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PREFACE

The instrumental methods described in this book were devel-
oped by the author during approximately twenty years of research and
development work involving the determination of trace and minor ele-
ments in ores, metals and alloys. The methods for determining impur-
ities in high-purity molybdenum and tungsten metals were developed
during early collaborative work carried out by the Analytical Chemis-
try Subdivision of the former Mineral Sciences Division in cooperation
with the Specialist Group of Refractory Metals Analysis of the Struc-
tures and Materials Group of the Advisory Group for Aerospace Research
and Development (AGARD) of NATO. Various methods for determining
trace and minor elements in copper-base alloys were developed during
collaborative work with the National Bureau of standards in Washing-
ton, D.C. on the analysis of brasses and bronzes for use as spectro-
graphic standards. Many of the more recent methods were developed
primarily for use in the analysis of candidate reference ores and con-
centrates produced by the Canadian Certified Reference Materials Pro-
ject (CCRMP) sponsored by CANMET. However, during the course of the
experimental investigation work on these methods, many of them were
also applied to iron and steel and to various non-ferrous materials.
Most of these methods are scattered throughout Talanta, and some are
briefly described in old obscure Mines Branch test reports. Conse-
quently, it was considered that a collection of these methods in book
form would be of value in the present Mineral Sciences Laboratories
Chemical Laboratory and in many industrial and commercial labora-
tories.

In this book, an attempt has been made to provide a compre-
hensive account of the procedure or procedures used for the analysis
of each element and to furnish chemists and other workers with infor-
mation on the chemical reactions involved, on pertinent interferences
and on the limitations of the method. Care has been taken to set
forth the steps of each procedure in a logical sequence and to clarify
the reason for each step to emphasize the importance of details which,
if omitted, could lead to incorrect results. No claim is made that
particular method will be applicable to all the types of steel or to
the different types of a particular alloy that can be encountered in
the chemical laboratory. However, the decomposition procedures
described and the subsequent instrumental finishes are applicable to
the types of sample materials listed in the appropriate table in
Appendix A. These t7bles, except as indicated in Tables 22 and 27,
show the results obtained by the author, during preliminary experi-
mental work, for National Bureau of Standards, British Chemical Ofand-

ards @nd CCRMP «certified reference miterials  and, where refer
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materials were not available, for materials to which known amounts of
the desired element were added. It is considered that these results
may be of value, for comparison purposes, to chemists using these
methods. They also show the accuracy and, in some instances, the pre-
cision attainable by the methods.

Although rapid atomic-absorption spectrophotometric (AAS)
methods have replaced many spectrophotometric methods, particularly
for the determination of aluminum, copper, iron, manganese and nickel,
spectrophotometric methods for these elements have been included in
this book because they are still of value in umpire work and to labo-
ratories without AAS facilities. The experimental work in all the
recently published AAS methods was carried out with a Varian Techtron
Model AA 6 spectrophotometer. Methods for the determination of impur-
ities in high-purity niobium and tantalum metals, which were developed
at the same time as those for high-purity molybdenum and tungsten
metals, have not been included because they are considered to be of
limited interest to analysts. References to these methods can, in
most cases, be found at the end of the account of the particular meth-
od for high-purity molybdenum and tungsten metals.

The concentrations of ammonium hydroxide and all concentrated
acids used in these methods are those shown in Table 1 in Appendix B.
Unless otherwise specified, distilled water should be used to prepare
dilute solutions of these reagents and of all solid reagents. In the
spectrophotometric methods, the exact recommended volume of the com-
plex-forming or chromogenic reagent should be added to the calibration
and sample solutions.

An effort has been made throughout this collection of methods
to conform to current SI usage according to the Canadian Metric Prac-
tice Guide. However, in the interest of brevity, the non SI symbol
"M" is used to denote concentration in moles per litre.

Special thanks are due to D.M. Varette for typing the origin-
al drafts of the methods and the tables and to L. Hosson of the Word

Processing Unit for typing this report.

Ottawa, Canada Elsie M. Donaldson
August 1980
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ATOMIC-ABSORPTION DETERMINATION OF ALUMINUM IN IRON, STEEL,
FERROVANADIUM AND COPPER- AND NICKEL-BASE ALLOYS
AFTER A MERCURY CATHODE SEPARATION
AND EXTRACTION OF THE ALUMINUM ACETYLACETONE COMPLEX

PRINCIPLE

Matrix elements are separated from alumi-
num by electrolysis with a mercury cathode in a
2-3% perchloric or sulphuric acid medium and alu-
minum is subsequently separated from phosphate and
other elements by chloroform extraction of its
acetylacetone complex from a weakly acidic - pH
6.5 ~ ammonium acetate-hydrogen peroxide medium.
Aluminum is wultimately determined by atomic-
absorption spectrophotometry at 309.3 nm in a
strongly reducing nitrous oxide-acetylene flame
in a 5% perchloric acid medium containing 1000
pg/mL of sodium as the chloride (1).

INTERFERENCES

Large amounts of iron, chromium, nickel,
titanium, vanadium and cobalt interfere in the
determination of aluminum in a nitrous oxide-acet-
ylene flame (2-4). In this method, iron, chro-
mium, nickel, cobalt and various other elements -
copper, zine, molybdenum, tin, bismuth, lead and
some manganese - are separated from aluminum by
electrolysis with a mercury cathode in a dilute
perchloric or sulphuric acid medium. Aluminum is
subsequently separated from titanium, vanadium and
phosphate, and from any residual nickel, cobalt,
molybdenum and manganese by chloroform extraction
of its acetylacetone complex from a weakly acidic,
0.1 M acetylacetone-ammonium acetate medium con-
taining hydrogen peroxide as a complexing agent
for titanium, vanadium, molybdenum and tungsten.
Residual iron and copper are completely coex-
tracted as acetylacetone complexes, but up to at
least 10 mg of iron and 5 mg of copper can be
present during the extraction step without inter-
fering in the extraction of up to 2 mg of aluminum
or in the subsequent atomic-absorption determina-
tion of aluminum under the recommended conditions

(1). Residual chromium, which is reduced to chro-

mium (III) with hydrogen peroxide in an acid
medium, is slightly coextracted (5). However, up
to at least 10 mg of chromium (III) can be present
during the extraction step without causing error
in the aluminum result (1).

Up to at least 10 mg each of cobalt,
nickel and phosphorus (V) - as orthophosphate -
and up to at least 20 mg each of molybdenum (VI),
tungsten (VI), manganese (II) and titanium (IV)
can be present during the extraction step without
interfering in the extraction of aluminum (1).
Up to 5 mg each of cerium (IV), lead, niobium and
tantalum also do not interfere (5). Up to at
least 150 mg of vanadium (V) can be present during
the extraction of aluminum if sufficient hydrogen
peroxide is added to complex it and prevent its
coextraction (1).

Possible interference from perchloric
acid during the atomic-absorption determination
of aluminum is avoided by maintaining approxi-
mately the same concentration - 5% by volume - in
the sample and calibration solutions. Ionization
of aluminum is suppressed by adding approximately
1000 ug/mL of sodium - as the chloride - to both

the sample and the calibration solutions (1).

RANGE

This method is suitable for iron, steel
and copper- and nickel-base alloys containing
approximately 0.0005 to 2% of aluminum and for

ferrovanadium containing approximately 0.001 to

2%.

APPARATUS
MERCURY CATHODE.

REAGENTS
STANDARD ALUMINUM SOLUTION, 1000 pg/mb. lrans!
1.0000 £ of high-purity =luminu



5 mg of high-purity iron metal (Note 1) to a
400-mL beaker and add 20 mL of concentrated hydro-
chloric acid. Cover the beaker and heat the mix-
ture gently until the aluminum and iron have dis-
solved, then cool the solution to room tempera-
ture, transfer it to a 1-<L volumetric flask and
dilute it to volume with water. Store the result-
ing solution in a plastic bottle. Prepare a
100-pg/mL solution by diluting 20 mL of this stock
solution to 200 mL with water.

diluted solution fresh as required.

Prepare the

ACETYLACETONE SOLUTION, 20% v/v. Transfer 20 mL
of 2, U-pentanedione to a 100-mL volumetric flask
containing 30 mL of ethyl alcohol and dilute the

solution to volume with water. This solution is

stable for at least one week.

SODIUM SOLUTION, 10 000 upg/mL. Dissolve 12.7 g of
sodium chloride in water and dilute the solution
to 500 mL. Store the solution in a plastic bot-
tle.

AMMONIUM ACETATE SOLUTION, 50% m/V.

SULPHURIC ACID, 1 and 50% v/v.

PERCHLORIC ACID, 50% v/V.

CHLOROFORM. Reagent-grade.

CALIBRATION SOLUTIONS
Add 10 mL each of 50% perchloric acid and

10 000-ug/mL sodium solution to each of nine 100-
mL volumetric flasks; then by burette, add to the
first eight flasks, 1, 2, 3, 5, 10, 15, 20 and
25 mL,

100-ug/mL aluminum solution. The contents of the

respectively, of the dilute standard

last flask constitute the zero calibration solu-
tion. Dilute each solution to volume with water
(Note 2).

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

A - Iron, steel and nickel-chromium alloys

Transfer 0.1-1 g of sample (Note 3) con-
taining not more than 2 mg of aluminum to a 400-mL
beaker, then cover the beaker and add 15 mL of
concentrated hydrochloric acid and 5 mL of concen-
trated nitric acid. Heat the mixture until the
sample has dissolved, then add 20 mL of concen-
trated perchloric acid (Note 4) and evaporate the
solution to fumes of perchloric acid. Remove the
cover and carefully evaporate the solution to
5-7 mL.
add 50 mL of water and heat the solution gently

Cool the solution to room temperature,
to dissolve the salts. Add about one-quarter of
a Whatman filter pulp tablet, macerate it with a
stirring rod, then using Whatman No. 40 paper,
filter the solution into a 400-mL beaker and
transfer the residue quantitatively to the filter
paper. Wash the paper and the residue 3 times
with water, then wash them 3 times with 1% sul-
phuric acid to ensure the complete removal of per-
chloric acid.

75 mL (Note 5).

Transfer the paper containing the residue

Evaporate the filtrate to about

to a 30-mL platinum crucible, burn off the paper
at a low temperature and ignite the residue at
600-700°C.

of 50% sulphuric acid and concentrated nitrie

Cool the crucible and add 1 mL each

(Note 6) and hydrofluoric acids. Heat the mixture
gently to dissolve the residue, then evaporate the
solution to dryness. Fuse the resulting residue
with 2 g of fused sodium hydrogen sulphate (Note
7), then cool the crucible and transfer it to a
250-mL beaker containing about 50 mL of water.
Cover the beaker and heat the solution gently to
dissolve the melt. Remove the crucible after
washing it thoroughly with water (Note 8), then
add the solution to the initial filtrate.

Transfer the resulting solution to a mer-
cury cathode cell, dilute it to about 200 mL with
water and electrolyze the solution for 75 min at
approximately 10 A. Using Whatman No. 541 paper,
filter the electrolyte into the 400-mL beaker that
initially contained the solution. Wash the cath-
ode cell and the paper thoroughly with water, then

discard the paper. Add 5 mL of concentrated



hydrochloric acid and 3 mL of 50% sulphuric acid
to the filtrate and evaporate the solution until
1,5-2 mL of sulphuric acid remains (Note 9). Cool
the beaker and add 50 mL of water. Heat the solu-
tion gently until it is clear (Note 10), then cool
it to room temperature.

In succession, add 2 mL of 30% hydrogen
peroxide, 5 mL of 20% acetylacetone solution and
10 mL of 50% ammonium acetate solution to the
resulting solution, then using a pH meter, adjust
the pH of the solution to 6.5 * 0.1 with concen-
trated ammonium hydroxide. Transfer the solution
to a 125-mL separatory funnel, add 10 mL of chlo-
roform, close the funnel and shake it for 2 min.
Allow several minutes for the layers to separate,
then drain the chloroform phase into a 100-mL
beaker. Extract the aqueous phase two more times
by shaking it for 1 min each time with 5 mL of
chloroform, then wash it by shaking it for about
30 s with 5 mL of chloroform. Add 5 drops of con-
centrated hydrochloric acid to the combined
extracts, then evaporate the mixture to dryness
Add 1 mL of 50% perchloric

acid and 2 mL of concentrated nitric acid to the

in a hot water-bath.

residue in the beaker, cover the beaker and heat
the solution until fumes of perchloric acid are
evolved (Note 11). Cool the solution to room tem-
perature and add about 3 mL of water. Transfer
the blank solution to a 10-mL volumetric flask
containing 1 mL of 10 000-ug/mL sodium solution.
Depending on the expected aluminum content, trans-
fer the sample solution to a volumetric flask of
appropriate size - 10-100 mL - and add sufficient
10 000~ug/mL sodium solution so that 1 mL will be
present for each 10 mL of final solution. sfs
necessary, add sufficient 50% perchloric acid so
that 1 mL will be present for each 10 mL of final
solution in excess of 10 mL (Note 12). Dilute
each solution to volume with water.

Measure the absorbance of the resulting
solutions at 309.3 nm in a strongly reducing
nitrous oxide-acetylene flame (Note 13). Deter-
mine the aluminum contents, in milligrams, of the
solutions by relating the resulting values to

those obtained concurrently for calibration solu-

tions of slightly higher and lower aluminum con-
centrations. Correct the result obtained for the
sample solution by subtracting that obtained for

the reagent blank solution.

B - Ferrovanadium

Decompose 0.1-0.5 g of sample containing
up to 2 mg of aluminum as described in Procedure
A, using 20 mL of 50% sulphuric acid instead of
concentrated perchloric acid. Heat the solution
until the evolution of oxides of nitrogen ceases,
then remove the cover and evaporate the solution
to 5-7 mL. Cool the solution and add 50 mL of
water. Heat the solution to dissolve the salts,
then proceed with the filtration of the solution
(Note 14), the treatment of the residue, the mer-
cury cathode separation (Note 15), the extraction
(Note 16) and the subsequent determination of

aluminum as described in Procedure A.

C - Copper-base and nickel-copper alloys

Transfer 0.1-1 g of sample containing up
to 2 mg of aluminum to a 400-mL beaker (Note 17),
then cover the beaker and add 5 mL each of water
and concentrated nitric acid and 20 mL of 50% sul-
phuric acid. Heat the mixture until the evolution
of oxides of nitrogeén ceases, then remove the
cover and evaporate the solution to 5-7 mL. Cool
the solution and add 50 mL of water. If neces-
sary, heat the solution to dissolve the salts,
transfer it to a mercury cathode cell, dilute it
to 200 mL with water and proceed with the mercury
cathode separation (Note 15), the extraction and
the subsequent determination of aluminum as

described in Procedure A.

NOTES
1. Iron hastens the dissolution of the aluminum
metal.
2. The calibration solutions should be prepared
fresh every week.
3. More than 1 g of sample is not recommended
because too much iron may remain in the solu-
tion after the mercury cathode separation

step. The residual iron is coextracted and,



if a large amount is present, may result in
an explosive reaction when the final solution
is evaporated to fumes of perchloric acid.
Too much iron can also cause a slight posi-
tive error in the aluminum result.

For iron and steel of low chromium content
and high titanium,
tungsten content, add 20 mL of 50% sulphuric

vanadium, molybdenum or
acid instead of perchloric acid and proceed
as described in Procedure B.

If the acid-soluble aluminum content of the
sample is required, proceed with the mercury
cathode separation, the extraction and the

subsequent determination of aluminum as
described.
Nitric acid is added to dissolve any ele-
mental silicon present.
One gram of a mixture consisting of 75% by
mass of sodium carbonate and 25% by mass of
fused boric acid - i.e., boron trioxide - can
also be used for fusion of the insoluble
material. If this mixture is used, the melt
should be dissolved in water containing 2 mL
of 50% sulphuric acid.
If the aluminum content of the acid-insoluble
material is required, it can be determined
in the resulting solution. In this case,
omit the mercury cathode separation, add the
volumes of hydrogen peroxide, acetylacetone
and ammonium acetate solutions recommended
in the subsequent part of the procedure and
proceed with the pH adjustment, the extrac-
tion and the determination of aluminum as
described. The total amount of aluminum
present in the sample can then be determined
by adding that found in the acid-insoluble
material to that found in the filtrate (Note
Sk

The separate determination of the acid-
insoluble aluminum is recommended if appre-
ciable tungsten trioxide is present in the
acid-insoluble material. In this case, add
5 mL of 30% hydrogen peroxide and the recom-
mended volumes of acetylacetone and ammonium
acetate solutions to the solution obtained
after dissolving the melt, then add suffi-

ient meentrated ammonium hydroxide to dis-

10.

11.

12.

13.

solve the tungsten trioxide. Acidify the
solution with 50% sulphuric acid, adjust the
pH to 6.5 * 0.1 and proceed with the extrac-
tion and subsequent determination of alumi-~
num.

Sulphuric acid solutions of aluminum should
not be evaporated to dryness. This results
in the formation of an anhydrous aluminum
sulphate that is virtually insoluble in water
or in dilute acid. This causes a low result
for aluminum (6).

Some flocculent silica - originally present
as soluble silica in the initial filtrate -
may be present at this stage but it does not
interfere in the subsequent extraction step.
If the extraction cannot be completed the
same day, allow the solution to stand over-
night ag this point.

The solution should not be allowed to evapo-
rate to dryness. If the atomic-absorption
determination cannot be completed the same
day, allow the solution to stand overnight
at this point. The final aluminum solution
is not stable on prolonged standing.
Additional 50%
required if the final volume of the solution

is to be 10 mL because 1 mL is added to the

perchloric aecid is not

residue remaining after the removal of chlo-

roform. For final sample solution volumes
of 25, 50 or 100 mL, add 1.5, 4 or 9 mL,
respectively.

A strongly reducing, non-luminous nitrous
oxide-acetylene flame is required to obtain
the highest sensitivity for aluminum. The
height at which the beam from the hollow-
cathode lamp passes through the flame is also
extremely  important (2,3). Consequently,
after all other instrumental parameters have
been set, the acetylene and nitrous oxide
flow-rates should be adjusted to give the
feather" - 15-20 mm - without

maximum "red

producing a luminous flame. Under these con-
ditions, very little carbon is deposited in

the burner slot. Subsequently, the height

of the burner should be adjusted to give
maximum absorbance while a solution contain-
flame.

ing aluminum is aspirated into the



14,

15.

16.

17.

About five~ to ten~fold scale expansion is
recommended for the determination of alumi-
num.

It is not necessary to wash the paper and
residue with 1% sulphuric acid as described
in Procedure A.

It is not necessary to add 3 mL of 50% sul-
phuric acid after the mercury cathode separa-
tion.

More than 2 mL of 30% hydrogen peroxide - as
recommended in Procedure A - will be
required for samples of high vanadium con-
tent. Approximately 1 mL is required to com-
plex 30 mg of vanadium. Five mlL should be
added for a 0.5-g sample of ferrovanadium
containing about 30% of vanadium. The solu-
tion should be yellow - not green - after the
pH adjustment.

If the sample contains silicon, use a 400-mL
teflon beaker and add 1 or 2 mL of concen-
trated hydrofluoric acid during the decom-

position step.

ACCURACY
Illustrated in Table 1 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine

aluminum in tin-, zinc- and cobalt-base alloys and

in nickel oxide.

1.
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SPECTROPHOTOMETRIC DETERMINATION OF ALUMINUM IN IRON, STEEL,
FERROVANADIUM, COPPER- AND NICKEL-BASE ALLOYS AND MOLYBDENUM
AND TUNGSTEN METALS WITH PYROCATECHOL VIOLET

PRINCIPLE

Matrix elements are separated from alumi-
num - if necessary - by electrolysis with a mer-
cury cathode in a 2-2.5% sulphuric acid medium and
aluminum is subsequently separated from phosphate
and other elements by chloroform extraction of its
acetylacetone complex from a weakly acidic - pH
6.5 - ammonium acetate-hydrogen peroxide medium.
Aluminum 1is back-extracted into concentrated
hydrochloric acid, and iron and other residual
elements are subsequently separated from aluminum
by a combined ammonium pyrrolidinedithiocarbamate-
cupferron-chloroform extraction from a 10% hydro-
chloric acid medium. Aluminum is ultimately
determined spectrophotometrically by measuring the
absorbance at 578 nm of the red 1:2 aluminum-pyro-
catechol violet complex formed at pH 6.10 in an
ammonium acetate medium. The molar absorptivity
of the complex at this wavelength is 7.03 x
163 L.mo1 toemt QSN

INTERFERENCES

Numerous elements, including iron (III),
iron (II), copper (II), chromium (III), chromium
(VI), beryllium, molybdenum (VI) and tungsten (VI)
interfere in the determination of aluminum because
they also form coloured complexes with pyrocate-
chol violet (3-8).

amounts of iron, and from copper, zinc, nickel and

Interference from large

chromium is avoided to a large extent by separat-
ing the bulk of these elements from aluminum by
electrolysis with a mercury cathode. Interference
from up to at least Y4 mg of phosphorus (V) - as
orthophosphate - and from up to at least 5 mg of
cerium (IV), manganese (II), nickel, zinc, thorium
(IV), titanium (IV), vanadium (V), niobium (V) and
tantalum (V) is eliminated by separating aluminum
I'rom these elements by chloroform extraction of
its acetylacetone complex at pH 6.5 from a 0.05 M

tylacetone-ammonium acetate-hydrogen peroxide

medium. The presence of hydrogen peroxide during
the extraction step eliminates interference from
up to approximately 500 mg of molybdenum or tung-
sten (1).

coextraction of vanadium (9) and keeps niobium,

It also complexes and prevents the

tantalum and titanium in solution during the
extraction step. Cerium (IV) and thorium (IV)
form hydrous oxides during the pH adjustment step,
but the precipitates float on top of the chloro-
form phase and do not interfere with the extrac-
tion of aluminum. Zirconium, in microgram quanti-
ties, interferes because it causes emulsification
in the chloroform phase (1).

Beryllium and small amounts of iron (III)
and copper (II) that remain in the electrolyte
after the mercury cathode separation step are com-
pletely extracted as acetylacetone complexes under
the conditions used for the extraction of alumi-
num. Molybdenum (VI), chromium (III), cobalt (II)
and lead are coextracted to a slight extent.
Interference from this residual iron, molybdenum,
cobalt and lead is eliminated by separating them
from aluminum by a combined ammonium pyrrolidine-
extraction

Beryllium

dithiocarbamate-cupferron-chloroform

from a 10% hydrochloric acid medium.
and chromium do not form pyrrolidine-dithiocarba-
mate or cupferron complexes and copper is not com-
pletely separated from aluminum under these condi-
tions. Interference from residual copper (II) -
microgram quantities - is eliminated by reducing
it to the cuprous state with ascorbic acid before
the formation of the aluminum-pyrocatechol violet
complex. Beryllium, in amounts approximately
equal to the amount of aluminum present, does not
cause significant error in the result. More than
about 2 mg of chromium (III) may interfere with
the extraction of the aluminum-acetylacetone com-
plex from a 0.05 M acetylacetone medium {1).
Chromium (III) and chromium (VI) also interfere

during complex formation because of the slow for-



mation of a pyrocatechol violet complex at room
temperature. Chromium (VI) is reduced to chromium
(III) during complex formation with pyrocatechol
violet (8). 1Initially, the formation of the alu-
minum complex is inhibited in solutions containing
chromium. However, the absorbance of these solu-
tions increases on standing. Reasonably accurate
results can be obtained in the presence of up to
approximately 20 pg of chromium in the final ali-
quot taken for analysis if the absorbance is meas-
ured 15-30 min after the pH adjustment. However,
if necessary, coextracted chromium can be readily
removed from the final solution by volatilizing
it as chromyl chloride from a hydrochloric acid-

perchloric acid medium (1).

RANGE

This method is suitable for molybdenum
and tungsten metal containing approximately 0.001
to 0.2% of aluminum and for iron, steel, ferro-
vanadium and copper- and nickel-base alloys con-

taining up to approximately 1%.

APPARATUS
MERCURY CATHODE.

REAGENTS

STANDARD ALUMINUM SOLUTION, 0.5 mg/mL.
0.5000 g of high-purity aluminum metal by heating
it with 50 mlL of 50% sulphuric acid. Cool the

Dissolve

solution to room temperature, dilute it to 1 L
with water and store it in a plastic bottle. Pre~
pare a 5-ug/mL solution by diluting 5 mL of this
stock solution to 500 mL with water. Prepare the

diluted solution fresh as required.

PYROCATECHOL VIOLET SOLUTION, 0.08% m/v. Dissolve
0.2000 g of pyrocatecholsulphonphthalein in water
and dilute the solution to 250 mL (Note 1).

ACETYLACETONE SOLUTION, 10% v/V. Transfer 5 mL of
2,4-pentanedione to a 50-mL volumetric flask con-
taining 10 mL of ethyl alcohol and dilute the
solution to volume with water. This solution is

stable for at least one week.

AMMONIUM ACETATE BUFFER SOLUTION, 1.3 M. Dissolve
100 g of the reagent in water and dilute the solu-
tion to approximately 1 L, then using a pH meter,
adjust the pH of the solution to 6.10 * 0.03 with

concentrated acetic acid (Note 2).

ASCORBIC ACID SOLUTION, 5% m/V. Prepare a fresh

solution every two days.

AMMONIUM PYRROLIDINEDITHIOCARBAMATE-CUPFERRON
SOLUTION, 1% and 3% m/v, respectively. Prepare
the solution fresh as required and filter it
before use.

AMMONIUM ACETATE SOLUTION, 50% m/V.

AMMONIUM HYDROXIDE, 10% v/V.

SULPHURIC ACID, 50% v/V.

CHLOROFORM. Reagent-grade.

CALIBRATION CURVE

Add 0.2 mL of 50% sulphuric acid to each
of six 100-mL beakers; then by burette, add to
the last five beakers 1, 2, 4, 6 and 8 mL, respec=-
tively, of the dilute standard 5-ug/mL aluminum
solution and dilute each solution to approximately
20 mL with water, The contents of the first
Add 2 mL of 5%

ascorbic acid solution, 4 mL of 0.08% pyrocatechol

beaker constitute the blank.

violet solution and 1 mL of 50% ammonium acetate
solution to each beaker, then using a pH meter,
adjust the pH of each of the resulting solutions
to 6.10 *# 0.03 with concentrated ammonium hydrox-
ide and with 10% ammonium hydroxide. Add 5 mL of
1.3 M ammonium acetate buffer solution, then
transfer each solution to a 100-mL volumetric
flask and dilute it to volume with water. Measure
the absorbance of each solution at 578 nm against
water as the reference solution, using 10-mm
cells, Correct the absorbance value obtained for
each aluminum-pyrocatechol violet solution by sub-
tracting that obtained for the blank solution.

Plot micrograms of aluminum vs absorbance.



PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

A - Iron, ferrovanadium and steel

Transfer 0.2-2 g of sample containing not
more than 2 mg of aluminum to a 250-mL beaker
(Note 3) and add 30 mL of water and 15 mL of 50%
sulphuric acid. Cover the beaker and heat the
mixture until the sample has dissolved (Note U4).
Using Whatman No. 40 paper, filter the solution
into a 200-mL volumetric flask and wash the beaker
and the paper and residue each several times with
water. Retain the beaker.

Transfer the paper containing the residue
to a 30-mL platinum crucible, burn off the paper
at a low temperature and ignite the residue at
600-700°C.
of 50% sulphuric acid and concentrated hydro-

Cool the crucible and add 1 mL each

fluoric and nitric acids (Note 5). Heat the mix-
ture gently to dissolve the residue, then evapo-
rate the solution to dryness. Fuse the residue
with 2 g of potassium pyrosulphate, then cool the
crucible and transfer it to the original beaker.
Add about 50 mL of water and 5 mL of 50% sulphuric
acid, heat the solution gently to dissolve the
melt, then remove the crucible after washing it
thoroughly with water (Note 6). Add the resulting
solution (Note 7) to the initial filtrate and
dilute the solution to volume with water (Note 8).

Transfer a 50-mL aliquot of the resulting
solution to a mercury cathode cell, dilute it to
about 100 mL with water and electrolyze the solu-~
tion for 1 h at approximately 10 A. Using Whatman
No. 541 paper, filter the electrolyte into a
250-mL beaker and wash the cathode cell and the
paper thoroughly with water. Discard the paper.
Add 5 mL of concentrated hydrochloric acid to the
filtrate and evaporate the solution until 1.5-2 mL
of sulphuric acid remains (Note 9). Cool the
beaker and add 50 mL of water. Heat the solution
gently until it is clear (Note 10), then cool it
to room temperature.

In succession, add 2 mL of 30% hydrogen
peroxide (Note 11), 6 mL of 10% acetylacetone
solution and 10 mL of 50% ammonium acetate solu-

tion to the resulting solution, then using a pH

meter, adjust the pH of the solution to 6.5 # 0.1
with concentrated ammonium hydroxide. Transfer
the solution to a 125-mL separatory funnel, add
10 nmL of chloroform, close the funnel and shake
it for 2 min. Allow several minutes for the
layers to separate, then drain the chloroform
phase into a 125-mL separatory funnel. Extract
the aqueous phase two more times by shaking it
for 1 min each time with 5 mL of chloroform, then
wash it by shaking it for about 30 s with 5 mL of
chloroform. Add 5 mL of concentrated hydrochloric
acid to the combined extracts, then close the fun-
nel and shake it for 3 min. Allow the layers to
separate, then drain off and discard the chloro-
form layer.

Add 45 mL of water and 3 mL of 1% ammo-
nium pyrrolidinedithiocarbamate-3% cupferron solu-
tion to the resulting solution and mix it thor-
oughly.
5 min, then add 10 mL of chloroform, close the

Allow the solution to stand for about

funnel and shake it for 1 min. Drain off and dis-
card the chloroform phase. Extract the solution
once more in a similar manner using 2 mlL of ammo-
nium pyrrolidinedithiocarbamate-cupferron solution
and 5 mL of chloroform (Note 12), then wash the
aqueous phase twice by shaking it for 1 min each
time with 5 mL of chloroform. Transfer the aque-
ous phase to a 250-mL beaker and add 5 mL of 50%
sulphuric acid. Heat the solution gently to
remove the excess chloroform, then evaporate it
to about 25 mL. Add 3 mL each of concentrated
perchloric and nitric acids, cover the beaker and
boil the solution to destroy organic material,
then remove the cover and evaporate the solution
until approximately 1.5 mL of sulphuric acid
remains (Notes 9 and 13). Cool the solution, wash
down the sides of the beaker with a small amount
of water and evaporate the solution just to fumes
of sulphur trioxide. Add 25 mL of water and heat
the solution gently to dissolve the salts. Trans-
fer the solution to a 100-mL volumetric flask and
dilute it to volume with water.

