Standard Conditions for Flame Spectroscopy
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Silver
Aluminium
Arsenic
Gold

Boron
Barium
Beryllium
Bismuth
Calcium
Cadmium
Cobalt
Chromium
Cesium
Copper
Dysprosium
Erbium
Europium
Iron
Gallium
Gadolinium
Germanium
Hafnium
Mercury
Holmium
Indium
Iridium
Potassium, Kalium
Lanthanum
Lithium
Lutetium
Magnesium
Manganese
Molybdenum

34.
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41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
23,
o4,
55.
a6.
57.
58.
29,
60.
61.
62.
63.
64.
65.
66.

Na
Nb
Nd
Ni
Os
Pb
Pd
Pr
Pt
Rb
Re
Rh
Ru
Sb
SC
Se
Si
Sm
Sn
Sr
Ta
Th
Te
Ti
Tl
™Tm
U
V
W
Y
Yb
Zn
Zr

Sodium, Natrium
Niobium
Neodymium
Nickel
Osmium
Lead
Palladium
Praseodymium
Platinum
Rubidium
Rhenhium
Rhodium
Ruthenium
Antimony
Scandium
Selenium
Silicon
Samarium
Tin
Strontium
Tantalum
Terbium
Tellurium
Titanium
Thallium
Thulium
Uranium
Vanadium
Tungsten, Wolfram
Yttrium
Ytterbium
Zinc
Zirconium
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1

PREPARATION
OF STANDARD
SOLUTIONS s

Recommended Standard Matarials
Silver metal strip or wire 99.99%
Silver nitrale AgNQ, 01, 99%

Solution Technigue

Dissolve 1.000 g of silver in 20 ml of 1:1 nitric acid
and dilute quantitatively to 1 litre to give 1000 pg/ml
A,

RECOMMENDED
INSTRUMENT
PARAMETERS.

Atomic Absorption
Waorking Conditions {fixed)

Lamp Curranl 3 mA

Fuel acetylena

Support air

Flame Stoichiometry oxidizing

Warking Conditions (variable)

Wavelength:  Spectral Ciptimumy Typical
Band Pass Warking Sensibivity

Range

(il Fim g/l paf

A8 0.2 = 5 0.036

3383 2 312 0072

Detection Limit
0.003 pg/ml at 328.1 nm using an air-acetylens flame.

Flame Emission

Wavelength 328.1 nm
Spectral Band Pass 0.1 nm
Fuel acetylene
Supporl nitrous oxide

Detection Limit data not available,

INTERFERENCES

Mo chemical interferences have been observed in
air-acelylene Tlames,
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Aluminium

FREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Aluminium metal bwire form)  99.99%

Solution Technigue

Dissolva 1,000 g in 20 ml hydrachlaric acid with the
addition ot a trace of a mercury salt to catalyse the
reaction.

Dilute to 1 litre to give 1000 pg/ml Al

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Lamp Current T s

Fuel acatylane
Support nitrouUs xide
Flame Stoichiometry reducing;

Working Conditions (variable)

red cone T-2 cm high.

Wiavelength  Spectral CIptimm Tyl
: Band PPass Warking Sanstnaity
FHange Ao pohite 4
(il Firr pefrnl Ligg/ml
2093 0.2 40200 RG]
293 o5 R0—250 ]
2373 Gt 200500 3.4
2367 ik ZE0—1000 ELE
257.4 5 AD0—= 1600 8.2
2568 855, B50—2600 128

Detection Limit

0.04 pg/ml at 309.3 nm using a nilrous oxide-
acelylena flame. By raducing the fuel flow slightly
and increasing lamp current, an improvement in
signal-noise ralio s achisved.

Flame Emission

Wavelangth 396.1 nm

Spectral Band Fass L. nm

Frel acety lene

Support nikrous oxida

Flames Stoichiometry reducing;

(Mote 1) red cone 12 cm high
Burner Height b8 mm

iMote 1)

Dalection Limil 0,02 padml

MOTE 10 Adjust for oplismum perforrmance,

Aluminium emission appears in the centre of a
stronghy emitting CN band in the flame. Major factors
in the determination at low levels of delection are the
adjustment of fusl-support ratio and burner height.

[ he use of flame emission is onby recommeanded for
very low coneentrations of aluminiam in salutions of
simple aguenus matrix.

Aluminium s partizlly ionized in the pitrogs
oxide-acetylens flame. 1o suppress ionization, add
potassium  nitrate or chlonde to give a fipal
concentration of 2000 ug/m| potassium, | he addition
of 'a readily ionizable elemenl such as polassium
overcames enhancement interference from other
alkali metals,

Enhancement
elaments —

also occurs with  the following

Aduminiurm selution 100 wgiml.

I lament Concentration Rangs ¥ Enhancamant
tugfrml
Co 505000 3=b
Cr * 1—14
Fe 2 4-15
il # 4=11
MNi i =gy
T % 514
* 2% at 50 pagiml
A

w2



ABSORBANMCE

These interferances are depencdent on flame con-
ditions and burner height (11 A fuel rich flame {red
core *.5-2 cm) decreases Lhe effecl.

Silicon  depresses aluminium  absorbance by the
lormation of an undissociatad refractory complex,
(2}, 13),

The above intaerference effects can be minimized by
matching the sample and standard solutions with
respect to the major matrix clements in the sample.

REFERENCES

1.0

08|

0.6

0|

0.2

1. MARKS, J.Y., WELCHER, G.G., Anal. Chem. 42,
{9, 1033, 18740,

2. BAMAKRISHNA, TV, et al. Anal. Chim, Acta,
38, 81, 1967,

3. FERRIS, AF., et al. Analyst 8b, 74, 1870,

2. Al Aluminium

NOTES
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PREPARATION

L
OF STANDARD

SOLUTIONS sl =0

Recommended Standard Materials
Arsanious oxide-.ﬂ'x&:z 'D3 909 Q9%

Solution Technique

Dissolve 1.3203 g As, 0, in a minimum volume of
20% NaOH and risutralize with nitric acid, Dilute to 1
litre to give 1000 ng/ml As.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Warking Conditions (fixed) °

Lamp Current I
{Wata 1)

Fuel INote 2) hidrogen

Support air

Flame Stoichiometry reducing

Mote 1) Absorbance b5 critically dependent on lamp curreat.,
Lamps must Be allawed te warm uptor 30 minutes
in-order to statbilize the line-to-backgraund ratia,

Mote 2 Air-hydropen 18 recommended 0 cases owhare: ng
plher species are prasent, Highly reducing on-
ehilioms shoold beempliyved,

When relatively larga amounts of Interfarent are
prazent, he nilrous oxide-acatylens flamea iz recom-
mended because it is efficient in preventing chamics|
interference and has high rensparenoy in the wltea-
violetl,

The nizrogen-hydrogen entrained air fame can also
e wsed in simple solution malrizes — refar inter-
farences,

is the change In cptical density ot the flame as it

Warking Conditions (variable}

Wavelenglh  Spectral Dptirnur Typieal
Band Pass Warking Sensitivity
Ranga
nim rim g/l pig /ol
193.7 1.0 50—200 0.78
197 2 1.0 BO—250 1.7
1890 1.0 20350 1.6

MOTE: The 189.0 nmwavelength s normally usad only with
an  evacuated systemn hecauss of o atmospharic
absarption,

Detection Limit
.26 pg/ml at 193.7 nm using an airacetylene flame,
A major tactor in determining the limit of detection

fluctuates in thermal and environmental air currents.
The draught-induced turbulence of the flame is more
pronounced with the airhydrogen flame,

Therafore when carrying oul determinations near the
limit of detection the use ot an air-acetylens flame is
recommended. Correction for non-atomic absorption
may be necessary,

Flame Emission

Arsenic s not generally determined by flame emissian
becayse of Lhe poor emission characteristics of the
alament,

INTERFERENCES

{a) Spectral Interfarence

Cne of the main sources of interference In the
determinaticn  of arsenic s the molecular
absorption of flame gases and solution species at
the axtreme ullraviclel region of the spectrum
where the most sensitive lings far arssnic ocour
{193.7 nim and 197.2 nm).

This non-atornic absorption can beestimated by
means of a continuum light source such as a
hydrogen lampe The element absorbance can
then be readily corrected for the non-atomic
CAMmpaneant,
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Chermical ntar Teranca

dnterference  patterns depend  largely on the
temperature and transparency of the flame.
Sensilivity is increased by the use of cool Names
such as nitrogen-hydrogen-entrained air but the
interferences arg in lurn markedly increasad.

bl

Mitrogen-hydrogen-entrained air flame.

Interforonces in this cool flame are susceptible 1o the
Lype of arsenic species present in solution. Arsenicin
the higher oxidation slale (g, arsenate] shows maora
wevera interfarence patterns than arsenic in the lower
state  larsenious, arsenite], This is due mainly ta
incomplale dissociation in the coal tlame.

Incomplele dissociatiaon of arsenic in any of its farms
rauses combination of solulion ionic species in various
sactions of Lhe flams and leads to extramely compli-
cated interterence patterns, For example, in arsenious
solution, nitrate juns depress the ahsarbance by 18%
at pH 1.0 bul on increasing the alkalinity to pH 13.0
the absorbance depression increases lo 80%

High molecular absorption effects make interpretat-
ion of interferance difficull. Forexample, antimany
appears 10 depress arsenic absorbance by 20% but in
tact about 12% of the remaining signal is due to in-
creased non-atomic dbsorplion, Thal is & lotal de-
prassion of 329,

Ammonia causes an apparent enhancement but whan
moleculsr absorption is taken into account, & netl
B0% decrease in arsenic absorbance is avident,

In general, the diffusion tlame is not recommended
fur the determination of arsenic excepl in cases af
xtramaly simpla matrix, .

As  Arsenic

Air-hydrogen flama,

Vary ftew chemical interferences occur in Lhis flame.
Metals such as copper, nickel, ote. depress the
ahsorhance by 8-10% at concentrations of 10,000
uadml,

In comgolox matrices,
shsorption must be made

Air-acetylene flame (1} (2}

Aluminium, chromium, manganese, molybdenum,
lead and tin all depress the arsenic absorbanca tram
B—10%. Thiy level of inferference can be compen:
saled by matching the matrices of standards and
solutions,

Besl sensitivity is obtained with a slightly reducing
flame.

correclion  for non-atomic

Mitrous axide-acetylene tlame.

No chemical inler ference has been noted. This (lame
is recommended for complex matrix solutions,

REFERENCES

1. 8MITH, K.E., FRANK, CW., Appl. Spectr. 22
(B}, 765, 1963

2. HWANG, LY., SANDONATO, LM, Anal. Chem,
42 17), 744, 1870,

3. KIRKBRIGHT, G.F.,, RANSDON, L., Anal, Chem,
43 (10), 1238, 1971,

NOTES
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
GGold metal 00,99

Solution Technique:

Lrissolve 1.000 g of gotd foll in a minimum valume of
aqua regia. Dilute ta 1 litre to give 1000 pg/ml Ay,

Flame Emission

Wavelangth 267.6 nm
Spectral Band Pass (.1 nm
Fusl acelylens
Support nitrous oxide

Detection Limit data not available

INTERFERENCES

Faw interferences have been noted in air-acetvlens
flarmes. However, large excesses of iron, copper, and
calciurn have been found 1o suppress the result (1)
where gold is extracted into M | B K.

Solvent extraction technigues have been developed
{2} which remove any interfering element. The
nitrous  oxide-aealylene  flame  will  remove. any
interferance but provides a lowear sensitivity.

RECOMMENDED

INSTRUMENT

PARAMETERS

Atomic Absorption

Working Conditions {fixed)

Lamp Current A ma

Fuel acetylena

Support Alr

Flame Stoichiometry oxidizing

Working Conditions {variable)

Wavelength  Spectral Cptirmum Typical
Band Pass Working Sengitivity

Ranae

riem M pgiml padml

242.8 0.2 5—20 0,13

267.6 02 10—=40 0.26

Detection Limit
0.07 pgfml at 242.8 nm using air-acetylene flame.

REFERENCES
(1) HILDON M.A., SULLY G.R., Anal Chim, Acta
54.(1971) 245-251,

{2) ZLATHUIS A, BRUENING W., BAYER E. Anal
Chemn. 47, 12 {1969}, 1693

1057
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Sodium Borate A, B, Grade Ma, B,0-. 10H,0
Barje Acid &, B, Grade H,BO,

Solution Technique
Dissolve 44,085 g of Na,B,0,. 10H,0 in 500 ml
weater and dilute to 1 litre torgive 5000 ua/ml B,

'RECOMMENDED
INSTRUMENT

Atomic Absorption
Warking Conditions (fixad)

Lamp Current 15m

Fuel acetylene

Supparl nitrous cxide

Flame Stoichiometry reducing: red cone
[Mota 1) Z—2. 5 am high

Maote T Carstully adjust flame  stowchiometry and buroer

position for optimurn sensiivity.

Working Conditions (variable)

Wavelength  Spectral Dptintum Typical
Band Pass Wiorking Sansitiviry
Rannos
i nrr wied ml Ladml
g L 0.1 A00— 1 600 2.4
249.8)
208 9 0.1 1000-4000 A

Detection Limit

2 ug/ml at 2497 nm using 8 nitrous oxide-acetyleng
[larree,

Flame Emission

Wavelangth 249.7 nm
Spectral Band Pass B am
Fuel acetylene
Support nitrous oxide
Datection Limit 5 g/l

Generally a flame having a red cone 1 em high with
the burner 1-2 mm below the light path will be found
L b nearly aplimum,

Boron is not usually determined by flame amissian

because of Lhe poor emission characteristics of the
element

INTERFERENCES

Sodium has been found to cause interferance when
the ralio of sodium to boron is very high. The effect
is usually minimized by adjusting the flame to neuiral
stoichiometry ired cone 05 — 1 eom highl with
cansequenl loss of sensitivity.

2/72
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Ba 137.3
[+

PREPARATION Flame Emission

gg&}ﬁgﬁ’;“n 'l::u'aveleng?h H53.6 nm
Spectral Band Pass 0.1 nm

Recommended Standard Materials Fuai acetylena

Barium Carbonate A. B, Grade  BaCO, support nitrous oxide

Ba|-|um !:h|ﬂrldl=! -Ia\. H. Grﬂde BHL’EI 2H2 D DE‘FEGT]OH Liml‘T U.UU"]" J.Jg!mll

Solution Technigue

Dissobve 1.7785 g of Ba'CIIEI-Ig.D in water and dilute
to 1 litre to give 1000 pg/ml Ba,

RECOMMENDED
INSTRUMENT
PARAMETERS

Severe spectral interference will be observed when
measuring barium in the presence of calcium due Lo g
strong Calll band ocourring around the same
wiavalength,

INTERFERENCES

Atomic Absorption
Warking Conditions (fixed)

Lamp Current® 10 sy

Fuel acetylane

Support nitrous oxide

Flame Stoichiometry reducing: red cone
2—3cm high

* Due 1o the strong emission signals from barium at
the resonance wavelength it is recommended that
whera levels in excess of 10 ug/ml are to be measured
the lamp current be incraased to 20 mA o minimize
photomultiplier noise,

Working Conditions {variable)

Winvelenglh  Bpactral Chptirnim I'ypical
Barnd Pass Wiorking Sensttivity
Range
i i Ll wdml
B53.6 L 10— (.20
290, 1 0.2 BO00—24000  11h

Detection Limit

0.01 pofml at BBE3IE nm using & nilrous oxide-
acetylane flame.

