec ie s  (e .g .  by gas ,  l i q u i d ,  
t h in - l aye r  o r  paper chromatography) . 

The e f f i c i e n c y  of t he  process  may be incre:sed by t h e  use of 
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3.1.4 
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2.3.1 
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2.4 
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2.4 
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