Transfer suitable identical U4-20-mL ali-
quots of the resulting sample and blank solutions
to 100-mL beakers.
solution, 4 mL of 0.08% pyrocatechol violet solu-

Add 2 mL of 5% ascorbic acid

tion and 1 mL of 50% ammonium acetate solution to



each solution, then proceed with the pH adjustment
and the subsequent measurement of the absorbance
of the aluminum-pyrocatechol violet complex as
described above. Correct the absorbance value
obtained for the sample solution by subtracting
that obtained for the reagent blank solution and
determine the aluminum content of the aliquot by

reference to the calibration curve.

B - Copper-base and nickel-copper alloys

(a) Aluminum content greater than 0.10%

Transfer 0.2-2 g of sample containing not
more than 2 mg of aluminum to a 250-mL beaker
(Note 14) and add 20 mL of 50% sulphuric acid and
5 mL of concentrated nitrie acid. Cover the
beaker and heat the mixture until the evolution
of oxides of nitrogen ceases, th:n remove the
cover and evaporate the solution to fumes of sul-
phur trioxide. Cool the solution, wash down the
sides of the beaker with a small amount of water
and evaporate the solution to fumes of sulphur
trioxide again to ensure the complete removal of
Add 50 mL of water and, if neces-

sary, heat the solution gently to dissolve the

nitric acid.
salts. Cool the solution to room temperature,
transfer it to a 200-mL volumetric flask and
dilute it to volume with water. Transfer a 50-mL
aliquot of the resulting solution to a mercury
cathode cell, dilute it to 100 mL with water, then
proceed with the mercury cathode separation, the
acetylacetone and ammonium pyrrolidinedithiocarba-
mate-cupferron chloroform extractions and the sub-
sequent determination of aluminum as described in

Procedure A.

(b) Aluminum content 0.10% or less

Decompose 0.5~1 g of sample as described
above using 7 mL of 50% sulphuric acid instead of
20 mL. Evaporate the solution to fumes of sulphur
trioxide twice as described above, then add 50 mL
of water and, if necessary, heat gently to dis-
solve the salts. Transfer the resulting solution
to a mercury cathode cell, dilute it to 100 mL
with water and proceed with the mercury cathode
and other separation procedures and the ultimate
determination of aluminum as described in Proce-

dure A.

C - Molybdenum and tungsten metals

Transfer 0.5 g of powdered metal to a
30-mL platinum crucible and heat the crucible for
1 h at 600-640°C (Note 15).

oxide, then add 3 g of sodium carbonate and mix

Cool the resulting

thoroughly. Cover the crucible and fuse the mix-
ture by heating it for about 15 min at the full
temperature of a blast burner. Cool the crucible,
then transfer it and the cover to a covered 250-mL
beaker containing 25 mL of water and 5 mL of 50%
When the melt has dissolved,

remove the crucible and the cover after washing

sulphuric acid.

them thoroughly with water and dilute the solution
to approximately 50 mL with water (Note 10). 1In
succession, add 5 mL of 30% hydrogen peroxide,
5 mL of 10% acetylacetone solution and 10 mL of
50% ammonium acetate solution, then proceed with
the pH adjustment (Note 16), the acetylacetone and
ammonium pyrrolidinedithiocarbamate-cupferron
extractions and the subsequent determination of

aluminum as described in Procedure A (Note 17).

NOTES

1. Because pyrocatechol violet - in powder
form - changes or deteriorates on standing
(1,2), the reagent should be tested before
use and should satisfy the following criteria
under the recommended conditions for complex

formation:

(a) Complex formation should be essentially
instantaneous at room temperature.

(b) The absorbance of the complex should
remain constant for at least 2 h and should
not decrease by more than 3% at the 40-ug
level after 24 h.

(c) The absorbance value obtained for 40 ug
of aluminum should be approximately 1.05 at
578 nm - the wavelength of maximum absorp-
tion.

(d) Beer's law should be obeyed for up to
40 pg of aluminum and the calibration curve
should pass through the origin.

A satisfactory solution of the re=zgent is
stable for at least one mont

2% pproximatsly 3 mL of gl=a



required for pH adjustment.
For steel and alloy samples of high chromium
content - e.g., stainless steel and nickel-

chromium alloys - decompose the sample as

described in Procedure A (p 2) of the atom-
ic-absorption method for aluminum and evapo-
rate the solution to about 10 mL. Add about
50 mL of water and, if necessary, heat the
solution gently to dissolve the salts. Using
filter the solution

wash the

Whatman No. 541 paper,
into a 200-mL volumetric flask,
paper and the residue with water and 1% sul-
phuric acid as described in the above proce-
dure and treat the paper and residue as
After the
hydrogen sulphate melt in water (Note 6), add
the resulting solution to the initial fil-

described. dissolving sodium

trate, dilute the solution to volume with

water and proceed with the mercury cathode
separation - using a 50-mL aliquot of the
described in the
Add 3 mL of 50% sul-

phuric acid and 5 mL of concentrated hydro-

solution -~ as subsequent

part of this procedure.

chloric acid to the solution obtained after

the mercury cathode separation, evaporate
the solution to 1.5-2 ml. and proceed as
described.

If the sample contains more than approxi-
mately 0.5% of silicon, evaporate the solu-
tion to fumes of sulphur trioxide to dehy-
Cool the solution to room
heat

the solution to dissolve the salts, then pro-

drate the silica.
temperature, add about 50 mL of water,
ceed as described.

Nitric acid is added to dissolve any ele-
mental silicon present.

If the aluminum content of the acid-insoluble
material is required, it can be determined
separately in the resulting solution. In
this case, add the volumes of hydrogen perox-
ide, acetylacetone and ammonium acetate solu-
tions recommended in the subsequent part of
the procedure and proceed with the pH adjust-
ment, the extraction the

and subsequent

determination of aluminum as described. The
total amount of aluminum present in the sam-

ple can then be determined by adding that

10

10.

11.

lza.

. or in dilute acid.

found in the acid-soluble material to that
found in the filtrate.

It may be necessary to filter the solution
into the flask containing the initial fil-
trate to remove any yellow hydrated tungsten
trioxide present.

The sample solution can be used for the de-
termination of vanadium by the spectrophoto-
metric=-N-benzoyl-N-phenylhydroxylamine method
(p 102) after evaporating a suitable aliquot
of both the sample and reagent blank solu-
tions to dryness to remove sulphuric acid.
This should be followed by the dissolution
of the residue in 8 mL of 12.5 M sulphuric
acid and 5-10 mL of water, the addition of
the recommended volumes of 25 M hydrofluoric

acid and 10% ferrous ammonium sulphate and

ammonium persulphate solutions and the
extraction of the vanadium complex as
described.

Sulphuric acid solutions of aluminum should
This results

in the formation of an anhydrous aluminum

not be evaporated to dryness.

sulphate that is virtually insoluble in water
This causes a low result
for aluminum (10).

Some flocculent silica - originally present
as soluble silica in the initial sample fil-
trate - may be present at this stage but it
does not interfere in the subsequent steps.
If the subsequent extraction procedures can-
not be completed the same day, allow the
solution to stand overnight at this point.
Add 5 mL of 30% hydrogen peroxide if a 2-g
sample of ferrovanadium was taken. Approxi-
mately 1 mL is required to complex 30 mg of
vanadium. The solution containing vanadium
should be yellow - not green - after the pH
adjustment (9).

Five mL of 1% ammonium pyrrolidinedithiocar-
bamate-3% cupferron solution is sufficient
for the removal of up to at least 5 mg of
iron or copper. If the extract is still
coloured at this stage, continue the extrac-
tion as described using l-mL portions of the
above solution and 5-mL portions of chloro-

form until a colourless extract is obtained.



13.

14,

15.

16.

17.

If the solution is yellow or brown, repeat
the nitric acid-perchloric acid treatment -
adding more sulphuric acid if necessary -
until the solution is colourless.

If the sample contains silicon, use a 250-mL
teflon beaker and add 1 or 2 mL of concen-
trated hydrofluoric acid during the decompos-
ition step.

Under these temperature conditions, the loss
of molybdenum by volatilization as the triox-
ide does not exceed approximately 10 mg.

For tungsten solutions, adjust the pH to
about 8 to dissolve insoluble tungsten com-
pounds, then acidify the solution with 4 or
5 drops of 50% sulphuric acid and readjust
the pH to 6.5 £ 0.1.

Aliquots greater than 20 mL are not recom-
mended because of the high aluminum content -
up to about 18 ug - of the reagent blank.
This results largely from the sodium carbo-
nate used in this procedure because lower
blanks - 10 uyg or 1less - are obtained in the
methods involving acid decomposition proce-

dures.

ACCURACY
Illustrated in Tables 1 and 2 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine

aluminum in tin-, zinc- and cobalt-base alloys and

in nickel oxide.
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ATOMIC-ABSORPTION DETERMINATION OF ANTIMONY IN COPPER METAL AND COPPER-
AND LEAD-BASE ALLOYS AFTER SEPARATION BY IRON-LANTHANUM COLLECTION

PRINCIPLE
Antimony is separated from matrix ele-
by antimony (III) with

hydrous ferric and lanthanum oxides from an ammo-

ments coprecipitating

niacal, approximately pH 10, medium. The precipi-
tate is dissolved in dilute hydrochloric acid and
antimony is ultimately determined by atomie-
absorption spectrophotometry at 217.6 nm in an
oxidizing air-acetylene flame in a 15% hydro-

chloric acid-0.1% tartaric acid medium (1).

INTERFERENCES

Large amounts - e.g., 50 mg - of alumi-
num, zirconium and tin interfere in the coprecip-
itation of antimony (III) - at the 2-mg level -
with 50 mg of lanthanum probably because they
preferentially form similar compounds with lan-
thanum or partly soluble compounds with antimony.
Up to approximately 25 mg of either aluminum, zir-
conium or tin or approximately 10 mg each of alu-
minum and tin, do not interfere in the coprecipi-
tation of up to 2 mg of antimony. Up to 50 mg of
either aluminum or tin do not interfere in the
coprecipitation of up to 500 yg of antimony.
Larger amounts can be tolerated if more lanthanum
is used but this results in a bulkier precipitate
that takes longer to filter. Furthermore, when
the precipitate contains 50 mg or more of alumi-
num, the resultant solution passes very slowly
through the filter paper. In the absence of alu-

minum, zirconium, tin and other hydrous oxides,

50 mg of lanthanum is sufficient for the coprecip-
itation of up to at least 10 mg of antimony (1).

Vanadium, in large amounts, causes a low

result for antimony because vanadium (V) is

reduced to the tetravalent state during the reduc-

tion of antimony with sodium metabisulphite.

Probably the resultant vanadium (IV) is partly

oxidized during the subsequent air-oxidation of
iron (II) and causes some co-oxidation of antimony

(ITI) to antimony (V). Chromium, in large

amounts, also interferes because it forms an
insoluble compound, which presumably retains some
Milli-
gram-quantities of vanadium and chromium do not
Up to at

least 50 mg of manganese does not interfere in the

antimony, during the coprecipitation step.

cause significant error in the result.

coprecipitation step (1).

Possible interference from iron, lantha-
num and hydrochloric acid is avoided by adding the
same amounts that are present in the sample solu-
tion to the calibration solutions. Up to at least
500 ug/mL of copper, tin, aluminum, nickel, molyb-
denum, manganese or zinc, 1000 ug/mL of lead, 1500
ug/mL of iron or 200 ug/mL of arsenic can be pres-
ent in the final solution without causing error
in the antimony result. More than approximately
1000 yg/mL of lead produces a slightly high result
and may result in the precipitation of lead chlo-

ride in the solution (1).

RANGE
This method is suitable for samples con-

taining approximately 0.01 to 2% of antimony.

APPARATUS

GAS-DISPERSION TUBES.
efficiency, these tubes should be bent at 90° so
that the fritted glass tip is parallel to the bot-
tom of a 400-mL beaker.
inlet part of the tube can be bent at 90° in the

For maximum air-bubbling

For convenience, the air-

opposite direction.

REAGENTS
STANDARD ANTIMONY SOLUTION, 100 uyg/mL. Dissolve
0.2669 g of pure potassium antimony tartrate

(KSbO.CuHuos) - dried at 105°C for 1 h - in water
and dilute the solution to 1 L.

IRON (III) SULPHATE SOLUTION, 10 mg iron/mL. Dis-
solve 25 g of ferric sulphate monohydrate in about
400 mL of hot water containing 20 mL of 50% sul-



phuric acid, then cool the solution and dilute it
to 500 mL with water.

L ANTHANUM CHLORIDE SOLUTION,
Dissolve 12.5 g of lanthanum chloride hexahydrate

10 mg lanthanum/mL.

in water and dilute the solution to 500 mL.

AQUA REGIA.

chloric acid with 1 part of concentrated nitric
acid.

Mix 3 parts of concentrated hydro-

Prepare the solution fresh as required.

TARTARIC ACID SOLUTION, 5% m/V.

AMMONIUM HYDROXIDE, 10% v/V.

HYDROCHLORIC ACID, 25 and 50% V/V.

SULPHURIC ACID, 50% v/V.

CALIBRATION SOLUTIONS

Add 2 mL of 5% tartaric acid solution,

15 mL of concentrated hydrochloric acid and 5 mL
each of iron (III) sulphate and lanthanum chloride
solutions to each of eight 100-mL volumetric
flasks; then by burette, add to the first seven
flasks 1, 3, 5, 7.5, 10, 15 and 20 mL,
tively, of the standard 100-ug/mL antimony solu-

respec-
tion. The contents of the last flask constitute
the zero calibration solution. Dilute each solu-

tion to volume with water.

PROCEDURE

Transfer 0.1-0.5 g of sample (Notes 1-3)
containing between 50 pg and about 2 mg of anti-
Add 25 mL of freshly

prepared aqua regia (Note 4), cover the beaker and

mony to a U400-mL beaker.

heat the mixture gently until all or most of the
Add 25 mL of 50% sulphuric

heat the solution until the evolution of

sample is decomposed.
acid,
oxides of nitrogen ceases, then remove the cover,
wash down the sides of the beaker with water and
Cool
then add 50 mL of 50% hydrochloric

acid, cover the beaker and, if necessary, heat the

carefully evaporate the solution to dryness.
the beaker,

solution gently to dissolve the salts - particu-
larly lead sulphate. Cool the resulting solution

to room temperature, add 3 g of sodium metabisul-
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phite, mix the solution thoroughly and allow it

to stand for about 5 min. Boil the covered solu-~
tion for approximately 10 min to remove the excess
then add 25 mL of water.

a gas-dispersion tubé in the beaker and pass air

sulphur dioxide, Place
through the solution at a fairly rapid rate for
about 10 min to reoxidize any iron (II) present.
Remove the tube after washing it thoroughly with
water.

Add 5 mL each of iron (III) sulphate and
lanthanum chloride solutions to the resulting
solution, then add sufficient concentrated ammo-
nium hydroxide to precipitate iron as the hydrous
oxide. Add 75 mL in excess and heat the solution
to the boiling point to coagulate the precipitate.
Allow it to settle, then using Whatman No. 40
Wash

the beaker twice and wash the paper and precipi-

paper, filter the solution while it is hot.

tate 3 times with 10% ammonium hydroxide. Discard
the filtrate and washings and place a 100-mL volu-
metric flask containing 2 mL of 5% tartaric acid
Wash down the sides
of the beaker with 45 mL of 25% hydrochloric acid
and add the resulting solution to the funnel con-
Wash the

beaker twice with about 5-mL portions of water and

solution under the funnel.

taining the paper and precipitate.
add the washings to the funnel. Wash the paper 3
times with about 5-mL portions of 25% hydrochloric
acid added from a plastic wash-bottle, then wash
it twice with water. Discard the paper and dilute
the solution to volume with water (Note 5).
Measure the absorbance of the resulting
solution at 217.6 nm in an oxidizing air-acetylene
flame (Note 6). Determine the antimony content
of the solution by relating the resulting value
to those obtained concurrently for calibration
solutions of slightly higher and lower antimony

concentrations.

NOTES

l. A low result, caused by incomplete coprecip-

itation of antimony, will be obtained at the
2-mg level if more than about 25 mg of either
aluminum or tin or more than about 10 mg of
each is present. Up to 50 mg of either alumi-
num or tin will not interfere in the coprecip-
itation

of up to 500 pg of antimony. Samples



4.

containing more than about 100 mg of lead are
not recommended because the lead chloride
obtained after dissolving the hydrous oxide
precipitate is not completely soluble in 15%
hydrochloric acid.

If the expected antimony content is low, up
to at least 1 g of sample can be taken for
high-purity copper metal and for copper-base
alloys of low aluminum and tin content (Note
1).

If the sample contains an appreciable amount
of silicon, use a 400-mL teflon beaker and add
2 or 3 mL of concentrated hydrofluoric acid
after the cover has been removed. Evaporate
the solution to fumes of sulphur trioxide,
add about
15 mL of water and heat the solution to dis-

then cool it to room temperature,
solve the salts. Transfer the solution to a
glass beaker, evaporate it to dryness and pro-
A low result will be

obtained if the excess of sulphuric acid is

ceed as described.

not removed by evaporation.

The use of aqua regia during the sample decom-
position step ensures that all the antimony
will be present as antimony (V). This is
important to avoid a low result if antimony

is ultimately separated by xanthate extraction
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and determined spectrophotometrically by the
iodide method as described on page 17.
Probably bismuth can also be determined in the
resulting solution by atomic-absorption spec-
trophotometry (p 24) if the calibration solu-
tions used for comparison purposes contain the
same concentrations of iron, lanthanum and
hydrochlorie acid.

Approximately two~ to five-fold scale expan-
sion is recommended for the determination of

about 3 ug/mL or less of antimony.

ACCURACY
Illustrated in Table 3 in Appendix A.

OTHER APPLICATIONS

antimony in nickel-,

This method can be used to determine

zine- and molybdenum-base

alloys and metals.

1.

REFERENCE

Donaldson, E.M. "Determination of antimony

in concentrates, ores and non-ferrous materi-

als by atomic-absorption spectrophotometry
after iron-lanthanum collection, or by the
iodide method after further xanthate

extraction”; Talanta 26:999-1010; 1979.
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SPECTROPHOTOMETRIC DETERMINATION OF ANTIMONY IN COPPER METAL AND COPPER-
AND LEAD-BASE ALLOYS BY THE IODIDE METHOD
AFTER SEPARATION BY IRON-LANTHANUM COLLECTION AND XANTHATE EXTRACTION

PRINCIPLE
Antimony is separated from matrix ele~
by antimony (III) with

hydrous ferric and lanthanum oxides from an ammo~

ments coprecipitating
niacal, approximately pH 10, medium. The precipi-
tate is dissolved in 5 M hydrochloric acid-tar-
taric acid solution containing thiourea as a com-
plexing agent for copper and stannous chloride as
a reductant for iron (III). Tin is complexed with
hydrofluoric acid and antimony is separated from
iron, lanthanum and other elements by chloroform
extraction of its ethyl xanthate complex. Anti-
mony is ultimately determined spectrophotometri-
cally by measuring the absorbance at either 331
or 425 nm of the yellow iodoantimonite ion formed
in a 1.4 M sulphuric acid-0.42 M potassium iodide
medium in a reducing - ascorbiec acid - environ-
ment. The molar absorptivities of the complex at
these wavelengths are 3.11 x lO3 and 4.53 x 102
L.mol—l.mm'l, respectively (1).
INTERFERENCES

Nickel, which forms a coloured solution;
bismuth, platinum, which form
iodide; 1ead,

which form insoluble

palladium and tin,

soluble coloured compounds with
thallium, silver and copper,
iron (III),

liberates iodine;

iodides; which oxidizes iodide and

and molybdenum, vanadium and
tungsten interfere in the determination of anti-
mony as the iodide (2-4).

thallium,

Although platinum, pal-

ladium, molybdenum, vanadium and tung-
sten are not usually present in copper~ and lead-
base alloys they would ultimately be separated
by the

Interference from bismuth and 1lead,

from antimony separation procedures

described.
and from iron (III), after it is reduced to iron
(II) with stannous chloride, is avoided by sepa-
rating antimony (III) from them by chloroform
extraction of its ethyl xanthate complex from a

5 M hydrochloric acid medium. The coextraction

of tin as the xanthate is prevented by complexing
it with hydrofluoric acid.

small amounts of coextracted bismuth is eliminated

Interference from
by washing the extract with a hydrochloric acid
solution of the same acid concentration as the
medium used for extraction. Up to approximately
10 mg of bismuth can be present in the sample
without causing significant error in the result
when the absorbance measurement is made at 331 nm
(1).

Selenium (IV), tellurium (IV) and arsenic
(I1I) are completely extracted into chloroform as
xanthate complexes from 5 M hydrochloric acid.

Copper (II) is partly extracted (5). However,
selenium and tellurium do not interfere because
they are reduced to the elemental state with stan-
nous chloride before the extraction of antimony
(III) xanthate. Interference from large amounts
of nickel and copper is avoided by separating
antimony from them and from various other ele-
silver and cadmium - before

ments - e.g., zinc,

the xanthate extraction step, by coprecipitating
antimony (III) twice with hydrous ferric and lan-
thanum oxides from a strongly ammoniacal, approxi-
mately pH 10, medium. The coextraction of copper
that is retained in the mixed hydrous oxide pre-~
cipitate after a double coprecipitation step is
largely prevented or inhibited by complexing it
with thiourea before the extraction of antimony
(I1I) xanthate. Up to at least 10 mg of arsenic,
which is retained in the hydrous oxide precipitate
and which is subsequently coextracted as the xan-
thate, does not interfere in the extraction of up
to 2 mg of antimony or in the ultimate determina-
tion of small amounts at either 331 or 425 nm (1).
More than the recommended amounts of all the ele-
ments -~ i.e., aluminum, zirconium, tin, vanadium
and chromium - that interfere in the coprecipita-
tion of antimony (III) with hydrous ferric and
in the atomic-

lanthanum oxides, as described



absorption method for antimony (p 12), also inter-
fere in this method.

A low result will be obtained for anti-
mony if the sample is decomposed with a mixture
of nitric acid and either sulphuric or perchloric
acid.
species - presumably in a mixed oxidation state -
Although this

This is because an unreactive antimony

is formed under these conditions.
compound 1is completely coprecipitated with iron
and lanthanum, it is not reduced with tin (II)
when the precipitate is dissolved in 5 M hydro-
chloric acid containing stannous chloride and,
consequently, it is not extracted as the xanthate.
This error is prevented by oxidizing antimony com-
pletely to antimony (V) with aqua regia during the
sample decomposition step. A low result will also
be obtained if the xanthate extract is treated
with the above acids and the solution is evapo-
rated to fumes of sulphur trioxide before complex
formation, or if the solution is evaporated to
dryness in a teflon beaker and the salts are dis-
solution.

solved in dilute potassium hydroxide

In the first case, this is caused by the forma-
of basic antimony (V) compounds
In

the second case, it is caused by the formation of

tion, in part,

that are insoluble in dilute sulphuriec acid.

the unreactive antimony compound; this is insolu-
ble in dilute potassium hydroxide solution and
contaminates the teflon beaker. These errors are
eliminated by treating the solution of the extract
with aqua regia. This converts all the antimony
to antimony (V) which is soluble in dilute potas-

sium hydroxide solution (1).

RANGE
This method is suitable for samples con-

taining approximately 0.0001 to 2% of antimony.

REAGENTS

STANDARD ANTIMONY SOLUTION, 0.1 mg/mL. Prepare
the solution as described in the atomic-absorption
method (p 12).
solutions by diluting 5 and 50 mL, respec-

of the stock

for antimony Prepare 5- and 50-
wg/mL

tively, solution to 100 mL with
water. Prepare the diluted solutions fresh as

required.
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POTASSIUM IODIDE-ASCORBIC ACID SOLUTION,
2.5% m/v, the

fresh as reguired.

35% and

respectively. Prepare solution

5 M HYDROCHLORIC ACID-STANNOUS CHLORIDE DIHYDRATE-
TARTARIC ACID-THIQUREA SOLUTION, 43% v/v, 0.5%
m/V, 2% m/v and 0.5% m/v, respectively. Prepare a

sufficient volume of solution just before use.

5 M HYDROCHLORIC ACID-TARTARIC ACID SOLUTION.
Dissolve 4 g of tartaric acid in water, add 430 mL
of concentrated hydrochloric acid and dilute the
solution to 1 L with water.

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/v. Pre-
pare the solution fresh as required.

5% m/V.

THIOUREA SOLUTION, Prepare the solution

fresh as required.

AQUA REGIA.

chloric acid with 1 part of concentrated nitric

Mix 3 parts of concentrated hydro-
acid.

Prepare the solution fresh as required.

POTASSIUM HYDROXIDE SCLUTION, 10% m/v. Store the

solution in a plastic bottle.

TARTARIC ACID SOLUTION, 5% m/V.

AMMONIUM HYDROXIDE, 10% V/V.

SULPHURIC ACID, 50% v/V.

HYDROCHLORIC ACID, 25% v/V.

NITRIC ACID, 50% v/V.

CHLOROFORM.

Reagent-grade.

CALIBRATION CURVES
Add 4 mL of 50% sulphuric acid and 1 mL

of 5% tartaric acid solution to each of fifteen

25-mL volumetric flasks; then by burette, add to
the first five flasks 1, 2, 3, 4 and 5 nL, respec-
of the dilute

Add to the next nine flasks 1, 1.5, 2,

tively, standard 5~ ug/mL antimony

solution.



3, 4, 6, 8, 10 and 12 mL, of the
dilute standard 50-pg/mlL antimony solution. The
contents of the last flask constitute the blank.

If necessary,

respectively,

dilute each solution to approxi-
mately 15 mL with water and cool it to room tem-
Add 5 mL of freshly

prepared 35% potassium iodide-2.5% ascorbic acid

perature in a water-bath.

solution to each flask and dilute the solutions
to volume with water. Allow the solutions to
stand for about 30 min to complete the complex
formation, then measure the absorbance of the
blank solution and of each of the five solutions
in the first series at 331 nm against water as the
reference solution, using 40-mm cells. Measure
the absorbance of the blank solution, of the solu-
tion of highest antimony content in the first
series, and of each of the four solutions of low-
est antimony content in the second series in a
similar manner at 425 nm using 40-mm cells. Meas-
ure the absorbance of the blank solution and of
each of the seven solutions of highest antimony
content in the second series at 425 nm using 10~-mm
cells. Correct the absorbance value obtained for
each antimony-iodide solution by subtracting the
corresponding blank value. Plot micrograms of
antimony vs absorbance for each series of measure-

ments.

PROCEDURE

In this procedure a reagent blank, to
which approximately 50 mg each of lanthanum and
iron (III) are ultimately added, is carried along
with the samples.

Following sample decomposition and the
coprecipitation of antimony with hydrous ferric
and lanthanum oxides (Note 1) as described in the
atomic-absorption method for antimony (p 13), fil-
ter the hot solution using a short-stemmed funnel
and Whatman No. 40 paper. Unless more than
approximately 75 mg of copper or nickel is pres-
ent, wash the beaker twice and wash the paper and
precipitate 3 times with 10% ammonium hydroxide
(Note 2). Discard the filtrate and washings.

If more than approximately 75 mg of cop-
per or nickel is present, wash the beaker and the
precipitate each once with 10% ammonium hydroxide.

Place the original beaker under the funnel and add
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25 mL of 25% hydrochloric acid to the funnel to
dissolve the precipitate.
with 25% hydrochloric acid added from a plastic
wash-bottle,

beaker with the same acid solution.

Wash the paper 3 times

then wash down the sides of the
Reprecipitate
the iron and lanthanum and filter and wash the
precipitate as described above (Note 2). Discard
the filtrate.

Transfer the funnel containing the pre-
cipitate to a 250-ml separatory funnel marked at
100 mL and wash down the sides of the beaker, in
which the precipitation was carried out, with
25 mL of freshly prepared 5 M hydrochloric acid-
stannous chloride-tartaric acid-thiourea solution
(Note 3).

nel containing the precipitate and wash the beaker

Add the resulting solution to the fun~

3 times with the same 5 M acid solution added from
a plastic wash-bottle. Wash the paper 3 times
with the then discard it.
Dilute the solution to the 100-mL mark with the
same 5 M acid solution (Note 4), then add 2 mL of

same acid solution,

concentrated hydrofluoric acid and mix the solu-
tion thoroughly (Note 5).

Add 10 mL of chloroform to the resulting
solution, then add 1 mL of freshly prepared 20%
potassium ethyl xanthate solution (Note 6). Close
the funnel and shake it for 1 min. Allow several
minutes for the layers to separate, then drain the
chloroform phase into a 125-mL separatory funnel.
Extract the aqueous phase two more times in a
similar manner with 10- and 5-mL portions of
chloroform and 1 and 0.5 mL of xanthate solution,
respectively, then wash the aqueous phase by shak-
ing it for about 30 s with 3 mL of chloroform.
Add 30 mL of 5 M hydrochloric acid-tartaric acid
solution and 1 mL of 5% thiourea solution (Note 3)
to the combined extracts, then close the funnel
and shake it for 1 min. After the layers have
separated, drain

100-mL teflon

the chloroform phase into a
(Note 7). Add 5 mL of
chloroform and 0.5 mL of xanthate solution to the
the funnel

beaker

aqueous phase and shake for 1 min.

Allow the layers to separate and drain the chloro-
form phase into the beaker containing the initisi
extract, then wash the aqueou

it for about 30 s with 5 mL of chloraform,

phase by shakin



Add 8 mL of 50% nitric acid to the
resulting extract and heat the mixture in a hot
Add 1 mbL of

concentrated perchloric acid and 0.5 mL of 50%

water-bath to remove the chloroform.
sulphuric acid, then cover the beaker and heat
the solution until the evolution of oxides of
nitrogen ceases. Remove the cover, wash down the
sides of the beaker with water and evaporate the
Cool the

solution to room temperature, then add 5 drops of

solution to fumes of perchloric acid.

freshly prepared agqua regia and mix the solution
thoroughly. Wash down the sides of the beaker
with water and evaporate the solution until the
diameter of the drop remaining in the bottom of
the beaker is 3 or 4 mm., Cool the beaker in a
water-bath, then wash down the sides with 5 mL of
104 potassium hydroxide solution added from a
pipette and heat the solution gently for about
5 min. then add 1 mL
of 5% tartaric acid solution and 4.5 mL (Note 8)
of 50% sulphuric acid.

again for about 5 min, then add approximately 5 mL

Cool the solution slightly,

Heat the solution gently

of water and cool the solution to room temperature
in a water-bath (Note 9).