Barium is partially ionized in the nitrous oxide
acetylena flame. Ta supprass icnization, add potas-
sium nitrate or chloride solution to give a tinal
concentration of 2000 pg/ml potassium in all
solutions including the blank. The strong emission
fram barium falling an the photomultipliar resulis in
considerable increase in shot noise evidenced by
increasingly noisy signals as the concentration of
Barium increases. This may be minimized by working
in the HIGH GAIN position and increasing the lamp
currant to 20 mA. This enables lower photomultiplier
gain and hence lower shot noise,

Barium absarbance in an air-acetylens tlame is sovere
Iy depressed by phosphate, silicon and aluminiurm,
This is overcome by the use of a nitrous oxide
acetylene flame,
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Be 95.012 f

Berylliu

PHREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Beryllium metal strip or wire 09 09%
Beryllium oxide 09 Q5%

Solution Technigue

Dissalve 1,000 g of beryllium metal in 20 ml of 1:1
sulphuric acid containing a trace of hydrochloric acid.
Dilute ta 1 litre 1o give 1000 pafinl Be.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorpiion
Working Conditions (fixed)

Lamp Current bmA
Fuel acelylane
Support nitrous oxide
Flame Stoichiomeatry reducing: red cone
1-2 crm:
Working Conditions (variable)
Weavelength  Spectral Dt Typical
Band Pass Working Senaitivity
Range
1 £11 pgml Hadml
2349 0.5 T—5 017

Detection Limit

002 paiml at 2349 nm using a nitrous oxide-
acalylans flame,

Flama Emission

Wavelzngth 2344 nm
Speciral Band Pass 0.1 nm
Fuel acetylene
SuUpport ri Lraus oxide
Datection Limit 0.03 pg/ml

INTERFERENCES

Sodium and silicon at levels in excess of 1000 pg/ml
have been found to severely depress berylliom
absorbance,

Aluminium has been reported (1, 2) to suppress the
absorbance by 26%. This was overcame by the
presanca of 1.5 /| of fluoride.

REFERENCES

(1) RAMAKRISHNA T V., WEST P.W., ROBINSON
JW. Anal Chim, Acta 39 (1967) 81—87,

(2) FLEET B., LIBERTY K.\. WEST T.S. Talanta
1970, 17 203210,

2 T
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Bi 209.00 8

Bis

PREPARATION

@ varian techtron

Flame Emission

OF STANDARD Wavelenath 2231 nm
SLL Spectral Band Pass 0.1 nm
Recommended Standard Materials FLel acetylenc
Bismuth metal strip or wire 29 O8%, Supporl nitraus-oxide

Datection limit data not available

Solution Technigue

Dissolve 1.000 g bismuth metal in a minimum volume
of 1:4 hydrochloric acid. Dilute to 1 litre 1o give

The use of flame emission for hismuth is not
recommended because of the poor emission char-
acteristics of the element,

1000 pgdml Bi.

INTERFERENCES
RECOMMENDED
INSTRUMENT No chemical interference at levels up 1o 10,000 pg/m
PARAMETERS interferent has been reported for the determination
of bismuth with an air-acetylene flame.
Atomic Absorption

Warking Conditions {fixed)

Lamp Current (Note 1) BmaA,
FuLel acetyvlene
Supporl air

Flame Stoichiometry oxidizing

MOTE 1@ Absorbance s
clirrant;

refatively inder_:re_ndam of  lamp

Waorking Canditions {variable)

Wavelength Spectral Optimum Iypical
Band FPass Warking Gensitivity
Hange

A nm pgfml gl
2231 0.2 10 — 40 0.22
2228 02 40 — 160 (0.8
2277 0.2 00— 1200 7.0
2068 0.2 AD — 160 0.8

Detection Limit
0,06 pa/ml at 223.1 nm using an air-acetylens flame.

The use of a slightly more oxidizing flame and
increased lamp current will improve signal stability.

B2
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Ca 40,08

Calcium

PREPARATION = Flame Emission

OF STANDARD Wavelength 4227 nm

SOLUTIONS — | Spectral Band Pass Q.1 nm

Recommended Standard Materials Fuel acetylene

Calcium carbonate Ca CO, 99.9% Support nitrous oxide
Detection Limit 0.0005 pagfml

Solution Technique L : s : . e

: , ; ; Maximum intensity is obtained with an axidizing
Dissolve 2.497 g of dried calcium carbonate in a nitraus oxide-acetylena flama (red cona T mm highl.
minimum volums of 14 aitric acid, Dilute @ 1 e ,

to give 1000 pa/ml Ca. -

INTERFEREMCES
RECOMMENDED Chamical inferferancas in lhe air-acetylens flame are
INSTRUMENT pronounced and have been fairly well documented.
PARAMETERS {1}, {2}, (3) and (4}.
Atomic Absorption Apart from g b-10% enhancernanl caused by the

alkali Tvpa metals such as sadium, patassium, Hthium

Working Conditions (fixed) and magnesium due to suppression of ionization, all

Lamip Current 3 other interfarents depress the calcium absorbance,
(Nots 1} Most of the effects can be reduced somewhat by the
Fusl acetylene use of a lean flame with some foss in s2nsitivity,
support nitraus oxide A releasing agent such as strontium {5000 pg/ml) or
Flame Stolchiomatry recducing: red cone lanthanum (10,000 pa/mll will overcome  Lhe
1-1.5 cm high majority of these effects 1o a certain extent

Maormally this procedure is used in conjunction with
the practice of matching sample and  standard
caused by the high emission intensity of calcium, ol Tc.j gl ::::T:mbmed S !

This' results in some lass of sersitivity, In the nitraus oxide-acetylene flame the main
intarfarence is caused by ionization of calcium itself.
This is overcome by the addition of 4 more readily
ionizable elemant such as potassium: (2000-5000

Mote T For maximum stability increase lamp alrrent o 10 —
TH ma o overcnma photarultiplise shot poise

Working Conditions (variable)

Wavelength  Spactral LIptimum Typical
Band Pass Warking Sans:itliaviw Hg/mil).
RH['IS.]E Tl e AT A =
e T il gl REFER : TE e
2309 0.1 200-800 472 4], 630, 1966, 2 |
2 BAMAERISHNA, TV, st al; Anal. Chim. Acta 40,
4 347, 1968,
Detection Limit 3. HWANG, J.Y, SANDONATO, L, Anal. Chim.
00005 pg/ml at 4227 nm using a nitrous | Acta. 48, 185, 1969, ;
oxide-acetylena flame. A SASTEL NS CHAKRBABARTI, Gl WIELIS,

L.E.; Talanta 16, 1093, 1969,
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Cd112.4

C d -
FPREPARATION Flame Emission
0 FLSTﬁh[l]?qAHD Wavelength 326.1 nm
SOLU 3 Spectral Band Pass Q.1 nm
Recommended Standard Materials Fusl acetylens
Cadmium metal strip or granules 99.99% Support nitrous oxide

Cadmium sulphate A, R, Grade 3Cd S0,.8H,0

Solution Technigue

Dissolve 1.000 g of cadmium in a minimum volume
of 1:1 mitric acid and dilute fo 1 litre to give 1000
pg/ml Cd.

RECOMMENDED
INSTRUMENT
PARAMETERS

INTERFERENCES

Cratection limit dala not availatle

Car_}m_ium i5 not usually determined by [lame
emission because of the poor emission characteristics
al the elemant,

Atomic Absorption
Working Conditions (fixed)

Lamp Current (MNote 1) amd
Fuel [Mote 2) acetylena
Support air
FFlame Stoichiometry axidizing

More §:
Miote 2,

Absorbance strongly dependant on lamp current,

Absorbance strongly dependent on flame. stoichio-
mitry. Adjust the fusl Flowe carafully far maxinmim
sEmsitivity.

Working Conditions (variable)

Wavalenglh  Speciral Clpdirmurm Typical
Band Fass Working Sansitivity
Hange
Hi (i wg/ml Hadrnl
2288 5 0h-2.0 (L0117
3261 1.0 2b0-—1000 4.5

Detection Limit

0.0006 pg/ml at 228.8 nm using an air-acetylene
flame,

No major chemical interference has been reported in
the air-acetylene flame.

T2
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Co 58.93 1 1
PREPARATION Flame Emission
OF STANDARD VWavelangth 345.4 nm
SOLUTIONS = Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuat acetylene
Coballmelal sirip ar wirse 08.93% Suppart nitrous axide

Solution Technigue

Dissolve 1,000 g of metal in minimum voluma of 101
nitric acid and dilute to 1 litre to give 1000 pg/ml Co

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
| Working Gonditions {fixed)

Lamp Current b ma

Fuel acetylene

Support air

Flame Stoichiometry axidizing

Working Conditions (variabla)

Wavelengih  Spactral Ot Teypical
Band Pass Wiirking Sensilivily

Rarge

RIEL rir g ml gl

2407 0.1 S3—12 0066

304 4 (.2 BO—200 1[5

26,6 0.1 100500 2.6

2474 R 2b0—1000 48

3016 0.2 JO00—30000 147

Detection Limit
0,007 pgfmbat 240,/ nm using an air-acetylene flame.

Detection limit data not svailable

INTERFERENCE

Few interferances have been observed for cabalt in
an air-acetylane llame,

|t has besn reported that nickel levels in excess of
1600 pg/mi cause sevare daprassion of aboul 50%,
This interferance can be avaided by diluting salutions
e less than 1500 pgfml MNi and using the nitrous
oxide-acetylene flame, MNumerous interferences hava
baen ubserved in the air-propana flame.

GINZBERG V.L., SATARINA G I, Zhv Anal, Cham,
215, 593 1966,
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PREPARATION
OF STANDARD

Recommended Standard Matenials
Chromium metal strip or wire S0 L0%
Potassium Dichromate A. R, Grade K, Cr, O

Solution Technique

Dissalve 1.000 g of chromium metal in 1.1
hydrochloric acid with gentle heating. Cool and dilute
1o 1 litre to give 1000 pg/ml Cr,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Lamp Currant Boma

Feigl acetylens

Support air

F lame Stoichiometry reducing

Working Conditions (variable)

Wavalangrh  Spectral Cptimum Tyvpical

Fand Pass Warking Sansitiyity

; Hange

FITTT A Ll L vl

4b7.9 0.2 2.0-8.0 0.0EG

425 4 (13 T0—=40 b

428.8 0.2 25—100 4]

5AE 0.1 BEO=2600 17

5204 0. 1500—-a000 28

Detection Limit
(L0085 pg/ml at 357.9 nm using an air-acetylene flame.

SOLUTIONS et

Flame Emission

Wavelength A25.4 mm
Spectral Band Pass 0.1 nm
Fuel acetylene
Support nitrous oxide

Detection limit data nol available

INTERFERENCE

Cabalt, iron and nickel [(particularly 0 the presence
of perchloric acid) have been found Lo cause
depression of chromium absorbance,

This can be overcome by Lhe use of an oxidizing
air-acetylens flame or preferably a nitrous oxide-
acetylens  flame., WNo  ionization supprassanl s
MECESEARY |

Several authors {1, 2, 3) have found interferance in
air-acetylene  flame from copper, barium, alu-
minium, magnesium and calcium, The exient of
interference s strongly dependent on the flame
stoichiometry. Optimization of the staichiomatry or
usa of [he nitrous oxide-acetylene flame can eliminate
the interference:

REFERENCES

1LY ANAGISAWA M., SUZUHRI M., TAKREUCHI
T. Anal. Chim, Acta, 52 (1970) 386-389,
2l WILSON L., Anal. Chim. Acta, 40
503512,

3} TAYLOR RW. American Labaratory, November
1970, 33-35.

(1968)

o/T2



ABSORBANCE

42. Cr Chromium

Cr

1.0

0.8

0.6

0.4

0.2

COMCENT AT N palml



standard
conditions

Cs 1329

Cesium

@uarian techtron

13

PREPARATION
OF STANDARD

Recommended Standard Materials
Caszium Chloride &, B, Grade CaCl.

Solution Technigue

Dissolve 1.2667 g of dried CsCl in water and dilute
to 1 litre to give 1000 pa/ml Cs,

SOLUTIONS : =

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Waorking Conditions (fixed)

Lamp Current 20 ma

Fuel propans

Suppart air

Flame Staichiaometry oxidizing

Warking Conditions (variable}

Wavelangth  Speclral climum Typical
Band Pass Wirking Sensitivity

Rarige :

Hr i wMadml g/l

Bh21 1.0 =20 011

B b 1.0 H—24 [k

A 0.2 2001200 SHe)

ARG.3 B 10004000 23

Detection Limit
0.017 pafml at 852.1 nm using an air-propang flame,

ratsy B406) is recommended for use above /50 nm.

The wse of a rad sensitive photomultiplier {Hama-

Flame Emission

Wauvelangth B52.1 nm
Spectral Band Pass 0.3 nm
Fusl propans
Support air

Detection limit data not available

Ta remove the possibility of second order spectral
interference, it is recommended that a filter be used
to cul off wavelengths below 600 nm.

INTERFERENCE =
Mo interference from normal matrix elements has
been reported,

Partial ionizalion of cesium ocours even in the cool
air-propane tlame; it is recommended that samples
and standards should be matched with regard to
easily ionized elements such as sodium and potassium
10 a general |evel of 1000 — 2000 Lg/ml.
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conditions 14
Cu 63.54
PREPARATION = Flama Emission
OF STANDARD Wavelength 3274 rm
SOLUTIONS f
Spectral Band Pasz 1 nm
Recommended Standard Materials Fuel acetylens
Copper metal strip or wire 05 999 Support nitrous oxide

Solution Technigque

Dissplye 1,000 g of copper metal in a minimum
valummea af 1o nitric acid and dilule to 1 litre 1o give
1000 pg/mt Cu.

'RECOMMENDED
INSTRUMENT
PARAMETERS

Detection Limit data not availabla,

INTERFEREMNCES

‘. Atomic Absorption
Warking Conditions (fixed)

Lamp Current Bk

Fuel acety lene

Support air

Flame Stoichiometry oxidizing

Working Conditions (variable)

Wavelangth  Spectral Ot Ty pical
Brnid Prass Werking Sensitivity

Fangs

FIn ] g/l Jigmil

J2d. 7 (.7 Sl 0.04

3274 0.2 624 0,14

217.9 0.2 15—60 0.33

2187 0.2 20—-80 0.44

2226 0.1 70280 1.b

2492 06 200—800 449

2a4 2 1.0 HO0—-2000 g =

Detection Limil
0.003 pg/ml at 324.7 nm using an air-acetylene flame.

The use of 3 vary lean (oxidizing) air-acetylens flame
will improve signal stability.

Mo interferences have been reported far copper in the
air-acetylene flame but some depression has been
nated at high Zrn/Cu ratios. This can be minimized by
the uwse of a lean airacetylene flame or a nitrous
oxide-acetylens flame.
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Dy 162.5

Dysprosium

PREPARATION Flame Emission

OF STANDARD Wavelength b26.5 nm

SOLUTIONS Spectral Band Pass 01 nm

Recommended Standard Materials Fuel acetylene

Dysprosium oxide Dy, 03 €0 19 Support nitrous oxide
Detection Lirit 0.04 pg/ml

Solition Technigqus . et 12 Below 10 pg/ml, determination by flame emission is
Dissolve 1,148 g of dysprosium oxide in 1:1 | preferred, although the wavelength required must be
hydrochloric acid and dilute to 1 litre to give 1000 | accurately isolated to avoid spectral interferance from
padmil iy, the other rare earth elements. At higher concen-
trations, atomic absorption is normally used,

RECOMMENDED
INSTRUMENT L
PARAMETERS ; INTERFERENCES

Hydrofluoric acid, aluminium and silicon have been

Atomic Absorption found to depress the absorbance by 90%. The

Working Conditions (fixed} - interference is increased by the presence of sodium.
Lamp Current 15 ma Interferances of this Lype can usually be overcome by
Fuel acetylens the pracipitation of the rare earth oxide and subse-

quent dissolution in dilute hydrochloric acid,

e it itrous oxid
F;{ppn.gt e :Bdr‘:: _xrlﬂjm _ Dysprosium is partially fonized in the nitrous
ame Stoichiometry 1._.5}*5" gr{"n e f1e: oxide-acetylens flame. To suppress ionization, add
s CHL i patassium nitrate or chloride solution 1o give a final
concentration of 4000 pg/ml potassium in all
Waorking Conditions (variable) solutions including the blank.
Wavelangth  Spectral Ciptirmum Typical :
Bantd Fass 'Llé.l'[:rking Sensitivity NCES =
HTHgE 3
firtl (R1041 JJF!J"IET pgdmi ﬁgjhﬁ?;‘lﬁlz_%gof LINDSJO O, Chemist-Analyst 56
421.2 0.1 50—200 0.62 .
4195 0.1 65260 1.4
419.2 0.1 7002800 16
A5 Q:1 1oon—4000 27
421 .8 2.1 250010000 66

Detection Limit

?,GS pa/ml at 421.2 nm using a nitrous oxide-acetylene
lame.
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Er 167.3
b :

PREPARATION Flame Emission

OF STANDARD WA | 1h 4{}[],8

SOLUTIONS sl O
Spectral Band Pass 0.1 nm

Recommended Standard Materials Fuel acetylene

Erbium oxide Er O, 94 9% Support nitrous oxide
Detection Limit 0.03 pg/ml

Solution Technigue

Dissolve 1.1400 g of erbium oxide in 1.1
hydrochloric acid and dilute to 1 litre to give 1000
ugfml Er.

INTERFERENCES

Below 10 po/mi, determination by flame amission is
preferred, although the wavelength reguired must be
accurately isolated to avoid spectral interference from
other rare sarth elements. At higher concentrations,
atomic absorption is narmally used.

Az in the case of ather rare earth elements, severe
interference is observed in the presence of hydro-
fluoric acid, aluminium and silicon, particularly wher
measured in the presence of sodium,

Erbium is partially ionized in the nitrous oxide-
acetylene flame, To suppress lonizalion, add potas-
sium nitrate or chloride solution ta give a final con-
centration of 4000 pg/ml potassium in all solutions
including the blanl.

RECOMMEMNDED

INSTRUMENT

PARAMETERS

Atomic Absorption

Working Conditions (fixed)

Lamp Current 10 mA

Fuel acelyleng

Support nitrous oxide

Flame Stoichiomatry reducing red cone
1:2'cm high.

Working Conditions (variable}

Wavelenath  Spectral ptimum Ty pical

Band FPass Warking Sansitivity
Range

nm nm padrml pdinl

400 8 0.2 30120 0.67

389.3 0.2 140=560 3.4

408 8 0.1 250—-1000 6.0

4021 0.1 10004000 31

Detection Limit

0.05 pgfml at 400 8 nm using nitrous oxide-acetylans
flame,

REFERENCES

KINNUNEN J., LINDSJO O., Chemist Analyst 56
(1967) 76-78.
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Europium oxide Eu, 0O, 89 94

Solution Techniqua

litre wilh water Lo give 1000 pg/ml Eu.

Dissolve 1.1579 g of Eu, O, in a minimum volume of
1:1 hwdrochloric acid and dilute guantitively to

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption

Working Conditions {fixed)

lLamp Current 10 m&
Fusl acetylane

Support nitrous oxida

Flame Stoichiometry reducing: red cons
1-2 arm high,

Working Conditions (variable}

Wavelangth  Spactral Ciptirmam Typical

Fand Pass Whrrking Sensitivity
Range
T 1M ~ padml gl
450 4 0.2 15-60 0.4
5000—20000 135

333.4 G2

Detection Limit

acelylane Mame:

0.015 ug/ml at 4594 nm using nitrous oxide-

Flame Emission

Wavelength 459 4 [m
Spectral Band Pass 0.1 nm
Fuel acetylene
Supporl nitrous oxide
Detection Limit 0.0004 pg/ml

Below 10 pg/ml, determination by flame emission is
preferred, although the wavelength required must be
accurately isolated to avoid spectral interference from
the other rare earth elemenls. AL higher concen-
trations, atomic absorption is normally used.

INTERFERENCE

As in the case of other rare earth elements, severs
interference is observed in the presence of hydro-
fluoric acid, silicon and aluminium when measured in
the prasence of sodium.

|nterference may be minimized by the precipitation of
the rarg earth oxide and subscquent dissalution in
hydrochloric acid,

Europium  is  partially ionized in the nitrous
oxide-acetylens flame. To suppress ianization, acd
patassivm nitrate or chlaride solution to give a final
concentration of 4000 pg/ml patassium  in all
salttions including the blank, '

REFERENCES

KINMUMNEN [, LINDSIG O, Chemist-Analyst 56
(1967) 26—-27.
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PREPARATION

OF STANDARD

SOLUTIONS

Recommended Standard Materials

Iron melal strip or wire 05 9%

Solution Technique

Dissolve 1,000 g of metal in 20 ml of 1:1

hvidrochloric acid and dilute o 1 litre togive 1000
pa/ml Fe,

RECOMMENDED
INSTRUMENT
PARAMETERS

Flame Emission

Wavelength 312 O
Spectral Band Pass 0.1 am
Fugl acalylana
support air

Detactian Limil data not available

suppress Lhe absorbance by up Lo 50% [or & citric acid

Atomic Absorption
Working Conditions {fixed)

INTERFERENCES

Interference from eitric acid has been reported (1) to

level of 200 pg/ml, The effect is not overcome by
adjustment of flame stoichiometny.

The interfarence has been minimized by meaasuring
the absorption in the presence of phoapharic acid. 1t
s necessary to sslect an optimum burrer height to
gain maximum freedom from interference.

The yse of a nitrous oxide-acetvlene flame has been
found 1o remove all interferance.

REFERENCES

Lamp Currenl 5 A

FLel acetylene

Suppart air

Flame Stoichiometry axidizing

Working Conditions (variable)

Weavelength  Spectral Dt Ty pical
Band Pass Warking Sensitivity

Ranaga

nm i g/l pgfml

248.3 (.2 = 2510 0.062

20 0.2 25—100 055

2BE.0 0.2 50200 0.0

292.0 0.2 BO0—3200 17

Detection Limit
().005 pg/ml at 248.3 nm using air-acetylene flame.

1 RODE) T H., FRICE W.J.; Spectrochimica Acta
26B (1971) 279-284, _

ZMAN LOON JC., PARISSIS C.M; Analyst 94
(1H369) 10R7-1062,
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Gallium metal 99.9%

Solution Technique
Dissolve 1.000 g of gallium metal ina minimum

1000 pg/ml Ga.

Flame Emission

Wavelength A03.3 nm
Spectral Band Pass 0.1 rm
Fusl acety lene
Support nitrous oxide

Detection Limit data not available

INTERFERENCES

volume of 1:1 nitric acid and dilute to 1 litre to give -

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption

Working Conditions (fixed)

Lamp Current (note 1) 3mA

Fuzl acetylene
Suppart air

Flame Stoichiometry oxidizing

Mote 1 Absorbance js Righly dependent on lamp current

Working Conditions (variable)

Wavelengih  Speciral Dptirmum T el
Bard Pass Whorking Sensitivity
Hange
Fim i il ygfml
2944 0.1 50—200 1.1
287.4 (2 6O 240 1.4
272.0 0.2 1300-5200 32

Detection Limit
0.1 pafml at 2944 nm using an air-acetylene Tame,

Inteferences have not been reported for atomic
absorption  measurements using the air-acelylens
flame. Any interferences may be readily overcome by
using the nitrous oxide-acetylens flame with little loss
in sensitivity. Gallium is partially ionized in the
nitrous oxlde acetylene tlame: To supprass ionization,
add potassium nitrate or chloride sclution to give a
final concentration of 2000 po/ml potassium in all
solutians including the blank.

For emission measurgmenls, manganess  causes
spectral Interference by emitting at 403.3 nm. This
can be overcome by using the 4172 nm line and
establishing the baseline by scanning.

arra
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Gadolinium

PREPARATION
OF STANDARD
SOLUTIONS

Becommended Standard Materials
Gadolinium oxide  Gd, 0, 00.9%

Solution Technigue

Dissolve 1.1526 g of Gd in a minimum volume of
1:1 hydrochloric acid andj dilute to 1 litre to give
1000 pgfml Gd,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Lamp Current 26 i

Fual acetyvlene

Supparl nitrous oxide

Flamé Stoichiometry reducing: red cone
1-2 am high,

Working Conditions (variable)

Wavelength  Spectral i | il

Band Fass Working Sensitivity
Fange

A i gl pig il

26584 1 900—-3600 19

4058 0.1 1500-6000 29

418,17 0.1 ~4000—18000 74

Cetection Limit

3 pg/ml at 368.4 nm using a nitrous oxide-acelylans
flarme.

Flame Emission

Wavelangth 4677 nm
Spectral Band Pass (.1 nm
Fuel acetylens
Support nitrous oxide
Detection Limit 0.1 pg/ml

Below 500 pgfml, determinatian by flame emission is
preferred, although the wavelength required must be
accurately isolated ta avaid spectral inter ference from
the other rare earth elements. At higher concentrat
lons, atomic absorption is normally used.

INTERFERENCES

Gadolinium is partially ionized 10 the nitrous
oxide-goatylene flame. To suppress ionization, add
potassium nitkate or chloride solution ta give a final
concentration of 2000 upg/ml potassiom  in all
solutions including Eha.blanﬁ.

Hydrofluoric acid, iron; aluminium and silicon each
severely depress gadolinium absorbance when present
at concentrations in excess of 500 pg/mil.
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Germanium

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Germanium metal granules or strip 99.8%

Solution Technique

Dissalve T7.000 g of metal in a minimum volume of
agqua regia (1:3 nilric acid; hydrochioric acid) and
diluta to 1 litre to give 1000 pa/mi Ge.

RECOMMEMNDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Lamp Current (note 1) 5 mA

Fuel acetvlene

Supporl ritraus oxide

Flame Staichiomeatry (nole 21 reducing: red cone
1-2 cm high.

Mote 1 Absorbance s slighlly dependent on lamp current;

Mote 2 Adjust carefully for optimum sensitivity by varying
fuel flow,

Working Conditions (variatle)

Wavelength  Spectral Opplimum Typical

Bard Pass Working Senailivily
Range

T TArTI ygdind pa/rl

2601} 05 FO—280 1.5

265.2) B

271.0 5 150600 S0

2E5 0.5 3501400 T

20549 0.5 14004200 30

Detection Limit

015 pg/ml at 265.1 nm using & nilraus oxide
acelylena flame,

Flame Emission

Wavelength 265.1 nm
Spectral Band Pass 0.1 nim
Fuel acetylens
Support nilrous oxide
Detection Limit 0.2 pg/ml
'INTERFERENCE

Mo chemical interferences have been reported.

972
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Hafnium metal {strip) 99.9%

Solution Technique

Dissolve 1.000 g of hafnium metal strip in B ml
Fecdratluoric acid, b ml water by the slow DROPWISE
addition of 10 ml of concentrated nitric acid.  Allew
tha reaction 1o subside bafora each addition, Dilute
to 1 litre to give 1000 ug/mi HY,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working conditions (fixed)

Lamp current 10 ma

Fuel auelylens

Supporl nitrous oxide

Flame Stoichiometry reducing: red cong
1-2 em high

Working Conditions (variable)

Wavelength  Spectral CIATIFLm Ty pical

Ban Pass Warking sEnsitivity
Hanga

i i paimil Jentfml

307.3 01 A00—1600 10

3682 .2 2800—11000 &7

S, 0.2 ~ b00D—20000 105

Detection Limit

2.0 ug/miat 207.3 nm using a nitrous oxide-acetylene.

flame. Tha use af aslightly leaner flarne (1 ¢m red
cone) can provide a more stable signal.

Flame Emission

Wavalanglh 2BE.2 nm
Spectral Band Pass 0.1 nm
Fuel acetylena
Support nitrous oxide
Detection Limit 10 pg/ml

Hafnium is usually determined by atomic absorption,

INTERFERENCES

Hatnium absarbance has been found to be supprassed
by sulphuric acid, hydrofluoric acid, alkali metals and
alkaling earth metals. Mast transition group melals
interfere. In many cases the interferants atfect the
absorbance whan present in concentrations as small as
50 pgfrnl, with hatnium at 100 pg/ml. The use of an
oxidizing nitrous oxide-acetvlens flame can minimize
most of these effecls. However, the development of
analylical tachnigues where the interferent 15 usually
&msent at minimal concentrations is recommended,

atrices ol sample and standard sclutions must be
carefully matched.

- i
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Mercury metal 909 949%
Mercuric Chioride

Solution Technique

HgCla A, R, Grade

Diissolve 1.354 g mercurle chloride in 10 ml nitric

Flame Emission

Wavelength 2637 nm
Spectral Band Pass .1 am
Fuel acetylens
Support nitrous oxide

Dretection limit data nat available
Mareury is not usually determined by flame emission;

acid. Dilute to 1 litre to give 1000 ugfml Hg.

INTEBFERENGES

RECOMMENDED
INSTRUMENT
PA TER

Atomic Absorption
Working Conditions (fixed)

Lamp Current 3 ma
Fuel acetylene
Support ir

Flame Stoichiometry D:u:idizing
Working Conditions

Wavelength  Spectral Cptirmm Typical

Band Fass Warking Sensiteily
Hange
nm. i pgdnl pgdml
2b3.f 0.2 100400 2.2

Detection Limit

limit is 0.04 ng/ml ar 2 ng absoluts.

0.2 pg/ml at 263.7 nm using an air-acatylene flame.
Using the “cold vapour” techmigue the delection

Mearcury (1) and mercury (11} show different
sansitivities in the air-acetyiene flame.
Mercury (1) is more sensitive due to the dispropor-

tionation reaction,

Hg;+$ |"]ﬂ2+ + |"|gt'

Elemental mercury is readily atomized with T00%
efficiency.

Frablems caused by the different sensitivities may be
overcome by adding 1 ml of freshly prepared 20%
stannous chioride to each solution immeadiately
before analysis. Take note of the dilution of the
sarmple.  This method is not recammended unless
absolutely necessary as the elemental mercury farmed
is readily lost by evaporalion.

Addition of ascorbic acid has a similar effect, whilg
addition of complexing agents (such as EDTA) assists
the dispropartionation reaction by removing divalent
MEFCUrY,

The "cald vapor lechnigue” can be used for trace
determinations of mercury. (1) Metallic ions which
are reduced to the elemental state by stannous
chloride can intertere with the eold vapor methaod.
They can amalgamate with or form stable compounds
with marcury, {2) (3

Wlt!"i both flame and cold vapour technigues it js
advisable to check for non-atomic absorplion by
repeating  the analysis with a hydrogen lamp
substituted for the hollow cathode lamp.

References:

R

2,32




ABSORBANCE

NOTES

Feferences:

{1} Stlux, B. | ., Parker, C. R. "Technical Topics",
Varian Techtron Piy, Lid,, June 1972,

{2} Poluskloy, N.S_ Vitkun, B, A, Zhur. &nal. Chim.
18, {1), 37, 14964,

() Moleuktoy: NS, Vitkun, R, &, Zelukova, Y. V.,
ibid, 14, (HY, 9937, 1964,
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Ho 164.0

I I I |
PREPARATION Flame Emission
OF STANDARD Wavelength 559.0 nm
SOLUTIONS Spectral Band Pass 0.1 nm
Recommended Standard Matarials Flel acetylane
Holmium oxida Ho, O, 00 9%, Support nilrous oxide

Detection Limit 0.02 pg/mil

Solution Technique

Dissalve 1,146 g of holmium oxide ina minimum
volume of 131 hydrochloric acid. Dilute to 1 litre to
give 1000 pg/ml Hao.