If the sample contains 600 ug or less of
antimony, transfer the sample and blank solutions
to 25-mL volumetric flasks containing 5 mL of 35%
potassium iodide-2.5% ascorbic acid solution (Note
10).

and,

Dilute the solutions to volume with water
after 30 min, proceed with the subsequent
measurement of the absorbance as described above
(Note 11), using either 10- or 40-mm cells and a
wavelength of 425 or 331 nm as required. Correct
the absorbance value obtained for the sample solu-
tion by subtracting that obtained for the reagent
blank solution and determine the antimony content
of the sample solution by reference to the appro-
priate calibration curve.

If the

sample contains more than 600 ug

of antimony, transfer the sample and blank solu-
tions to volumetric flasks of appropriate size -
25 or 50 mL. Add sufficient additional 5% tar-
taric acid solution so that 1 mL will be present
for each 10 mL of final solution and dilute the
solutions to volume with water. Transfer a 10-mL

aliquot each solution to a 25-mL volumetric
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flask and add sufficient 50% sulphuric acid so
that 4 mL will be present. Cool the resulting
solutions to room temperature, then proceed with
the addition of potassium iodide-ascorbic acid
solution and the subsequent determination of the
antimony content of the aliquot as described
above, using 10- or 40-mm cells as required and a

wavelength of 425 nm.

NOTES
1. The sample can contain up to at least 350 mg
of lead.

molybdenum alloys.

This method is also applicable to
However, a double copre-
cipitation of antimony is required to sepa-
rate it from most of the molybdenum. Inter-
ference from residual molybdenum, which is
partly coextracted as the reddish purple
xanthate complex, and which causes a high
result for small amounts of antimony when
absorbance measurements are made at 331 nm,
can be avoided by measuring the absorbance
of the iodide complex at 425 nm. Molybdenum
also inhibits complex formation slightly when
about 100 yg or more of antimony is present,
but this effect can be eliminated or mini-
mized by allowing the solution to stand for
about 24 h before measuring the absorbance.
2. If the subsequent xanthate extraction cannot
be completed the same day, allow the precip-

itate to stand overnight at this point.

3. Thiourea can be omitted if it 1s known that
the sample contains little or no copper.
4. The solution should be colourless at this

point. Sufficient stannous chloride is pres-
ent to reduce up to approximately 240 mg of
iron (III).

To minimize the attack of hydrofluoric acid
on glass, the subsequent extraction of anti-
mony (III) xanthate should proceed immedi-
ately after the hydrofluoric acid has been
added. Similarly, the funnel should be
washed immediately after the extraction has
been completed.

The xanthate solution should be added by
pipette using a suction bulb or by using a

sraduated or marked medicine dropper and the



10.

G

extraction should be carried out in a fume
hood. Prolonged exposure to xanthate vapour
can produce an allergic reaction.

Glass beakers should not be employed because
the potassium hydroxide solution that is used
in the subsequent part of the procedure may
leach antimony or lead from the glass. Tef-
lon beakers may become partly discoloured -
i.e., yellowish brown or black - inside
because of the subsequent use of aqua regia
to oxidize antimony to antimony (V). Before
the beakers are used again, this discoloura-
tion should be removed by heating perchloric
acid to dense fumes in the covered beaker.
The additional 0.5 mL of 50% sulphuric acid
that is added to the sample solution - as
compared with the calibration solutions - is
required to react with the potassium hydrox-
ide.

Salts may crystallize from the solution on
standing but they will redissolve when the
solution is wultimately diluted and mixed
thoroughly.

The presence of arsenic is signified by a
deep yellow or orange colour caused by iodine
that is 1liberated during the reduction of
arsenic (V) by potassium iodide. The iodine
is subsequently reduced by ascorbic acid when
the solution is mixed.

If the solution is slightly opalescent, fil-
ter it through a dry Whatman No. 42 filter
paper before the spectrophotometric measure-

ment.
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ACCURACY
Illustrated in Table 3 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine

antimony in nickel- and zinc-base alloys and
metals.
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SPECTROPHOTOMETRIC DETERMINATION OF ARSENIC IN COPPER METAL
AND COPPER-BASE ALLOYS BY THE MOLYBDENUM BLUE METHOD
AFTER SEPARATION BY IRON COLLECTION AND XANTHATE EXTRACTION

PRINCIPLE

Arsenic is separated from matrix elements
by coprecipitating arsenic (V) with hydrous ferric
oxide from an ammoniacal medium. The precipitate
is dissolved in approximately 2 M hydrochloric
acid and arsenic is ultimately reduced to arsenic
(III) with iron (II) in an 11 M hydrochloric acid
medium and separated from iron and other coprecip-
itated elements by chloroform extraction of its
ethyl xanthate complex. Arsenic in the extract
is oxidized to arsenic (V) with bromine in carbon
tetrachloride and is back-extracted into water

(1).
photometrically by measuring the absorbance at

Arsenic is ultimately determined spectro-

845 nm of the blue reduced heteropoly arsenomolyb-
dic acid complex formed in a 0.23 M sulphuric
acid-0.001 M ammonium molybdate medium in the
presence of hydrazine sulphate as reductant (2).
The molar absorptivity of the complex at this

B Lol L (1).

wavelength is 2.55 x 10
INTERFERENCES

Numerous elements form ethyl xanthate
complexes that can be extracted into chloroform
from dilute hydrochloric acid media, but only
palladium (II), gold (III),
nium (IV) and tellurium (IV) - also selenium (VI)

and tellurium (VI)

platinum (IV), sele~
after reduction by chloride
ion - are extracted, either completely or to a
large extent, from about 10-12 M hydrochloric acid
media (3).

(VI) are slightly extracted from concentrated -

Iron (III), copper (II) and molybdenum

i.e., 12 M - hydrochloric acid, and germanium and
antimony (V) are partly extracted as their chloro-
complexes (3,4). Although platinum, palladium,
gold and molybdenum are not usually present in
they
by the

Up to at least 3 mg =ach of iron (III) and

copper-base alloys, would ultimately be

separated from arsenic coprec¢ipitation

step.

copper (II), 400 ug of selenium (IV) and 500 ug of
tellurium (IV) do not interfere during complex
formation. Selenium and tellurium are reduced to
the elemental state by iron (II) during the reduc-
tion of arsenic (1).

Germanium, phosphorus and silicon, which
form similar reduced heteropoly molybdic acid com-
plexes under the conditions employed for the for-
mation of the arsenic complex (5), do not inter-
fere. Phosphorus and silicon are not extracted
as xanthate complexes, and interference from ger-
manium is avoided by volatilizing it as the tetra-
chloride during the sample decomposition step.
Tin (IV), bismuth

coprecipitated with arsenic and

antimony (V), and lead are
iron from an
ammoniacal medium. A large amount of lead and up
to 50 mg of bismuth and antimony do not interfere.
However, any tin present as insoluble metastannic
acid before the separation of arsenic by coprecip-
itation with hydrous ferric oxide causes a low
result for arsenic because of the formation of an
insoluble tin-arsenic compound. This interference
is eliminated during the sample decomposition step
by dissolving metastannic acid with concentrated
hydrochloric acid and then evaporating the solu-
tion to fumes of sulphur trioxide (1).

Large amounts of sulphate salts that are
retained in the hydrous oxide precipitate after a
single coprecipitation step may interfere if they
are not completely dissolved in the 11 M hydro-
chloric acid medium used for the extraction of

arsenic xanthate (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0001 to 1% of arsenic but
material containing higher concentrations can also

be analyzed with reasonable accuracy.



REAGENTS

STANDARD ARSENIC SOLUTION, 0.l mg/mL.
0.1320 g of pure arsenic trioxide (A3203) in 10 mL
Dilute the

Dissolve

of warm 2% sodium hydroxide solution.
solution to about 50 mL with water and add 2 drops
Add
10% sulphuric acid, by drops, until the solution
then dilute it to 1 L with water

and transfer it to a plastic bottle.

of 0.21 phenolphthalein indicator solution.

is colourless,
Prepare a
10-pg/mL solution by diluting 10 mL of this stock
solution to 100 mL with water. Prepare the

diluted solution fresh as required.

AMMONIUM MOLYBDATE SOLUTION, 1% m/V in 2.3 M sul-
Add 128 mL of concentrated sulphuric

acid to about 800 mL of water and cool the solu-

phuric acid.
tion to room temperature. Dissolve 10 g of ammo-
nium molybdate tetrahydrate L(NHu)6M0702u.MH20] in
about 50 mL of warm water and cool the solution
to room temperature. Transfer both solutions to
a 1-L volumetric flask and dilute the resulting
solution to volume with water. Store the solution
in a plastic bottle.

HYDRAZINE SULPHATE SOLUTION, 0.5% m/V.

fresh solution every five days.

Prepare a

IRON (IIX) SULPHATE SOLUTION, 20 mg iron/mL.
solve 25 g of ferric sulphate monohydrate in about
200 mL of hot water containing 10 mL of 50% sul-

Dis-

phuric acid, then cool the solution and dilute it

to 250 mL with water.

IRON (II) SULPHATE SOLUTION, 5% m/V.
of the reagent in 100 mL of hot

Dissolve 5 g
concentrated

hydrochloric acid and cool the solution to room

temperature. Prepare the solution fresh as
required.

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/V. Pre-
pare the solution fresh as required.
Phenolphthalein indicator solution, 0.2% m/V in

ethyl alcohol.
bottle.

Store the solution in a dropping

BROMINE SOLUTION, 20% V/V in carbon tetrachloride,
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BROMINE WATER.

SULPHURIC ACID, 50% V/V.
HYDROCHLORIC ACID, 15% v/V.
AMMONIUM HYDROXIDE, 5% V/V.
CHLOROFORM.

Reagent-grade.

CALIBRATION CURVES

Add 15 mL of bromine water to each of
eight 150-mL beakers (Note 1);
add to the last seven beakers 0.5, 1, 2.5, 5, 7.5,

then by burette,

10 and 15 mL, respectively, of the dilute standard

10-ug/mL arsenic solution. The contents of the

first beaker constitute the blank, Heat each
if

evaporate it to approximately 20 mL.

solution until it is free of bromine and,
necessary,
Transfer the solutions to 50-mL volumetric flasks
and dilute them to about 40 mL with water. Add
5 mL of 1% ammonium molybdate solution and 1 mL
of 0.5% hydrazine sulphate solution to each flask,
dilute the solutions to approximately 48 mL with
water, then close the flasks and mix the solutions
thoroughly. Loosen the stoppers and place the
flasks in a boiling water-bath for 30 min, then
remove the flasks, cool the solutions to room
temperature in a water-bath and dilute them to
volume with water (Note 2). Measure the absorb-
ance of the blank solution and of each of the
three solutions of lowest arsenic content at 845
nm against water as the reference solution, using
40-mm cells. Measure the absorbance of the blank
solution and of each of the five solutions of
lowest arsenic content in a similar manner, using
20-mm cells, then measure the absorbance of the
blank and of the six solutions of highest arsenic
content using 10-mm cells. Correct the absorbance
value obtained for each arsenic-molybdenum blue
solution by subtracting the corresponding blank
value. Plot micrograms of arsenic vs absorbance

for each series of measurements.

PROCEDURE

his procedure reagent blank is car-

ried along witt 1



Transfer 0.2-1 g of sample containing up
to about 2 mg of arsenic to a 250-mlL beaker.
Cover the beaker and add 15 mL each of water and
concentrated nitric acid, 10 mL of concentrated
hydrochloric acid and 25 mL of 50% sulphuric acid.
Heat the mixture until the evolution of oxides of
nitrogen ceases, then remove the cover, wash down
the sides of the beaker with water and carefully
evaporate the solution to fumes of sulphur triox-
Cool the add about 100 mL of
water, 5 mL of concentrated hydrochloric acid and

ide. solution,

4 mL of iron (III) sulphate solution. Cover the

beaker and heat the solution to dissolve the solu-

ble salts.
Add

hydroxide to precipitate iron as

sufficient concentrated ammonium
the hydrous
oxide, then add 5 mL in excess and boil the solu-
tion to coagulate the precipitate. Allow it to
settle, filter

the hot solution and transfer the bulk of any

then using Whatman No. 40 paper,

insoluble material and lead sulphate to the filter
paper with a jet of 5% ammonium hydroxide. Wash
the paper and the precipitate twice with 5% ammo-
nium hydroxide and discard the filtrate. Place
the original beaker under the funnel and dissolve
the precipitate with hot 15% hydrochloric acid
added from a wash-bottle. Wash the paper 3 times
with the same hot acid solution, then discard it.
Wash down the sides of the beaker with the hot
acid solution, then reprecipitate the iron and
filter the precipitate as desecribed above. Wash
the beaker twice and wash the paper and precipi-
tate 3 times with 5% ammonium hydroxide, then dis-
solve the precipitate with hot 15% hydrochloric
acid again and collect the resulting solution in
the original beaker. Wash the paper 3 times with
the (Note 3), then discard it.
Wash down the sides of the beaker with the hot
the
approximately 25 mL on a hot-plate (Note 4), then

it to about 3 mL

hot acid solution

acid solution and evaporate solution to

evaporate in a hot water-bath.
Cool the solution to room temperature and add
20 mL. of concentrated hydrochloric acid and 3 mL
of water. Using a rubber-tipped stirring rod,
detach any salts adhering to the bottom of the
beaker, then wash the rod with concentrated hydro-

*hloric acid added from a plastic wash-=bottle.
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Allow the resulting solution to stand at
room temperature (Note 5) until the salts have
dissolved (Note 6), then add 10 mL of freshly pre-
pared 5% iron (II) sulphate solution and mix the
solution thoroughly. Transfer the solution to a
125-mL separatory funnel marked at 50 mL, using
concentrated hydrochloric acid to wash the beaker
and, if necessary, dilute the solution to the mark
with concentrated hydrochloric acid. Add 10 mL
of chloroform to the funnel, then add 1 mL of
freshly prepared 20% potassium ethyl xanthate
solution, close the funnel and extract immediately
(Note 7) by shaking it for 1 min.

minutes for the layers to separate, then drain the

Allow several

chloroform phase into a 125-mlL separatory funnel.
Extract the aqueous phase two more times in a
similar manner with 10- and 5-mL portions of
chloroform and 1 and 0.5 mL of xanthate solution,
respectively, then wash the aqueous phase by shak-
ing it for about 30 s with 5 mL of chloroform.
Add 5 mL of 20% bromine-carbon tetrachloride solu-
close the funnel

Allow the solu-

tion to the combined extracts,
and mix the solution thoroughly.
tion to stand for about 5 min to ensure the com-
plete oxidation of arsenic (III) to arsenic (V),
then add 15 mL of water,
shake it for 1 min (Note 8).

close the funnel and
Allow several min-
utes for the layers to separate, then drain off
and discard the chloroform-carbon tetrachloride
phase. Drain the aqueous phase into a 150-mL
beaker and wash the funnel 3 times with small por-
tions of water. Add the washings to the aqueous
phase. Heat the resulting solution gently to
remove bromine and the excess of chloroform, then
evaporate it to approximately 20 mL and cool it
to room temperature.

If the sample contains 150 pg or less of
arsenic, transfer the sample and blank solutions
to 50-mL volumetric flasks, dilute them to abut
40 mL with water and proceed with the formation
of the blue reduced arsenomolybdic acid complex
and the subsequent measurement of the absorbance
as described above, using 10-, 20- or 40-mm cells
as required. Correct the absorbance value
obtained for the sample solution by subtracting
that obtained for the reagent blank solution and

determine the arsenic content of the sample solu-



tion by reference to the appropriate calibration
curve.

If the sample contains more than 150 ug
of arsenic, transfer the sample and blank solu-
tions to volumetric flasks of appropriate size -
50-200 mL - and dilute them to volume with water.
Transfer a suitable identical aliquot - up to
40 mL - of each solution to 50-mL volumetric
flasks and proceed with the complex formation and
subsequent determination of the arsenic content

of the aliquot as described above.

NOTES
1. Glassware should be soaked in 25% ammonium
hydroxide and then cleaned with concentrated
nitric acid and washed with water to avoid
contamination from phosphate-bearing soaps or
detergents.

The blue reduced arsenomolybdic acid complex
that is formed under these conditions is sta-
ble for at least 24 h.

Any lead chloride present at this stage will
redissolve during the subsequent evaporation
of the solution.

A low result will be obtained for arsenic if
the solution is allowed to evaporate to dry-
ness on a hot-plate.

Because arsenic (V) is reduced by chloride ion
in relatively concentrated hydrochloric acid
media, arsenic (III) will be lost by volatil-
ization if the solution is heated to dissolve
the salts.

If only a small amount of salts are present,
add the recommended volume of iron (II) sul-
phate solution and transfer the solution and
the salts to the funnel

separatory as

described. The salts will dissolve during the
subsequent extraction step. If a large amount
is present, it may be necessary to allow the
solution to stand overnight.

Because of the known instability of many metal
xanthate extraction

complexes, immediately
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after the addition of chloroform and xanthate
solution is recommended.

A low result will be obtained for arsenic if
the aqueous phase containing arsenic (V) is
allowed to remain in contact with the chloro-

form phase overnight.

ACCURACY
Illustrated in Table 4 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine

arsenic in nickel-, zinc-, lead~ and molybdenum-

base alloys and metals.

REFERENCES

1. Donaldson, E.M. "Spectrophotometric deter-
mination of arsenic in concentrates and cop-
per-base alloys by the molybdenum blue method
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Idem. "Spectrophotometric determination of
tellurium in concentrates and brasses by chlo-~
roform extraction of the tellurium (IV) hexa-
bromide-diantipyrylmethane complex after
separations by iron collection and xanthate

extraction”; ibid 23:823-827; 1976.

5. Sandell, E.B. "Colorimetric determination of
traces of metals" (3rd ed);
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ATOMIC-ABSORPTION DETERMINATION OF BISMUTH IN COPPER METAL
AND COPPER-BASE ALLOYS AFTER SEPARATION BY IRON COLLECTION

PRINCIPLE

Bismuth is separated from matrix elements
by coprecipitating it with hydrous ferric oxide
from an ammoniacal medium. The precipitate is
dissolved in dilute hydrochloric acid and bismuth
is ultimately determined by atomic-absorption
spectrophotometry at 223.1 nm in an oxidizing air-
acetylene flame in a 20% hydrochloric acid medium

().

INTERFERENCES

The coprecipitation procedure separates
bismuth from large amounts of copper, zine, nick-
Up to 50 mg - or 500
pg/mL in the final solution - of manganese (II),
which also

do not interfere in the

el, cobalt and cadmium.

antimony (V), aluminum or tin (IV),
form hydrous oxides,
coprecipitation or in the subsequent determination
of bismuth. Larger amounts of tin and antimony
cause low results for bismuth because of the slow
and incomplete dissolution of the precipitate. A
large amount of aluminum results in a solution
that passes very slowly through the filter paper.
More than 500 ug/mL of aluminum also produces a
slightly high result for bismuth (1).

Lead is retained in the precipitate as
lead sulphate and lead chloride which are subse-
quently dissolved when the precipitate is dis-
Up to 2000 ug/mL

of -lead in the final solution does not interfere

solved with hydrochloric acid.
but a larger amount may result in the precipita-
Up to at least 500 ug/mL
300 pg/mL of

of indium can be present

tion of lead chloride.

of nickel, copper (II) or zinc,

arsenic (V) or 50 ug/mL
in the final solution without interfering in the
determination of bismuth. Possible interference
from iron and from hydrochloric acid is avoided
by adding the same amounts that are present in the

solution fo the calibration solutions (1).

Note: For samples containing large amounts
of lead, aluminum, antimony or tin,
the atomic-absorption-diethyldithiocarba-
mate extraction method for bismuth (p 26)
is recommended.

RANGE

This method is suitable for samples con-
taining approximately 0.001 to 0.5% of bismuth but
material containing higher concentrations can also

be analyzed with reasonable accuracy.

REAGENTS
STANDARD BISMUTH SOLUTION, 1000 ug/mL.
0.5000 g of pure bismuth metal in 20 mL of concen-
trated nitric acid, cool the solution and dilute
it to 500 mL with water.
solution by diluting 25 mL of this stock solution
to 250 mL with water.

Dissolve

Prepare a 100-ug/mL

Prepare the diluted solu-

tion fresh as required.

IRON (II1) SULPHATE SOLUTION, 10 mg iron/mL. Dis-
solve 25 g of ferric sulphate monohydrate in about
400 mL of hot water containing 5 mL of concen-
trated sulphuric acid, then cool the solution and

dilute it to 500 mL with water.

HYDROCHLORIC ACID, 20% v/V.

AMMONIUM HYDROXIDE, 10% v/V.

CALIBRATION SOLUTIONS
Add 20 mL of concentrated hydrochloric

acid and 10 mL of iron (III) sulphate solution to
eight 100-mL volumetric flasks, then by burette,
add to the first seven flasks 0.5, 1, 2, 3, 5, 7.5
and 10 mL, respectively, of the dilute standard
100-pg/mL bismuth

last flask constitute the zero calibration solu-

solution. The contents of the



tion. Dilute each solution to volume with water

(Note 1).

PROCEDURE

Transfer 0.2-0.5 g of sample (Notes 2-4)
containing up to about 1 mg of bismuth to a 400-mL
beaker, then cover the beaker and add 10 mL each
of water and concentrated nitric acid and 20 mL
of 50% sulphuric acid. When the sample has dis-
solved, heat the solution until the evolution of
oxides of nitrogen ceases, then remove the cover,
wash down the sides of the beaker with water and
evaporate the solution until copious fumes of sul-
phur trioxide are evolved. Cool the solution and
add about 100 mL of water, 5 mL of concentrated
hydrochloric acid and 10 mL of iron (III) sulphate
solution. Cover the beaker and heat the solution
to dissolve the soluble salts.

Add

hydroxide to precipitate

concentrated ammonium
the
oxide, then add 5 mL in excess and boil the solu-
Allow it to
filter

the hot solution and wash the beaker twice and

sufficient
iron as hydrous
tion to coagulate the precipitate.
settle, then using Whatman No. 40 paper,
wash the paper and precipitate 3 times with 10%
filtrate

washings and place a 100-mL volumetric flask under

ammonium hydroxide. Discard the and

the funnel. Wash down the sides of the beaker
with 30 mL of 20% hydrochloric acid and add the
resulting solution to the funnel containing the
paper and precipitate. Wash the beaker twice with
20% hydrochloric acid added from a plastic wash-
bottle and add the washings to the funnel. Wash

the paper 3 times with the same acid solution,
Discard the paper and dilute the solution to vol-
ume with 20% hydrochloric acid.

Measure the absorbance of the resulting
solution at 223.1 nm in an oxidizing air-acetylene
flame (Note 5). Determine the bismuth content of

the solution by relating the resulting value to
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those obtained concurrently for calibration solu-
tions of slightly higher and lower bismuth concen-
trations.

NOTES

1. The calibration solutions should be prepared
fresh every week because they are not stable
on prolonged standing.

2. This method is not recommended for samples
containing more than 50 mg of aluminum, anti-
mony or tin or more than 200 mg of lead.

3. Samples containing more than 1 mg of bismuth
can be taken if the final solution is diluted
to an appropriate volume with 20% hydrochloric
acid and if the calibration solutions contain
approximately the same concentration of iron
(I11).

4, Up to 1 g of sample can be taken unless large
amounts of other elements that form insoluble
hydrous oxides (Note 2) are present.

5. Approximately two- to five-fold scale expan-~
sion is recommended for the determination of

about 2 ug/mL or less of bismuth.

ACCURACY
Illustrated in Table 5 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine bis-

muth in nickel-, zinc- and molybdenum-base alloys

and metals.

REFERENCE
1. Donaldson, E.M. "Determination of bismuth in
ores, concentrates and non-ferrous alloys by

atomic-absorption spectrophotometry after

separation by diethyldithiocarbamate extrac-
tion or iron collection”; Talanta 26:1119-

11235 1979.
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ATOMIC-ABSORPTION DETERMINATION OF BISMUTH IN COPPER METAL AND COPPER-,
TIN- AND LEAD-BASE ALLOYS AFTER SEPARATION BY DIETHYLDITHIOCARBAMATE EXTRACTION

PRINCIPLE

Bismuth is separated from matrix elements
by extraction of its diethyldithiocarbamate com-
plex at pH 11.5-12.0 from a sodium hydroxide
medium containing citric acid, tartaric acid,
ethylenediaminetetraacetic acid (EDTA) and potas-
sium cyanide as complexing agents (1,2). Bismuth
is

spectrophotometry at 223.1 nm in an oxidizing air-

ultimately determined by atomic-absorption
acetylene flame in a 20% hydrochloric acid medium
BWB)o

INTERFERENCES

In the presence of approximately 6 g of
EDTA and 7 g of potassium cyanide, up to 500 mg
of copper (II), molybdenum (VI), zinc and nickel,
up to 250 mg of iron (III), up to 200 mg of tin
(IV), up to 100 mg of cadmium, antimony (V), man-
ganese (II), aluminum and zirconium, and up to
50 mg of arsenic (V) and phosphorus (V) do not
interfere in the extraction of bismuth as the
diethyldithiocarbamate complex. The extraction
bismuth from all

except lead and thallium (III) (2).

procedure separates elements
Up to approx-
imately 17 mg of lead is coextracted at the 300-mg
level, but up to about 2000 ug/mL does not inter-
fere in the subsequent determination of bismuth.

Coextracted thallium also does not interfere.
Possible interference from hydrochloric acid 1is
avoided by adding the same amount that is present
in the sample solution to the calibration solu-

tions (1).

RANGE

This method is suitable for samples con-
taining approximately 0.002 to 0.5% of bismuth but
material containing higher concentrations can also

be analyzed with reasonable accuracy.

[0N, 100 ug/mL. Prepare the

solution as described in the atomic-absorption-

iron collection method for bismuth (p 24).

CITRIC ACID-TARTARIC ACID SOLUTION, 25% each, m/V.

EDTA, disodium salt-sodium hydroxide solution, 12%

each, m/v. Store the solution in a plastic bot-
tle.

SODIUM HYDROXIDE SOLUTION, 50% m/V. Store the
solution in a plastic bottle.

POTASSIUM CYANIDE SOLUTION, 20% m/V. Prepare the

solution fresh as required.

SODIUM DIETHYLDITHIOCARBAMATE SOLUTION, 1% m/V.

Prepare the solution fresh as required.

NITRIC ACID, 50% v/vV.

CHLOROFORM. Reagent-grade.
CALTBRATION SOLUTIONS

Add 20 mL of concentrated hydrochloric
then by
52

acid to eight 100-mL volumetric flasks,
add to the first seven flasks 0.5,
3, 5, 7.5 and 10 mL, respectively, of the standard
100-ug/mL bismuth The contents of the

burette,

solution.
last flask constitute the zero calibration solu-
tion. Dilute each solution to volume with water

(Note 1).

PROCEDURE
Following the decomposition of 0.2-0.5 g
of sample (Note 2) containing up to about 1 mg of

bismuth (Note 3) as described in the atomic-

absorption-iron collection method for bismuth

“£), evaporate the solution until copious fumes
Cool

(p
of

the solution to room temperature, add about 40 mL

:ulphur trioxide are evolved (Note 4).

of water, then if lead sulphate is present, add 5



or 10 g of sodium chloride (Note 5). If neces-

sary, heat the solution gently to dissolve the
sodium salts and lead sulphate, then add 20 mL of
25% citric acid-25% tartaric acid solution, mix
the (Note 6) and add 50 mL of 12%
EDTA-12% sodium hydroxide solution. With the aid

of a pH meter, if necessary (Note 7), or a small

solution

piece of red litmus paper added to the solution,
make the solution alkaline - pH 7-11 - by adding
50% sodium hydroxide solution. Cool the resulting
solution to room temperature in a water-bath, then
adjust the pH to 11.75 * 0.25 with 50%

hydroxide solution.

sodium

Transfer the resulting solution to a

250-mL separatory funnel, add 30 mL of freshly
prepared 20% potassium cyanide solution and mix
Add 5 mL of freshly pre-
pared 1% sodium diethyldithiocarbamate solution,

then add 10 mL, of chloroform (Note 8),

the solution thoroughly.

close the
funnel and shake it for 1 min. Allow several
minutes for the layers to separate, then drain the
chloroform extract into a 150-mL beaker. Extract
the aqueous phase two more times in a similar man-
ner with 10~ and 5-mL portions of chloroform, then
wash it by shaking it for about 30 s with 5 mL of
chloroform. Add 10 mL of 50% nitric acid to the

combined extracts, heat the mixture in a hot

water-bath to remove the chloroform, then cover
the beaker and add 10 mL of concentrated perchlo-
ric acid. Evaporate the solution to fumes of per-
chloric acid and continue to fume it for approxi-
mately 15 min to ensure the complete destruction
of organic material. Remove the cover, wash down
the sides of the beaker with water and evaporate
the solution to dryness. Add sufficient concen~
trated hydrochloric acid so that the concentration
in the final solution will be approximately 20%
by volume and warm the solution gently to dissolve
the salts. Transfer the solution to a volumetric
flask of appropriate size - 10-100 mL - and dilute
it to volume with water.

Measure the absorbance of the resulting
solution at “23.1 nm in an oxidizing air-acetylene
flame (Note 9). Determine the bismuth content of
the solution by relating the resulting value to
those obtained concurrently for calibration solu-
tions of slightly higher and lower bismuth concen-

trations.
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NOTES

1.

3.

The calibration solutions should be prepared
fresh every week because they are not stable
on prolonged standing.

A larger sample should not be used unless the
volume of EDTA-sodium hydroxide solution that
is subsequently used for masking purposes is
increased correspondingly.

Samples containing more than 0.5% of bismuth
can be analyzed if a small sample - 0.05-
0.1 g - is taken,
taken of the solution obtained after the addi-

or if a suitable aliquot is

tion of sodium chloride - if necessary - and
dissolution of the salts by heating.

A low result will be obtained if the solution
If this occurs, add
20 mL each of 50% sulphuric acid and water,
then

is evaporated to dryness.

heat the mixture to dissolve the salts,
evaporate the solution to fumes of sulphur
trioxide and proceed as described.
Approximately 10 g of sodium chloride should
be used if more than about 250 mg of lead is
present. It can be omitted if lead sulphate
is absent.

If the diethyldithiocarbamate extraction can-
not be performed the same day, allow the solu-
tion to stand overnight at this point. Addi-
tion of the EDTA-sodium hydroxide solution is
not harmful except that the EDTA will precipi-
tate from the acidic solution during prolonged
standing.

A pH meter is orly neceszary for highly col-
oured copper and nickel solutions of iow iron
content. If an appreciable amount of iron is

present, add 50% sodium hydroxide Iution
until the solution changes colour becauss of
the formation of the reddish brown iro )=
EDTA complex.