Below @5 pg/ml, determination by flame emission is
praferred, althaugh the wavelength required: must be
accurately isolated to avoid spectral interference from

the other rare sarth elemeants. At higher concentration
atomic absorption s normalhy used,

RECOMMENDED
INSTRUMENT
PARAMETERS

INTERFEREMNCES

Holmium is  partially ionized in  the nitrous
oxide-acetylene flame. To suppress jonization, add
patassium nitrate or chloride solution to give a final

Atomic Absorption
Working Conditions (fixed)

_ : concentration of 2000 pg/ml potassium in all
LAOC Gt _hmA solutions including the blank. Holmium absorbance
Fuel acetylene has been found to be suppressed by hydrofluoric
SuppDrT oS Ccide Elf_:fd, B‘lUfﬂiniUm, arid silicon,

Flame Stoichiometry reducing: red cone
1-2 cm high,

Working Conditions [variable)

Wavelangth  Spactral it Tywpical

Band Pass Wiarking SEnsilivily
; Range

T R1Ad pgdiml wadml

4104 0.1 A0— 160 8

a12.7 0. A00— 1800 8.0

425 4 0,2 2000-12000 66

Detection Limit

0.1 pg/ml at 4104 nm using a nitrous oxide-acetylene.
Hame,

=]
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In 114.8

Indium

PREPARATION Flame Emission
SDC[J: EJ#NDAHD Wavelength 4511 nm
O3 Spectral Band Pass 0.1 nm
Recommended Standard Materials Fugl acetylene
Indium metal strip or wire 99.9% Support nilrous oxide
Flame Stoichiomet oxidizing: red cone
Solution Technique b 0.5 cm r? igh.
Dissolve 1.000 g of indium metal in the minimum | Detection limit 0.04 yg/mi
volume of 1;1 nitric acid and dilute to 1 litre to give
I,

1000 pg/ml In INTERFERENCES -
RECOMMENDED Indiurm is substantially  jonized in the nitrous
INSTRUMENT axide-acetylene flame, To suppress ionization, add
PARAMETERS potassiumn nitrate ar chloride solution to give a final

. \ concentration of 2000 pg/ml  potassium in all
Atomic Absorption solutions including the blank.
Working Conditions (fixed) Elemarits such as aluminium, silicon, iron, tin and
Lamp Clrrent Bmd zine produce small interferences in the nitrous oxide-

acetylene Hlame. These are best overcome by carefully

Fuel (Note 1) acetylene matching the matrix of standards and sample solutions.
Support air
Flame Stoichiometry oxidizing
Mote 13 Fuel fiow must be adjusted caretully for optimum
sensitivity and detaction limil condilians,

Working Conditions (variable)

Wavefength  Spectral Cptirmuem Iy pical
Hand Pass: Warking SEnaitivity
Hange
nin i 1 fiml gl
a03.9 02 TG0 .58
2710 0,1 4001600 B3

Cetection Limit
0.08 pg/ml at 303.2 mim using an air-acelylene flame,

SRS



ABSORBAMNCE

NOTES

25. In

Indium

1.0

0.8

&

0.4

0.4

40 il

COMCEMTRATION jigfml

b}




standard
conditions

Ir 192.2

ridium

@uarian techtron

26

PREPARATION =
OF STANDARD

SOLUTIONS

Recommended Standard Materials
Ammanium chlaroiridate A, B. (NH. ), IrCl,
Iridiurm powdear 89 9%

Solution Technique
Dissolve 2.294 g of (NH,), IrCls in a minimum

vilume af 10% demrhlnrm amd Dllute to 1 litre to
give 1000 pg/mil Ir.

Flame Emission

Wavelendgth 2800 nm
Speciral Band Fass 0.1 nm
Fuel acelylena
Suppaort nitrous oxide

Deteclion | imit data not available
Iridium is usually determined by atomic absorption.

INTERFERENCES

RECOMMENDED

STANDARD

MATERIALS

Atomic Absorption

Working Conditions (fixed})

Lamp current 20 m#a,

Fuel (note 1) acetylena

Support air

Flame Staichicrmetry reducing:
slightly luminaus

Absorbanca s highly  dependenl oo the [lame
stolchiometry and Lhe acetylene flow rate must b
carefully optimized.

Mote §:

Waorking Conditions (variable)

Wavelength  Spectral Optimum Typical
Band Fass Working SanE TiviTy
[Hange

(B3] nm L/l g
208.9 9 40—160 077
184.0 0.1 1 20—480 S
266.5 1 140 bE0 2.8
2544 0 180720 3.8

Chamical inlerferance in the air-acetylene flame is
axtremely diversa (1), 17 simple solutions, the overall
effect of a particular element is markedly dependenl
on the concentration ratio of iridinm to interferant,
In general, aluminium, copper, lead, platinum,
sodium, palassium, enhance the absarbance by over
50%: titanium, tin, nickel, iron, palladium, tend to
deprass Lhe signal by amounts greatar than 30%. The
interterence pattern in the complex matrix of ores,
minerals etc., is extremely difficull o categorise,
Fortunately, an empirical means of overcoming the
major interference effects has been reported (2).
Although [in comman with many releasing agents)
the chemistry of the reaction has not  been
imvestigated, il has been Tfound that a coppar-sodium
mixture {7000 pg/ml Cu; 3000 pg/ml Ma} is wvery
effective in countar-acting the interferences. The
mixture is prepared from the sulphate salts of the
respective elements. Copper nitrate, at a much higher
level {20,000 po/ml Cu) has also been used to over-
come these interferences (30,

Detection Limit

0.4 ug/ml at 2089 nm using an air-acelylene flame,
Fuel flow must be adjusted carefully for optimum
conditians.

REFERENCES

{1) VAN LODN J.C., Atomic Abs, Newsletter, 8, (1)
G, 1969,

{2) GRIMALDI, F.S., SCHNEPFE M.M., Talanta 17,
617, 1870

(3 HOUZE A AG.,
Inst, 22, 115, 1970,

Journal Sauth African Chem.
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Potassium

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Fotassium chloride KCI A, R, Grada

Solution Technigue

Dissalve 1.907 g of dried potassium chloride in water
and dilute to 1 litre to give 1000 pg/ml K,

Wavelangth 7665 nm
Spectral Band Pass 0.1 nm
Fuel propane
Support air

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

Lamp Current B mé
Fugl (Note) propans
Support air
Flame Staichiomeatry axidizing

Ln air-ecetylens (ame s normally used because
inter ferenees are reduced and the signalinoise ratio is
i avedd.

Meyta:

Werking Conditions [variable)

recommended for determinations al 766.5 nm and
7699 .

Detection Limit
(0,003 yg/ml at 766.5 nm using an air-propane flame.

Wavelength  Spectral Ciptimum Typical
Band Pass Wintking SRNEIT Ty
Hange
nm nrm sg/ml pgdml
766.5 0.5 05—20 0.01
iR 5 TeE— 50 0.03
44,4 0,1 200—800 37

A red-sensitive phatomultiplier {(Hamamatsu R406) is

Flame Emission

The flame amission determination of potassium is
limited by flame stability and by “pick up” of
potassium  from the air and storage vessels, Alr-
acelylena can be used if an ionization suppressant is
added, At wvery low levels airpropane is preferred
because the suppressanls necessary with air-acetylene
may be contaminated with potassium.

INTERFERENCES

Potassiurm is partially ionized in the air-acetylens tlame,
To suppress ionization, add cesium nitrate or chloride
snlution to give a final concentration of 1000 pg/m|
cesium in all solutions including the blank. The purest
available cesium compound must be used 1o avoid
natassium contamination,  In the air propane flame
ionization is negligiale.
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Lanthanum oxide La, O, 55 90%,

Solution Technique

Bissalve 11,7309 of La, 0., inaminimuwm valume of
191 nitric acid and dilite™ 1o 1 litre to give 10000
uafmi La.

RECOMMENDED
INSTRUMENT
PARAMETERS

Flame Emission

Wavelength 4417 nim
Spectral Band Pass .1 nm
Fuel acetylensa
Support nitrous oxide
Detection Limit 0.5 pa/mil

The Mamea amission sgnal far lanthanum is stronger
than the atomic absorption signal ar all conoen-
trations. Determination by flame emission is pre-
ferred, although the wavelength reguired must be
accurataly isclated 1o avoid spectral interferance fram
the ather rare earth elements.

Atomic Absorption
Waorking Conditions {fixed)

INTERFERENCES

Lamp Curranl 20 ma,
Fuel aoetylana
Supporl nitrous oxide
Flame Stoichiometry reducing; red cone
' 1.5:2 cm
Working Conditions (variable)
Wavelength,  Spectral Dptimum Typical
Band Pass: Work img Sensitivily
Range _
nm Arm gl gl
E&0, 1 0.2 260010000 48
q03.7 0.z BOOOD—24000 117
2574 12 14000=-52000 260

Detection Limit

3 pg/ml at 550.1 nm using a nitrous oxide-acetylene
flame.

Tha strong emission from the flame creates shot noise
this moderate concentration. Shot noise is minimized

by using the lowaest possible photomultiplier voltage
and the high gain aelectronic circuit whare available,

in the photomultiplier which limits delection balaw:

Lanthanum is partially ianized in the nitrous
Oxide-acetyvlene flame. To suppress ionization, acdd
potassium nitrate or chloride solution to give a final
cancentration of 5000 pg/ml potassium in all solutions
including the blank. '

Eoth -absorption and emission signals for lanthanum
are depressed n the presence ot phosphates,
fluarides, silicon, aluminium and iron, and by other
rare earths. Many solvent extraclion procedures can
be found in the literature; one simple method is
extraction al pH 7 with 0.1 M cinnamic acid in
hexana, Otherwise rigarous matching of sample and
standard solutions is necessary to control interfer
ences. Mo chemical  releasing agent has  been
discovered,
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Lithium carbonate LiZ{fDH Qg 0%

Solution Technigue
Dissolve £.324 g of LizCOs ina minimum volume of

115 nilric acid and dilute to 1 litre to give 1000 Jg/m!
Li,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

Larmip Current 5 mid
Fuel propans
Support air
Flama Stoichiometry axidizing

An gir-acetylena fleme can be used although lithium
is appreciably ionized in this hotter tlame.

Working Conditions {variable)

Wavelength  Spectral Optimum Typical
Band Pazs Waorking.  Sansitivity
Rarmns
AT A pigdml g/l
670.8 0.5 1=4 0017
Rt .2 GO0— 2000 8.6
H10.4 (.5 BOD0—32000 162

AL BTOE nm it s advisable to use a sharp cutoff filter
to avoid second-order interference from the neon
2358.5 nm lineemitted by the famp.

Detection Limit
0.0015 pa/ml al 670.8 nm using an air-prapana flame.

Flame Emission

Wavelength 670.8 nm

Spectral Band Pass .1 i

Fusl propans

Support air

Dretection limit data not available.
INTERFERENCES =

In an airpropane flame, lithium ionization s

negligible. n the holler air-acatylene flame jonization
is appreciable arnd It is necessary to match all
solutions wilh respecl to easily jonized elements such
as Ma, K, Bb, Cs; Ca; 5r, Ba. lonization s suppressed
if all solutions are made to contain 2000 pg/ml
potassivm. No chemical interferences are known,
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'PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Lutetium oxide Lu, 0 99 0%

Solution Technique

Dissalve 1.137 g of Lu, 0. in a minimum valume of
11 nitric acid and dilute ta 1 litre to give 1000 pg/ml
L,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

Lamp Current 10 mA

Fusl acetylena

Support nitrous oxide

Flame Stoichiometry reducing; red cane
12 em

Working Conditions (variable)

Wavelangth  Spectral Optimum Typical

Band Fass Warking Sensitivity
Range

nr 4111 pafmi pgimil

336.0 0.2 4001800 7.9

256.8 .2 BO0=2400 13

331.2 0.2 BO0—3200 18

33707 02 LG 3600 2

Detection Limit

1.0 pg/ml at 336.0 nm using a nitrous oxide-acety lene
tlarne.

Flame Emission

Wavelength 466.2 nm or
451 9 nm
Spectral Band Pass T nm
Fuel acetylane
Support nitrous oxide
Datection Limit 015 ugfmi

Mote Lhal the emissian at 466G,2 nm arises from the
| u band ermission, while at 451.9 nm the emission is
3 line dus to Lu atoms. The detection limits are
comparable at  either wavelength and spectral
interferences are sgvare,

The flame emission signal for lutstium s stronger
than the atomic absorplion signal, especially at low
concentrations, Below 400 pg/ml, determination by
Harme emission is preferred, slthough the wavelength
required musl be accurately isolated to avoid spectral
interference from the other rare earth elements. At
higher concentrations, atamic absorption is normally
Lised.

INTERFER E

Lutetium s partially  jonized in  the nitrous

‘oxide-acetylens flame. To suppress ionization, add

potassium nitrate or chloride solution Lo give a final
concentration of 2000 po/ml potassiom in all
solutions including the blank.

Absorbance and emission signals are depressed n the
presance of phosphates, fluarides, silicon, aluminium
and iron, and the other rare earth elements
Mon-specific solvent extraction methods are available
to circumvent some af these inferferences. Mo
chemical releasing agents are known.

BREFERENCES

RAINS T.C., HOUSE H.P., MENIS Q., Anal. Chim.
Acta. 22, 315, 1860
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Mg 24.31
M .
PREPARATION Flame Emission
EELSJ#EEJ;H{} Wavelength 285_2 Alel
Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acaly lang
Magnesiurn metal strip or wire  99.99% Support nitrous oxide

Solution Technique Dielection limit data not available,

Dissolve 1.000g of magnesium in 1:4 nitric acid. | INTERFERENCES
Diluta to 1 litre to give 1000 yg/mi Mg.

[he extent to which chemical interferences affect

RECOMMENDED absorbance is dependent on the type of flame used,
INSTRUMENT Iriter ferances in Lhe air-propane flame are many and
PARAMETERS interdepandent (1) (2},

; _ Thiz flame has been largely superseded by the
Atomic Absorption air-acetylene tlame in which few interfarences are
Working Conditions (fixed) significant in the optimum warking range {3).

Lamp Current Yo The mast commaon interferances in air-acetylene can
be overcome by the addition of a known cxcess ofa
Fuel acetylens refeasing agent such as strontiovm (1000-5000 pog/mil)
Suppart air ar lanthanum (10,000 pg/mll. Solutions containing
i e A" 200 po/ml interfarent in 0.4 pg/ml Mg show the
Flame Stoichiometry oxidizing following interference pattern:
Warking Conditions (variable) Mepalur by Mg AUSRILANCE
Wavelength  Speciral Diptimum Fypical Al — 24% E"IGH —A2%
Band Pass Werking Sansitivity L + 10% CDS — 12%
Rarnge e b
nen nm Hgdml g/l Ti — 6% E’EUE — 14%
2852 05 0.1-04 0003 AE
2025 1.0 =20 0.09 The nitrous oxide-acetylene flame shows no
Mote: Sensitivity is strongly depsndant on lamp current, interference  excepl @ general  absorbance

enhancement of 156% by the alkali metals due to

Detection Lirit suppression of ionizalion.

0.0003 jpg/ml at 2852 nm using an air-acetylene | BEFERENCES
flarme, (1) HALLE DB.J, TOWKNSHENDEG A, Anal Chim.
Acta 38 278, 1966

(2] FIBMAN R.l., Spectrochim, Acta 21, 347, 1865

(3] RAMAKRISHNA T.M., WEST P.W., ROBINSON
JW., Anal. Chim, Acta 40, 347, 1968
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Manganese

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Manganese metal strip or wire  95.899%

Solution Technigue

Dissolve 1.000 g manganess in a minimum volume of
Ill’!:! nitric acid and dilute ta 1 litre to give 1000 pg/ml
.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditians (fixed)

Lamp Current B maA
Fuel acelylens
Support air

Flame Stoichiometry axidizing

& nitrous oxide-acetylene flame can also be used bul
sENSItivity IS poorer,

Working Conditions (variable)

Wavelength - Spactral Ctirmurm Typical
Hand Fass Warking Senaitiery
Range
1T rm Ligdml Hgfiml
279.5 0.2 1.0-4.0 (.024
4031 0.2 1560 .30
3217 R 350014000 65

Detection Limit
0.003 pg/ml at 279.5 nm using an air-acetylane flame.

Flame Emission

Wavelenath A03.1 nm
Spectral Band Pass 0.1 nm
Fugl acetylens
Support nitrous oxide

Detection limit data not available. An air-acetylens
flame can be used with poorer sensitivilty.

INTERFERENCES

In & reducing air-acetylene flame the absorbance is
depressed in the presence of phosphate, perchlorate,
iran, nickel and cobalt. In an oxidizing air-acelylans
flame or a nitrous oxideacetylene flame these
interferences do not arise. No releasing agent is
usually necessary.
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Mo 95.94
PREPARATION Flame Emission
ggﬁ]’ﬁgﬁg“n Wavelangth 390.3 nm
=poctral Band Fass 0.1 nm
Recommended Standard Materials Fuel dealylane
Malybdenum metal steip ar wire-'QG.QE}% Support Aitrous oxida
Detaction Limit 0.8 pg/ml

Solution Technigue

Dissolve 1.000 g molybdenum in hot concentrated
nitric: acid, cool and dilute to 1 litre to give 1000 INTERFERENCES

pg/mt Mo, Conflicting statements have been made on interfer-
ences in molybdenum atomic absorption. Various
RECOMMENDED warkers have found sither no interferences ar severs
INSTRUMENT interferences fram all metals, apparently depending on
PARAMETERS the solution conditions, |n the recommendsd nitrous
i I oxide-acetylens flama interferences can be auppressed
Atomic Absorption by adding an excess of & refractory element (1000
Working Conditions (fixed) * ugfml Al).
Lamp Current B ma REFERENCES =
Fuel acatylane 1) DAVID D.J., Analyst 86, 730, 1961,
SUpport nitrous oxide {2) RﬂM,&KEISﬂHi}iﬂ. TV, WEST PW., ROBINSON
Flame Staichicmetry strangly reducing; 13 ‘}J{mk’ﬂéﬁlﬂr‘ﬁr}]—'mﬂ ’E‘}mas'ﬁﬁﬂlgii IEAQBE\}EST T g
fed cone Saci. Analyst 91, 700, 1966 i '

A brightly luminous air-acetylene flame can be used
with pacrer sensifivity and increased interference
affacts.

Working Conditions {variable)

Wavelength  Spectral Cptirmumm Typical
Band [azs Warking Lansitivity
Range:
T Ealid padml padmi
3133 B 15—G0 023
2208 B 2501000 4.3
Many other wavelengths can be used — see reference
(11

Detection Limit

0.04 pg/ml at 3133 nm using a nitrous oxide-
acetylena flame,
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Ma 22.99

Sodium

PREPARATION | Flame Emission

OF STANDARD Wavelength 5820 nm
LA Spactral Band Pass 0.1 am
Recommended Standard Materials : Fuel acetylens

Sodium chloride NaCl 99.99% Support air

Sodium carbonate Na, CO,, s]eReTsLTA Detection limit data not available,

Solution Technique INTERFERENCES

Dissolve 2,542 g of dried NaCl in water and dilute 1o

1 litre to give 1000 pg/ml Na, Sodium is partially ionized in the air-acetylene flame.

To suppress ionization, add potassium nitrate or
BEEE ; chloride solution to give a final concentration of
Fmgqr%haﬂilmﬁED 2000 po/ml potassium in all solutions including the
PARAMETERS blank. In the airpropane flame jonization s

negligible, No  chemical interferences have been
reported.

Atomic Absorption

Warking Conditions (fixed)

Lamp Current 5 .
Fuel proparie
Suppoert air

Flame Stoichiometry axidizing: blue cone
1% em.

An air-acetylene flame can also be used to provide an
improved signal/noise ratio.

Working Conditions (variable)

Wavelength  Spectral Cptimum Typical

Band Pass Warking Sensitivity
Ranga

nm nm pg/mi pofml

BE9.O 0.2 0.15-0.60 0003

b8Y.6 0.2 O:E =20 0.008

3302 :

330.3 | 100 — 400 1.6

Detection Limit
£.0003 pg/ml at 589.0 nm using an air-propane flame.

1
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Niokium metal (strip) 039, 90%.

Solution Technigue

Digsolve B.00D g of niobium metal strip in 5 ml
hydrafiuoric acid, & ml water by the slow DREOPWISE
addition of 10 ml of concentrated nitric acid. Dilute
to 1 litre Lo give 5000 ug/ml Nb.

RECOMMENDED
INSTRUMENT
PARAMETERS

Flame Emission

Wawelength 4055 nm
Spectral Band Pass 0.1 nm
Fuigl acotylens
Support nitrous oxide
Datection Limit 1.0 pg/ml

INTERFERENCES

Atomic Absorption
Working Conditions (fixed)

Mo systamatic studies have been published specific-
ally an niobium  intérterences; Hydrofluoric acid
increases the absorbanca signal up 1o 2% HFE, bul
greatar concentrations depress the signal. Sodium m
the presence of 2% HF depresses the signal,
analogy with zircanium it Is expected that O 'IM
NH, F would eliminate some of these interferences
and enhance the signal, although data for Nb have not
been published.

Lamp Curren | 20 ma

Fuel acetylens

Suppart nitrous cuide

Flame Stoichiomeatry reducing, red cone
12 o

Working Conditions {variable)

Wavelengthy  Spectral aptimum Typical

- Bancl Pass Werking SenstLivity
Range

alat (glanl pg i padimil

334.9 0.2 1000—4000 21

3.0 .2 1000-4000 23

A08.0 0.2 1100-4500 25

40549 .2 F100-4500 25

Detection Limit

2 po/ml at 334.9 nm using a nitrous oxide-acetylene
flame.

REFERENCES

THOMAS P.E., PICKERING W.F., Talanta 18, 127,
1971,

BOND A M., Anal. Chem, 42, 932, 1970,

SASTRI V.5, CHAKRABARTI C.L., WILLIS DE,
Talanta 16, 1093, 1969,
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

Neodymium oxide Nd, 0, 99,99%

Solution Technigua

Dissolve 1.167 g of Ndz_DB In 1:1 nitric acid and
dilute to 1 litre to give 1000 pg/mi Nd.

Flame Emission

Wavelenath ga0.s nm
Spectral Band Pass 0.1 nm
Fuel acelyvlens
Support nitrous oxide
Detactian Limit 0.08 pg/mi

The flame emission signal for neadymium is stronger
than the atomic absorption signal, especially at low
concentrations, Below 380 pg/ml, delermination by
flame emission is preferred, although the wavelength

RECOMMENDED required must be accurately isolated to avoid spectral
INSTRUMENT intarfarence Trom the other rare sarth elemerits, At
PARAMETERS = higher concentrations, atomic absorption is normally
7 used,

Atomic Absorption

Working Conditions (fixed) INTERFERENCES

ITamp ket .’ID (M Neadymium is partially ionized in the nitrous
Fuel acetylene oxide-acetylene flame. o suppress ionization, add
Support nitrous oxide: potassium nitrate or chloride solution to give a final

concentration of 2000 pg/ml  potassiom i all

reducing; red cane solutions including the blank. The signal is depressed

Flame Stoichiometry

I, in thfé,presencia of 500 pa/ml :siﬁqt::_rj,laiuminfum, iron,

Working Canditions (variable) L|tar1:un_1| ar fluoride, A more oxidizing flame reduces
, these effects,
Wawvelangth  Spactral Ciptimuam Twpical
Banid Fass Wearksirg Sensitivity
Ranue

CIEH S gl Jgdml
4925 0.2 350—1400 3}
486.7 01 2500—10000 B4

Detection Limit

1.6 pgfml at 4925 nm using a nitrous oxide-acetylens
flame. To reduce shot noise in the photomultiplier
the lamp currant should be increased, the pholoomulti-
plier gain reduced and "high gain” electronics used
where available,
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Ni 58.71

N ;
PREPARATION Flame Emission
OF STANDARD Wavelength 341.5 nm
SOLUTIONS Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acelylens
MNickel metal strip or wire 99 99% Support nitrous oxide

Solution Techniqua

Dissolve 1.000 g of nickel in 1:1 nitric acid and dilute
o 1 litre to give 1000 padml N,

sensitvity,

Detection limit data not available.
An air-acetylene flame can be used with poorer

RECOMMENDED
INSTRUMENT
PARAMETERS

INTERFERENCES

Atomic Absorption

Working Conditions (fixed)

Lamp Current "~ BmA
Fuel acetylens
Support air

Flame Staichiometry oxidizing

& mitrous oxide-acetylene flame can alsa be used,
wilh poorer sensiLivily,

Woaorking Conditions (variable)

Wavalength  Spactral Ciptirmm Ty pical
Band Pass Warking SEnsitivity
Ranga

nm nirm pagfmi pgiml
232.0 02 3—12 0.066
215 (.2 15— B0 .34
3624 £z Th— 6 .54
LS 0.2 o — 140 072
bty 0.2 2000 - 3000 36

Mole The 3524 nm line is preferred because the cali-
bration is maore nearly linear over the warking range
and the signal s less susceptible to non-atarmic
absarption than at the more sensitive 2320 nm
[ine

Detection Limit
0.008 pg/ml at 232.0 nm using an air-acetylene [lame,

AL 7320 nm wavelength, nan-atomic species in the
flame absorb strongly. Where the sample has a high
comeenlration of dissalved solids it iz necessary to
correct for non-atomic absorption by using the
231.7 nm nickel non-absorbing line. AL352.4 nm,
this effect is negligible even ‘for high matrix.
solutions,

In hydrochloric and perchloric acid solution, a shght
(5% absorbance depression has been observed In the
presence of iron, cobalt and chromium. In a more
oxidizing flame Lhe effects are minimized and in the
nitrous  oxide-acetylene flame no interferences are
observed.
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0s190.2
O ;
PREPARATION Flama Emission
OF STANDARD Wavelength 426,17 nm
SOLUTIONS = Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acetylene
Osmium tetroxide Os0 e resublimed Support nitrous oxide
Detection Limit 0.3 ug/mil

Solution Technigue

Dissolve 1.340 g 0s0, in 100 ml water with the
addition of a sodium hvdroxide pellet to assist
dissoclution. Dilute to 1 litre to give 1000 ug/ml Os.

CAUTION: Oamiurm solulions and vapour are Loxic.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

Lamp Current 20 mA
Fusl acelylene
Suppaort nitrous oxide

reducing; red cona
1-2 cm

An air-acetylens flame can also be used but with
ROOrer sensitivity,

Flame Stoichiomelry

Working Conditions {variable}

Wavalangth  Spectral Optirmm Typical
Band Pass Working Sensitivity
Fange
o T pgdml Ll
20089 (2.2 BO—200 Tt
426.1 0.2 800—3200 19

Detection Limit

0.12 pg/ml at 2908 nm using 3 nitrous oxide-
acelylene flame.

INTERFERENCES

It has bean reparted that in an axidizing flame ar in
the presence of peroxides in solution the signal is
suppressed because OsO, formalion removes free
asmium atems, No studies using reducing agents have
been reported.

REFERENCE

OSOLINSKI TW., KNIGHT N.H., Chem.Eng.News
Oct. 16, 1967.
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Pb 207.19

Lead

PREPARATION Flame Emission _
OF STAMNDARD Wavelength A05.8 nm
SOLUTIONS - Spectral Band Pass 0.1 nm
Recommended Standard Materials Fusl Acetylene
Lead metal strip or wire S % Support Nitrous Oxide

Detection Limit data not available
Solution Technigue

Dissolve 1.000 g .of lead in 1:1 nitric acid. Dilute to 1 | INTERFEBENCES
litre to give 1000 pg/ml Ph. .

Mo cationic interferences have been reported for the

RECOMMENDED ' air-acetylene flame, however a number of anionic
INSTRUMENT interferences have been reported. Phosphate, carbon-
PARAMETERS ate, iodide, fluoride and acetate suppress lead

absorbance significantly at concentrations len timss
Atomic Absorption greater than lead. These interferences can be largely

ki rpt fixed overcome by addition of EDTA solution so that the
Worleng Boncitionsi{fixed) sample solutions are 0,1 Molar with respecl to EDTA,

Lamp Current 6 ma Yk B
At the 217.0 nm wavelength, non-alomic species in
Fuel acetylene the flame absorh strongly. Where the sample has a
Supporl air high concentration of dissolved solids it is necessary
Flame Stoichiometry oxidizing lo correct for nen-atomic absorption using #

hydrogen continuum lamp.
Waorking Conditions (variahle)

Wavelangth  Spactral Ciptimam Typical
Band Fass Wiorking Sensitivily
Range
ams . . N pgdml wg/ml
217.0 1.0 520 Q.11
283.3 0.2 10-40 0.23
261.4 0.2 200800 4.0
2022 0.2 260—1000 5.6
206.3 0.2 20008000 38

Detection Limit
0.02 pg/ml at 217.0 nm using an air-acetylene flame.
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conditions

Pd 1064
I II d ;
PREPARATION Flame Emission
OF STANDARD Wavelength 3635
SOLUTIONS . ' p
Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acetylene
Ammaonium chloropalladite, {hIH4}|2 Pr:it.'!lt O3 G SUppart nitrous oxide
Detection Limit 0.04 | [
Solution Technique Eaa referéﬁ{é'}] iy

Dissolve 2.672 g of ammanium chioropalladite In
water and dilute ta 1 litre to give 1000 ua/ml Pd.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

Lamp Current Bma

Fuel acetylene

Support air

Flame Stoichiametry oxidizing

Working Conditions {variable)

Wavelengih  Spaciral Dptimum Ty pical
: Band Pass Warking Sensitivity

Tanoe

11 (adal el padml

244 8 0.2 4-16 0.092

2476 02 T—28 0.13

_BdG.E 1.0 35140 0.63

Detection Limit
(.02 pa/ml al 244.8 nm using an air-acetylene flame.

INTERFERENCES

In the air-acetylens flame the atomic absorption
signal is depressed in the presence of aluminium,
cobalt or nickel at all concantrations and by
hydrofluaric acid, The depression is eliminated in
the presence of lanthanum (BO0D ug/ml as chloride)
or EDTA (0.01M), The interference can be reduced
by using a more oxidizing tlame and by taking
measuraments higher in the flame. A nitrous
oxide-acetylens flame can be used to overcame the
interferences but the sensitivity is much poorer.

'REFERENCE

SYCHRA V., SLEVIN P.J., MATOUSEK J., BEK F.,
Anal. Chim. Acta 52, 259, 1970,

ol




ABSORBAMCE

NOTES

40. Pd Palladium

1.0

a.a{

0.6

0.2

20 an

COMCERTHATICN pnfmi




standard @ varian techtron
conditions 41

Pr 140.9

Praseodym

PREPARATION Flame Emission
E&ﬁ%gnn 3 WE\-’H|E&H§.H‘1 284.0 nm
— | Spectral Band Pass 01 Am
Recommended Standard Materials Fuel acetylene
Prassodymium oxide Pr, O, 99.9% Support nitrous oxide
Detaction Limit 2.0 pafml

Solution Technigue

Dissolve 1.170 g of Pr, 0, in 5 ml hydrochloric acid
and dilute to 100 ml ta give 10000 pg/ml Pr.

The flame emission sighal for prassodymium s
stronger than the atomic absorption signal, especially
al low concentrations, Below 800 pg/ml, determin-
ation by flame emission is preferred, although the

RECOMMENDED wavelength required must be accurately isolated to
INSTRUMENT avaid spectral interferenca from the other rare earth
PARAMETERS clements. At higher concentrations, atamic ahsorp-

tion is normally usad.
Atomic Absorption

Working Conditions (fixed) INTERFERENCES =
Lamp Current (Note) 8 mA : : ; / : :
- o Praseodymium is partially jonized in the nitrous
Fue acetylene oxide-acetylens flams. To suppress ionization, add
Support mitrous oxide potassium nitrate or c_hlnride}soiutinn to give a final
e Sz concentration of 2000 pg/ml  potassium  in all
frlame Stotehiometry .Egk:ﬁﬁ":.:]g' red corts solutions including the blank.
Mol Abworbance is much lower al increased  lamp The .'H_Tﬂmiﬂ ?‘t.’s'}fp“':’" .Signal 3 dﬂpl'!_aSSEd in_Lhe

ST presence of silicon at high concentrations (>2000

dogfml).
Working Conditions (variable) .
Wavelength  Spectral Ciptirmurn Ty pical
Band Pass W king Senailivily
Range

nm AL pgiml yag/ml
495, 1 (0.2 BOD-3200 18
5123 5 0.2 2000—-8000 38
Rota: Prasaody riilm in the flarme smits stronaly at both

wavielengths, To reduce noise in the photormulli-
pliar, the “high gain" setling should be wsed.