Carbon tetrachloride, instead of chloroform,

is not recommended for the extraction of bis-
muth from solutions containing an apprecianle
amount of lead. Lead diethyldithiocarbam-te,
which is less soluble in this solvent, cip-

itates in the organi- phase and mayv interfers

mechanically with the extraction of bismuth.
Approximately five-fold scale expan-
sion is 1t nmended r the determinati

abou pg/mb oy bismuth.
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ACCURACY
Illustrated in Table 5 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine bismuth

in molybdenum, nickel and zinc metals and alloys. 2,

REFERENCES
l. Donaldson, E.M. "Determination of bismuth in

ores, concentrates and non-ferrous alloys by

atomic-absorption spectrophotometry after
separation by diethyldithiocarbamate extrac-
tion or iron collection”; Talanta 26:1119-
1123; 1979.

Idem. "Spectrophotometric determination of
bismuth in concentrates and non-ferrous alloys
by the iodide method after separations by
diethyldithiocarbamate and xanthate extrac-
tion"; ibid 25:131-136; 1978.
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SPECTROPHOTOMETRIC DETERMINATION OF BISMUTH IN COPPER METAL AND COPPER-,
TIN- AND LEAD-BASE ALLOYS BY THE IODIDE METHOD
AFTER SEPARATION BY DIETHYLDITHIOCARBAMATE AND XANTHATE EXTRACTIONS

PRINCIPLE

Bismuth 1is
elements, except lead and thallium, by extraction
of its diethyldithiocarbamate complex at pH 11.5-

separated from all matrix

12.0 from a sodium hydroxide medium containing
citric acid, tartaric acid, ethylenediaminetetra-
acetic acid (EDTA) and potassium cyanide as com~
plexing agents. It is subsequently back-extracted
into 12 M hydrochloric acid and separated from
most of the coextracted lead and from any thallium
present by chloroform extraction of its ethyl
xanthate complex from a 2.5 M hydrochloric acid-
tartaric acid-ammonium chloride medium. Bismuth
is wultimately determined spectrophotometrically
by measuring the absorbance at either 337 or 460
nm of the yellow iodobismuthite ion formed in a
1 M sulphuric acid-0.24 M potassium iodide medium
in a reducing - hypophosphorous acid - environ-
ment. The molar absorptivities of the complex at
3.05 x 103 and 1.12 x 103

1, respectively (1).

these wavelengths are

L.mol™L.om™

INTERFERENCES
Nickel, cobalt and chromium, which form
coloured solutions; platinum, palladium, antimony

and tin, which form soluble coloured compounds

with iodide; lead, thallium, silver, copper and

cadmium, which form insoluble iodides; and iron
(III), which oxidizes iodide and liberates iodine,
interfere in the determination of bismuth as the
iodide (2-4). Although platinum and palladium are
not usually present in copper-, tin- and lead-base
alloys, interference from them and from all the
above elements, except lead and thallium (III),
is avoided by the preliminary separation of bis-
muth by chloroform extraction of its yellow dieth-
yldithiocarbamate complex from a strongly alkaline
sodium hydroxide medium - pH 11.5-12.0 - contain-
ing citric acid, tartaric acid, EDTA and potassium

cyanide as complexing agents. Lead and thallium

(III) are
respectively,
(1555605

most of the coextracted lead,

partly and completely coextracted,
as diethyldithiocarbamate complexes
Bismuth is ultimately separated from
and from any thal-
lium present, after it is reduced to thallium (I)
with sulphurous acid, by chloroform extraction of
its ethyl xanthate complex from a 2.5 M hydrochlo-
ric acid-tartaric acid-ammonium chloride medium.
Small amounts of lead ~ less than 100 ug - that is
coextracted as the xanthate does not interfere in
the determination of bismuth when the absorbance
measurement is made at 460 nm, but a high result
is obtained if the measurement is made at 337 nm.
This interference is eliminated by washing the
bismuth xanthate extract with a 2.5 M hydrochloric
acid solution of the same composition as the
medium used for extraction (1).

In the absence of lead, zinc and particu-
larly molybdenum cause low results for bismuth
because the diethyldithiocarbamate complex is not
quantitatively back-extracted from the chloroform
This
interference is avoided by adding lead before the

phase inte concentrated hydrochloric acid.

extraction of bismuth diethyldithiocarbamate (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0001 to 1% of bismuth but
material containing higher concentrations can also

be analyzed with reasonable accuracy.

REAGENTS
STANDARD BISMUTH SOLUTION, 1 mg/mL.
solution as described in the atomic-absorption-

bismuth (p 24).

Prepare the
iron collection method for Pre-
pare a 5-pg/mL solution by diluting 5 mL of this
stock solution and 10 mL of concentrated nitric
acid to 1 L with water. Prepare a 50-ug/mL solu-
tion by diluting 10 mL of the stock solution and

5 mL of concentrated nitric acid to 200 mL with



water. Prepare the diluted soclutions fresh as

required.

LEAD SOLUTION, 5 mg/mL.
lead metal by heating it gently with 150 mL of 50%
nitric acid,
perature and dilute it to 500 mL with water.

Dissolve 2.5 g of pure

then cool the solution to room tem-

SODIUM HYPOPHOSPHITE SOLUTION, 15% m/V. Prepare
the solution fresh as required.
POTASSIUM IODIDE SOLUTION, 20% m/V. Prepare the

solution fresh as required.

TARTARIC ACID SOLUTION, 20% m/V.

SULPHUROUS ACID.
dioxide.

Water saturated with sulphur

AMMONIUM CHLORIDE SOLUTION, 25% m/V.

POTASSIUM ETHYL XANTHATE SOLUTION,

pare the solution fresh as required.

20% m/vV. Pre-

HYDROCHLORIC ACID-TARTARIC ACID~AMMONIUM CHLORIDE
WASH SOLUTION. Add 215 mL of concentrated hydro-
chloric acid to approximately 500 mL of water,
then add 25 mL of 20% tartaric acid solution and
200 mL of 25% ammonium chloride solution and

dilute the resulting solution to 1 L with water.

SULPHURIC ACID, 50% v/v.

NITRIC ACID, 50% v/v.

CHLORQOFORM. Reagent-grade.
CALIBRATION CURVES

Add 3 mL of 50% sulphuric acid and 1 mL
of concentrated nitric acid to each of thirteen
100~-mL beakers; then by burette, add to the first
and 8 mL,

five beakers 1, 2, U, respectively,

of the dilute standard 5-ug/mL bismuth solution.
By burette, add to the next seven beakers 1, 2,
i, 4, 6, 8 and 10 mL, respecrtively, of the dilute
standard S50~-ug/mL bismuth solution. ontents
f the last beaker nstiftute the blank. “VEpo-
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rate each solution to fumes of sulphur trioxide
and cool it to room temperature. Add 2 mL of
freshly prepared 15% sodium hypophosphite solution
Add 5 mL

of freshly prepared 20% potassium iodide solution,

to each beaker and mix the solutions.
mix the solutions thoroughly, then transfer them
to 25-mL volumetric flasks and dilute them to
Allow the solutions to stand

then measure the absorbance of the

volume with water.
for 5 min,
blank solution and of each of the five solutions
in the first series at 337 nm against water as the
reference solution, using H40-mm cells. Measure
the absorbance of the blank solution and of each
of the seven solutions in the second series in a
similar manner at U460 nm, using 10-mm cells, then
measure the absorbance of the blank solution and
of each of the four solutions of lowest bismuth
in the

content second series, using 20-mm cells.

Correct the absorbance value obtained for each
bismuth-iodide solution by subtracting the cor-
responding blank value. Plot micrograms of bis-
muth vs absorbance for each series of measure-

ments.

PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Following sample decomposition (Note 1)
and the ultimate adjustment of the pH of the solu-
tion to 11,75 * 0.25 as described in the atomic-

absorption-diethyldithiocarbamate extraction meth-

od for bismuth (p 27), extract bismuth as
described and collect the extracts in a 125-nL
separatory funnel marked at 75 mL (Note 2). Add

16 mL of concentrated hydrochloric acid to the
combined extracts, close the funnel and shake it
for 2 min, Allow several minutes for the 1layers

to then drain off and discard the
Add 2 mL each of 20% tartaric
(Note 3) and
15 mL of 25% ammonium chloride solution to the
dilute it to the T75-mL mark
Add 10 mL of

chloroform, then add 1 mL of freshly prepared 20%

separate,
chloroform layer.,

acid solution and sulphurous acid

resulting solution,
with water and mix it thoroughly.
potassium ethyl xanthate solution, close the fun-
nel and extract the solution immediately (Note U)
Allow several minutes

by shaking it for min.



for the layers to separate.

If the sample contains 40 pg or less of
bismuth, drain the sample and blank extracts into
125-ml, separatory funnels. Extract the agueous
phase three more times in a similar manner with
10-, 5- and 5-mL portions of chloroform and 1,
0.5 and 0.5 mlL of xanthate solution, respectively.
Add 30 mL of hydrochloric acid-tartaric acid-ammo-~
to the combined

nium chloride wash solution

extracts, then close the funnel and shake it for
1 min. After the layers have separated, drain the
Add 5 mL

of chloroform and 0.5 mL of xanthate solution to

chloroform phase into a 150-mL beaker.

the aqueous phase and shake the funnel for 1 min.
Allow the 1layers to separate, then drain the
chloroform phase into the beaker containing the
initial extract. Extract the aqueous phase once
then wash it by shaking
Add

10 mL of 50% nitric acid and 1 mL of concentrated

more in a similar manner,

it for about 30 s with 5 mL of chloroform.

perchloric acid to the combined extracts and heat
the mixture in a hot water-bath to remove the
chloroform. Cover the beaker, heat the solution
until the evolution of oxides of nitrogen ceases,
then remove the cover, wash down the sides of the
beaker with water and evaporate the solution to
fumes of sulphur trioxide or almost to dryness
(Note 5). Cool the beaker, add 1 mL of 50% nitric
acid
the
Cool

and 3 mL of 50% sulphuric acid and evaporate
solution to fumes of sulphur trioxide again.
the solution to room temperature, then pro-
ceed with the formation of the bismuth iodide com-
plex and the subsequent measurement of the absorb-
ance at 337 nm as described above, using 40-mm
cells. Correct the absorbance value obtained for
the sample solution by subtracting that obtained
for the reagent blank solution and determine the
bismuth content of the sample solution by refer-
ence to the appropriate calibration curve.

If the sample contains between 40 and

500 ug of bismuth, drain the sample and blank

extracts into 150-mL beakers. Extract the aqueous
phase three more times as described above, then
add 10 mL of 50% nitric acid and 1 mL of concen-
trated perchloric acid to the combined extracts

and proceed with the removal of chloroform, the
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ultimate formation of the bismuth iodide complex
and the subsequent determination of the bismuth
content of the sample solution as described above,
using either 10- or 20-mm cells as required and a
wavelength of U460 nm,
If the sample contains more than 500 ug
of bismuth, treat the combined sample and the com-
bined blank extract with 10 mL of 50% nitric acid
and 1 mL of concentrated perchloric acid as
described above and evaporate the solutions to
fumes of sulphur trioxide or almost to dryness
(Note 5). add 10 mL of 50%

nitric acid and heat the solutions gently to dis-

Cool the beakers,
solve the salts. Cool the solutions to room tem-
perature, then transfer them to volumetric flasks
of appropriate size - 50-200 mL -~and dilute them
to volume with water, Transfer a suitable iden-
tical aliquot - up to 40 mL - of each solution to
150-mL. beakers and add 3 mL of 50% sulphuric acid.
Evaporate the solutions to fumes of sulphur triox-
ide, then proceed with the complex formation and
the subsequent determination of the bismuth con-
tent of the aliquot as described above, using a

wavelength of U460 nm.

NOTES

1. If necessary, add sufficient 1lead solution

during the decomposition step so that approxi-

mately 25 mg will be present. The sample can
contain up to approximately 2 mg of bismuth.

2. The separatory funnel should be drained thor-
oughly after washing it to prevent dilution
of the concentrated hydrochloric acid used for
the subsequent back-extraction of bismuth.

3. The addition of sulphurous acid is not neces-
sary if thallium is known to be absent.

4. Because of the known instability of many metal
xanthate complexes, extraction immediately
after the addition of chloroform and xanthate
solution is recommended.

5. The small amount of sulphuric acid that is
present is formed during the nitric acid oxi-~

dation of xanthate in the extract.

ACCURACY
Illustrated in Table 5 in Appendix A.



OTHER APPLICATIONS

muth in molybdenum,

This method can be used to determine bis-

nickel and zinc metals and

alloys.
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SPECTROPHOTOMETRIC DETERMINATION OF BORON IN IRON AND STEEL
WITH CURCUMIN AFTER SEPARATION BY 2-ETHYL-1, 3-HEXANEDIOL-CHLOROFORM EXTRACTION

PRINCIPLE

Boron is separated from the matrix ele-
ments by chloroform extraction of the boric acid-
2-ethyl-l,3-hexanediol ion-association complex
It is ulti-

spectrophotometrically,

from a 1 M sulphuric acid medium.
mately determined in a
l-mL. portion of the extract, by measuring the
absorbance at 550 nm of the red curcumin rosocy-
anin complex, after formation of the complex in a
glacial acetic acid-concentrated sulphuric acid
medium. The molar absorptivity of the complex at

this waveiength 4a 1.65 % 10" L.mol l.m™C (1).

INTERFERENCE

The ethyl hexanediol-chloroform extrac-
tion step is highly selective and, in conjunction
with zirconium as a complexing agent for fluoride,
which reacts with boron to form fluoborate, sepa-~
rates boron from titanium, fluoride and oxidizing
agents such as nitrate and hydrogen peroxide (1,2)
which interfere in the formation of the curcumin
complex (3,4). Both potassium hydrogen fluoride
and hydrogen peroxide are used auring the sample
decomposition step to destroy carbides. Up to at
least 500 mg of iron (III) (1) and 100 mg of tin
(VL cobalt,

copper (II),

magnesium, chromium (III),

lead,

zinc,

nickel, aluminum, bismuth,
vanadium (V) and phosphorus as phosphate do not
interfere in the extraction of boron and are not
In

the presence of 3 mL of 30% hydrogen peroxide, up

coextracted to any significant extent (2).

to at least 50 mg each of manganese (II), titanium
(IV), molybdenum (VI), tungsten (VI), niobium and
tantalum also do not interfere in the extraction
Up to at

least 3 M nitric acid or 2 M hydrochloric acid can

of boron and are not coextracted (1).
be present during the extraction step (2). Aqua
regia should not be present because free chlorine
is coextracted and interferes during complex for-

mation (1).

RANGE
This method is suitable for samples con-
taining approximately 0.0001 to 0.04% of boron.

APPARATUS
APPARATUS FOR SAMPLE DECOMPOSITION.
125-mL narrow-mouth linear (high density) polyeth-

Nalgene
ylene bottles fitted with air condensers. These
can be made by inserting a l-mL Nalgene pipette
(inner diameter 2 mm), with its tip cut off, into
a hole in a suitable size neoprene stopper so that
about 40 mm of the pipette extend below the stop-
per.

FUNNELS FOR FILTERING THE EXTRACTS.
made from broken 20- or 25-mL volumetric pipettes
by cutting the bulb in half.

These can be

POLYPROPYLENE SEPARATORY FUNNELS.
shape type marked at 50 and 75 mL.

125-mL pear-

GRADUATED NALGENE PIPETTES. These should be used
for adding all the reagents except the curcumin

solution.

AUTOMATIC 500 ul. PIPETTE WITH DISPOSAL PLASTIC
TIPS.

REAGENTS
STANDARD 100
0.5715 g of pure boric acid in about 100 mL of

BORON SOLUTION, pg/mL. Dissolve

water contained in a 250-mL plastic or teflon
beaker. Transfer the solution to a 1-L volumetric
flask, dilute it to volume with water, mix thor-
oughly and transfer the solution to a 1-L plastic
bottle. Prepare a 5-ug/mL solution by diluting 10
mL of this stock solution to 200 mL with water

(Note 1).



CURCUMIN SOLUTION, 0.375% m/v. Transfer 0.7500 g
of pure curcumin to a dry (Note 2) 250-mL teflon
beaker, add about 150 mL of glacial acetic aecid
and warm the mixture gently until the curcumin has
dissolved. Transfer the solution to a dry 200-mL
volumetric flask and dilute it to volume with
glacial acetic acid (Note 1). This solution is

stable for at least one month.

ZIRCONIUM
solve 100 g

SULPHATE 20% m/V. Dis-

of trihydrate
(ZrOSOu.HZSOH.3H20) in about 400 mL of water con-

taining 10 mL of 50% sulphuric acid and dilute the

SOLUTION,

zirconyl sulphate

solution to 500 mL with water. Store the solution

in a plastic bottle.

POTASSIUM HYDROGEN FLUORIDE SOLUTION,

Store the solution in a plastic bottle.

25% m/V.

2~ETHYL-1,3-HEXANEDIOL SOLUTION. 10% v/v in chlo=-
Dilute 50 mL of the reagent to 500 mL
with chloroform in a dry glass bottle marked at
500 mL.

roform.

SODIUM CARBONATE SOLUTION,

solution in a plastic bottle.

25% m/v. Store the

SULPHURIC ACID, 50% v/V.

CHLOROFORM. Reagent-grade.

ETHYL ALCOHOL. 95%.

CALIBRATION CURVE
Add 8 mL of 50% sulphuric acid to each

of seven 125-mL polypropylene separatory funnels;
then by burette, add to the last six funnels 1,
2, 3, 4, 6 and 8 mL, respectively, of the dilute
The contents
Dilute
the solutions to the 75-mL mark with water, then

add 10 mL of 10% ethyl hexanediol-chloroform solu-

standard 5-ug/mL boron solution.
of the first funnel constitute the blank.

tion to each funnel, close it tightly and shake
Allow for the
then filter the chloroform

it for 2 min. several minutes

layers to separate,
extract through a wad of cotton-wool into a dry
flask (Note 7). Extract the

25=mL  volumetric

34

solution once more in a similar manner with 10 mL
of then
extract it for 1 min with 3 mL of the chloroform

ethyl hexanediol-chloroform solution,

solution. Combine these extracts with the first
extract, wash the funnel containing the cotton-
wool with about 2 mL of ethyl hexanediocl solution
and dilute the extract to volume with the same
solution.

Transfer two l-mL aliquots (Notes 4 and
5) of the blank and of each of the resulting
extracts to dry 25-mL volumetric flasks (Note 3),
add 1 mL of 0.375% curcumin solution (Note 4) and
mix thoroughly. Using the automatic pipette, add
0.5 mL of concentrated sulphuric acid to each
flask, mix the solutions thoroughly and cover the
flasks with a piece of tissue. Allow the solu-
tions to stand for 30 min to complete the complex
formation, then dilute them to volume with ethyl
alcohol and mix them thoroughly. Measure the
absorbance of each of the resulting solutions at
550 nm against water as the reference solution
using 10-mm cells. Correct the absorbance value
obtained for each boron-curcumin solution by sub-
tracting that obtained for the blank solution
(Note 6).

(Note 7).

Plot micrograms of boron vs absorbance

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

Total boron

Transfer 0.1-0.5 g of sample containing
not more than
bottle (Note 8) and add 10 mL of water.

40 pg of boron to a 125-mL Nalgene
Rapidly,
in succession and without mixing (Note 9), add
8 mL of 50% sulphuric acid (Note 10), 3 mL of 30%
hydrogen peroxide and 2 mL of 25% potassium hydro-
gen fluoride solution (Note 11) and immediately
cap the bottle tightly with
Place the bottle in a water-bath maintained at

60-70°C for about 2 h, then cool it to room tem-

an air condenser.

perature, open the cap and wash down the inside
of the air condenser with a small amount of water.
Add about one-quarter of a Whatman filter pulp
tablet, swirl the bottle to macerate the paper,

then using a plasti~ funnel and Whatman ll-cm No.



40 paper, filter the solution (Note 12) into a
125-mL polypropylene separatory funnel. Transfer
the residue as quantitatively as possible to the
filter paper (Note 13) and wash the paper and
residue twice with small portions of water. Add
10 mL of 20% zirconium sulphate solution to the
filtrate and close the funnel.

Transfer the paper containing the residue
to a 30-mL platinum crucible, add 4 mL of 25%
sodium carbonate solution (Note 14), then place
the crucible in a muffle furnace and dry the paper
and evaporate the solution to dryness at a low
Burn off the paper at 500-600°C,
then ignite and fuse the residue at about 900°C.

temperature.

Cool the crucible, add about 10 mL of water, then
cover it with a plastic or teflon cover and care-
fully add 2 mL of concentrated hydrochloric acid.
When the melt has dissolved (Note 15), transfer
the solution to the separatory funnel containing
the filtrate. Wash the crucible several times
with small portions of water, dilute the resulting
solution to the 75-mL mark with water and proceed
with the extraction of borate, the complex forma-
tion and the subsequent measurement of the absorb-
ance as described above. Correct the absorbance
value obtained for the sample solution by sub~
tracting that obtained for the reagent blank solu-~
tion and determine the boron content of the

extract by reference to the calibration curve.

Acid~soluble boron

Following the decomposition of the sample
and filtration of the solution to remove the acid-
insoluble material as described above (Note 16),
add 10 mL of 20% zirconium sulphate solution to
the filtrate, dilute it to the 75-mL mark with
water and proceed with the extraction and deter-

mination of boron as described above.

Acid-insoluble boron

After fusion of the insoluble material
and dissolution of the melt as described above,
transfer the resulting solution to a 125-mL poly-
propylene separatory funnel and wash the crucible
thoroughly with water. Add 5 mL each of 20% zir-
conium sulphate solution (Note 17) and 50% sul-

phuric acid, dilute the solution to the 50-mL mark

with water, then proceed with the extraction and

subsequent determination of boron.

NOTES

1. If a Nalgene flask is not available, transfer

the solution to a plastic bottle to avoid
contamination from boron in glass.

2. Water should not be present because it inter-
feres in the formation of the boron-curcumin
complex (U).

3. Volumetric flasks and funnels used for the
extract, and flasks ultimately used for com-
plex formation should be washed thoroughly
after use with methyl alcohol followed by
distilled water and they should be kept in a
drying oven until needed. When these are

cooled just before use, they should be kept
covered with a piece of tissue to prevent
contamination from boron contained in the
dust in the laboratory.

4, Use a l-mL glass volumetric pipette and wash
it with methyl alcohol after use.

5. Because of the ease with which the resulting
solutions can become contaminated with dust
in the laboratory, it is recommended that two
aliquots of each extract should be taken for
complex formation and that the mean of the
two results should be used to plot calibra-
tion curve. Sample extracts should be ana-
lyzed in a similar manner. The extracts are
stable for at least two weeks and can be kept
in the glass flasks.

6. The absorbance of the blank varies from about
0.10-0.13 against water as the reference
solution. The absorbance of the complex
remains constant for at least 6 h.

7. For ease of reference when analyzing samples,
plot the amount of boron added before the
extraction step - not that contained in 1 mL
of the ethyl hexanediol extract.

8. To avoid contamination, the Nalgene bottle
and all pipettes used for adding reagents
should be thoroughly washed with distilled
water Jjust before use.

9. The solution should not be mixed until the
initial reaction has subsided or some may be

lost through the air condenser.



10.

11.

12,

13.

14,

15.

16.

For stainless steel, add 3 mL of concentrated
hydrochloric acid at this point.

Potassium hydrogen fluoride is added, in con-
junction with hydrogen peroxide, to decompose
carbides.

The filtration and subsequent fusion step
should be carried out even if no acid-insolu-
ble material can be seem. A small amount
dispersed throughout the sample solution is
not readily visible particularly in an opaque
Nalgene bottle.

A plastic squeeze-type wash-bottle with the
tip pointed outward and upward is useful for
washing any remaining residue down the inside
of the Nalgene bottle while it is held over
the filter funnel.

Sodium carbonate solution is added to neu-
tralize any acid that may have remained on
the filter paper. This could cause loss of
boron by volatilization during the ignition
step.

Any iron oxide present can be ignored. It
does not interfere with the extraction of
if the becomes

it should be

boron. However, crucible
stained with iron compounds,
cleaned with molten sodium carbonate before
using it again.

If only the acid-soluble boron content of
the sample is required, filtration of the
solution is not necessary unless a large

amount of residue is present. A small amount
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with

extraction because it floats on top of the

will not interfere the subsequent

chloroform phase.

17. Zirconium solution is required to complex any
fluoride ion that may have remained on the
filter paper during the filtration of the
residue.

ACCURACY

Illustrated in Table 6 in Appendix A.
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ATOMIC-ABSORPTION DETERMINATION OF CHROMIUM IN
IRON, STEEL, NICKEL-COPPER ALLOYS AND ALUMINUM- AND ZIRCONIUM-BASE ALLOYS

AFTER SEPARATION BY TRIBENZYLAMINE-CHLOROFORM EXTRACTION

PRINCIPLE

Chromium is separated from matrix elements by
extracting chromium (VI) into chloroform contain-
ing tribenzylamine from a 0.7 M sulphuric acid
medium. It is subsequently back-extracted into
dilute ammonium hydroxide containing hydrogen per-
oxide, the solution is acidified with perchloric
acid and chromium is ultimately determined by
atomic-absorption spectrophotometry at 357.9 nm
in a reducing air-acetylene flame in a 5% per-

chloric acid medium (1).

INTERFERENCES

The tribenzylamine-chloroform extraction step
(1) separates chromium from iron and from many
other elements that interfere in its determination
in an air-acetylene flame (2-5).
(CaR)S and possibly
uranium (VI), platinum (IV), rhenium (VIII),
bium (V),
tracted under the conditions used for the extrac-
tion of chromium (VI) (6,7).

Only molybdenum
in microgram-quantities (1),
nio-

tantalum and mercury (II) are coex-

Uranium, platinum,

rhenium and mercury are not usually present in

iron, steel and non-ferrous alloys. Niobium and

tantalum do not interfere because they form insol-
uble hydrolysis compounds during the initial sam-

ple preparation step. These compounds, and any

lead sulphate present, are removed by filtration

before the extraction step. Possible interference

from tin and antimony, which also form insoluble

hydrous oxides and which may form insoluble

hydrolysis compounds during the oxidation of

chromium with ceric ammonium sulphate, is avoided
by volatilizing them as the bromides with hydro-
bromic acid during the sample preparation step.

Arsenic, germanium, selenium, rhenium and mercury

are also removed under these conditions (1).
Manganese, in large amounts, causes a low
result for chromium because it is preferentially

oxidized to manganese (IV) by ceric ammonium sul-

phate. This uses up the cerium (IV) and prevents
to the

hexavalent state required for the extraction step.

the complete oxidation of chromium (III)

However, up to approximately 5 mg of manganese can
be present in the sample or aliquot taken for
extraction without causing significant error in
the result. The brown manganese dioxide precipi-
tate formed during the oxidation step can be
removed by filtration before the extraction of
chromium (1).
Large amounts of molybdenum and tungsten
interfere in the extraction of chromium if a large
amount of vanadium is present probably because of
the formation of heterpoly vanadium-molybdenum and
vanadium~tungsten complexes. A large amount of
tungsten also causes a low result for chromium
because of the formation of tungsten trioxide
which occludes chromium. In the absence of vana-
dium, up to about 10 mg of tungsten can be present
during the oxidation step without causing error
in the result if the tungsten trioxide is removed
by filtration before the extraction step. More
than about 1 mg each of vanadium and tungsten
Up to

10 mg each of vanadium and molybdenum do not

interfere in the extraction of chromium,
interfere if tungsten is absent. In the absence
of molybdenum and tungsten, up to 100 mg of vana-
dium (V) will not interfere in the extraction of
chromium (1).

Up to at least 10 mg of phosphorus (V), 50 mg
of arsenic (V), bismuth and titanium (IV) and 100
mg of zirconium, copper (II), =zinc, nickel and
aluminum do not interfere in the extraction of up
to 1 mg of chromium. Lead does not interfere
because it does not form an insoluble chromate
under the conditions employed (1).

Possible interference

the

acid
of

from perchloric

during atomic-absorption determination
chromium is avoided by maintaining approximately

the same concentration - 5% by volume - in the



sample and calibration solutions. Because the
atomic-absorption of chromium depends on its oxi-
dation state (4,5,8) and on the ionic species (9)
present in solution, the chromium in the calibra-
tion solutions must be in the same ionic form as
in the sample solution. It must also be present
as chromium (III), which is formed when the ammo-
niacal-hydrogen peroxide solution used for the
back-extraction of chromium is acidified with per-
chloric acid.

by treating the calibration solutions essentially

Error from these sources is avoided

the same way as the sample solution obtained after

the back-extraction of chromium (1).

RANGE
This method is suitable for iron and steel
containing approximately 0.001 to 5% of chromium
and for nickel-copper and aluminum- and zirconium-
base alloys containing approximately 0.0005 to 1%

of chromium.

REAGENTS

STANDARD CHROMIUM SOLUTION, 1000 ug/mL.
1.4147 g of pure potassium dichromate - dried at
105°C for 1 h - in water and dilute the solution
to 500 mL. Prepare a 100~pug/mL solution by dilut-
ing 20 mL of this stock solution to 200 mL with

Dissolve

water.

TRIBENZYLAMINE SOLUTION, 3% m/V in chloroform.

SULPHURIC ACID, 1.4 M, Dilute 160 mL of 50% sul=-
phuric acid to 1 L with water.

AMMONIUM HYDROXIDE, 1% v/V.

SULPHURIC ACID, 50% v/v.

PERCHLORIC ACID, 50% v/v.

NITRIC ACID, 50% v/V.

CHLOROFORM.

Reagent-grade.

CALIBRATION SOLUTIQONS
Add 1 mL of 50% perchloric acid and about

i0 ml of water to each of eight 100-mL beakers;
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then by burette, add to the first seven beakers
0.5, 1, 2, 3, 4, 5 and 6 mL, of
standard 100-ug/mL chromium solution. The con-

respectively,

tents of the last beaker constitute the zero cali-
bration solution. Add 4 drops of 30% hydrogen
peroxide to each beaker, mix the solutions, then
evaporate them to about 10 mL (Note 1) to destroy
Cool the

solutions and transfer them to 100-mL volumetric

most of the excess of hydrogen peroxide.

flasks containing 9 mL of 50% perchloric acid.
Dilute each solution to volume with water (Note
2

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

Iron and steel

Transfer 0.1-0.5 g of sample containing
up to 5 mg of chromium and not more than about
25 mg of manganese, 50 mg of molybdenum and 5 mg
each of tungsten and vanadium (Note 3) to a 250~-mL
teflon beaker. Cover the beaker and add 40 mL of
50%

nitric acid.

sulphuric acid and 10 mL of concentrated
Heat the mixture gently until the
then remove the cover and
Add

2 mL of concentrated hydrofluoric acid (Note 4)

sample is decomposed,

wash down the sides of the beaker with water.

and evaporate the solution until copious fumes of
sulphur trioxide are evolved. Cool the solution,
add 50 mL of water and heat the solution to dis-
solve the soluble salts. Using Whatman No. 40
paper, filter the solution into a 250-mlL volumet-
ric flask, transfer any insoluble material quanti-
tatively to the filter paper and wash the paper 3
times with water. Reserve the beaker.