Detection Limit
10 pg/ml at 485,71 nm using a nitrous oxide-acetylens
flames:

2/Fa
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Platinum
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42

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials :
Ammonium chloroplatinate (NH, 1, PtCl,  99.9%

Solution Technigue

Dissalve 2275 g of (NH, ), PCL. in water and dilute
to 1 litre to give 1000 ug?mzl Bt

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Waorking Conditions {fixed)

Lamp Current 10 ma,

Fuel acetylens

Support air

Flame Stoichiametry axldizing

Working Conditions (variable)

Wavelength  Spactral Diplivin Typical
Band Pass Warking SerisiLivily

Fange

nr nm padiml g ml

266.0 02 50 —200 1.7

299 5 0.2 S00- 1200 6.6

Detection Limit
0.12 pafml at 266.0 nm using an air-acelylene (lame,

Flame Emission

Wavelength 2660 nm
Spectral Band Pass 0.1 nim
Fusl acetyleng
Support nitrous oxida

Detection limit data are not available.

INTERFERENCES

The atomic absorption signal is depressed in the
presence of most other noble metals, and also in the
presence of acids, The interferences can be reduced
{but not eliminated) by using @ more oxidizing Tlame,
Interferences are aliminated if all solutions are made
2% in copper or 1% in lanthanum.,

Anitrous oxide-acerylene flame can be used to over
come the interferences but the sensitivity 15 poorer,

BEFERENCES

SCHNEPFE MM, GRIMALDI F.S., Talanta 186,
591, 1969,

STRASHEIM A., WESSELS G.J., Appl. Spectrosc
17, 65, 1963.

PITTS A.G., VAN LOON J.C., BEAMISHF.E,, Anal.
Chim. Acta 50, 181, 1970; 50, 195, 1970,
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43

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Rubidium chloride RbCt DO 0%

Solution Technique

Dissolve 1,415 g of dried RbCI in water and dilute to
1 litre ta give 1000 pg/ml Bb

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (Tixed)

Lamp Current 1Hmd,
Fuel {notel propane
Support air
Flame Stoichiomelry oxidizing

Mate: An airacatylena flama can alsa be used. Chemical
intarferance 15 reduced but sensitivity (5 poorer

and ionizatian s increased.

Working Conditions (variable}

Wavelength  Spectlral St Ty pical
Band Pass Warkiny SensiLivily
Range

FiT R IGE padmil ygdiml
Fa0.0 2 2—10 {042
7845 (2 H—20) .11
4202 0.2 200—=800 4.4
4216 0.2 hh{— 22000 125

A red-sensitive _phr}mmul'tiplier {Hamamatsu RA06] is
preferred for determinations at /8000 and 7948 nm,

Detection Limit
0.003 pg/ml at 780.0 nm using an air-propane (ame.

Flame Emission

Wavelength 7800 nm
spectral Band Fass 0.1 nm
Fuel acetylans
Support air

Cetection limit data not available
A red-sensitive photomultiplisr should be usad.

INTERFEREMNCES

Bubidium is 5 — 10% ionized in the air-propane flame
and 40 — H0% ionized in the airacetylene flame. To
supprass ionization, add potassium nitrate or chloride
solution to give a final concentration of 2000 ug/ml
potassium in all selutions including the blank.

In bath flames hydrochloric and other acids (0.1 M)
depress the atomic absorption signal in the lowsr
regions of the flame but not at higher levels.
Aluminium depresses the signal at all heights in an
air-propane . flame, but not in alracetylene. Any
ionizable metal will increase the signal unlass excess
potassium isadded to all solutions.

All interferance alfects excepl ionizalion are reduced
in the air-acetylens flame.

L Far
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Re 186.2

Rheni

PREPARATION

Flame Emission

OF STANDARD Wavelength 246,1 nm
AOLUVIDNG Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acetylens
Patassium perrhenate KReQ,  99.9% Support nitrous oxide

: . Detection limit data not available.
Solution Technigue

Dissolve 1.6564 g of KReD, in waler and dilute to 1 | TNTERFERENCES
litre to give 1000 pg/ml Re. e P

The atarmic absarption signal for rhenium is enhanced

RECOMMENDED in the presence of sulphuric acid {0.1%-B%) and
INSTRUMENT depresssd in the presence of calcium, barium or
PARAMETERS magnesium  (>100 ug/ml). Most transition group

metals depress the signal shightly al any concentrat-
Atomic Absorption ion, All of these interferences can be minimized by

using a slightly more oxidizing flame. No cormpre-

Working Condlitions {fhxad] hensive studies of interferences have been published,

Lamp Current . 20mA

Fuel acetylens

Suppart nitrous oxide

Flame Stoichiomelry reducing; red cone
12 em

Working Conditions (variable)

Wavalangth.  Spactral Oiptimuerm Typical
Band Pass Working Senaitivity
Range

i fim ~ pgfml padml

3481 0.1 4A00—1600 10

3465 0.2 10004000 17

3456.2 0.2 1300-5200 26

Mot The use of maximum lamp current and minimam
spectral band pass is recommanded for bast
results.

Detection Limit

(19 pg/mi at 346.1 nm using a nitrous oxide-acetylene
flame.
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Rk 102.9

Rh d.
PREPARATION Flame Emission
OF STANDARD Wavelerigth 369.2 nm
SOLUEIONS Spectral Band Fass 2.1 nm
Recommended Standard Materials Fuel acetyleng
Ammonium chlororhodite, (NH, ). BhCl, . 1% H, O Support nitrous axide
Rhodium metal  99.9% Detection limit data not available.
Solution Technigue
Dissolve 3.860 g of (NH,), RhCl.. 1%H,0 in a | -NIEREESCEHCES

minimum  volume  of 1(]9% Shydmrﬁlmnc *mu:l and
dilute to 1 litre to give 1000 pg/ml Rh.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions (fixed)

In an air-acetylene flame, most other elements
irterfers and the inferference depends unpredictably
an  their concentration. Phosphoric and sulphuric
geids  depress  the signal  (constant above 10%
concentration). Alkali metal sulphates, on the other
hand, enhance the signal stronghy although other
sulphales give mixed resulis,

Releasing agents mentioned in the literature include:

3% NaHS0, in 10% HCI it
1% La as L‘: {50, 1, in 2% HCI (2
T ma/m| L as uranvi nitrate {31,

although these reagents are notl camplately effective
in the presence of the other noble matals.

In a nitrous oxide-acetvlene flame most of these
interferences do not arise; only ruthenium and

H?ium interfers and 0.5% Zn suppresses these effects

References ] =

Lamp Current Bmd,

Fuel aealyvlane

Suppart Air

Flame Stoichicmetry axidizing

Working Conditions (variable)

Wavelangih  Spectral Ot I'vpical
Band Pass Weorking Sensitivity

[iange:

nm nm __,IE{[T‘I[ _ pgdml

3435 0.5 525 B8 1S

A28 02 A0 1600 B

Many oiher wavelengths can be used (see reference 4)

Detectian Limit
0.006 pa/ml at 343.5 nm using an air-acetylene flame.

(1) KALLMANN S, HOBART EW., Anal. Chim.
Acta b1, 120, 1970

{2} SCHNEPFE MM, GRIMALD| F.S. Talanta 16,
1461, 1969,

(3} SCARBOROUGH JM. Anal.
1968

{4) ATWELL M.G., HERERT J.Y. . Appl. Spectrose,
23, 480, 1969.

Cherm:. 41, 260,
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Ru 101.1

Ruthenium

"PREPARATION E Flame Emission
OF STAMDARD Wavelength 272.8 rim
SOLUTIONS spectral Band Pass (0.1 nm
Recommended Standard Materials Fuel acetyleng
Huthenium chloride, Ru CIE. SHHD AR, Grade Support air

T Dataction limit data not availabla
Solution Technique

Dissolve 2,052 g of Ru Cl;. 3H,O in 50 ml 1.4 | TNTERFERENCES ELoET
hiydrochloric acid and dilute to 1 litre ta give 1000

pg/mi Bu. I ant air-acalylens [lame most other elements and

most acids interfere in-an unpredictable manner. The
RECOMMENDED anly releasing agent discovered so far is uranyl nitrate
INSTRUMENT (49 Wiy L), which overcomes all interferences
PARAMETERS except the depression due Lo Ti (I,

Ihe nitrous oxide flame is not recommendad as it
Atomic Absorpiion does not e[:t_fr_elv remove Lhe inlerfarences and gives
Working Conditions {fixed) poorer sonsiinity. _
| amp Current 10mA Mutual interference with the other nohble metals has
" been ohsarved in the air-acetylene flame. Uranium
Fuel acety leng reduces these interferences.

Support air

Flama Stoichiomeatry axidizing References = _
MONTFORD B., CRIBES S.C., Anal. Chim, Acla 53,

Warking Conditions (variable) o1, 197 ]

Wiavelengih Speciral Ciplimum Typical SCARBOROUGH J.M., Anal. Chem. 41, 250, 1969,

Band Pass Weorking Sensilivily i
Range

i FirT : pgdml padml

249.9 0.2 CA0=120 072

3926 0.2 A00— 1600 8.5

Detection Limit
016 pgfml al 3199 nm using an air-acatylene flame

e
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AT

Antimony

PREPARATION

OF STANDARD

SOLUTIONS

Recommended Standard Materials
Antimony melal granules 90 40%
Potassium antimonyl tartrate 99.99%

Solution Technique

Dissalve 1.000 g antimony in 190 ml hydrochlaria
acid containing 2 ml nitric acid, and dilute to 1 litre
te give 1000 pa/ml Sk as Sb (V) in 10% hydrochloric
acid. Make all further dilutions. with 10% hydro-
chloric acid, or add 1% tartarlc acid to prevent
precipitation of antimony oxychlorides.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Lamp Currant TOma
Fuel (Notel aceiy lena
Support air
Flame Stoichiometry axidizing

Mare: Alr-propana Tlamas may beused will grealar sensitivity
Bt incraasad interferance elfecls and nitrous oxide
acatylane  flames with reduced sensitivity and, ng
inTarferance af fenta:

Warking Canditions (variable}

Wewalength  Spectral Qptirum Tynlcal
Band Pass Working Sensitivity
Range

rim (alad ugdmil padml
217.6 0.2 10—40 .28
2068 0.2 15—60 0,35
2372 0.5 25100 068
T 1.0 1G0—400 20

Detection Limit
(.07 pgdml &t 217.6 nm using an airacetylene flame.

Flame Emission

Wavelenglh 259.8 nm
Spoctral Band Pass 01 am
Fuel acatylene
Supporl nitrous oxide

Detection limil data nat available

INTER CES

In an air-acetylens flame, copper and nickel depreass
the signal, especially in a reducing flame. A more
oxidizing flame removes the effect.

It has been suggested that the presence of excess
axidant in the solution depresses tha absorbanca,
although for pure solutions in either oxidation state
no differences in absorbance have been found. It is
essential during sample preparation to avoid boiling
antimany solutions containing chloride, as otherwise
some dnlimony will be last

REFERENCES

YANAGISAWA M. SUZUKI M., TAKEUCHI T.,
Anal. Chim. Acta. 47, 121, 1968,
MOSTYN A, CUNNINGHAM AF., Anal. Chem.

39, 433, 1967,

2/72



ABSIORBANC

NOTES

47. Sb  Antimony

1.0

0=

.G

04|

D021

4n B0

COMCENTRATION paiml

)



standard
conditions

Sc 44.96

@ varian techtron

438

Scandium

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Scandium oxide 54:.&,'13:i 0L 0%

Solution Technigue

Dissalve 1534 g of ignited seandium oxide in a
minimum velurme of dilute hydrochloric acid (1.1}
and make up to 1 litre to.give 1000 ug/ml Sc.

"RECOMMENDED
INSTRUMENT
PABRAMETERS

Atomic Absorption
Working Conditians {fixed)

Lamp Current 10 A

[ uel acetvlene

SLppor Ritrous oxide

Ilame Stoichiomeatry reducing; red cone

1-1.5 cm.

Working Canditions (variabla)

Wavelengih  Spectral ptimum Tpical
Band Pass Warking SensiLivily

Hanga

i nm Jgfmi wadml

ol 1.2 15—50 (.35

a27.4 0.2 H0—200 1.0

B2 0.z B0-320 18

Detection Limit

0.05 pg/ml at 391.2 nm using a nitrous oxide-
aeatylene flame.

Flame Emission

Wavelength 4002.0 nm
Spectral Band Pass 0.1 nm
Fuel acetylene
Support nitrous oxide
Detection Limit 0.6 pg/ml

INTERFERENCES

Scandium i3 partially  onized in the nitrous
oxide-acetylens flama, o suppress ionization, add
potassium nitrate or chioride solution to give a final

concentration of 2000 pg/ml  potassium in all
sofutions including the blank,
Sulphate or  fluoride anions strongly  suppress

scandium absarption aven when these inler leranls gre
onlby present in ';erlar' guantities to scandium.

Many cations suppress or enhance the absorption
when present in one hundred fold excess

To minimize the effects of these interferences, avoid
using sulphate ar fluoride where possible and ensure
that the standard solutions contain the same reagants
and major matrix elemants al approximately tha same
concentration,

REFERENCE
KRIEGE O.H., WELCHER G.G,
[ 1968].

Talanta 15, 781
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Se 78.96

Selenium

SELENIUM STANDARD CONDITIONS Flame Emission

Selanium: is not generally determined by flame

PREPARATION emission because of the poor emission characteristics
OF STANDARD ol the elament.
SOLUTIONS :
INTERFERENCES
Recommended Standard Materials
Seleniim metal pellets 00 0% AT 196.0 nm and 204.0 nm, nen-alomic species in the:
flame absorb strongly. Use a hydrogen continuum
Solution Technigue lamp to meassure the gbsorbance signal caused by

thesa species and subfract this signal from the
apparent absorbance signal for each sample and
slandard solution,

Dissolve 1.000 g of selenium metal in 80 ml of 1:1
nitric acid, heat gantly to initiate the reaction — coal
if the reaction proceeds too vigoroushy., Cool and

dilute to 1 litre ta give 1000 pg/ml Se. Chemical interference from most elements is within
i an allowable B% in the airhydrogen flame. Only
S barium, lead, lithium, sodium and strontium depress
e the selenium absorbance by 25, 55, 12, 6 and 15%
PARAMETERS : Especinely
e — | Tha. airacatvlene flame reduces: all af thess
o Al - interfercnces oxcept those of sodium and strontium
AtDTIE ri_]t_m“ : which have a 23—14% enhancing effect on the
Working Conditions (fixed) absorbance. (cf, the depressing effect of the
Lamp Currant 10 mA air-hydrogen flame],
Fuel hydrogen With the nitrous oxide-acetylene flame all inter-
& : farences are overcome but the sensitivity is reduced.
alpport el
Flame Stoichiomeatry highly reducing REFERENCES R 1Yol
NARKAHARA, T, &L al; Anal. Chime Acta, B0 51,
Working Conditions (variable) 1970,
Wawelength  Spectral Cptimum Typlcal
Barcl Pass Working Sensitivity
Range
Ty il Mg/ ml paiml
1960 10 20—g0 .48
204.0 0.3 300—1200 5.8

Detection Limit

1 pg/ml al 196.0 nm using an air-hydrogen flame, The
use of a phatomultiphier having good UV, responsa
improves the signal stability (e.g. Hamamatsu R 108},
The use of an air-acetylene flame also results in
steadier absorption signals.

G/72
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Si 28.09

S. I ;
PREPARATION Flame Emission
OF STANDARD Wayelength 251.6 nm
SOLUTIONS Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel ac_;e‘tvlene |
Silicon dioxide 99.99% Support nitrous axide

Datection Limit 4.0 pgfml

Solution Technique

Fuse 2.14 g of silicon dioxide with & g of sodium
hydroxide in a zirconium crucible al dull red heaatl
urilil a clear melt is obtained, Cool, dissalve the cike
in 100 mb ot 1.3 hydrochloric acid and make up to
litre to give 1000 py/ml Si

INTERFERENCES

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Wark ing Conditions (fixed)

Lamp Current 15 mis
Fuel acetvlens
Supparl nitrous oxide

Flame Stoichiometry strongly reducing;

wallow ouler edge.

Working Conditions (variable)

red cone: 2-3 cm highs

Wavalsnoth  Spectral Ciplirrrn Typical
Rand Pass Wisrking Seisilivi by
Farnge

R nim pgdml pudml
518 .2 TO=280 1.6
25007 i 1) 200—8000 4.6

ZE 0.2 2601000 5.6
2524 02 250—1000 T
2882 0.2 1000—-4000 27

Detection Limit

0.3 pg/ml at 25716 nm using a nitraus oxide-acety lens
flarme.

The use of a less reducing flame (as described in
Interferences) results in more stable absorption
signals and eliminates any  memary effect due to

burner slal,

tormation of silicon carbide on the edges of the

Severe depression of silicon absorbance has been
obsarvad in the presence ot hydrofluoric acid, boric
acich and potassium at significant levels (156).

The effecl is minimised by adjusting the flame to
rieutral stoiciometry (red cone 0.5 — 1 cm high),
with cansequent loss of sensitivity.

s
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Sm 1504

Samarium

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Sarnarium oxide 5m., 0., 90 9,

Solution Technigue

Dissalve 1.169 g of Sm,, 0, in 10 ml 1:1 hydrachloric
acid and dilute to 1 litre to give 1000 pg/ml Sm.

RECOMMENDED
INSTRUMENT
PARAMETERS 5 .

Atomic Absorption

Warking Conditions (fixed)

Lamp Currenl T
Fuel acetylene

Flame Emissian

Wavelength 442 4 nm
Spectral Band Pass 0.1 nm
Fusl acelylens
Support nitrous oxide
Datection Limil 0.06 pg/mi

The flame emission signal for samarium is stronger
than the atomic absorption signal, especially al low
cancentrations. Below 300 pg/ml, determination by
flame emission is preferred, although the wavelength
required must be accurately isolated to avoid spectral
intarference from the other rare sarth elements. At
higher concentrations, atomic absorption is normally
uged,

INTERFERENCES

Support nitraus oxide
Flame Stoichiometry reducing; red cone
1-1.5cm
Waorking Conditions {variable)
Wavzlength  Spectral Chtirnum Typical
Band Fass Working Sensitivity
Fange
nm i padmil pigdml
4297 0.2 200—1200 6.9
4460 0.2 GOO—2400 13

Detection Limit

4.0 pg/ml at 4297 nm using a nitrous oxide-acetylens
flame.

Samarium is  partially  ionized in the nitrous
oxide-acetylens flame, To suppress ionization, add

potassium nitrate ar chloride solution to give a final

concentration of 2000 upgiml  polassiom in all

solutions including the blank.

10/71
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Sn 118.69
IIIIIIIII
PREPARATION {a) Air-hydrogen flame
OF STANDARD {b) Nitrous oxide-acetylene flame.
SOLUTIONS - =] Mote: With the nitrous oxide-acetylene flame, the
235.4 nm line is preferred becauss i1 provides

Recommended Standard Materials
Tin metal granulies 0 9%

greatar sensilivily and good linearity owver a wide
concentration range,

Howsever, Lhe 2863 nm line should be used when

SIRONEHest e background absorption is encounterad at ‘the [ower

Dissolve 1.000 g of tin in 1700 ml hydrochloric acid

{warm to 80°C if necessary). Cool and dilute to 1
litre to give 1000 pg/ml Snoin 1:8 hydrochlorie acid.
All further dilutions are made with 1:8 hydrochloric
acid or 1% tartaric acid,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atoimic Absorption
Working Conditions {fixed)
Lamp Current

Fuel {Note 1)

Support {Note 1)

Flame Stoichiometry

8oy

acetylena

nitrous oxide

raducing, red cone

2cm

Mote 11 The nitrous oxide-acetylens flame is recommended
because interferences are minimized in this flame,
Greater sensitivity is obtained in the air hydrogen
flame, and this is recommendsd when no other

elements are present, Alr-acetylens i not recon-
rriended.

Working Conditions {variable}

Wavelength  Spectral Dt m Typical
Band Pass: Wiorking SEMSITIVITY
Hanoe
nm A ~ wgfmi padml
2663 0.2 BO-—200 TS
0.2 200—800 4.0 (b}
2246 0.1 25—100 0.46 {a)
0.1 100—400 2.0 (b)
#3358 0.2 25— 100 L6 {a)
2861 02 800—3200 18.7 (a)
2354 {2 200 | =1 o £

wavelengths.

Detection Limit
0.03 pg/ml at 224.6 nm using an air-hydrogen flame.

Flame Emission

Wavelength 284.0 nm
Spectral Band Pass .1 nim
Fuiel agetylane
Support nitrous oxide

Detection Limit (.7 pafmi

A strongly reducing flame is required. w104

INTERFERENCES

In the air-hydrogen flame, Juliano and Harrisan
observed rmany cationic and anionic interferences. In
particular, the alkali and alkaline sarth metals aflect
tin absorbance in any concentration, tending towards
g constant elevation or depression of signal at
surprisingly low interferent concentration, '

These can be summarisad, for 50 pg/ml Sn

ezal Effect an-Sn Crnstant
absorbance hetwesn
Li Depressed  10% 50—2000 pa/mi
Ma Depressed  10% HO0—2000 pg/mil
K " Elevated  20% 502000 pg/ml
Eb Elevated — 20% 100—2000 pgiml
Cs Clevated  25% 100-2000 pa/ml
Mg Elevated 5% BOO—2000 pagim|
Ca Elevatad  10% 2002000 yg/ml
Sr Elevatec A5, B00=2000 pg/ml
Ea Mo effact
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The transition series metals showed varied eflects.
For copper the interference was o 20% elevation at
00— 1000 pgfml, decreasing lo a 10% elevation at
2000 pgfml. For cobalt continuously increasing
clevation was obsarved with increasing concentration,
while for zinc a slight depression increased continu-
ouslhy with concenlration.

Far alurminium the effect was markadly dependent on
the height of ohsarvation in the flame, becoming
negligible at high aluminium concentrations high in
the Hlame. o the pressnce of titanium a spectacular
enhancermnent was recorded in the lower regions of the
flame.

Phosphoric acid gave a depression of the signal the
ettect decreasing somewhat ina more reducing flarme.
The depression attributed to sulphuric acid was not
reduced in the same way. Other acids gave srmall
etfects,

Al these intorferences are  also found in the
air-acetylene flame allthough the extent is reduced. In
the nitrous oxide-acatyiene  flame, howsver, no
inlerferancas have been reporLed,

"REFERENCE

JULIANO P.O., HARRISON WW., Anal. Chem. 42,
84, 1970

52. Sn Tin
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or 87.62

Strontiu

PREPARATION Flame Emission

ggﬁ}_ﬁgﬁgﬁﬂ Wavelength A60.7 nm
Spectral Band Pass 0.1 nm

Recommended Standard Materials Fuel acetylene

Strontiurm carbanate SrCO., Qo Qong Suppart nitraus ooida
Detection Limit 0,001 pg/mil

Solution Technigue

Dissolve 1.@85 g SrFZCJ3 in 10 ml 151 nitric acid and INTEREERENCES
dilute to 1 litre Lo give 1000 pgfml Sr.

In the airscetylena [lame, silicon, aluminium,

RECOMMENDED titaniurmn, zirconium, phosphate and sulphate depress

INSTRUMENT the signal al all concentrations. These effects can be

PARAMETERS removed by adding 1% lanthanum as nitrate or

chloride to all solutions, or 0.01 M EDTA with 2000

Atomic Absorption pa/ml lanthanum,

Waorking Conditions (fixed) I the nitrous oxide-acetylens flame these interfer

Lamp Currenl 10 md. ances do not ooour,

Fuel acetylena Strontium is partially ionized in all flames. To
: , suppress ionization, add potassium nitrata or chloride

Support nitros axide solution to give a final concentration of 2000 pa/ml

Flame Stoichiometry strongly oxidizing; polassium in all solutions including the blank.

red cona 025 cm.

An airacetylene flame can also be used but the | BREFERENCES
sensilivity is poorer and chemnical inferferences are | Wil LIAMS C.H., Anal, Chim. Acta. 22, 163, 1960

significant. ﬂEﬁMS P.B., PASSMORE W.0)., Anal, Chem. 38,
: L ; BE0, 1966
Working Conditions {variable) AMOS M.D., WILLIS JB., Spectrochim. Acts. 22,
Wavelength  Spectral DpTimum Typical 1325, 1266,
Band Pass Warking SHNSItvity
IHanna
nm nm pgiml il
4807 0.2 2—10 0,044

Detection Limit

0.004 pafml at 460.7 nm using a nitrous oxide-
acetylene flame,

10573
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Ta 180.95

PREPARATION Flame Emission

OF STANDARD

SOLUTIONS Wavelength 48?.3 nm
Spectral Band Pass 0.1 nm

Recommended Standard Matarials Fual acctylene

Tantalum metal (strip) 99.9% Support T

Solution Technique Detection Limit 3 pg/mil

Ciissolve 1.000 ¢ of tantalum metal strip in 10 ml
hydrofluoric acid, B ml water by the slow DROPWISE
addition af 10 ml ol concentratad nitric acid, Adlow
the reaction to subside before each addition,
1 litre Lo give 1000 og/ml Ta,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atormic Absorption

Working Conditions (fixed)

Lamp Current 20 b,

Fuel acetylens
Support niteaus oxide

Flame Stoichiomelry reducing;

red cone 1-2 em,

Working Conditions [variable)

Waovelength  Spectral Optimum  Typical
Band Pass Working  Sensitivity
Range
(2151} AT pig | padml
G 0.2 BOD—2000 11
2158 0.2 2500—10000 B&

INTERFERENCES

Difute

Detection Limit

2.1 pgfml ar 271.5 nm using a nitrous oxide-acetylene
flame,

Fluoride and ammanium ions in the absanca of alkali
rmatals increass the absorbance signal. In the pressnce
of alkali metals and fluoride the absorbance is
deprassed, Sulphate depresses the absorbance; and
phosphate: enhances it up to 2% phosphoric acid —
highar concentrations of phasphate depress. the
absarbance,

In the absance of alkali metals, the addition of
ammonium fluaride to all solutions (0.1M) gives
Improved: sensitivity and reduces acid interferences.
Iy Lhe presence of alkali metals no releasing agenls arg
known, Tantalum (V] cupferrate can be extracted
from 0.5% tartrate systems at pH O with isoamy!
aleohol; Tantalum as the fluoride is extraclted [rom
B sulphuric acid, 100 hydraflueric acid + 2 20
ammonium fluoride medium inte methyl isobutyl
ketomne,

REFEREMNCES

THOMAS P E., PICKERING W.F., Talanta 18, 12/,
1971, .

BOND AM., &nal. Chem, 42, 932, 1970, .
STARY J.. TheSolvent Extraction of Metal Chelates,
Pergamon Press, Oxford, 1864,

MILNER GW.C., BARNETT G.A., SMALES A4,
Snalyst 80, 380, 1955,
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Terbium
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Terbium axide Th, O, 0o Qoo

Solution Tachnigue

Dissolve 2881 g of Tb,0, in 20 ml of 1:1
hydrochloric agid and dilute to 1 litre to give 5000
pg/ml Th.

RECOMMENDED
INSTRUMENT

Flame Emission

Wavelength 526.6 nm
Spectral Band Pass 0.1 nm
Fuel acetylene
Suppart mitrous axida
Datection Limit 0.2 pg/ml

Emission at B96.6 nm is band emission and savere
speciral interference may be expected, An alternative
is to use the line emission at 4326 nm whera a
detaction limit of 1 pg/ml has been measured. '

INTERFERENCES 2

PARAMETERS

Atomic Absorption
Working Conditions {fixed) ;

Lamp Current 1B mA

Fusl acetylana

Support nitrous oxide

Flame Stoichiometry reducing; red cone
1-15cm

Working Conditions (variable)

Wavelength — Spectral Cptimum Typieal

Band Hass Werking Sensitivity
Hange

n nm pg/ml gt

432.7 0.2 500—-2000 11

4319 0.2 1000-4000 21

4339 0.2 13005200 28

Detection Limit

0.5 pgfml at 4327 am using a nitrous oxide-acetylena
flame,

Terbium is partially ionized in the nitrous oxide-
acetylene flame, To suppress ionization, add potas-
sium nitrate or chloride selution to give a final
cohcentration of 2000 pg/ml potassium in all
salutions including the biank.

from, aluminium, silicon and  hydrofluaric acid all
cause depression of the terbium absorbance, Standard
solutions should therefore contain these elements and
reagents in approximately the same concentration as
i the sarmple solutions,

1
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Te 127.6

Tellurium

PREPARATION | Flame Emission

OF STANDARD Wavelength 2143 nm
SOLUTIONS - Spectral Band Pass 0.1 nm
Recommended Standard Materials Fuel acetylans
Tellurium metal granules. H9.99% Support nitrous oxide

: ; Detection Limit data notavailable

Solution Technigue e LI s o
; e 1 il The determination af wellurium by flame emission s

Dissolve 1,000 g of tellurium in 20 miof 1:1:1 nitrie | at recommandead

acid: hydrochloric acid:water, without boiling. -

Dilute to 1 litre to give 1000 pug/ml Te.

_INTERFERENCES
FNES{EI'%TJI:}%%PI'ED Mo severe interferences have been encountered in the
air-acetylens flame.
PARAMETERS , .
The use of air-hydrogen can lead to interference in
Atomic Absorption samples having very high matrix levels of acids.
Working Conditions (fixed) At low tetlurium concentrations, acids and dissolved
L 5 S i carbon dioxide cap absorb significant amounts of
ampLurrent radiation, Use a hydrogen continuum lamp to
el acelyleng measure the absorbance signal caused by these species
SUpport i :Qﬁnsiléwmm this signal for each sample and standard
Flame Stoichiometry highly axidizing i

Waorlking Conditions {variable)

Wavelength  Spectral Clptimim Typieal
Hand Pass Wirking Sensilivity
FHeange
i nm pnfml ~ ugd/mi
214.3 0.2 1040 (.26
22540 05 200—-800 4.2
238.6 02 2000-—8000 37

Detection Limit

(.12ug/mlat 214.3 nm using an air-acetylens flame,
Hafer i inlerferences.
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Titanium

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Titanium metal (strip) 05 o,
Solution Technique

Dissolve 1.000 g of titanium metal strip in 10 ml of
hydrofluoric acid, 10 ml water by the slow DROPWISE
addition af 20 ml nitric acid. Allow the reaction 1o
subside before each addition. Dilute ta 1 litre 1o give
1000 Ugdrml T,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Working Conditions {fixed)

Larmp Currenl 20 mdy

Fuel acetylens
Support nitrous oxide
Flame Stoichiometry reducing;

red cone T-1% cm.