Transfer the paper containing the residue
to a 30-mL zirconium crucible, burn off the paper
at a low temperature and ignite the residue at
about 600°C, Cool the add 0.5 g of

sodium peroxide (Note 5) and fuse the mixture over

crucible,
an open flame. Cool the crucible and place it
Cover the beaker,
then
When

upright in the original beaker.
add about 15 mL of water to the crucible,
carefully add 6 mL of 50% sulphuric acid.
the melt has dissolved, remove the crucible after

washing it with water. Add 3 drops of concen-



trated hydrofluoric acid to the beaker and, to
remove hydrogen peroxide,
of

Cool the solution,

evaporate the solution

until copious fumes sulphur trioxide

add about 30 mL of

are
evolved.
water and heat the solution to dissolve the salts.
If necessary, filter the solution - using Whatman
No. 40 paper - into the volumetric flask contain-
ing the initial filtrate and wash the beaker and
the paper each 3 times with water. Discard the
paper and dilute the solution to volume with
water.

Transfer a suitable aliquot - up to
50
to
if
so
50

(Note 6) to the solution,

nL - of the resulting solution, containing up
about 1 mg of chromium, to a 250-mL beaker and,
necessary, add sufficient 1.4 M sulphuric acid
that the total volume of the solution will be
mL. Add 300 mg of ceric ammonium sulphate
cover the beaker and,
to ensure the complete oxidation of chromium, boil
the solution until salts start to form or until
fumes of sulphur trioxide Jjust start to appear.
Add 50 mL of water and heat the solution gently
to dissolve the salts.

Cool the resulting solution and, if tung-
sten trioxide is present, filter the solution -
using Whatman No. 42 paper - into a 250-mL separa-
Wash the beaker,

the paper and the precipitate thoroughly with

tory funnel marked at 100 mL.

water and dilute the solution to the mark with
water. Add 10 mL of 3% tribenzylamine-chloroform
solution, close the funnel and shake it for 1 min.
Allow several minutes for the layers to separate,
then drain the chloroform phase into a 125-mL
separatory funnel containing 10 mL of methyl alco-
hol (Note 7). Extract the aqueous phase three
more times (Note 8) in a similar manner with 5-mL
portions of tribenzylamine-chloroform solution,
Add 25 mL of 1% ammonium hydroxide and 4 drops of
30% hydrogen peroxide to the combined extracts,
then close the funnel and shake it for 1 min.
drain off and
Add 1 mL of 50%
perchloric acid to the agueous phase (Note 9), mix

then add 5 mL of chloro-

After the layers have separated,

discard the chloroform layer.

the solution thoroughly,
form and shake the funnel for about 30 s to remove

the residual tribenzylamine. After the layers
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have separated, drain off and discard the chloro-
form layer. Wash the aqueous layer once more by
shaking it with 5 mlL of chloroform, then transfer
it to a 100-mL beaker and heat the solution gently
in a hot water-bath to remove the residual chloro-
form.

Evaporate the blank solution to about
5 mL (Note 1) to destroy most of the excess hydro-
gen peroxide, then transfer it to a 10-mL volu-
metric flask and dilute it to volume with water.
Depending on the expected chromium content, evapo-
solution to 5-10 mL, then if

add sufficient 50% perchloric acid so

rate the sample
necessary,
that 1 mL will be present for each 10 mL of final
solution in excess of 10 mL (Note 10). Transfer
the solution to a volumetric flask of appropriate
size - 10-200 mL (Note 11) - and dilute it to
volume with water.

Measure the absorbance of the resulting
solutions at 357.9 nm in a reducing air-acetylene
flame (Note 12). Determine the chromium contents,
in milligrams, of the solutions by relating the
resulting values to those obtained concurrently
for calibration solutions of slightly higher and
lower chromium concentrations. Correct the result
obtained for the sample solution by subtracting
that obtained for the reagent blank solution.
zirconium-base and

Aluminum-base, nickel-copper

alloys

Transfer up to 0.2 g of sample containing
up to about 1 mg of chromium and not more than
about 5 mg of manganese to a 250-mL teflon beaker,
Cover the beaker, add 10 mL each of 50% sulphuric
acid and 50% nitric acid and heat the mixture
gently until the sample has dissolved. Remove the
cover, wash down the sides of the beaker with
water, then add 2 mL of concentrated hydrofluoric
acid (Note U4)
copious
(Note 13).

heat the solution to dissolve the salts,

and evaporate the solution until
fumes of sulphur trioxide are evolved
Cool the solution, add 50 mL of water,
then pro-

ind Che

ceed with the oxidation, the extraction

subsequent determination of chromium a= described

above,



NOTES

1.

10.

11.

Chromium is lost by volatilization if the
solution is evaporated to fumes of perchloric
acid or to dryness.

The calibration solutions are stable for at
least two weeks.

If tungsten is absent, up to 50 mg of vana-
dium can be present. Conversely, if vanadium
is absent, up to 10 mg of tungsten can be
present.

If tin or antimony is present, add 10 mL of
concentrated hydrobromic acid at this stage.
Because a large amount of sodium sulphate,
which 1is wultimately formed, inhibits the
extraction of small amounts of chromium, more
sodium peroxide should not be added unless a
small aliquot of the final solution is used
for the subsequent extraction of chromium.
Ceric compounds other than sulphate are not
recommended. Nitrate compounds can result
in' the formation of nitric acid which is
partly coextracted into tribenzylamine-chlo-
roform solution (10).

Methyl alcohol,

constant,

which has a high dielectric
is added to the extract to prevent
the formation of colloidal aggregates - i.e.,
polymerization - which prevent the complete
back-extraction of chromium into 1% ammonium
hydroxide (1).

The fourth extraction is not necessary if the
second extract was colourless.
If much chromium is present, the solution
will become blue because of the formation of
perchromic acid. However, this compound is
unstable and the solution will soon become
colourless.
Additional 50%

required if the final volume of the solution

perchloric acid is not
is to be 10 mL because 1 mL is added to acid-
ify the dilute ammoniacal solution used for
For

100

the back-extraction of chromium (VI).
50,

respec-

final sample solution volumes of 25,
or 200 mL, add 1.5, 4, 9 or 19 mL,
tively.

There is a slight positive error - approxi-
mately 7% at the 10-20-ug level - associated

with the determination of small amounts of
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12.

13.

chromium when the final sample solution is
diluted to 10 mL.
enhancing effect of the ammonium perchlorate
that
hydroxide used for the back-extraction of

This is because of the

is produced when the dilute ammonium

chromium is acidified with perchloric acid.
This effect is compensated for by the blank
correction when the blank and sample solu-
tions contain comparable amounts of chromium.
No significant error occurs when the final
sample solution is diluted to 25 mL or

more. Consequently, greater accuracy will
be obtained at low levels of chromium if the
final solution can be diluted to 25 mL.

A luminous, moderately reducing air-acetylene
flame is required to obtain the highest sen-
The height at which

the beam from the hollow-cathode lamp passes

sitivity for chromium.

through the flame is also very important
(11).

mental parameters have been set,

Therefore, after all other instru-
the acety-
lene flow-rate and the height of the burner
should be adjusted to give maximum absorbance
while a chromium is

solution containing

aspirated into the flame. Approximately two-
to five-fold scale expansion is recommended
for the determination of about 2 ug/mL or
less of chromium. For stability purposes,
the burner should be allowed to warm up for
at least 5 min before measurements are made.

Too much sulphuric acid should not be removed
by evaporation because a concentration of
about 0.7 M is required for the extraction

step.

ACCURACY
Illustrated in Table 7 in Appendix A.

OTHER APPLICATIONS

determine chromium in zinc-,

This method can probably be used to

cobalt-, titanium-

and magnesium-base alloys and metals.
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ATOMIC-ABSORPTION DETERMINATION OF COBALT IN HIGH-PURITY NICKEL,
MOLYBDENUM AND TUNGSTEN METALS AFTER SEPARATION

BY EXTRACTION OF THE THIOCYANATE-DIANTIPYRYLMETHANE COMPLEX

PRINCIPLE

Cobalt is separated from the matrix ele-
ments by chloroform extraction of the blue cobalt
thiocyanate-diantipyrylmethane ion-association
complex at pH 3.25 from a citric acid medium con-
taining thiourea and ammonium hydrogen fluoride
Cobalt

is subsequently back-extracted into dilute ammo-

or hydrofluoric acid as complexing agents.

nium chloride-ammonium hydroxide solution and is
ultimately determined by atomic-absorption spec-
trophotometry at 240.7 nm in an oxidizing air-
acetylene flame in a 1% hydrochloric acid medium
(1,2).

INTERFERENCES

Interference from large amounts of nick-
el, molybdenum and tungsten is avoided by separat-
ing cobalt - and also zinc - from them by extract-
ing it into chloroform as the thiocyanate-dianti-
pyrylmethane ion-association complex at pH 3.25
in the presence of citric acid and thiourea as
complexing agents for iron and copper, respec-
tively, and ammonium fluoride or hydrofluoric acid
as complexing agents for molybdenum (VI), tungsten
(VI), titanium (IV),
(1,2). 1In the absence of a large amount of molyb-

denum or tungsten,

vanadium (V) and bismuth
up to 5 mg of iron (III) and
10 mg each of copper (II), cadmium, lead, mangan-
ese (11), titanium (IV),

bismuth, chromium (III),

vanadium (V),
tin (IV),

chromium (VI),

zirconium,
antimony (V),

arsenic (V) and phosphorus (V) do
not interfere in the extraction of cobalt. How-

ever, larger amounts of cadmium, chromium (III)

and iron (III) interfere. Cadmium interferes by
reacting preferentially with diantipyrylmethane
to form a colourless ion-association complex which
is partly extracted into chloroform. Chromium
(III) interferes because it is partly precipitated
as the fluoride which causes emulsification in
Iron (III) is not

the chloroform phase. com-

pletely complexed with citric acid at pH 3.25 and
the uncomplexed portion interferes by reacting
with thiocyanate and diantipyrylmethane to form a
reddish brown extractable complex which obscures
the blue colour of the cobalt thiocyanate complex
in the chloroform phase. This makes it difficult
to determine when the extraction of cobalt is com-
At the 5-mg level, the iron (III) complex
is almost completely destroyed when the solution

Less than 100 ug of

plete.

is shaken with chloroform.
iron is coextracted into the chloroform phase when
molybdenum and tungsten are absent (1).

More than 4 mg of iron (III) and 5 mg of
phosphorus (V) interfere in the extraction of
cobalt from solutions containing 1 g of molyb-
denum, while more than 3 mg of iron (III) and 0.5
mg of phosphorus (V) interfere during extraction
from solutions containing 1 g of tungsten. An
insoluble white phosphorus-tungsten compound is
formed in tungsten solutions when 3 mg or more of
phosphorus (V) is present. The solution becomes
milky during the initial pH adjustment step and
the compound is retained in the chloroform phase
during the extraction step. More iron - up to
about 1.5 mg - is extracted from molybdenum and
tungsten solutions than from nickel solutions.
Molybdenum and tungsten are slightly coextracted
in the absence of iron and phosphorus but larger
amounts are extracted in their presence probably
because of heterpoly compound formation. However,
the amounts of iron, molybdenum and tungsten -
milligram-quantities - that are coextracted do not
interfere in the of
cobalt by
Up to at least 5 mg each of copper (II), vanadium
(V), titanium (IV),

and 10 mg each of the remaining elements mentioned

subsequent determination
atomic-absorption spectrophotometry.

chromium (VI) and arsenic (V)

above do not interfere in the extraction of cobalt

from molybdenum and tungsten solutions (2).



This method is not applicable to samples
containing about 1 mg or more of zinc because zinc
is preferentially extracted as its thiocyanate-~
diantipyrylmethane complex.

RANGE
This method is suitable for samples con-
taining approximately 0.0002 to 0.1% of cobalt.

REAGENTS
STANDARD COBALT SOLUTION, 100 wg/mL. Dissolve
0.4038 g of cobaltous chloride hexahydrate

(CoC12.6H20) in water and dilute the solution to
1 E.

DIANTIPYRYLMETHANE SOLUTION, 2% m/V in ethyl alco-
hol.

AMMONIUM CHLORIDE-AMMONIUM HYDROXIDE SOLUTION,
2.5% each m/V and V/V, respectively.

SODIUM THIOCYANATE SOLUTION, 50% m/V.
AMMONIUM FLUORIDE SOLUTION, 5% m/V.
CITRIC ACID SOLUTION, 50% m/V.
BORIC ACID SOLUTION, 5% m/V.
THIOUREA SOLUTION, 10% m/V.
HYDROCHLORIC ACID, 1% v/vV.
CHLOROFORM. Reagent-grade.
CALIBRATION SOLUTIONS

Add 1 mL of concentrated hydrochloric
then by
add to the first six flasks 0.5, 1, 2,

3, 4 and 5 mL, of the
100-ug/mL cobalt

acid to seven 100-mL volumetric flasks,
burette,
respectively, standard

solution. The contents of the
last flask constitute the zero calibration solu-
tion. Dilute each solution to volume with water.
PROCEDURES

Nickel metal

Transfer 1 g of sample containing up to

43

about 1 mg of cobalt to a 150-mL beaker and add
20 mL of water and 5 mL of concentrated hydro-
chloric acid.
ture gently, then slowly add l-mL portions of 30%

Cover the beaker and warm the mix-

hydrogen peroxide until the sample has dissolved
(Note 1).

solution to dryness in a water-bath to remove

Remove the cover and evaporate the

then add 1 mL of concentrated
hydrochloric acid and 20 mL of water and heat the
solution gently to dissolve the salts. Add 5 mL
of 5% ammonium fluoride solution and 10 mL of 50%
citric acid solution and mix the solution thor-
oughly.
solution to 3.25 * 0.10 with concentrated ammonium
hydroxide. Add 5 mL of 10% thiourea solution and
10 mL of 50% sodium thiocyanate solution, mix the
solution thoroughly after each addition, then
readjust the pH of the 3.25 £ 0,05
(Note 2).

Transfer the resulting solution to a

hydrogen peroxide,

Using a pH meter, adjust the pH of the

solution to

125-nL separatory funnel marked at 100-mL and
dilute it to the mark with water. Add 5 mL of 2%
diantipyrylmethane the
thoroughly, then add 1% mlL of chloroform,
the funnel and shake it for about 1.5 min.

solution, mix solution
close
Allow
several minutes for the layers to separate, then
drain the chloroform extract into a 60-mL separa-
tory funnel. Extract the solution two more times
in a similar manner using 5 mL each of diantipy-~
rylmethane solution and chloroform each time (Note
3), then wash the aqueous phase by shaking it for
about 30 s with 5 mL of chloroform. Combine these
extracts with the first extract. Add 20 mL of
2.5% ammonium chloride-2.5% ammonium hydroxide
close the fun~

Allow the layers to

solution to the resulting extract,
nel and shake it for 30 s.
separate, then drain off and discard the chloro-
form layer.

150-ml. beaker,

Transfer the aqueous layer to a

add 5 mL of concentrated hydro-
chloric acid, heat the solution gently to remove
the residual chloroform, it to
about 15 mL.

then evaporate
Cover the beaker, add 5 mL each of
concentrated nitric and hydrochloric acids and
boil the solution to destroy the ammonium salts
and the organic material. Remove the cover and,
without baking, gently evaporate the solution to

dryness on a hot-plate (Note 4). Add 2 mL of con-



centrated hydrochloric acid and about 5 mL of
water to the residue in the beaker and evaporate
the solution to dryness in a water-bath. Add
10 mL of 1% hydrochloric acid and heat the solu-
tion gently to dissolve the salts. If necessary,
filter the solution - using Whatman No. 40 paper -
into a volumetric flask of appropriate size -
25-200 mL. ~ and wash the beaker and the paper with
% hydrochloric acid added from a plastic wash-
bottle. Dilute the solution to volume with 1%
hydrochloric acid.

Measure the absorbance of the resulting
solution at 240.7 nm in an oxidizing air-acetylene
flame (Note 5).
the solution by relating the resulting value to

Determine the cobalt content of

those obtained concurrently for calibration solu-
tions of slightly higher and lower cobalt concen-
trations.

Molybdenum and tungsten metals

Transfer 0.5-1 g of powdered sample con-
taining up to about 0.5 mg of cobalt (Note 6) to
a 250-mL teflon beaker and add 5 mL of water and
4 mL of concentrated hydrofluoric acid. Cover the
beaker with a teflon cover, then add 2 nL of con-
centrated nitric acid and heat the mixture gently
until the metal has dissolved (Note 7). Slowly
add 5 mL of concentrated formic acid through the
lip of the beaker in about 1-mL increments to
destroy the excess nitric acid, then heat the
solution gently until the evolution of oxides of
nitrogen ceases, Remove the cover, wash down the
sides of the beaker with water and evaporate the
Add 10 mL of 50% citric

acid solution and 40 mL of 5% boric acid solution,

solution to about 5 mL.

mix the solution thoroughly and allow it to stand
for 15 min to ensure the complete complexation of
the excess hydrofluoric acid,

Using a pH meter, adjust the pH of the
resulting solution to 3.25 * 0.10 with concen-~
trated ammonium hydroxide, then allow the solution
to cool to room temperature. Add 5 mL of 10%
thiourea solution and 30 mL of 50% sodium thio-
cyanate solution (Note 8), mix the solution thor-
oughly after each addition,

of the solution to 3.25 #* 0.05 (Note 2).

then readjust the pH
Transfer

the solution to a 125-mL separatory funnel marked
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at 150 mL and dilute it to the mark with water.
Add 5 mL of 2% diantipyrylmethane solution,
the solution thoroughly, then add 10 mL of chloro-

mix
form, close the funnel and shake it for about
1.5 min.
the chloroform extract into a 60-mL separatory

Allow the layers to separate, then drain
funnel. Extract the solution three more times in
a similar manner using 5 mL of chloroform each
time and 5, 3 and 2 mL, respectively, of diantipy-
(Note 9), then strip the
cobalt from the combined extracts as described

rylmethane solution
above and proceed with the destruction of the
ammonium salts and the organic material and the
subsequent determination of cobalt as described

above.

NOTES
1. Usually 5 mL of 30% hydrogen peroxide is suf-
ficient.

2. The pH of the solution during the extraction
step must be rigidly controlled because citric
acid is not an effective complexing agent for
iron (III) below approximately pH 3 and cobalt
is not completely extracted above pH 3.45 (1).
soluble in

chloroform, additional solution must be added

3. Because diantipyrylmethane is

before each extraction step to complex any

cobalt - and also zinc - remaining in the
aqueous phase after the preceding extraction
step. Complete extraction of cobalt and zinc
is obtained when the blue colour of the cobalt
thiocyanate complex is no longer visible in
the chloroform phase. Fifteen mL of 2% dian-
tipyrylmethane solution is usually sufficient
for the complexation and subsequent extraction
of up to 1 mg each of cobalt and zinc (1).
4., Excessive heating of cobalt salts results in
the of black Co30u is

relatively insoluble in water or in dilute

formation which

hydrochloric acid. This will cause a low
result for cobalt if suitable precautions are
not taken. This is avoided by dissolving the
oxide with concentrated hydrochloric acid and
then evaporating the solution to dryness in a
water-bath (1,2).

Up to ten-fold scale expansion is recommended

for the determination of small amounts of



6.

cobalt.
resulting sample solution by atomic-absorption
If dilution of the
solution is necessary for the determination
dilute a suitable
aliquot of the solution to an appropriate
volume with 1% hydrochloric acid (1,2).

Because molybdenum and tungsten inhibit the

Zinc can also be determined in the

spectrophotometry (p 106).

of either cobalt or zine,

extraction of the cobalt thiocyanate-diantipy-
rylmethane complex (Note 8), the use of sam-
ples containing up to 0.5 mg of cobalt is
recommended rather than 1 mg as recommended
for nickel metal (2).

For molybdenum solutions, add 3 mL of concen-
trated hydrochloric acid at this stage and
heat the solution until the dark brown colour
disappears and the solution becomes pale yel-
low.

Approximately a 10% sodium thiocyanate medium
is required for the complete extraction of
cobalt from molybdenum and tungsten solutions
because of the inhibiting effect of these ele-
ments on the extraction of the cobalt thiocya-
nate-diantipyrylmethane complex (2).

Fifteen mL of 2% diantipyrylmethane solution
is usuwally required for the complexation and
extraction of up to 0.5 mg each of cobalt and

zinc from molybdenum and tungsten solutions
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because of the inhibiting effect of these
elements (Notes 6 and 8) and because they are
partly coextracted, particularly in the pres-

ence of iron and phosphate (2).

ACCURACY
Illustrated in Table 8 in Appendix A.

OTHER APPLICATIONS

The method described for molybenum and

tungsten metals can be used to determine cobalt

in high-purity niobium and tantalum metals (2).
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SPECTROPHOTOMETRIC DETERMINATION OF COPPER IN HIGH-PURITY MOLYBDENUM
AND TUNGSTEN METALS WITH BATHOCUPROINE

PRINCIPLE

Copper 1is determined spectrophotometri-
cally by measuring the absorbance at 476 nm of the
yellow copper (I)-bathocuproine complex, after
extraction of the complex into n-amyl alcohol from
a weakly acidic - pH 5.5 - ammonium tartrate-boric
acid medium containing ascorbic acid as reductant

(L.

INTERFERENCES
The extraction procedure eliminates
interferences from coloured ions - chromium,

nickel, cobalt and vanadium. Up to at least 5 mg
chromium (IIY), nickel,

manganese (II) and zinc can be present in the

each of cobalt, cadmium,
aliquot taken for extraction without interfering
in the determination of copper. Tartaric acid
complexes and prevents iron and other elements -
e.g., aluminum, titanium and chromium - from pre-
cipitating as their hydrous oxides at the pH used
for the formation and subsequent extraction of the

copper complex (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0005 to 0.25% of copper
but material containing higher concentrations can

also be analyzed if a small sample is taken.

REAGENTS
STANDARD COPPER SOLUTION, 0.2 mg/mL.

0.1000 g of pure copper metal in 10 mL of 50%

Dissolve
nitric acid. Add 5 mL of concentrated perchloric
acid and evaporate the solution to fumes of per-
chloric acid. Cool the solution, dilute it to
500 mL with water and store it in a plastic bot=-
tle.

Prepare a 5-pg/mL solution by diluting 5 mL

of this stock solution to 200 mL with water. Pre-

pare the diluted solution fresh as required.

BATHOCUPROINE SOLUTION, 0,002 M. Dissolve 0.18 g
of 2,9-dimethyl-4, 7-diphenyl-l, 10-phenanthroline
in 250 mL of ethyl alcohol.
in a plastic bottle.

Store the solution

AMMONIUM TARTRATE SOLUTION, copper-free, 25% m/V.
Dissolve 125 g of the reagent and 1 g of hydroxyl-
amine hydrochloride (Note 1) in about 350 mL of
water (Note 2) and transfer the solution to a

Add 20 mL of 0.002 M
allow the solution to
stand for about 1 h, then extract it 3 times with

500-mL separatory funnel.

bathocuprocine solution,

15-mL portions of a 75% chloroform-25% n-amyl

alcohol solution. Discard the extracts. Wash the
solution 3 times by shaking it with about 10-mL
portions of chloroform to remove the excess n-amyl
alcohol. dilute
it to about 500 mL with water and store it in a

plastic bottle.

Filter the resulting solution,

BORIC ACID SOLUTION, 5% m/V.
solve 50 g of the reagent in about 800 mL of hot

copper-free, Dis-
Cool the solution and transfer it to a 1-L
Add
hydrochloride (Note 1), mix the solution thorough-
ly, then add 30 mL of bathocuproine solution and
allow the

water.

separatory funnel. 1 g of hydroxylamine

solution to stand for about &5 min.

Extract the solution as described above, then fil-

ter it and dilute it to 1 L with water. Store the
solution in a plastic bottle.
ASCORBIC ACID SOLUTION, copper-free, 10% m/V.

Dissolve 10 g of the reagent in about 60 mL of
water, transfer the solution to a 125-mL separa-
tory funnel, then add 5 mL of bathocuproine solu-
tion and allow the solution to stand for 5 min.
Extract the solution twice with 10-mL portions of
the chloroform-n-amyl alecohol solution, then wash

it 3 times by shaking it with 5-mL portions of



chloroform to remove the excess n-amyl alcohol.
Filter the solution and dilute it to about 100 mL
with water. Prepare a fresh solution every two

days.

AMMONIUM TARTRATE-BORIC ACID-ASCORBIC ACID SOLU-
TION. Add 20 mL each of 25% ammonium tartrate and
10f ascorbic acid solutions and 40 mL of 5% boric
acid solution to a 250-mL beaker.
meter, adjust the pH of the resulting solution to

Using a pH

0.5 *# 0.1 with concentrated ammonium hydroxide,
then transfer the solution to a 200-mL volumetric
flask and dilute it to volume with water.

WATER, deionized.

water through a column of Dowex SOW-X8 resin.

Prepare by passing distilled

N-AMYL  ALCOHOL. Reagent-grade, peroxide-free
(Note 3).
CHLOROFORM. Reagent-grade.

CALIBRATION CURVE
Add 20-mL aliquots of the

trate-boric acid-ascorbic acid (pH 5.5) solution

ammonium tar-

(Note 4) to each of six 60-mL separatory funnels
marked at 25 mL; then by burette, add to the last
five funnels 1, 2, 3, 4, and 5 mL, respectively,
of the dilute standard 5-ug/mlL copper solution.

The contents of the first funnel constitute the
blank. Dilute each solution to the mark with
water (Note 5), add 2 mL of 0.002 M bathocuproine
solution, mix the solutions thoroughly and allow
them to stand for 10 min to complete the complex
formation. By pipette, add 10 mL of n-amyl alco-
hol to each funnel, then close the funnel and
shake it for 2 min. Allow about 5 min for the
layers to separate, then drain off and discard the
lower aqueous layer. Drain the resulting n-amyl
aleohol extracts into dry 15-mL centrifuge tubes
them the

absorbance of each copper-bathocuproine extract

and centrifuge for 1 min. Measure

(Note 6) at 476 nm against the blank extract as
the reference solution, using 20-mm cells (Note

7). Plot micrograms of copper vs absorbance.
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PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Transfer 0.25-0.5 g of powdered sample
to a 250-mL teflon beaker and add 2 mL of concen-
trated hydrofluoric acid. Cover the beaker with
a teflon cover, then add concentrated nitric acid
slowly, about 10 drops at a time, until the metal
has dissolved (Note 8). Slowly add 3 mL of con-
centrated formic acid through the 1lip of the
beaker, in about l-mL increments, to destroy the
excess nitric acid, then heat the solution gently
until the evolution of oxides of nitrogen ceases.
Wash down the sides of the beaker with a small
amount of water and evaporate the solution to
about 5 mL. Add 10 mL each of water and 25% ammo-
nium tartrate solution and heat the
gently - without boiling - for 5-10 min (Note 9).
Add 20 mL of 5% boric acid solution, mix the solu-
tion thoroughly and allow it to stand for about
20 min to ensure the complete complexation of the
Add 10 mL of
10% ascorbic acid solution to the resulting solu-
tion (Note 11), mix it thoroughly,
adjust the pH of the solution to 5.5 *
0.1 (Note 4) with concentrated ammonium hydroxide.

solution

excess hydrofluoric acid (Note 10).

then using a

pH meter,

Transfer the solution to a 100-mL volumetric flask
and dilute it to volume with water (Note 12).
Transfer suitable identical 4-20-mL ali-
quots of the sample and blank solutions to 60-mL
dilute the to
approximately 25 mL with water and proceed with

separatory funnels, solutions
the complex formation and the subsequent extrac-
tion of the complex as described above. Measure
the absorbance of the sample extract against the
reagent blank extract and determine the copper
content of the aliquot by reference to the cali-

bration curve.

NOTES

l. Hydroxylamine hydrochloride is recommended
as a reductant because if ascorbic acid is
used the solution becomes dark yellow in
about one week.

2. Deionized water should be used to prepare all



3.

the reagents and it should be used throughout
the
If iron is also to be determined (Note U) by
the (p 49), all

the solutions used should also be freed of

sample preparation and subsequent steps.

bathophenanthroline method

iron as described in the above method by add-
ing the recommended volumes of bathophenan-
throline solution before the extraction step.
To test the n-amyl alcohol for the presence
of peroxides, shake a 50-mL portion in a
separatory funnel with 50 mL of 20% hydro-
chloric acid for 2-3 min, then add potassium
iodide and the acid

Peroxides are present if a blue col-

iodine indicator to
phase.
our develops on standing. The solvent can
be freed of peroxides as follows:

Using a mechanical shaker, shake about 500 mL
of the solvent in a 1-L Erlenmeyer flask for
2 h with 200 mL of 10% hydrochloric acid con-
taining about 5 g of hydroxylamine hydro-
chloride. Transfer the mixture to a 1-L
separatory funnel and drain off the aqueous
Wash the n-amyl alcohol layer 4 times

then

phase.
with about 200-mL portions of water,
filter the solvent through silicone-treated
phase separating paper to remove the excess
water.

A pH of 5.5 is recommended in this method so
that iron can also be determined with batho-
(p 49) by

aliquot of the sample solution obtained as

phenanthroline using a suitable

described in the procedure. If only copper
is to be determined, such rigid control of
the pH is not necessary. The copper-batho-
cuproine complex can be completely extracted
from solutions of pH 1.45 to 6.25.

The of the

extraction should be kept relatively constant

volume aqueous phase before
to eliminate volume changes in the extract
the slight solubility of

2.19% by

resulting from
n-amyl alcohol in

weight at 25°C.

water - i.e.,

The absorbance of the n-amyl alcohol extract
of the copper-bathocuproine complex remains

constant for at least three days. The

48

apparent molar absorptivity of the complex

in n-amyl alcohol at 476 nm, based on com-

plete extraction of copper and a 10-mL vol-

ume, is 1.21 x 103 L.mo1™t.mm~2.

7. The calibration curve can be extended to
50 ug of copper if 10-mm cells are used.

8. Usually 1 or 2 mL of concentrated nitric acid
is sufficient. If necessary, heat the solu-

tion gently until the sample has completely

add 2 mL

of concentrated hydrochloric acid at this

point and heat the solution until the dark

dissolved. For molybdenum metal,

brown colour disappears and the solution
becomes pale yellow.
9. The solution should become clear after heat-
ing.
10. If the copper determination cannot be com-
pleted the same day, allow the solution to
stand overnight at this point.
If iron (Note U) is also to be determined by
the (p 49), add
2 mL of 50% sulphuric acid and 5 mL of 10%

iron-free hydroxylamine hydrochloride solu-

11.
bathophenanthroline method

tion at this stage.
12. about 0.002%

low at the 0.1% level - will be obtained if

A slightly low result - i.e.,

the sample solution is allowed to stand for
more than about 2 h before the extraction and

subsequent determination of copper.

ACCURACY
Illustrated in Table 9 in Appendix A.

OTHER APPLICATIONS
This method can be used to determine cop-

per in high-purity niobium and tantalum metals.
It is probably also applicable to high-purity
aluminum, magnesium, titanium and zirconium
metals.

REFERENCE

1. Penner (Donaldson), E.M. and Inman, W.R.

"Determination of copper in high-purity nio-
bium, tantalum, molybdenum and tungsten metals
with bathocuproine"; Talanta 10:407-412; 1963.
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SPECTROPHOTOMETRIC DETERMINATION OF IRON IN HIGH-PURITY MOLYBDENUM
AND TUNGSTEN METALS WITH BATHOPHENANTHROLINE

PRINCIPLE

Iron is determined spectrophotometrically
by measuring the absorbance at 536 nm of the red
iron (II)-bathophenanthroline complex, after
extraction of the complex into n-amyl alcohol from
a weakly acidic - pH 5.5 - ammonium tartrate-boric
acid medium containing ascorbic acid and hydroxyl-

amine hydrochloride as reductants (1).

INTERFERENCES

Small amounts of copper, cobalt, cadmium,
nickel, zinc and manganese interfere because they
In the

absence of the other elements mentioned above,

also react with bathophenanthroline.

interference from up to 50 ug of copper can be
eliminated by complexing it with thiourea before
the Up to 10 ug

each of copper and the above elements can be pres-

formation of the iron complex.

ent in the aliquot taken for extraction without

causing significant error in the iron result (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0005 to 0.125% of iron but
material containing higher concentrations can also

be analyzed if a small sample is taken.

REAGENTS

STANDARD IRON SOLUTION, 0.2 mg/mL.
0.1000 g of pure iron metal in 10 mL of 50% sul-
phuric acid, dilute the solution to 500 mL with

Dissolve

water and store it in a plastic bottle.
a S-ug/mL iron (I1)

of this stock solution and 1 mL of 10% ascorbic

Prepare
solution by diluting 5 mL
acid solution to 200 mL. with water. Prepare the

diluted solution fresh as required.

BATHOPHENANTHROLINE SOLUTION,
0.084 g of U,7-diphenyl-1,

0.001 M. Dissolve

10-phenanthroline in
125 mL of ethyl alcohol and dilute the solution
to 250 mL with water.

plastic bottle.

Store the solution in a

AMMONIUM TARTRATE SOLUTION, 25% m/V.
Dissolve 125 g of the reagent and 1 g of hydroxyl-

iron-free,

amine hydrochloride in about 350 mL of water (Note
1) and transfer the solution to a 500-mL separa-
Add 10 mL of 0.001 M bathophenan-
throline solution, allow the solution to stand for
about 1 h, then extract it 3 times with 15-mL por-

tory funnel.

tions of a 75% chloroform-25% n-amyl alcohol solu-

tion. Discard the extracts. Wash the solution 3
times by shaking it with about 10-mL portions of
chloroform to remove

Filter the solution,

the excess n-amyl alcohol.
dilute it to about 500 mL
with water and store it in a plastic bottle.

BORIC ACID SOLUTION, Dissolve

50 g of the reagent in about 800 mL of hot water.

iron-free, 5% m/V.

Cool the solution and transfer it to a 1-L separa-
tory funnel. Add 1 g of hydroxylamine hydrochlo-
ride, mix the solution thoroughly, then add 20 mL
allow the

of bathophenanthroline solution and

solution to stand for 1 h., Extract the solution
as described above, then filter it and dilute it
to 1 L with water.

tic bottle.

Store the solution in a plas-

HYDROXYLAMINE HYDROCHLORIDE SOLUTION,
10% m/v.

mL, of water,

iron~free,
Dissolve 10 g of the reagent in about 60
transfer the solution to a 125-mL
separatory funnel, then add 5 mL of bathophenan-
throline solution and allow the solution to stand
for 10 min. Extract the solution 3 times with
10-mL. portions of the chloroform-n-amyl alcohol
solution, then wash it 3 times by shaking it with
5-mL portions of chloroform to remove the excess
n-amyl alcohol. Filter the solution and dilute
it to 100 mL with water. Prepare a fresh solution

every five days.

10% m/V.

solution every two days (No 0

ASCORBIC ACID SOLUTION, Prepare fresh

THIOUREA SOLUTION, 51 V.



AMMONIUM TARTRATE-BORIC ACID-ASCORBIC ACID-HYDROX-
YLAMINE HYDROCHLORIDE SOLUTION. Add 20 mL each
of 25% ammonium tartrate and 10% ascorbic acid
solutions, 40 mL of 5% boric acid solution and
10 mL of 10% hydroxylamine hydrochloride solution
to a 250-mL beaker.
pH of the resulting solution to 5.5 * 0.1 with

Using a pH meter, adjust the
concentrated ammonium hydroxide, then transfer the
solution to a 200-mL volumetric flask and dilute

it to volume with water.

SULPHURIC ACID, 50% v/V.

N-AMYL ALCOHOL. Reagent-grade, peroxide-free
(Note 3).
CHLOROFORM. Reagent-grade.

CALIBRATION CURVE

Add 20-mL aliquots of the ammonium tar-
trate-boric
hydrochloride (pH 65.5) solution to each of six

acid-ascorbic acid-hydroxylamine
60-mL. separatory funnels marked at 25 mL; then by
burette, add to the last five funnels 0.5, 1, 1.5,
2 and 2.5 mL, respectively, of the dilute standard
S~ug/mL iron (II)
first funnel constitute the blank. Dilute each
solution to the mark with water (Note 1), add 2 mL

solution. The contents of the

mix the solutions thor-
Add
4 mL. of 0.002 M bathophenanthroline solution to

of 5% thiourea solution,
oughly and allow them to stand for 5 min.
each funnsel, mix the solutions thoroughly and
allow them to stand for 15 min to complete the
add 10 mL of
n-amyl alcohol to each funnel, then close the fun-
Allow about S min for

complex formation. By pipette,
nel and shake it for 2 min.
the layers to separate, then drain off and discard
the lower aqueous layer., Drain the resulting
n-amyl alcohol extracts into dry 15-mlL centrifuge

tubes and centrifuge them for 1 min. Measure the

absorbance of each iron-bathophenanthroline
extract (Note 5) at 536 nm against the blank
extract as the reference solution, using 20-mm
cells (Note 6). Plot micrograms of iron vs
absorbance.
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PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Following the decomposition of 0.25-0.5 g
of powdered sample and the ultimate addition of
20 mL of 5% boric acid solution as described in
the spectrophotometric bathocuproine method for
copper (p 47), allow the solution to stand for
about 20 min to ensure the complete complexation
of the excess hydrofluoric acid (Note 7). Add
2 mL of 50% sulphuric acid (Note 8), mix the solu-
then add 10 mL of 10% ascorbic
acid solution and 5 mL of 10% hydroxylamine hydro-
chloride solution (Note 9). Mix the solution
thoroughly, allow it to stand for 10 min to ensure

tion thoroughly,

the complete reduction of iron,
meter, adjust the pH of the solution to 5.5 * 0.1

Transfer

then using a pH

with concentrated ammonium hydroxide.
the solution to a 100-mL volumetric flask and
dilute it to volume with water (Note 10).

Transfer suitable identical 4-20-mL ali-
quots of the sample and blank solutions to 60-mL
separatory funnels, dilute the solutions to
approximately 25 mL with water and proceed with
the complex formation and the subsequent extrac-
tion of the complex as described above. Measure
the absorbance of the sample extract against the
reagent blank extract and determine the iron con-
tent of the aliquot by reference to the calibra-

tion curve.

NOTES
1. If copper is also to be determined (Note 10)
by the bathocuproine method (p 46), deionized
water should be used to prepare all the rea-
gents and it should be used thoroughout the
sample preparation and subsequent steps. The
solutions used should also be freed of copper
as described in the above method by adding
the recommended volumes of bathocuproine
solution before the extraction step.
2. The iron content of this reagent is usually
30 low that purification of the solution is
not necessary.

3. The n-amyl alcohol can be tested for the



9.

presence of peroxides and purified as
described in Note 3 (p 48) of the bathocu-
proine method for copper.

The of the

extraction should be kept relatively constant

volume aqueous phase before
to eliminate volume changes in the extract
solubility of

2.19% by

resulting from the slight
n-amyl alcohol in water - i.e.,
weight at 25°C,

The absorbance of the n-amyl alcohol extract
of the

remains constant for at least 24 h (Note 9).

iron-bathophenanthroline complex
The apparent molar absorptivity of the com-
plex in n-amyl alcohol at 536 nm, based on
complete extraction of iron and a 10-mL vol-
ume, is 2.03 x 103 L.mol t.mm™L.

The calibration curve can be extended to
25 ug of iron if 10-mm cells are used.

If the iron determination cannot be completed
the same day, allow the solution to stand
overnight at this point.

This solution is added to ensure that the
sample solution will be acidic enough for the
complete reduction of iron.

Although ascorbic acid is a stronger reducing
agent than hydroxylamine hydrochloride, its

low solubility in n-amyl alcohol results in

air-oxidation of the iron (II) in the
extract - i.e., decolourization - if only
ascorbic acid is used as reductant. The

addition of hydroxylamine hydrochloride,
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10.

which is more soluble in n-amyl alcohol, pro-
duces a stable extract.

Copper can also be determined in a suitable
aliquot of the resulting solution by the
the

solution should not be allowed to stand for

bathocuproine method (p 46). However,
more than 2 h before the extraction of copper
or a slightly low result - i.e., about 0.002%
low at the 0.1% level ~ will be obtained (2).

ACCURACY
Illustrated in Table 10 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine iron

in high-purity niobium and tantalum metals. It
is probably also applicable to high-purity alumi-

num, magnesium, titanium and zirconium metals.

REFERENCES

1. Penner (Donaldson), E.M. and Inman, W.R.
"Extraction and determination of irom as the
bathophenanthroline complex in high-purity
niobium, tantalum, molybdenum and tungsten

metals™; Talanta 9:1027-1036; 1962.

Iden,

niobium,

"Determination of copper in high-purity
tantalum, molybdenum and tungsten
metals with bathocuproine"; ibid 10:407-412;

1963.



SPECTROPHOTOMETRIC DETERMINATION OF IRON IN COPPER METAL
AND COPPER-BASE ALLOYS BY THE THIOCYANATE METHOD
AFTER SEPARATION BY ISOPROPYL ETHER EXTRACTION

PRINCIPLE
Iron is separated from matrix elements

by extracting the iron (III) chloro complex into
isopropyl ether from a 7.75 M hydrochloric acid
medium. Iron is back-extracted into water and
subsequently determined spectrophotometrically by
measuring the absorbance at 478 nm of the red iron
(I11)-thiocyanate complex formed in a 0.12 M
hydrochloric acid-0.62 M sodium thiocyanate medium
in the presence of ammonium persulphate as oxidant
(1,2). The molar absorptivity of the complex at
this wavelength is 1.08 x 103 L.mor ™ .mm™.

INTERFERENCES
The extraction procedure eliminates
interference from coloured ions - cobalt and

nickel - and manganese; from silver and mercury
(I), which form insoluble thiocyanate compounds;
from copper, bismuth, titanium, uranium and molyb-
denum, which form coloured thiocyanate compounds;
from phosphate, which forms a complex with iron
(III); and from mercury (II), cadmium, zinc and
antimony (III), which form thiocyanate complexes
that reduce the intensity of the iron-thiocyanate
complex (3,4). Uranium, molybdenum and mercury
are not usually present in copper metal or copper-
base alloys. Antimony (V) is almost completely
coextracted into isopropyl ether under the condi-
tions used for the extraction of iron, and tin
(IV) and vanadium (V) are partly coextracted (U4).
However, these elements do not interfere in the

subsequent determination of iron (3).

RANGE

This method is suitable for samples con-
taining approximately 0.0005 to 0.5% of iron but
material containing higher concentrations can also

be analyzed if a small sample is taken.

REAGENTS

STANDARD IRON SOLUTION, 0.5 mg/mL. Dissolve
0.2500 g of pure iron metal by heating it gently
with 25 mL of concentrated hydrochloric acid.
Cool the solution to room temperature and dilute
it to 500 mL with water. 50- and
10-pg/mL solutions by diluting 10 mL of this stock

solution to 100 and to 500 mL, respectively, with

Prepare

water. Prepare the diluted solutions fresh as

required.

SODIUM THIOCYANATE SOLUTION, 50% m/v. Dissolve
500 g of the reagent in water, transfer the solu-
tion to a 1-L volumetric flask and dilute it to

volume with water.

HYDROCHLORIC ACID, 7.75 M. Dilute 660 mL of con-

centrated hydrochloric acid to 1 L with water.

AMMONIUM PERSULPHATE SOLUTION, 5% m/v. Prepare

the solution fresh as required.

ISOPROPYL ETHER. Reagent-grade.

CALIBRATION CURVES
Add 1 mL of concentrated hydrochloric

acid to each of ten 100-mL volumetric flasks; then
by burette, add to the first five flasks 2, 4, 6,
8 and 10 mL, respectively, of the dilute standard
10-pg/mL iron solution. By burette, add to the
next four flasks 4, 6, 8 and 10 mL, respectively,
of the dilute standard 50-ug/mL iron solution.
The contents of the last flask constitute the
blank. Dilute each solution to about 75 mL with
water, add 5 mL of freshly prepared 5% ammonium
persulphate solution and mix the solutions thor-
oughly. Add 10 mL of 50% sodium thiocyanate solu-

tion to the blank solution, dilute it to volume



with water, mix it thoroughly and measure the
absorbance of the solution at 478 nm against water
as the reference solution, using both 50- and
10-mm cells (Note 1). Add 10 mL of 50% sodium
thiocyanate solution to the solution of 1lowest
dilute it to

volume with water and measure the absorbance of

iron content in the first series,
the solution in a similar manner, using 50-mm
cells. Proceed in a similar manner with the for-
mation of the iron-thiocyanate complex and the
subsequent measurement of the absorbance for each
of the remaining solutions in the first series.
Measure the absorbance of the last solution in the
first series using 10-mm cells, then proceed with
the formation of the complex and the measurement
of the absorbance for each of the solutions in the
second series, using 10-mm cells. Correct the
absorbance value obtained for each iron-thiocya-
nate solution by subtracting the corresponding
blank value. Plot micrograms of iron vs absorb-

ance for each series of measurements.

PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Transfer 0.5-1 g of sample to a 250-mL
beaker and add 15 mL of concentrated hydrochloric
acid. Cover the beaker and warm the mixture
gently, then slowly add about 5-mL portions of 30%
hydrogen peroxide until the sample has dissolved
(Note 2).

and evaporate the solution to dryness.

Place the beaker in a hot water-bath
Wash down
the sides of the beaker with about 10 mL of con-
centrated hydrochloric acid, evaporate the solu-
tion to dryness again, then repeat the washing
step and evaporate the solution to dryness again.
Add 20 mL of 7.75 M hydrochloric acid to the
beaker and,

if necessary, warm the solution to

dissolve the salts. Transfer the solution to a
50-mL volumetric flask, using 7.75 M hydrochloric
acid added from a plastic wash-bottle to wash the
beaker. Dilute the solution to volume with the
same acid solution.
Transfer a 10-25-mL of the
resulting solution (Note 3) to a 125-mL separatory

funnel marked at 25 mL and,

aliquot

if necessary, dilute
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the solution to the mark with 7.75 M hydrochloric
acid. Add 30 mL of isopropyl ether,
the funnel and shake it for 1 min.
layers to separate,

then close
Allow the
then drain the lower aqueous
layer into a second 125-mL separatory funnel.
Wash the stem of the first funnel with 7.75 M
hydrochloric acid and collect the washings in the
second funnel. Wash the ether phase twice by
shaking it for about 30 s each time with 10-mL
portions of 7.75 M hydrochloric acid and collect
Add 20 mL of
isopropyl ether to the second funnel and extract
Allow
the layers to separate, then drain off and discard
Add the second extract to the

Wash the second funnel twice with

the washings in the second funnel.

the solution again by shaking it for 1 min.

the aqueous phase.
first extract.
10-mL portions of isopropyl ether and add the
washings to the funnel containing the combined
extracts. Wash the resulting extract twice as
described above with 10-mL portions of 7.75 M
Add

close the funnel

hydrochloric acid and discard the washings.
15 mL of water to the extract,
and shake it for 30 s. Allow the layers to sepa-
rate, then drain the aqueous layer into a 100-mL
beaker and wash the stem of the funnel with water.
Shake the ether phase two more times in a similar
manner with 10-pL portions of water and add the
washings to the beaker. Wash the stem of the fun-
nel with water each time.

Heat the resulting sample and blank solu-
tions in a hot water-bath to remove the residual
ether, then evaporate them to approximately 40 mL
(Note 4).

acid to each solution,

Add 1 mL of concentrated hydrochloric
transfer them to 100-mL
volumetric flasks and dilute them to about 75 mL
with water. Add 5 mL of 5% ammonium persulphate
solution and proceed with the formation of the
iron-thiocyanate complex and the subsequent meas-
urement of the absorbance as

described above,

using 10~ or 50-mm cells as required. Correct the
absorbance value obtained for the sample solution
by subtracting that obtained for the reagent blank
solution and determine the iron content of the
aliquot by reference to the appropriate calibra-

tion curve.



NOTES

1.

Sodium thiocyanate solution should only be
added to one solution at a time and the
absorbance of the solution should be measured
within several minutes because the colour of
the solution, resulting from the ferric thio-
This is

caused by the reduction of ferric iron by

cyanate complex, fades on standing.
thiocyanate or its decomposition products.
Ammonium persulphate decreases the rate of
reduction (3).

Usually about 20 mL of 30% hydrogen peroxide
is sufficient for the decomposition of 1 g of
sample. If complete decomposition cannot be
obtained by this procedure, add 1 or 2 mL of
concentrated nitric acid.

The aliquot of the sample solution should not
contain more than 6500 pg of iron because the
whole solution obtained after the extraction
step is used for complex formation. Alterna-
tively, the final solution can be diluted to
an appropriate volume with water and a suit-
able aliquot of the resulting solution can be
used for the determination of iron.

At this stage, iron can also be determined by
atomic-absorption spectrophotometry at 248.3
nm in an air-acetylene flame. The spectro-
photometric orthophenanthroline method is not
recommended if the sample contains an appreci-
able amount of tin because coextracted tin may

interfere (1).
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ACCURACY

Illustrated in Table 11 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine iron

in nickel metal and alloys.

REFERENCES
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SPECTROPHOTOMETRIC DETERMINATION OF MANGANESE IN HIGH-PURITY MOLYBDENUM
AND TUNGSTEN METALS WITH PAN

PRINCIPLE

Molybdenum and tungsten are separated
from manganese by chloroform extraction and by
chloroform-isoamyl alcohol extraction of their
cupferron complexes from approximately 5 and 17%
sulphuric acid media, respectively. Manganese is
ultimately determined spectrophotometrically by
measuring the absorbance at 562 nm of the red
(PAN)

after extraction of the complex into

manganese (II)-1-(2-pyridylazo)-2-naphthol
complex,
chloroform from an ammoniacal - pH 9.2 - ammonium
tartrate-potassium

cyanide-hydroxylamine hydro-

chloride medium. The molar absorptivity of the

complex 1in chloroform at this wavelength is
4.80 x 103 L.mol ™ .mm™! (1).
INTERFERENCES

Mumerous elements, including bismuth,

cadmium, copper (II), tin (IV), cobalt, lead, iron
(11), iron (III),
form extractable
In this method,

nickel, zine and vanadium (V)
coloured complexes with PAN (2).
large amounts of molybdenum and
tungsten, some copper, and iron and any vanadium,
tin, niobium, tantalum, zirconium, titanium and
antimony (III) present are separated from mangan-
ese before complex formation by extracting their
cupferron complexes from sulphuric acid media (3).
Interference from nickel and cadmium is avoided
by complexing them with potassium cyanide before
the formation and extraction of the manganese~PAN
complex. Up to 1 mg each of nickel, copper (II),

cadmium, phosphorus (V), chromium (III), vanadium
(V), aluminum, zirconium, iron (III), arsenic (V),
tin (IV),

(IV) and bismuth can be present in the aliquot

antimony (III), antimony (V), titanium

taken for analysis without causing error in the

result. More than 50 pg of =zinc, 100 ug of lead

or 500 ug of cobalt interfere (1).
The presence of hydroxylamine hydrochlo-

ride during complex formation prevents error

resulting from the air-oxidation of manganese in

an ammoniacal medium (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0002 to 0.12% of manganese
but material containing higher concentrations can

also be analyzed if a small sample is taken.

APPARATUS
POLYPROPYLENE SEPARATORY FUNNELS.
shape type.

500-mL, pear-

TIMER.

REAGENTS

STANDARD MANGANESE SOLUTION, 0.2 mg/mL. Dissolve
0.1000 g of pure manganese metal in 10 mL of 50%
sulphuric acid and dilute the solution to 500 mL
with water (Note 1). Prepare a 2-pg/mL solution
by diluting 5 mL of this stock solution to 500 mL
with water. Prepare the diluted solution fresh

as required.

PAN SOLUTION, 0.1% m/V in ethyl alcohol.
BUFFER SOLUTION. Dissolve 10 g of ammonium chlo-
ride in water and add 100 mL of concentrated ammo-
nium hydroxide. Dissolve 1.200 g of potassium

cyanide in the resulting solution, dilute the
solution to 200 mL with water and store it in a

plastic bottle.

AMMONIUM TARTRATE SOLUTION, 10% m/V.

HYDROXYLAMINE HYDROCHLORIDE SOLUTION, 20% m/V.
Prepare a fresh solution every day.
CUPFERRON SOLUTION, 9% m/V. Prepare a fresh solu-

tion as required and filter it if necessary.



SULPHURIC ACID, 50% v/V.

HYDROCHLORIC ACID, 50% V/V.

WATER, deionized.
water through a column of Dowex S0W-X8 resin.

Prepare by passing distilled

CHLOROFORM. Reagent-grade.

ISOAMYL ALCOHOL. Reagent-grade.

CHLOROFORM~-ISOAMYL. ALCOHOL
344 v/v, respectively.

SOLUTION, 66 and

CALIBRATION CURVE
Add 1 mL of 10% ammonium tartrate solu-

tion to each of seven 60-mL separatory funnels
(Note 2) marked at 25 mL; then by burette, add to
the first six funnels 1, 2, 3, 4, 5 and 6 mL,
respectively, of the dilute standard 2-ug/mlL man-
ganese solution. The contents of the last funnel
constitute the blank. Add 5 mL of 20% hydroxyl-
amine hydrochloride solution to each funnel and
dilute the resulting solutions to the mark with
water (Note 3). Add 5 mL of buffer solution and
3 mL of 0.1% PAN solution to the solution of low-
est manganese content and mix the solution thor-
(Note 4). Allow
exactly U5 s to elapse (Note 5), then by pipette,

oughly after each addition

quickly add 10 mL of chloroform, close the funnel
and shake it for 2 min. Allow about 3 min for the
layers to separate, then drain off and discard the
aqueous phase (Note 6). Drain the extract into a
dry 15-mL centrifuge tube and close the tube with
a cork. Proceed in a similar manner with the for-
mation and the extraction of the manganese complex
in each of the remaining solutions. Centrifuge
each manganese-PAN extract for 30 s, then measure
the absorbance of each extract (Note 7) at 562 nm
against the blank extract as the reference solu-
tion, using 10-mm cells. Plot micrograms of man-

ganese vs absorbance.

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

Molybdenum metal

Transfer 0.5 g of powdered sample to a
250-mL, beaker and add 20 mL of 50% sulphuric acid.
Cover the beaker and add 2 mL each of concentrated
nitric and hydrochloric acids. Heat the mixture
until the evolution of oxides of nitrogen ceases,
then remove the cover and evaporate the solution
to fumes of sulphur trioxide. Cool the solution,
wash down the sides of the beaker with water and
evaporate the solution to fumes of sulphur triox-
ide again to ensure the complete removal of nitric
acid. Cool the solution, add about 50 mL of water
and wash down the sides of the beaker with 50%
hydrochloric acid added from a plastic wash-bottle
(Note 8).

Cool the resulting solution to 5-10°C in
an ice-bath, then transfer it to a 500-mL pyrex
separatory funnel marked at 100 mL and dilute it
to the mark with cold water (Note 9). Add 100 mL
of cold, freshly prepared 9% cupferron solution,
mix the solution thoroughly, then add 50 mL of
cold chloroform, close the funnel and shake it for
1 min. Allow the layers to separate, then drain
off and discard the chloroform layer. Repeat the
extraction using 20 mL of cupferron solution and
25 mL of chloroform, then extract the solution
three or more times using 10-mL portions of chlo-
roform and shaking it for 1 min each time until
the organic layer is colourless. Discard each
extract.

Transfer the agueous phase to a 400-mL
beaker, warm it gently to remove the residual
chloroform, then evaporate the solution to approx-
imately 25 mL. Cover the beaker, add 20 mL each
of concentrated hydrochloric and nitric acids,
heat the solution until the evolution of oxides
of nitrogen ceases, then remove the cover and
evaporate the solution until copious fumes of sul-
phur trioxide are evolved. Cool the solution, add
about 10 mL of water, wash down the sides of the
beaker with 50% hydrochloric acid (Note 8) and
evaporate the solution to dryness (Note 10). Cool
the beaker, wash down the sides with 50% hydro-
chloric acid and evaporate the solution to dryness
again (Note 11). Add 5 mL of 10% ammonium tar-

trate solution, 1 mL of concentrated hydrochloric



acid and 20 mL of water to the residue and heat
Dilute the
resulting solution to approximately 35 mL with

the solution gently until it is clear.

water, then using a pH meter, adjust the pH of the
solution to 3.5 * 0.2 (Note 12) with concentrated
ammonium hydroxide. Transfer the solution to a
100-mL volumetric flask and dilute it to volume
with water.

Transfer suitable identical 2-20-mL ali-
quots of the sample and blank solutions to 60-mL
dilute the to

approximately 25 mL with water and proceed with

separatory funnels, solutions
the complex formation and the subsequent extrac-
tion of the complex as described above. Measure
the absorbance of the sample extract against the
reagent blank extract and determine the manganese
content of the aliquot by reference to the cali-

bration curve.

Tungsten metal

Following the decomposition of 0.5 g of
powdered sample, the removal of nitric acid with
formic acid and the ultimate evaporation of the
solution to about 5 mL as described in the spec-
trophotometric bathocuproine method for copper
(p 47), add 1 mL of concentrated hydrofluoric acid
and 70 mL of 50% sulphuric acid (Note 13) to the
Wash down the sides of the

beaker with 50% hydrochloric acid (Note 8) and,

resulting solution.
if necessary, warm the solution gently until it
is clear. Cool the solution to 5-10°C in an ice-
bath and transfer it to a 600-mlL polypropylene
Dilute the

solution to the mark with cold water, then proceed

separatory funnel marked at 100 mL.

with the extraction of tungsten cupferrate as
50-,
25- and three 15-mL portions of cold 66% chloro-
form-34% (Note 14)

instead of chloroform. Drain the aqueous phase

described above, using in succession 100-,

isoamyl alcohol solution
into a 400-mL teflon beaker, evaporate it to about
150 mL (Note 15),

ice~-bath,

then cool the solution in an
cover the beaker and add 20 mL each of
concentrated nitric and hydrochloric acids. Allow
the solution to stand at room temperature until
most of the organic material is

decomposed, then

heat the solution until the evolution of oxides
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of nitrogen ceases. Remove the cover and evapo-
rate the solution until copious fumes of sulphur
trioxide are evolved. Cool the solution, add
about 10 mL of water and wash down the sides of
the beaker with 50% hydrochloric acid.
the solution to a 250-mL pyrex beaker and evapo-
rate it to dryness (Note 10). Cool the beaker,
wash down the sides with 50% hydrochloric acid,

evaporate the solution to dryness again, then add

Transfer

the volumes of 10% ammonium tartrate solution,
water and concentrated hydrochloric acid recom-
mended above and proceed with the pH adjustment,
the extraction and the subsequent determination

of manganese as described above.

NOTES
1. Deionized water should be used to prepare all
the reagents and it should be used throughout
the sample preparation and subsequent steps.
2. The stem of each funnel should be washed with
ethyl alcohol to remove water.
3. The of the

extraction should be kept relatively constant

volume aqueous phase before
to eliminate volume changes in the extract
resulting from the solubility of chloroform
in water - i.e., 10 g/L at 15°C.

4, The manganese-PAN complex is not stable in
solutions

containing c¢yanide and tartrate

ions. Consequently, it is necessary to work
with one solution at a time and to start
extracting the complex within U45-60 s (Note
5) after the addition of the PAN solution.

5. The timer should be started at the beginning
of the addition of the PAN solution.

6. A low result will be obtained if the aqueous
phase is allowed to remain in contact with
the organic phase.

7. The absorbance of the chloroform extract of
the manganese-PAN complex remains constant
for at least several hours. It decreases
only slightly after 24 h.

8. Trace amounts of manganese dioxide, which are
not visible to the naked eye, are formed when
sulphuric acid solutions of manganese (II)

are evaporated ryness. A low ¢ i

for manganese if ¢ loxide



10.

11.

12.

13.

1k,

adhering to the sides of the beaker is not
dissolved with 50% hydrochloric acid.
The water, cupferron solution and chloroform
should also be cooled in an ice-bath.
If organic material, indicated by brown or
is still present, add 10 mL of

50% sulphuric acid and repeat the nitriec

yellow salts,

acid-hydrochloric acid treatment, then evapo-
rate the solution to dryness again.

At this stage, probably manganese, nickel and
cobalt, depending on the amounts present, can
be determined by atomic-absorption spectro-
photometry if the residue is dissolved in
about 1 mL of concentrated hydrochloric acid
and the solution 1s diluted to an appropriate
volume with water.

After the addition of 5 mL of buffer solution
to an aligquot of the resulting solution, the
pH of the solution during the extraction step
will be approximately 9.2. The manganese-PAN
complex is completely extracted in a single
stage into 10 mL of chloroform in the pH
range 8.8 to 9.6.

About a 3 M acid is

required for maximum extraction of tungsten

sulphuric solution

into isoamyl alcohol (Note 14) as the cupfer-
rate (4).

volume of cupferron sgolution required to com-

Consequently, because of the large

plex the tungsten, the initial sulphuric-acid
after it is
diluted to 100 mL with water in the separa-
tory funnel, should be approximately 6 M.

concentration of the solution,

Tungsten cupferrate is relatively insoluble

in chloroform but it is soluble in isocamyl
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alcohol. Because the density of the mixture
of chloroform and iscamyl alcohol is greater
than 1, this

extractant because it is more convenient to

mixture is recommended as
use than isocamyl alcohol alone when multiple

extractions are required.