Working Canditions {variable)

Detection Limit
(.1 pg/ml at 364.3 nm using a nitrous oxide-acatylene
Tlarmne,

Wavalangth  Speclral Band  Optimum I ypical
Frizs Warking Sansitivity
Hange
mm i Ll ygfml
3643 0.2 G0—240 1.4
3654 0.2 100400 T4
399.0 0.2 200--800 4.1

Flame Emission

Waveiangth 29982 nm

Spectral Band Fass 01 nm

Fuel acetylene

Suppart nitrous oxide
Detection Limit 1 palml
INTERFEREMNCES =
Most  metallic elements enhance the titanium

absorption signal at concentrations above 500 pg/ml,
probably by competing with  titanium  for the
available oxygen in the flame and reducing Lhe
refractory titanium oxide, Sodium above 1000 ug/m!
depresses  the signal, fluoride, chloride and
ammanium ions enhanee it Beleasing agents includs;

1000 ug/ml Al in HECI
2000 ug/ml KC|
0.1 MNH, F

_REFERENCES

THOMAS F.E., PICKERING W.F., Talanta 18, 127,
1971,

WILLIS LB, Appl. Opt: 7, 1295, 1968,
BOMND &AM, Anal. Chem. 42, 932, 1968
MOSTY N  R.A, CLUNNINGHAM AR,
News 1., 8, 86, 1967,

SASTRI V.5, CHAERABARTI €L, WILLIS DE,
Talantz 16, 1093, 1269,

AtAbs,
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials

[hallous nitrate FING, B0 G0

Solution Technigue

Dissalve 1.303 g of dried TING, in 20 m| 1% nitric
acid and dilute to 1 litre to give 1000 pg/ml TI.

INTERFERENCES

Flame Emission

Wavelength 535.1 nm
Spectral Band Pass 0.1 nm
Fuel acetylene
Support nitrous oxide

Detaction limit data not available,

RECOMMENDED
INSTRUMENT

PARAMETERS

Atomic Absorption
Waorking Conditions (fixed)

chloride solution to give a final concentration of 2000

Lamp Current 20

Fuel acetylenes

Supparl gir

Flame Stoichiometry oxidizing

Warking Conditions (variable)

Wavelongth  Spectral Ciptimum Typical
Band Fass Working Sensitivity

Fange

el pg/ml Hg/mml

2768 0.2 10—50 (.28

258.0 0.5 1000—=4000 o

Cither lines are available at 277.56 nm and 237.9 nm of
intermadiate sensitivy,

Detection Limit
0.02 pgfml al 27688 nm using an air-acelylang flame,

M inteﬁeren_-::es have been reported in an air-
acetylens flame,

Thallium is partially ionized in the #itrous-oxide-
acelylene flame,

To suppress lonization, add potassivm nitrate or

pa/ml patassivim in all solutions including the blank.
In the air-acetylene flame ignization is nagligible,

10,71
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Tm 168.9
|\II

PREPARATION =T o Flame Emission

OF STANDARD Wavelenglh 4106 om

S Spectral Band Pass 0.1 nm
Recommended Standard Materials Fusl geetylens
Thulium oxide Tm,, 0., 99.9% Support nitrous oxide

Detection Limit 0.03 pgdmi

Solution Technique

Dissolve 1,142 g of Tm, 0, in 20 ml 1.1 hydrachlorie
acid and dilute to 1 litre Lo give 1000 pg/ml Tm.

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Waorking Conditions {fixed)

The flame ermission signal for thulium is just as strong
as the atomic absortpion signal, especially at low
concentrations, Below 10 po/mil, detarminatian by
flame emission is preferred, althouagh the wavelength
required must be accurately isolaled Lo avaid spectral
interference from the other rare earth elerments. At
higher concentralions, alomic absorplion s normally
Lised.

Lamp Current 15 mA

Fuel acetylens

Support nitrous oxide

Flame Stojchiomeatry reducing; red cone

1-2 cm.
Working Conditions {variable)
Wavelength  Spectral Diptirmurm Tyepical
Band Pass Working Senailivily
Ranga

fim FrTI gl Hadmil

alla 0.2 10—50 0.249

42034 0.5 AQ— 160 020

436.0 0.2 100500 2.7
B530.7 0.5 250—1000 5.2

Detection Limit

002 pg/ml at 3718 nm using a nitraus oxide-
acetylene flame.

INTERFERENCES

Thulium s partially ionized in the nitrous oxide-
acetylens flame. To suppress ionization, add potas
sinm nitrate ar chloride solution 1o give & [inal
concentration of 2000 ug/ml potassiom  in all
solutions including the blank.

0ST2
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Uranyl nitrate, U0, (NO,},. 6H,0 A, R. Grade

Solution Technigue

Dizsalve 21,100 of uranyl nitrate inwater and dilute
to 1 litre to give 10000 pg/m! U. Normal radio-
chemical precautions are necessary,

RECOMMENDED
INSTRUMENT
PARAMETERS

Atomic Absorption
Warking Conditions (fixed)

Lamp Current 20m&
Fuel acatyvlens
Support nitrous oxide

Flame Stoichiomatry reducing; red cone

1-1.5 e,

Working Conditions {variable)

Wavelangth  Spectral Dt [yipical
Barnd Fass Werking LERRITIvITY
Hange

nm i jagdmil gl

3585 0,1 H000—20000 113
a6, 7 (1,1 BU00-- 32000 1740
515 0.1 10000—40000 220
3488 0.1 15000—60000 =530

Detection Limit

39 ug/mi at 358.5 nm using a nitrous oxide-acetylene
flame.

Flame Emission

Wavelength 591.5 nm
Spectral Band Pass 0.7 nm
Fusl acetyleng
Support nitrous oxide
Detection Lirmit B0 pg/ml

INTERFERENCES

Uranium is partially ionized in the niltrous oxide-
acetylene flame, To suppress ionization, add potas-
sium nitrate or chloride solution to give a final
concentration of 4000 ug/ml potassium in all
solulions including the blank.

L Pl
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V' 50.94

nadium

PREPARATION

Flame Emission

OF STANDARD Wavalangth 437.9 nm
Sl et Spectral Band Pass 0.1 rm
Recommended Standard Materials Fus| acetyleng:
Vanadium metal granulies 09.99% Support nitrous oxide
Detection Limit 0.3 ug/ml:

Solution Technigue

Dissolve 1.000 g of vanadium in 40 ml nitric acid and | JNTEREERENGES £
dilute to 1 litre to give 1000 pg/ml V. '

Vanadium is not as greatly affected as niobium or

RECOMMENDED tantalum by alkali metal fluorides. Ammonia (0.1M

INSTRUMENT NH, F) enhances the signal, as do a large range of

PARAMETERS ather species. The interferences are rermoved by
adding aluminiumm (2, 1 excess ar 2000 pg/ml).

Atomic Absorption L

Warking Conditions (fixed) REFERENCES ‘

Lamp Current 20 m SACHDEV S.L., ROBINSON JW, WEST PW., Anal.
Chim, Acta. 37, 12, 1967,

sl ATylens BOND AM., Anal, Chem. 42, 932, 1970 _

Suppart nitrous oxide THOMAS P E. PICKERING W.F., Talanta 18, 127,

Flame Stolchiometry recucing; 1871.

red cong 1-1% om,

Working Conditions (variable)

Wawvelangth  Spectral Chpbi Tynical

Barid Pass Working Senaitivity
Fange

am nm pig/ml ug/ml

185 2,1 40—120 0.88

3184 0.1 BO—240 1.4

e

306.6 0.2 150—-600 3.8

4380 0.5 Sh0— 1440 .8

Detection Limit

Q.11 pg/ml &l 3185 nm using & nitrous oxide-
acetylene flame,

o572
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w 18385

Tungste

PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Tungsten metal rad a9 99%
Sodium tungstale A, R, Grade Na,WO,

Solution Technigue

Cizsolve 1.000 g tungsten metal in 20 ml nitric acid
and 10 ml hydrofluoric acid ina PTFE beaker, Dilute
to 1 litre in a plastic volumetric flask o give 1000
g/l W,

RECOMMENDED
INSTRUMENT
PABAMETERS

Atomic Absorption
Work‘lng Conditions (fixed)

Larmp Currant 20 ma

Fuel acety lene
Support nitrous oxide
Flame Stoichiometry reducing;

red cone 1-2 cm.

Working Conditions (variable)

Wavelenglh Apertral Cintimuen Pypical
Band Fass Werking Sanstivity
Rarnge
mrm ol gl gl
2551 &1 2501000 LB
400 9 0.5 1000—4000 22
A07.4 0.5 A000--8000 48

Detection Limit

1.2 pgdml al 2551 nm using a nitrous oxide-acetylene
flame.

Fiame Emission

Wavelength AG0Y nm
Spectral Band Pass 0.1 nm
Fuel acetylene
Suppart nilrous oxida
Detacticn limit 3 pg/ml

INTERFERENCES

REFERENCES

In phosphoric or sulphuric acid media, tungstan
absorbance depends on the presence or absence of
iron, cabalt, capper, potassiom and various olher
species. In hydrofluoric acid media, potassium {at
leasl] has no effect, Ammonium fluoride is reported
10 have no effect on standards containing sodium and
potassium. Mo comprehensive interfercnce studies
have baan published.

TQH?OM;&S P.E., PICKERING W.F., Talanta 18, 127,
18907
BOND A.M.; Anal. Chem. 42, 932, 1970.
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Y 88.91

Yitrium

PREPARATION : ~ | Flame Emission

OF STANDARD Wavelength 407 7 nm

SOLTIORN:S Spectral Band Pass 0.1 nm

Recommended Standard Materials Fuel acetylene

Yitrium oxide Y, 0, 99 9% SUF‘PD'_T o5 nitrous oxide
Detection Limit 5 nogdfml

Solution Technique

Dissolve 1.270 g ¥, 0, in 20 ml hydrochloric acic | TNTERFERENCES
and dilute 1o 1 litre fo give 1000 pg/m Y. :

The absorbance signal is depressed in the presence of

‘RECOMMENDED aluminium, potassium and phosphoric acid at all
INSTRUMENT concenlrations,
PARAMETERS Yttrium is partially jonized in the nitrous oxide-
- ; acetylsne flame, To suppress ionization, add potas-
Atomic Absorption sium nitrate or chloride solution to give a final
Working Conditions (fixed) concentration of 4000 pg/ml potassium in all
Lamp Current S o solutions: including the blank. The absorbance
- deprassion due o potassivm is not severe al thase
Fuel acetylene concentrations,
Support nitrous oxide
Flame Stoichiometry reducing; red cong
1.5-2 o
Warking Conditians (Variable)
Wiavelenolh SpEeral Cplirmum Typival
Band Pass Wk Sensilivily
Range
riitl FiTl pig il _ __Hgfuﬂl
4102 0.5 200—800 48
414.3 02 3001200 7.2

Detection Limit

0.5 pg/mi at 410.2 nm using a nitrous oxide-acetylene
flame.
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¥b 173.04
I tt b :

PREPARATION Flame Emission

OF STANDARD Wavelength 398.8 nm

SOLUTIONS Spectral Band Pass 0.1 nm

Recommended Standard Materials Fuel acetylens

Y tterbium axide Yb, O, 99.9% Support nitrous oxide
Detection Limit 0.0005 ug/m!

Solution Technigque

Dissolve 1.139 g of Yb,04 in 20 ml hydrochloric
acid and dilute to 1 litre fo give 1000 pgfml Yb.

The flame emission signal for ytterbium is stronger
than the atomic absarplion signal, especially at low
concentrations. Below 3 ug/ml, determination by
flarme emission is preferred, although the wavelength

RECOMMENDED required must be accurately isolated 10 avoid spectral

INSTRUMENT interference from the other rare earth elements. At

PARAMETERS = higl;er concentrations, atomic absorption is normally
used.

Atomic Absorption At A R

Working Conditions (fixed) INTERFERENCES

Lamp Current S Ytterbium s partially jonized in the nitrous

Fuel acelylene oxide-acatylene flame. To suppress ionization, add
Support nitrous oxide potassium nitrate or chloride solutian to give a final
El Siichi e cancentration of 2000 ug/ml  potassium in all
ARSI A LCtGR Ty ;EEUEELHH% LECELINE solutions including the blank,

' / Yiterbium absorption and emission signals are
Working Conditions {variable) depressed in the presence of hydrofluoric acid, iron,
Wiavslenath Snecteal ot Typicel aluminum and silican at all concentrations.

Band Pass Warking Sanaitivity
Range

(aliul 11 pafml Haiml
398.8 05 312 0.077
246.5 0.2 100400 28
267.3 Q1 10004000 27

Detection Limit

0013 pa/ml at 388.8 nm using a nitrous oxide-
acatylens flame.
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PREPARATION
OF STANDARD
SOLUTIONS

Recommended Standard Materials
Zinc melal granules 05 909%

Solution Technigque

MDiszalve 1,000 g of zing in 40 ml 1:1 hydrochloric
acid and dilute to 1 litre to give 1000 ugfml Zn.

RECOMMENDED
INSTRUMENT
PARAMETERS

air-acetylens flame, When working with bizlogical

Atomic Absorption
Working Conditions (fixed)

Larmnp Currenl C BmA
Fuel acetylens
Support air
Flame Stolchiometry oxidizing

All other conventional flames can be used,

Working Conditions {variabla)

Wivelength  Spectral Chprirm m Typical
Band Pass Varking Sansitivity
Range
mim mm g gl
2138 (L2 04186 009
076 0.5 2a00— 14000 76

Detection Limit
0.002 pg/ml at 213.9 nm using an air-acetylene flame.

Flamea Emission

Wavelength 2139 am
spectral Band Pass 321 nm
Fuel acetylens
Suppor nitrous oxide

Cetection Limit data not available.

INTERFERENCES

Mo chemical interferences have been found in an

samples, ashing is necessary to avoid the physical
affacts of protein molecules on nebulizer perform-
ance, At the 21348 nm wavelength, nam-atomic
species in the flame absaort strongly. Where the
sample has a high concentration of dissolved solids it
15 necessary to correct for non-atomic absorption
using a hydrogen continuum lamp.
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Fr o122
Z- ;
PREPARATION Flame Emission :
OF STANDARD Wanalenglh =R 1 mm
SOLUTIONS Spectral Band Pass 0.1 nim
Fuel acetylens

Recommended Standard Materials

Ziraonium metal (strip) 09, 09% SU_FPU'_FL Ve ~ nitrous oxide
Detection Limit data not available

solution Technique

issolve 1.000g of zirconium metal strip in 10 ml of
tydrofluaric acid, 10 mbwater by the slow DROPWISE
addition ot 20 ml nitric acid. Allow the reaction to
subside before each addition. Dilute to 1 litre to give

INTERFERENGES

Maost metallic elements depress the absorbance signal,
especially at concentrations greater than 1000 pg/mil.

1000 ug/ml Zr. Hydrofluaric acid (3%) enhances the signal but at

higher concenfration gives a  slight depression.
RECOMMENDED Ammonium ion and chloride jon (0.1 M) and neutral
INSTRUMENT fluaride compounds give enhancement and remaove at
PARAMETERS | laast some of the metallic intarterences. | he addition

af ammonium flueride Q01 M) has been recom-

Atomic Absorption mended, The effects are minimized with a more

Working Conditions {fixed) eidizing MNarme but sensitivity is reduced.

Lamp Current 20 ma REEFERENCES :

Fuel acetylens THOMAS P E., PICKERING W.F., Talanta 18, 12/,
Support mitrous oxids 1947,

Elame STDiEh'IDI'I'IETF'-,-‘ rﬂrhming_; BOND .""\.M,, Anal, Chaerm, 42, 832, 1870,

red cone 1%-2 cm.

Working Conditions (variable)

Wavelanglhn  Spectral Sptimum Typical
Band Pass Werking Sensitivity
Rangs
M rirl gl Mgl
360, .1 A00— 1600 9.
A5 0 2.1 A0E16R00: Fh -

Detection Limit

1.0 pg/ml al 3601 nim using a nitrous oxide-acetylene
flame.
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