15. The solution will be black because of the
large amount of organic material present.
ACCURACY

Illustrated in Table 12 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine man-

ganese in high-purity niobium and tantalum metals.

It

is probably also applicable to high-purity

titanium and zirconium metals.
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ATOMIC-ABSORPTION DETERMINATION OF MOLYBDENUM IN IRON AND STEEL
AFTER SEPARATION BY o-BENZOINOXIME EXTRACTION

OR BY «-BENZOINOXIME AND XANTHATE EXTRACTIONS

PRINCIPLE

Molybdenum is separated from matrix ele-~
ments by chloroform extraction of its a-benzoin-
oxime complex from a 1l.75 M hydrochloric acid-~
0.13 M tartaric acid medium.

subsequently separated from

If necessary, it is
coextracted tungsten
the xanthate from a
M tartaric aid medi-
after back-extraction of the molybdenum and

by chloroform extraction as
1.5 M hydrochloric acid-0.13
um,
tungsten from the chloroform phase into concen-
trated ammonium hydroxide. Molybdenum is ulti-
mately determined by atomic-absorption spectro-
photometry at 313.3 nm in a strongly reducing air-
acetylene flame in a 15% hydrochloric acid medium
containing 1000 pg/mL of aluminum as the chloride

1.

INTERFERENCES

The a-benzoinoxime extraction step sepa-
rates molybdenum from many elements that interfere
in its determination in both the nitrous oxide-
Only

tungsten (VI) -~ about 50% of the amount present -

acetylene and air-acetylene flames (2-5).

and possibly palladium (II) are coextracted under
the conditions used for the extraction of molyb-
denum (1,6,7). The coextraction of chromium (VI)
and vanadium (V) is prevented by reducing them to
lower oxidation states with ferrous ammonium sul-~
phate before the extraction step (7). Although

niobium and zirconium form a-benzoinoxime com-
plexes that are partly extracted from a dilute
hydrochloric acid medium, zirconium is not coex-
tracted in the presence of tartaric acid and nio-
bium forms an insoluble hydrolysis compound during
Palladium is

not usually present in iron and steel.

the sample decomposition step (1).

The presence of more than approximately

25 mg of tungsten during the a~benzoinoxime
extraction step is not recommended because more

tartaric acid is required to keep it in solution.

This inhibits the extraction of molybdenum. Simi-~

larly, more than 1 g of tartaric acid should not
be present during the xanthate extraction step
because it inhibits the extraction of molybdenum
xanthate. Moderate amounts of tungsten - e.g.,
100 ug/mlL - suppress molybdenum absorbance in an
air-acetylene flame and may also interfere by pre-
cipitating in the final solution. However, the
amount of tungsten that 1is coextracted as the
a-benzoinoxime complex at the 2-mg level does not
interfere in the determination of molybdenum when
is added to its

and if the volume of the final solution

aluminum chloride eliminate
effect,
is 25 mL or more. Tungsten may precipitate if the
volume of the solution is less. Interference from
hydrochloric acid and from aluminum is avoided by
maintaining the same concentrations in the sample

and calibration solutions (1).

RANGE

This method is suitable for samples con-
taining approximately 0.001 to 2.5% of molybdenum
but material containing higher concentrations can
also be analyzed with reasonable accuracy if a

small sample is taken.

REAGENTS
STANDARD MOLYBDENUM SOLUTION, 1000 pg/mL.

solve 1.,5000 g of pure molybdenum trioxide

Dis-
in
50 mL of 2% sodium hydroxide solution and dilute
the solution to 1 L with water. Prepare a 100-
ug/mL  solution by diluting 25 mL of this stock
solution to 250 mL with water. Store both solu-
tions in plastic bottles.
ALUMINUM SOLUTION, 1% m/V.
minum metal by heating it gently with 400 mL of
ind, if

No. 42

Dissolve 10 g of =zlu-
50% hydrochloric acid. Cool the solution
filter i Whatman

flask

necessary, - using

paper - into a 1l-L volumetric sptaining



300 mL of concentrated hydrochloric acid. Dilute
the resulting solution to volume with water.

a-BENZOINOXIME SOLUTION, 0.2% m/V in chloroform.

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/V. Pre-

pare the solution fresh as required.

FERROUS AMMONIUM SULPHATE SOLUTION, 10% m/V. Pre-

pare the solution fresh as required.
BROMINE WATER.
TARTARIC ACID SOLUTION, 20% m/V.
PHENOLPHTHALEIN INDICATOR SOLUTION, 0.2% m/V in
ethyl alcohol. Store the solution in a dropping
bottle.
AMMONIUM HYDROXIDE, 25% v/v.
SODIUM HYDROXIDE SOLUTION, 50% m/V.
NITRIC ACID, 50% v/v.
SULPHURIC ACID, 50% v/vV.
CHLOROFORM. Reagent-grade.
CALIBRATION SOLUTIONS
To eight 100-mL beakers, add, by burette,
i, 3, 5, 10, 15, 20, 25 and 30 mL, respectively,
of the dilute standard 100-ug/mL molybdenum solu-

tion. Add about 10 drops of 50% sulphuric acid to

each Dbeaker and evaporate the solutions to dry-

ness. Wash down the sides of the beakers with
water and evaporate the solutions to dryness again
to ensure the complete removal of sulphuric acid.
Add 1 mL of 25% ammonium hydroxide, 1 drop of 0.2%
phenolphthalein indicator solution and about 5 mlL
of water to each beaker and heat the solution
gently until it is colourless. Cool the solu-
tions, then add 10 mL each of concentrated hydro-
chloric acid and 1% aluminum solution and transfer
the resulting solutions to 100~mL volumetric
flasks.

hydrochloric acid and aluminum solution t¢o = sepa=-

Add the same volumes of concentrated

rate flask; this constitutes the zero calibration
solution. Dilute each solution to volume with

water (Note 1).

PROCEDURES

Tungsten content 2 mg or less

Transfer 0.1-1 g of sample containing up
to approximately 2.5 mg of molybdenum (Note 2) to
a 400-mL beaker. Cover the beaker and add 10 mL
each of concentrated hydrochloric acid and 50%
nitric acid. Heat the mixture gently until the
sample is decomposed, then remove the cover, add
4 drops of concentrated hydrofluoric acid and
evaporate the solution to dryness in a hot water-
bath. Add 5 mL of concentrated hydrochloric acid
and 10 mL of bromine water (Note 3) and evaporate
the solution to dryness again to ensure the com-
plete removal of nitric acid.

Add 5 mL of concentrated hydrochloric
acid (Note 4), 25 mL of water and 10 mlL of 20%
tartaric acid solution to the beaker and, if
necessary, heat the solution gently to dissolve
the salts. Add 50% sodium hydroxide solution in
approximately 0.5-mL portions until the solution
is a dark mahogany colour, then allow it to stand
for several minutes to ensure the complete dis-
solution of any tungsten trioxide present. Add
concentrated hydrochloric acid, by drops, until
the solution is acidiec - i.e., clear yellow, then
add 15 mL in excess and, if necessary, filter the
resulting solution - wusing Whatman No. 40 paper -
into a 250-mL separatory funnel marked at 100 mL.
Wash the beaker and the paper each 3 times with
small portions of water,
Add 5 mL of freshly prepared 10%

then discard the paper
and residue.
ferrous ammonium sulphate solution to the funnel,
dilute the solution to the mark with water and mix
it thoroughly. Add 15 mL of 0.2% a-benzoinoxime-
chloroform solution, close the funnel and shake it
for 1 min. Allow several minutes for the layers
to separate (Notes 5 and 6), then drain the chlo-
roform phase into a 150-mL beaker. Extract the
aqueous phase three more times in a similar manner
with 15-mL portions of the a-benzoinoxime-chloro-
form solutions and add the extracts to the first
extract.

Add 10 mL of 50% nitric acid to the com-



bined extracts and heat the mixture in a hot
Add 3 mL of
concentrated perchloric acid and 2 mL of 50% sul-

water-bath to remove the chloroform.
phuric acid, cover the beaker and heat the solu-
tion until the evolution of oxides of nitrogen
ceases. Remove the cover and evaporate the solu-
tion to dryness. Cool the solution, wash down the
sides of the beaker with water and evaporate the
solution to dryness again to ensure the complete
Add 1 mL of
1 drop of 0.2%

phenolphthalein indicator solution and about 3 mL

removal of sulphuric acid (Note 7).
25% ammonium hydroxide (Note 8),

of water and heat the solution gently until it is
colourless (Note 9). Depending on the expected
molybdenum content, add sufficient concentrated
hydrochloric acid so that 1 mL will be present for
each 10 mL of final solution, then add the same
volume of 1% aluminum solution. Transfer the
solution to a volumetric flask of appropriate
size - 10-100 mL -~ and dilute it to volume with
water.

Measure the absorbance of the resulting
solution at 313.3 nm in a strongly reducing air-
acetylene flame (Note 10). Determine the molyb-
denum content of the solution by relating the
resulting value to those obtained concurrently for
calibration solutions of slightly higher and lower

molybdenum concentrations.

Tungsten content approximately 2-25 mg

Collect the a-benzoinoxime-chloroform ex-
tracts (Note 11) obtained after the extraction of
molybdenum as described above in a 125-mL separa-
tory funnel (Note 12), then add 10 mL of concen-
trated ammonium hydroxide, close the funnel and
shake it for 4 min. Allow about 5 min for the
layers to separate, then drain off and discard the
In succession, add 5 mL of 20%

20 mL of water and 15 mL

chloroform layer.
tartaric acid solution,
of concentrated hydrochloric acid to the aqueous
phase. Blow the resulting ammonium chloride fumes
out of the funnel and allow the solution to cool
to room temperature. Add 2 mL of freshly prepared
20% potassium ethyl xanthate solution (Note 13),
close the funnel and mix the solution thoroughly.
Allow it to stand for about 1 min to allow the

formation of the reddish purple molybdenum xan-
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thate complex, then add 10 mL of chloroform and

shake the funnel for 1 min. Allow several minutes
for the layers to separate, then drain the chloro-
Extract the
aqueous phase three more times in a similar manner
with 10-,
1, 0.5 and 0.5 mL, respectively, of xanthate solu-
tion (Note 14). Add 10 mL of 50% nitric acid to
the combined extracts and heat the mixture in a
Add 3 mL
of concentrated perchloric acid and 2 mL of 50%

form phase into a 150-mL beaker.

5- and 5-mL portions of chloroform and

hot water-bath to remove the chloroform.

sulphuric acid and proceed with the evaporation
the dissolution of
the salts in 25% ammonium hydroxide (Note 9) and

of the solution to dryness,

the subsequent determination of molybdenum as

described above.

NOTES
1. The calibration solutions should be prepared
fresh every day because they are not stable
on standing. It is necessary to evaporate
the molybdenum solutions to dryness in the
presence of sulphuric acid so that the molyb-
denum in the resulting calibration solutions
will be present in the same ionic form as in
the sample solution obtained after oxidizing

a xanthate extract with nitric acid. This
produces sulphuric acid.

2. For samples of high molybdenum content, up

to 1 g can be taken - tungsten content 25 mg

or less - if the solution ultimately obtained
after the addition of 15 mL of concentrated
hydrochloric acid is diluted to 100 mL with
water. A suitable aliquot of the resulting
solution - to which the recommended volume of
ferrous ammonium sulphate solution has been
added - can subsequently Dbe diluted to
approximately 100 mL in the separatory funnel
with 15% hydrochloric acid-2% tartaric acid
solution before the a-benzoinoxime extrac-
tion step.

3. Bromine water is added to ensure that all the
molybdenum is present in the hexavalent state
required for its extraction with a-benzoin-
oxime.

4, 1If tungsten is known to be absent, add 15 mL

of concentrated hydrochloric acid and 10 mL



of 20% tartaric acid solution. If necessary,
heat the solution gently to dissolve the
salts, then the
step - if the
extraction of molybdenum as described.

The

proceed with filtration

necessary - and subsequent
a-benzoinoxime complexes of molybdenum
and tungsten are not appreciably soluble in
Consequently, if milligram-quan-
the
chloroform phase will be cloudy or will con-
This does

not interfere with the quantitative separa-

chloroform.

tities of these elements are present,

tain flocculent white material.
tion of molybdenum.

If the molybdenum content of the sample is
so low that the final solution is to be
diluted to 10 mlL before the determination of
molybdenum, the amount of tungsten that is
coextracted at the 2-mg level may interfere
by precipitating in the final solution. 1In
this case, it is recommended that the molyb-
denum should be stripped from the chloroform
phase and separated from the coextracted
tungsten by xanthate extraction as described
in the subsequent procedure.

If the tungsten content of the sample is not
known, its presence will be indicated at this
point (see also Note 11) by yellow insoluble
tungsten trioxide. If an appreciable amount
is present, add 0.5 mL of concentrated per-
chloric acid and evaporate the solution to
Add about 25 mL of water,

5 mL of 20% tartaric acid solution and 1 drop

dryness again.

of 0.2% phenolphthalein indicator solution,

then add sufficient 50% sodium hydroxide
solution, by drops, until the solution is
alkaline. Add concentrated hydrochloric

acid, by drops, until the solution is acidie,
then add 6 mL in excess and transfer the
solution to a 125-mL separatory funnel marked
at 50 mL.

the mark with water and proceed with the

Dilute the resulting solution to

separation of molybdenum by extraction as the
xanthate.

Ammonium hydroxide 1is required to convert
tungsten to soluble ammonium tungstate.

From about 10-400 ug of molybdenum can be
this

determined spectrophotometrically at
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10.

11.

12.

13.

14,

stage by the thiocyanate method. If more
than 400 ug is present, transfer the solution
to a 50-mL volumetric flask and dilute it to
volume with water. Use a suitable aliquot -
up to 20 mL - of the resulting solution for
the determination of molybdenum.

A strongly reducing - brightly 1luminous,
fuel-rich - air-acetylene flame is required
to obtain the highest sensitivity for molyb-
The height at which the beam from the

hollow-cathode lamp passes through the flame

denum.
is also extremely important (2,5). Conse-
quently, after all other instrumental para-
meters have been set, the acetylene flow-rate
and the height of the burner should be
adjusted to give maximum absorbance while a
solution containing molybdenum is aspirated

into the flame. About five-fold scale expan-
sion is recommended for the determination of
about 3 pg/mL or less of molybdenum.

If the sample contains an appreciable amount
of tungsten, the fourth extract will still
be cloudy.

After it is washed, the separatory funnel
should be drained thoroughly to prevent the
dilution of the concentrated ammonium hydrox-
ide used for the subsequent back-~extraction
of molybdenum.

The xanthate solution should be added by
pipette using a suction bulb or by using a
graduated or marked medicine dropper, and
the extraction shold be carried out in a fume
hood. Prolonged exposure to xanthate vapour
can produce an allergic reaction.

Usually a four-stage extraction with a total
volume of 4 mL of 20% potassium ethyl xan-
thate solution is sufficient for the separa-
tion of up to 2.5 mg of molybdenum. However,
if the aqueous phase is still pink after the
fourth addition of xanthate solution, con-
tinue the extraction, using 5-mL portions of
chloroform and 0.5 mL of xanthate solution
each time, until both the aqueous and chloro-

form phases are colourless.

ACCURACY

Illustrated in Table 13 in Appendix A.
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL
IN HIGH-PURITY MOLYBDENUM AND TUNGSTEN METALS BY CHLOROFORM EXTRACTION
OF THE NICKEL (11 )-DIMETHYLGLYOXIME COMPLEX

PRINCIPLE

Nickel is separated from the matrix ele-
ments by chloroform extraction of the nickel (II)-
dimethylglyoxime complex at pH 6.0-6.5 from an
ammonium tartrate-~boric acid medium. It is ulti-
mately determined spectrophotometrically by meas-
uring the absorbance of the yellow extract at
370 nm (1). The molar absorptivity of the complex
at this wavelength is 3.43 x 102 L.mol-l.mml-.

INTERFERENCES
Bismuth, iron (II), cobalt (II),
(II), palladium (II), platinum (II) and gold (III)

form coloured dimethylglyoxime complexes that are

copper

partly soluble in chloroform (2). However, iron
is oxidized to iron (III) during the sample decom-
position step and bismuth is ultimately complexed
with tartaric acid and prevented from reacting
with dimethylglyoxime (1). Palladium, platinum
and gold are not usually present in molybdenum and
tungsten metals. Interferences from coextracted
copper and cobalt, which impart a brown colour to
the extract, is eliminated by stripping the com-

plexes from the extract with dilute ammonium
hydroxide (1).

Up to at 1least 5 mg each of copper,
cobalt, chromium (III), vanadium (V) and cadmium
can be present in the solution or aliquot taken
for extraction without causing error in the result

(1).

aluminum,

Large amounts of manganese, zinc, magnesium,
tin (IV),
and the rare-earth elements also do not interfere

(1,3).

thorium, zirconium, tantalum

RANGE

This method is suitable for samples con-
taining approximately 0.0002 to 0.2% of nickel but
material containing higher concentrations can also

be analyzed if a small sample is taken.

REAGENTS

STANDARD NICKEL SOLUTION, 0.5 mg/mL.
3.3647 g of nickel ammonium sulphate hexahydrate
[NlSOu.(NHu)ZSOu.6H20] in water and dilute the
solution to 1 L.
diluting 5 mL of this stock solution to 250 mL

Dissolve

Prepare a 10-pg/mL solution by

with water. Prepare the diluted solution fresh

as required (Note 1).

DIMETHYLGLYOXIME SOLUTION,
hol.

1% m/v in ethyl alco-

AMMONIUM TARTRATE SOLUTION, 25% m/V.

BORIC ACID SOLUTION, 5% m/V.

reagent in about 800 mL of hot water.

Dissolve 50 g of the
Cool the

solution and dilute it to 1 L with water.
AMMONIUM HYDROXIDE, 2% v/V.

CHLOROFORM. Reagent-grade.
ETHYL ALCOHOL. 95%.

CALIBRATION CURVE

Add 2 mlL of 25% ammonium tartrate solu-

tion to each of five 125-mL separatory funnels
marked at 100 mL; then by burette, add to the last
5, 7.5 and 10 mL,

standard 10-ug/mL nickel solution.

four funnels 2.5, respectively,
of the dilute
Dilute each solution to the mark with water (Note
2).
the blank.

solution and chloroform to each funnel, then close

The contents of the first funnel constitute
Add 5 mL each of 1% dimethylglyoxime
it and shake it for 2 min. Allow about 5 min for
the layers to separate, then drain the chloroform

extract into a 60-mL separatory funnel (Note 3).
Extract the solution two more times by shaking it

for 1 min with 3 mlL of chloroform and then for



about 30 s with 1 mL of chloroform. Add 10 mL of
2% ammonium hydroxide to the combined extracts,
then close the funnel and shake it for about 30 s
(Note 4). then

drain the chloroform layer into a dry 25-mL volu-

Allow the layers to separate,
metric flask. Wash the aqueous layer by shaking
it for about 30 s with 1 mL of chloroform and add
this to the extract. Dilute each of the resulting
extracts to volume with ethyl alcohol (Note 5).
Measure the absorbance of each chloroform-ethyl
alcohol solution of nickel (II) dimethylglyoximate
at 370 nm against the blank solution as the refer-
Plot

ence solution, using 50-mm cells (Note 6).

micrograms of nickel vs absorbance.

PROCEDURE
In this procedure a reagent blank is car-

ried along with the samples.

Following the decomposition of 0.25-0.5 g
of powdered sample (Note 7) and the ultimate addi-
tion of 20 mL of 5% boric acid solution as
described in the spectrophotometric bathocuproine
method for copper (p U47), allow the solution to
stand for about 20 min to ensure the complete com-
plexation of the excess hydrofluoric acid (Note
8).

If the sample contains 100 ug or less of
nickel, adjust the pH of the sample and blank
solutions to 6.25 * 0.25 with concentrated ammo-
nium hydroxide. Transfer the solutions to 125-mL
separatory funnels, dilute them to approximately
100 mL with water and proceed with the extraction
of nickel as described above. Measure the absorb-
ance of the sample solution against the reagent
blank solution and determine the nickel content
of the sample solution by reference to the cali-
bration curve.

If the sample contains more than 100 ug
of nickel, transfer the sample and blank solutions
to 100-mL volumetric flasks and dilute them to
volume with water. Transfer a suitable identical
20~ or 50-mL aliquot of each solution to 100-mL
beakers.

If 50-mL aliquots are taken, adjust the

pH of each solution to 6.25 * 0.25 with concen-
trated ammonium hydroxide. Transfer the resulting
dilute

them to approximately 100 mlL with water and pro-

solutions to 125-mL separatory funnels,
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ceed with the extraction and the subsequent deter-
mination of the nickel content of the aliquot as
described above. If 20-mL aliquots are taken, add
5 mL of 10% ammonium tartrate solution and 10 mL
of 5% boric acid solution to both solutions (Note
9),

subsequent determination of nickel as described

then proceed with the pH adjustment -and the

above.

NOTES
1. If pure nickel metal is available, it can also
the solution.

Dissolve 0.1000 g of the metal by heating it

be used to prepare standard
gently with about 20 mL of 25% nitric acid,
then add 5 mL of 50% sulphuric acid and evapo-
rate the solution to dryness. Wash down the
sides of the beaker with water and evaporate
the solution to dryness again to ensure the
Dis-
the

If

the excess acid is not removed by evaporation,

complete removal of the excess acids.

solve the salts in water and dilute

resulting solution to 200 mL with water.

the pH of the solutions used for calibration
purposes may be too low (Note 2) and nickel
may not be completely extracted.

The pH of the resulting solution will be
approximately 6.5. Nickel is not completely
extracted at pH values below 5.35.

The stem of the 60-mL funnel should be washed
with ethyl alcohol to remove water.

In the subsequent procedure, coextracted cop-
per and cobalt are removed from the sample
extract by this washing step. Probably inter-
ference from copper - but not from cobalt -
can be eliminated by complexing it with sodium
thiosulphate and extracting the nickel at pH
6.5 as described in the spectrophotometric
dimethylglyoxime-extraction method for copper-
base alloys (p 68). However, the suitability
of this procedure for eliminating interference
from copper during the extraction of nickel
from molybdenum and tungsten solutions has not
been tested by the author. The method would
not be applicable to niobium metal because
nickel is not completely extracted from nio-
bium solutions at pH values greater than o.15.

Dilution of the combined chloroform extracts



7-

with ethyl alcohol removes turbidity caused
by the retention of small droplets of water
in the organic phase.

The absorbance of the chloroform-ethyl alcohol
solution of the nickel-dimethylglyoxime com-
plex remains constant for at least 24 h.

It is not necessary to remove nitric acid by
treating the solution with formic acid as
described in the method for copper.

If the nickel determination cannot be com-
pleted the same day, allow the solution to
stand overnight at this point.

Ammonium tartrate and boric acid solutions are
added to increase the salt content of the
solution before the extraction step. This
makes it easier to adjust the pH of the solu-
tion with concentrated ammonium hydroxide
because of the buffer effect of these rea-

gents.

ACCURACY
Illustrated in Table 14 in Appendix A.

OTHER _APPLICATIONS

nickel in high-purity tantalum metal.

This method can be used to determine

It is also
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applicable to high-purity niobium metal if the pH
of the solution is adjusted to 6.0 * 0.1 before

the extraction step.
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL IN COPPER,
MAGNESIUM AND ALUMINUM METALS AND ALLOYS
BY CHLOROFORM EXTRACTION OF THE NICKEL (11 )-DIMETHYLGLYOXIME COMPLEX

PRINCIPLE

Nickel is separated from the matrix
elements by chloroform extraction of the nickel
(II)-dimethylglyoxime complex at pH 6.5 from an
ammonium tartrate medium containing sodium thio-
sulphate as a complexing agent for copper and
zinc. It is subsequently determined spectrophoto-
metrically by measuring the absorbance of the

yellow extract at 370 nm (1). The molar absorp-

tivity of the complex at this wavelength is
3.43 x 10% L.mor"t.mm™2.
INTERFERENCES

The elements that form coloured dimethyl-
glyoxime complexes that are partly soluble in
chloroform are mentioned in the spectrophotometric
method for determining nickel in molybdenum and
tungsten metals (p 64). Interference from iron
and bismuth is avoided in the same way described
in the above method. Platinum, palladium and gold
are not usually present in copper-, aluminum- and
magnesium-base alloys.

Interference from up to about 50 mg of
copper (1I) is

avoided by complexing it with

sodium thiosulphate at pH 6.5. Copper, in larger
amounts, is separated from nickel by electrolysis.
Sodium thiosulphate also complexes lead, =zinec,
cadmium and silver under the conditions used for
the extraction of nickel (1). Interference from
up to 25 mg of cobalt can be eliminated by strip-
ping the brown complex from the chloroform extract
with dilute ammonium hydroxide (2).

Up to at least 500 mg each of magnesium
and aluminum, 100 mg of iron
LT tin (IV),

zirconium and cadmium, 40 mg of cerium (IV), 10 mg

125 mg of thorium,

manganese (IIL), zinec, silver,
of lead and 5 mg of chromium (III) and vanadium
(V) can be present in the solution or aliguot
taken for analysis without causing error in the

nickel result (1,2).

RANGE

This method is suitable for samples con-
taining approximately 0.0002 to 2% of nickel but
material containing higher concentrations can also

be analyzed if a small sample is taken.

APPARATUS
ELECTROPLATING APPARATUS WITH A MAGNETIC STIRRING
MECHANISM.

REAGENTS
STANDARD NICKEL SOLUTION, 10 wg/mL.

solution as described in the .spectrophotometric

Prepare the

method for molybdenum and tungsten metals (p 64).

DIMETHYLGLYOXIME SOLUTION,
hol.

1% m/V in ethyl alco-

AMMONIUM TARTRATE SOLUTION, 20% m/V.

SODIUM THIOSULPHATE SOLUTION, 50% m/V.
250 g of the reagent in hot water,

Dissolve
then cool the

solution and dilute it to 500 mL with water.

IRON SOLUTION, 0.05% m/V. Dissolve 0.25 g of pure

iron metal in 25 mL of concentrated hydrochloric

acid and dilute the solution to 500 mL with water.

HYDROCHLORIC ACID, 10% v/V.

SULPHURIC ACID, 50% v/v.

NITRIC ACID, 50% v/V.

AMMONIUM HYDROXIDE, 2% and 10% v/V.

AMMONIUM SULPHAMATE TABLETS (1 g).

CHLOROFORM. Reagent~grade.



ETHYL ALCOHOL. 95%.

CALIBRATION CURVE

Add 5 mL of 25% ammonium tartrate solu-
tion to each of five 150-mL beakers; then by
burette, add to the last four beakers 2.5, 5, 7.5
and 10 mL, of the dilute
10-pg/mL nickel solution. Dilute the contents of

respectively, standard

each beaker to about 50 mL with water. The con-
tents of the first beaker constitute the blank.
Add 5 mL of 50% sodium thiosulphate solution to
each of the resulting solutions, then using a pH
meter, adjust the pH of each solution to 6.5 + 0.1
with 2% ammonium hydroxide.

Transfer the solutions to 125-mL separa-
tory funnels (Note 1) marked at 100 mL and dilute
them to the mark with water. Add 5 mL of chloro-
form and 3 mL of 1% dimethylglyoxime solution to
each funnel, then close it and shake it for 2 min.
Allow 5 min for the layers to separate, then care-
fully (Note 2) drain the chloroform extract into
a dry 25-mL volumetric flask. Extract the solu-
tion two more times by shaking it for 2 min with
3 mL of chloroform and then for 30 s with 2 mL of
chloroform. Dilute the combined extracts to vol-
(Note 3).

absorbance of each chloroform-ethyl alcohol solu-

ume with ethyl alcohol Measure the
tion of nickel (II) dimethylglyoximate at 370 nm
against the blank solution as the reference solu-
tion, using 50-mm cells (Note 4). Plot micrograms

of nickel vs absorbance.

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

A - Copper metal, brass and bronze (low silicon
content)
(a)

Nickel content 0.05% or less

Transfer 0.5 g of sample to a 300-mL

electrolytic beaker, cover the beaker and add

12 mL of 50% sulphuric acid and 9 mL of 50% nitric

acid. When the sample has dissolved, boil the

solution gently to remove oxides of nitrogen

(Notes 5 and 6), then cool the solution and dilute
it to about 180 mL with water. Place a teflon-

coated magnet in the beaker, then connect a clean
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platinum gauze cathode and a clean platinum anode
to the electroplating apparatus. Lower the elec-
trodes into the solution so that the cathode is
completely covered, then cover the beaker with a
split watch-glass and electrolyze the solution at
a current of about 2 A and an applied potential
of 4 or 5 V for about 30 min. Add a l-g ammonium
sulphamate tablet to destroy nitrous oxides and
continue the electrolysis for a further 15 min
(Note 7).
until approximately 2 mL of sulphuric acid remains
(Note 8), add 20 mL of

water and 5 mL of 20% ammonium tartrate solution

Evaporate the resulting electrolyte

then cool the solution,

and heat the solution until it is clear (Note 9).
If lead sulphate is present, filter the solution -
using Whatman No. 42 paper - into a 150-mL beaker
and wash the electrolytic beaker and the paper
thoroughly with water. Discard the paper and, if
necessary, evaporate the solution to about 50 mL.
If the sample contains 100 ug or less of
if

then using

nickel, dilute the sample and blank solutions,
necessary, to about 50 mL with water,
a pH nmeter,
4.75 = 0.25
hydroxide and with 10% ammonium hydroxide as
required. Add 10 mL of 50% sodium thiosulphate

solution (Note 11),

adjust the pH of each solution to

(Note 10) with concentrated ammonium

mix the solutions thoroughly
and immediately adjust the pH of the solutions to
6.5 * 0.1
trated,

(Note 12) using, in succession, concen-
sid

required, concentrated and 10% hydrochloric acid.

10% and 2% ammonium hydroxide and,

Transfer the resulting solutions to 125-mL separa-
tory funnels, dilute them to approximately 100 mL
with water and proceed with the extraction of
nickel as described above (Note 13). Measure the
absorbance of the sample solution against the rea-
gent blank solution and determine the nickel con-
tent of the sample sclution by reference to the
calibration curve.

If the sample contains more than 100 ug
of nickel, transfer the sample and blank solutions
to 100~-mL volumetric flasks and dilute them to
volume with water. Transfer a suitable identical
20-50-mL aliquot of each solution to 150-mL beak-
ers. If necessary, dilute the solutions to about
50 mL with water and proceed with the initial and

final pH adjustments, the extraction (Note 13) and



the subsequent determination of the nickel content

of the aliquot as described above.

(b) Nickel content greater than 0.05%

Following the decomposition of 0.5 g of
boil the solution to
then add 5 mL of 20%

ammonium tartrate solution and, if necessary, heat

sample as described above,

remove oxides of nitrogen,

the solution gently until it is clear (Note 9).
If lead sulphate is present, filter the solution -
using Whatman No. 42 paper - into a volumetric
flask of appropriate size - 100-1000-mL - and wash
the beaker and the paper thoroughly with water.
Discard the paper and dilute the filtrate to vol-
identical
10-50-mL aliquots of the sample and blank solu-

ume with water. Transfer suitable
tions to 150-mL beakers and proceed with the pH
adjustments, the extraction and the subsequent
determination of nickel as described in Procedure

A(a).

B - Silicon bronze

Transfer 0.5 g of sample to a 250-mL tef-
lon beaker and decompose the sample as described
in Procedure A(a). After the removal of oxides
of nitrogen, add about 1 mL of concentrated hydro-
fluoric acid (Note 5) and evaporate the solution
of are

Cool the solution and add about 25 mL

until copious fumes sulphur trioxide
evolved.

of water. If less than 0.05% of nickel is pres-
ent, transfer the solution to a 300-mL electro-
lytic beaker (Note 14) and add 2 mlL of concen-
trated nitric acid. Dilute the solution to about
180 mL with water and proceed with the electroly-
sis of the solution and the subsequent determina-
tion of nickel as described in Procedure A(a).
If more than 0.05% of nickel is present, add 5 mL
of 20% ammonium tartrate solution and proceed with
the filtration of the solution, if necessary, and
the ultimate determination of nickel as described

in Procedure A(b).

C - Magnesium metal and alloys

Transfer 0.5 g of sample to a 250-mL
beaker and add 35 mL of water. Cover the beaker
and slowly add 5 mL of concentrated hydrochloric

acid. When the sample has dissolved, add 1 mL of
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‘ness to dehydrate silica.

concentrated nitric acid and boil the solution
gently to remove oxides of nitrogen. Cool the
solution, add 5 mL of 20% ammonium tartrate solu-
tion (Note 15), then depending on the expected
nickel content, proceed with the determination of
nickel as described or A(b)

(Note 16).

in Procedure A(a)

D - Aluminum metal and alloys
(a)

Silicon content 0.7% or less

Transfer 0.5 g of sample to a 250-mL
beaker, add 10 mL of water (Note 17), then cover
the beaker and add 5 mlL of concentrated hydro-
add
1 mL of concentrated nitric acid and boil the

chloric acid. When the sample has dissolved,

solution gently to remove oxides of nitrogen.
Cool the solution, add 20 mL of 20% ammonium tar-
trate solution, then depending on the expected
nickel content, proceed with the determination of
nickel as described in Procedure A(a) or A(b)
(Note 16).

(b) Silicon content greater than 0.7%

Following the decomposition of the sample
add 10 mL of 50% sulphuric
gcid and carefully evaporate the solution to dry-
Add 30 mL of water and
2 mL of 50% sulphuric acid,

as described above,

heat the solution
until it is clear, then using Whatman No. 40 paper
containing paper pulp, filter the solution into a
250-mL beaker. Wash the beaker and the paper
thoroughly with hot water.

Transfer the paper containing the residue
to a 100-mlL platinum dish, burn off the paper at
a low temperature and ignite the residue at about
600°C. Cool the dish and add 5 mL of water, 2 mL
of 50% sulphuric acid and about 10 drops of con-
centrated hydrofluoric acid. Add nitric acid, by
then
Add about 5 mL

of water and 5 drops of 50% sulphuric acid to the

drops, until all the silicon has dissolved,

evaporate the solution to dryness.

residue and add the resulting solution to the

initial filtrate. If necessary, depending on the

expected nickel content, evaporate the solution
to about 20 mL, add 20 mL of 20% ammonium tartrate
solution proceed as de: L. dr [

ala) or A(b) (loLe 16)



NOTES

1.

The stem of each funnel should be washed with
ethyl alcohol to remove water.

Because of the high salt content of the aque-
care must be taken that none of
This

ous phase,
it accompanies the chloroform extract.
Wwill cause the final chloroform-ethyl alcohol
of to

become turbid.

solution nickel dimethylglyoximate
Dilution of the combined chloroform extracts
with ethyl alcohol removes turbidity caused
by the retention of small droplets of water
in the organic phase.

The absorbance of the chloroform-ethyl alco~
hol solution of nickel dimethylglyoximate
remains constant for at least 24 h (2).

If the sample contains more than about 5 mg
of tin, add 10 mL each of concentrated hydro-
chloric and hydrobromic acids at this point
and carefully evaporate the solution until
of sulphur

Cool the solution, add about 170 mL

copious fumes trioxide are
evolved.
of water and 2 mlL of concentrated nitrie acid
and proceed as described. Arsenic and anti-
mony are also volatilized as the bromides by
this procedure.

If a small amount of black material is pres-
ent, evaporate the solution to fumes of sul-
phur ftrioxide and proceed as described in
Note 5.

The complete removal of copper and lead is
not necessary.

Tin and manganese do not interfere in the
extraction of nickel but they may partly pre-
cipitate as metastannic acid and manganese
dioxide during the evaporation of the elec¢c-
trolyte. However, all the manganese dioxide
and up to about 5 mg of tin will redissolve
when the solution is evaporated to fumes of
sulphur trioxide. Manganese dioxide in the
electrolyte can also be dissolved by adding
a few drops of concentrated hydrochloric
acid.

If the solution is c¢loudy, add 1 mL of con-

centrated hydrochloric acid and continue to
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10.

11.

12.

13.

14,

15.

16.

17.

heat the solution until it is clear.
To complex zinc with sodium thiosulphate and
its the hydrous

prevent precipitation as

oxide, the pH of the solution must be less
than approximately 5.5.

Ten ml of 50% sodium thiosulphate solution
is sufficient to complex 250 mg of zinc.
Nickel (II) dimethylglyoximate is extracted
at pH 6.5 because the copper thiosulphate
complex is stable at this pH. It is unstable
above pH 7.

If the sample contains cobalt, coextracted
cobalt must be removed from the combined
extracts by shaking the resulting extract
with 2% ammonium hydroxide as described in
the spectrophotometric method for molybdenum
and tungsten metals (p 65). However, suffi-
cient dimethylglyoxime solution must be added
to react with the cobalt and to provide an
excess for the nickel. Approximately 4 mL
of 1% dimethylglyoxime solution for each 5 mg
of cobalt present is usually sufficient. The
alcohol content of the solution - resulting
from the addition of the dimethylglyoxime
solution - should not exceed 35% by volume
(3).

If lead sulphate is present, it should be
removed by filtration.

If the sample contains a large amount of
aluminum, thorium, zirconium, rare-earth ele-
ments, tin or iron, more ammonium tartrate
solution may be required to complex these
elements.

The addition of 5 mL of 50% sodium thiosul-
phate solution instead of 10 mL is recommend-
ed for samples of low copper and zinc con-
tents. This amount is sufficient to complex
either 50 mg of copper or about 100 mg of
zinc.

For high-purity aluminum metal, add 10 mL of
0.5% iron solution instead of water. This

hastens the dissolution process.

ACCURACY

Illustrated in Tables 15 and 16 in Appendix A.



OTHER APPLICATIONS

procedure,

With modifications in the decomposition

this method can be used to determine

nickel in iron and steel (4).
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SPECTROPHOTOMETRIC DETERMINATION OF SELENIUM IN COPPER METAL AND ALLOYS
WITH 3,3-DIAMINOBENZIDINE AFTER SEPARATION BY XANTHATE EXTRACTION

PRINCIPLE

Selenium is separated from matrix ele-
ments by chloroform extraction of selenium (IV)
xanthate from a 4 M hydrochloric acid-5 M sul-
phuric acid medium. It is ultimately determined
spectrophotometrically by measuring the absorbance
at 420 nm of the yellow selenium (IV)-3,3'-diamin-
obenzidine complex after extraction of the complex
into toluene at pH 6.6-6.9 from an ethylenedi-
aminetetraacetic acid (EDTA)-tartaric acid medium

(1).

INTERFERENCES

Up to about 0.8 mg of copper at about the
200-mg level and microgram-quantities of iron,
nickel, zinc and lead are coextracted as ethyl
xanthate complexes under the conditions used for
the extraction of selenium xanthate. Copper xan-
thate is not appreciably soluble in chloroform and
some of the insoluble yellow compound may be
the

extraction step,

retained in chloroform phase during the
but this does not interfere in
the extraction of selenium xanthate. None of the
above coextracted elements interfere during com-
plex formation (1). Interference from iron (III)
and copper (II), which oxidize diaminobenzidine,
is eliminated by complexing them with EDTA before
complex formation (2).

Molybdenum, tellurium (IV), gold (III),
platinum (IV) and palladium (II) are also partly
coextracted as =xanthates (3) but they are not

usually present in copper-base alloys. Up to
30 mg of molybdenum and 500 ug of tellurium do not
interfere during complex formation, but 500 ug of
gold or platinum interfere by oxidizing diamino-
benzidine; this causes a low result for selenium.
Palladium - 500 ug - also causes a low result for

selenium because it forms a white precipitate that

mulsification 1n the toluene phase.
sy i D at least 1 ug each of gold
d ) ug of palladiu ( t interfere.

Up to at least 500 mg of nickel, zinc and

copper, 300 mg of molybdenum, 50 mg of chromium,
bismuth and manganese, 25 mg of vanadium and 20 mg
of tin and arsenic can be present during the
extraction step without causing error in the
selenium result. More than 5 mg of antimony
causes a low result for selenium because it is
coextracted as the

appreciably antimony (V)

chloro-complex from a 4 M hydrochloric acid medium
(3.

uble compound when the extract is treated with

This results in the formation of an insol-

nitric and perchloric acids and the solution is
ultimately evaporated to fumes of perchloric acid

to remove nitric acid (1).

RANGE
This method is suitable for samples con-

taining approximately 0.0001 to 0.2% of selenium.

REAGENTS
STANDARD SELENIUM SOLUTION,
0.1000 g of pure selenium metal by heating it

0.1 mg/mL. Dissolve
gently with 25 mL of concentrated nitric acid,
then cool the solution and dilute it to 1 L with
water. Prepare a 10-ug/mL solution by diluting 10
mL of this stock

Prepare the diluted solution fresh as required.

solution to 100 mL with water.

3,3'-DIAMINOBENZIDINE TETRAHYDROCHLORIDE SOLUTION,
0.2% m/V.
(Note 1).

Prepare the solution just before use

HYDROCHLORIC ACID-SULPHURIC ACID SOLUTION, 4 M and
5 My Add 280 mL of concentrated

sulphuric acid - slowly and while stirring - to

respectively.

Allow the solution to cool

then add sufficient 0.5%

about 350 mL of water.
to room temperature,
potassium permanganate solution to oxidize any
reducing impurities present. Add 340 mL of con-

centrated hydrochloric acid and dilute the solu-

tic v 1 L with water



TARTARIC ACID SOLUTION, 20% m/V.

EDTA, DISODIUM SALT SOLUTION, 4% m/V.

FORMIC ACID, 10% v/V.

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/V.

pare the solution fresh as required.

Pre-

AMMONIUM HYDROXIDE, 50% v/V.
NITRIC ACID, 50% v/V.
SULPHURIC ACID, 50% v/V.
PERCHLORIC ACID, 5% v/V.
TOLUENE. Reagent-grade.
CHLOROFORM.

Reagent-grade.

CALIBRATION CURVES

Add 2 mL of concentrated perchloric acid

to each of seven -100-mL beakers; then by burette,
add to the last six beakers 0.5, 1, 2.5, 5, 7.5
and 10 mL, of the dilute standard
10-ug/mL selenium The contents of the

respectively,
solution.
first beaker constitute the blank. Except for the
blank, evaporate each solution until fumes of per-
chloric acid appear (Note 2), then wash down the
sides of the beakers with water and evaporate the
solutions just to fumes of perchloric acid again
to ensure acid.

the complete removal of nitric

Cool the solutions to room temperature, then add
S mL of Uu%

EDTA solution and 2 mL of 10% formic acid to each

1 mL of 20% tartaric acid solution,

beaker and dilute the solutions to approximately
25 ml with water. adjust the
pH of each solution to 1.25 * 0.05 with 50% ammo-
Add 5 mL of freshly prepared 0.2%

Using a pH meter,

nium hydroxide.
3,3'-diaminobenzidine solution, mix the solutions
thoroughly and allow them to stand for 45 min to
Adjust the pH of
6.75 * 0.15

with 50% ammonium hydroxide and with 5% perchloric

complete the complex formation.

each of the resulting solutions to

acid, if required (Note 3).

Transfer the solutions to 125-mlL separa-
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tory funnels marked at 50 mL and dilute them to
add 20 mL of
then close it and shake

the mark with water. By pipette,
toluene to each funnel,
it for 2 min. Allow several minutes for the lay-
ers to separate, then drain off and discard the
lower aqueous layer. Drain the resulting toluene
layers into dry 40-mlL centrifuge tubes and centri-
fuge them for 1 min. Measure the absorbance of
of each of the four extracts
(Note 4) at 420 nm

against toluene as the reference solution, using

the blank extract and
of 1lowest selenium content
40-mm cells. Measure the absorbance of the blank
extract and of each of the five extracts of high-
est selenium content in a similar manner using
20-mm cells. Correct the absorbance value
obtained for each selenium-3,3'-diaminobenzidine
extract by subtracting the corresponding blank
value. Plot micrograms of selenium vs absorbance

for each series of measurements.

PROCEDURE

In this procedure a reagent blank 1is
carried along with the samples.

Transfer 0.5 g of sample (Note 5) to a
250-ml. beaker, then cover the beaker and add 20 mL
of 50% nitric acid. When the sample has dis-
solved, add 30 mL of 50% sulphuric acid and heat
the solution until the evolution of oxides of
nitrogen ceases. Remove the cover, wash down the
sides of the beaker with water and carefully evap-
orate the solution until fumes of ‘sulphur trioxide
just start to appear (Note 6). Cool the solution,
wash down the sides of the beaker with water and,
to ensure the complete removal of nitric acid,
evaporate the solution again until fumes of sul-
phur trioxide just appear. Cool the solution, add
20 mL of water and 17 mlL of concentrated hydro-
chloric acid and boil the solution gently for
about 5 min (Note 7). Cool the solution to room

temperature and, if necessary, filter it - using
glass fibre filter paper (Note 8) - into a 125-mL
separatory funnel. Wash the beaker 3 times with
4 M hydrochloric acid-5 M sulphuric acid added
from a plastic wash-bottle, then wash the paper
and the residue 4 times with the same mixed acid
solution. Discard the paper.

Add 10 mL of chloroform to the resulting



solution, then add 1 mL of freshly prepared 20%

potassium ethyl xanthate solution (Note 9). Close
the funnel and shake it for 1 min. Allow at least
5 min for the layers to separate, then drain the
chloroform phase into a 125-mL separatory funnel.
Extract the aqueous phase two more times in a
similar manner with 10-mL portions of chloroform
and 1 and 0.5 mL of xanthate solution, respec-
tively, then wash it by shaking it for about 30 s
Add 30 mL of water to

close the funnel and shake

with 5 mlL of chloroform.
the combined extracts,
it for 1 min (Note 10).
for the layers to separate, then drain the chloro-
Add 5 mL of
chloroform and 0.5 mL of xanthate solution to the

Allow several minutes
form phase into a 150-mL beaker.
aqueous wash phase, then close the funnel and
shake it for 1 min. After the layers have sepa-
rated, drain the chloroform layer into the beaker
containing the initial extract. Wash the aqueous
phase twice by shaking it for about 30 s each time
with about 3 mL of chloroform and add the washings
Add 10 mL

of 50% nitric acid and 2 mL of concentrated per-

to the beaker containing the extract.

chloric acid to the resulting extract and heat the
mixture in a hot water-bath to remove the chloro-
heat the solution until
then

form. Cover the beaker,
the evolution of oxides of nitrogen ceases,
remove the cover, wash down the sides of the
beaker with water and evaporate the solution just
Cool the

solution and wash down the sides of the beaker

to fumes of perchloric acid (Note 2).
with water. Evaporate the solution to fumes of

perchloric acid again to ensure the complete

removal of nitric acid, then cool it to room tem-
perature.

If the sample contains 100 pg or less of
selenium, add the recommended volumes of tartaric
acid, EDTA and formic acid solutions to the sample
and blank soclutions, then proceed with the pH
adjustment (Note 3), the formation and the extrac-
of the

complex and the subsequent measurement of the

tion selenium (IV)-3,3'-diaminobenzidine

absorbance as described above, using 20- or 40-mm
cells as required. Correct the absorbance value
obtained for the sample extract by subtracting
that obtained for the reagent blank extract and
the content of the sample

determine selenium
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extract by reference to the appropriate calibra-
tion curve.
If

100 ug of selenium, add 3 mL of concentrated per-

the sample contains more than
chloric acid and 2.5 mL of 20% tartaric acid solu-
tion to the sample and blank solutions, then
transfer them to volumetric flasks of appropriate
size - 50 or 100 mL - and dilute them to volume
with water. Transfer a suitable identical ali-
quot - up to 20 mL ~ of each solution to 100-mL
beakers and, if necessary, add sufficient concen-
trated perchloric acid and 20% tartaric acid solu-
tion so that 2 mL and 1 mL, respectively, will be
present (Note 11). Add the recommended volumes
of EDTA and formic acid solutions and proceed with
the pH adjustment, the complex formation and the
subsequent determination of the selenium content

of the aliquot as described above.

NOTES
1. A freshly prepared solution of 3,3'-diamino-
benzidine must be used for complex formation
because aqueous solutions of the reagent are
unstable at room temperature and will rapid-

ly turn dark red on standing (2).

2. Prolonged fuming or evaporation of the solu-
tion to dryness will cause a low result for
selenium (4,5).

3. If EDTA precipitates during the time required
for complex formation, difficulty will be

experienced in adjusting the pH of the solu-
tion to 6.75 * 0.15 until the precipitate has
dissolved.
the

If this occurs, adjust the pH of
7.25 £ 0.25 and swirl the
then

solution to
beaker until the precipitate dissolves,
adjust the pH to the recommended value with
5% perchloric acid.

4, The absorbance of the toluene extract of the
selenjum-diaminobenzidine complex remains
constant for at least 24 h (2).

5. A larger sample is not recommended because
of the high metal ion content of the solu-
tion. This may result in the formation of

sulphate salts that are not completely solu-

ble in the strongly acidic hydrochloric acid-
sulphuric acid medium used for the extraction

of selenium xanthate.



10.

11.

Prolonged fuming of the solution results in
an appreciable loss of selenium by volatil-
ization. At this and subsequent stages, the
evaporation of the solution should be discon-
tinued as soon as fumes of sulphur trioxide
appear. It is emphasized that this is the
predominant source of operator error in this
method.

Boiling the solution ensures that all the
selenium is present in the tetravalent state
required for its extraction as the xanthate.
Selenium (VI) is reduced to selenium (IV) by
chloride ion.

Filtration of the solution through ordinary
filter paper is not recommended. Enough
carbonaceous material is dissolved by the
strongly acidic solution to cause some reduc-
tion of selenium to the elemental state,
particularly if the solution is allowed to
stand for some time before the extraction of
selenium xanthate. Some 1lead chloride may
pass through the filter paper but this does
not interfere with the extraction of seleni-
um.

The xanthate solution should be added by
pipette using a suction bulb or by using a
graduated or marked medicine dropper and the
extraction should be carried out in a fume
hood. Prolonged exposure to xanthate vapour
can produce an allergic reaction.

The extract is washed with water to remove
If this is

not done, some selenium will be lost by vola-

coextracted hydrochloric acid.

tilization in the subsequent part of the
procedure.

The selenium (IV)-diaminobenzidine piaz-
selenocl is not completely extracted into

toluene under the proposed conditions (2).

75

Consequently, to avoid error resulting from
differences in the final salt content of the
aqueous phase during extraction - which
affects the degree of extraction - the con-
centrations of perchloric and tartaric acids
in the sample solution should be approxi-
mately the same as the concentrations of
these acids in the solutions used for cali-

bration purposes.

ACCURACY
Illustrated in Table 17 in Appendix A.
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SPECTROPHOTOMETRIC DETERMINATION OF SILICON IN COPPER METAL AND ALLOYS
BY N-AMYL ALCOHOL EXTRACTION OF «-SILICOMOLYBDIC ACID

PRINCIPLE

Silicon is separated from the matrix ele-
ments by n-amyl alcohol extraction of a-silico-
molybdic acid, formed at pH 2 by heating the 8
acid, from a 1.5 M sulphuric acid medium. It is
subsequently determined spectrophotometrically by
measuring the absorbance of the yellow extract at

350 nm (1).

INTERFERENCES

Phosphorus (V), arsenic (V) and germanium
form similar yellow extractable heteropoly molyb-
date complexes under the conditions used for the
formation of the yellow a-silicomolybdic acid com-
plex (2).

copper metal or alloys,

Germanium is not wusually present in
and interference from up
to 500 ug of either phosphorus or arsenic - but
not both - is eliminated by adjusting the sul-
phuric acid concentration of the solution to 1.5 M
before the extraction of the silicon complex; this

destroys the phosphorus and arsenic complexes (1).

The extraction procedure eliminates
interference from coloured ions - i.e., copper
(II), iron (III), nickel and cobalt. Up to at

least 300 ug each of phosphorus (V) and arsenic
(V), 200 ug of iron (III) and 6 mg of aluminum can
be present in the aliquot taken for extraction

without causing error in the silicon result (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0003 to 0.04% of silicon
but material containing higher concentrations can

also be analyzed if a small sample is taken.

REAGENTS

STANDARD SILICON SOLUTION, 0.2 mg/mL.
0.2139 g of pure powdered silicon dioxide - dried
at 110°C for 1 h - to a 30-mL platinum crucible,

Transfer

add 2 g of sodium carbonate and mix thoroughly.

Cover the crucible and carefully fuse the mixture

over a blast burner for about 10 min or until a
clear melt is obtained. Cool the crucible and the
cover, then transfer them to a 400-mL teflon
beaker (Note 1) containing about 200 mL of water.
Heat the solution gently to dissolve the melt,
then remove the crucible and the cover after wash-
ing them thoroughly with water. Transfer the
solution to a 500-mL volumetric flask, dilute it
to volume with water and store the resulting solu-
tion in a plastic bottle. Prepare a 10-ug/mL
solution by diluting 10 mL of this stock solution
to 200 mL with water. Prepare the diluted solu-
tion fresh as required.

AMMONIUM

MOLYBDATE 8% m/v.

tetrahydrate

SOLUTION, Dis-

solve 40 g of ammonium molybdate

[(N“u)eM°7°2u'““2°] in water and dilute the solu-
tion to 500 mL. Store the solution in a plastic
bottle.

BORIC ACID SOLUTION, 5% m/v. Dissolve 50 g of the
Cool the

dilute it to 1 L with water and store

reagent in about 800 mL of hot water.
solution,
the resulting solution in a plastic bottle.
AMMONIUM HYDROXIDE, silica-free. Bubble ammonia
gas into distilled water contained in a plastic
bottle until the solution is saturated (Note 2).

Store the

SULPHURIC ACID, 8, 40 and 50% v/vV.

solutions in plastic bottles.

HYDROFLUORIC ACID, 25% v/V.
a plastic bottle (Note 3).

Store the solution in

N-AMYL ALCOHOL. Reagent-grade.

CALIBRATION CURVE
Add 4 mL of 8% sulphuric acid to each of

six 100-mL plastic or teflon beakers (Note 4);
then by burette, add to the last five beakers 1,



2.5, 5, 7.5 and 10 mL, respectively, of the dilute
standard 10-ug/mL silicon solution. The contents
of the first beaker constitute the blank. Add
20 mL of 5% boric acid solution and 5 mL of 8%
ammonium molybdate solution to each beaker and
dilute the solutions to about 40 mL with water.
Using a pH meter, adjust the pH of each solution
to 2.0 *# 0.2 with silica-free ammonium hydroxide
and dilute the solutions to about 50 mL with
water. Cover the beakers with teflon covers, heat
the solutions in a hot water-bath maintained at
about 100°C for 30 min,

room temperature in a water-bath.

then cool them to about
Transfer the
resulting solutions to 100-mL volumetric flasks,
dilute them to volume with water, mix them thor-
oughly and immediately transfer them back to the
original plastic or teflon beakers (Note 5).
Transfer a 20-mL aliquot of each solution
to a 60-mL separatory funnel containing 5 mL of
40% sulphuric acid and immediately mix the solu-
tion thoroughly (Note 6). add 10 mL
then close the
Allow about 5 min
then drain off and
Wash
extract by shaking it for about 1 min with 10 mL
of 8% sulphuric acid (Note 7),

By pipette,
of n-amyl alcohol to each funnel,
funnel and shake it for 2 min.
for the layers to separate,

discard the lower agueous layer. each

allow the layers
to separate and drain off and discard the aqueous
layer. Drain the resulting n-amyl alcohol
extracts into dry 15-mL centrifuge tubes and cen-
trifuge them for 1 min. Measure the absorbance
(Note 8) at 350 nm (Note 9)

against n-amyl alcohol as the reference solution,

of each extract
using 20-mm cells (Note 10). Correct the absorb-
ance value obtained for each a-silicomolybdic acid
extract by subtracting that obtained for the blank
extract. Plot micrograms of silicon vs absorb-

ance.

PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples (Note 11).

Transfer 0.5-1 g of sample to a 100-mL
add 5 mlL of
water and 4 mL of 50% sulphuric acid, then cover

plastic or teflon beaker (Note i),

the beaker with a teflon cover and add 2 mL of

concentrated nitric acid. Place the beaker in a

77

hot water-bath and heat the solution gently for
about 1 h to dissolve the sample and to remove
Cool the solution to room
add 2 mL of 25% hydrofluoric acid

oxides of nitrogen.
temperature,
(Note 12) and heat the solution in a hot water-
bath maintained at 60-70°C for 30 min (Note 13).
Add 20 mL of 5% boric acid solution, allow the
solution to stand for about 15 min to ensure the
complete complexation of the excess hydrofluoric
acid, then add 5 mL of 8% ammonium molybdate solu-
tion. Neutralize part of the excess acid by add-
ing 2 or 3 mlL of silica-free ammonium hydroxide
(Note 14),
the

subsequent dilution of the solution to 100 mL with

then proceed with the pH adjustment,

formation of a-silicomolybdic acid and the

water.

Transfer suitable identical 10~20-mL ali-~
quots of the resulting sample and blank solutions
to 60-mL separatory funnels containing 5 mL of 40%
dilute the solu~
tions to approximately 25 mL with water and pro-

sulphuric acid. If necessary,
ceed with the extraction of the a-silicomolybdic
acid complex and the subsequent measurement of the
the

absorbance value obtained for the reagent blank

absorbance as described above. Correct
extract and determine the silicon content of the

aliquot by reference to the calibration curve.

NOTES

1. Plastic or teflon beakers used for the dis-
solution of the melt, and plastic bottles
used for the storage of solutions should be
cleaned with dilute hydrofluoric acid and
then washed with water to prevent contamina-

tion from silica. Glassware can be cleaned
with
with

water.

25% ammonium hydroxide and then washed

concentrated hydrochloric acid and with

The concentration of the solution can be
tested by titrating a 5-mL aliquot with con-
centrated hydrochloric acid - using phenol-
phthalein as indicator - and comparing the
result obtained with that obtained for the
titration of the same volume of concentrated
ammonium hydroxide.

3. Hydrofluoric acid with a low fluosilicic acid

content should be used.



9.

10.

Plastic beakers previously used for the for-
mation of the silicomolybdic acid complex in
samples containing phosphorus should be
soaked for some time - preferably overnight -
in 25% ammonium hydroxide and then washed
with concentrated hydrochloric acid and dis-
tilled water just before use. If this pre-
caution 1is not taken, a low result will be
obtained for silicon, particularly for sam-
ples containing phosphorus, because of the
"seeding effect" described by Morrison and
Wilson (3), which results in the precipita-
tion of part of the phosphomolybdic acid.
This transfer is necessary so that the solu-
tion will not remain in contact with glass.
The a=-silicomolybdic acid complex decomposes
slightly when the solution is allowed to
stand for more than about 2 h. Consequently,
the complex should be extracted within about
2 h after complex formation.

Washing the extract with about 1.5 M sul-
phuric acid partly removes coextracted molyb-
dic acid which absorbs at the wavelength used
for measuring the absorbance of the silicon
complex.

The absorbance of the n-amyl alcohol extract
of the e-silicomolybdic acid complex remains
constant for at 1least 3 h. The apparent
molar absorptivity of the complex in n-amyl
alcohol at 350 nm (Note 9), based on complete
extraction of silicon and a 10-mL volume, is
7.98 x 10° L.mol t.mm™L.

Although the wavelength of maximum absorption
acid occurs

of a-silicomolybdic at approxi-

mately 307 nm, wavelengths below 350 nm are
not recommended for spectrophotometric meas-
urement because of the magnitude of the rea-
gent blank.

The extracts contain 2, 5, 10, 15 and 20 ug
The calibration

of silicon, respectively.

curve can be extended to 40 ug of silicon if

10-mm cells are used.
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11.

12.

13.

14,

It is recommended that two reagent blanks
should be carried along with the samples
because of the ease with which solutions may
become contaminated by silicon-bearing dust
in the air.

Hydrofluoric acid is added to ensure the
decomposition of refractory silicides and to
convert colloidal or polymerized silicic acid
to the monomeric or "reactive" form.

Silica may be lost by volatilization as the
fluoride if the solution is heated at a
higher temperature.

This reduces the time in which the solution

is in contact with the glass electrode.

ACCURACY

Illustrated in Tables 18 and 19 in Appendix A.

OTHER APPLICATIONS

determine silicon in nickel-,

This method can probably be used to

zinc- and cobalt-

base alloys.

1.
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SPECTROPHOTOMETRIC DETERMINATION OF TELLURIUM IN COPPER METAL AND ALLOYS
BY CHLOROFORM EXTRACTION OF THE TELLURIUM (IV) HEXABROMIDE-DIANTIPYRYLMETHANE COMPLEX
AFTER SEPARATION BY iRON COLLECTION AND XANTHATE EXTRACTION

PRINCIPLE
Tellurium is separated from matrix ele-
by tellurium (VI)

hydrous ferric oxide from an ammoniacal medium.

ments coprecipitating with
The precipitate is dissolved in 12 M hydrochloric
acid and tellurium is reduced to tellurium (IV)
It is
subsequently separated from iron by chloroform
Tel=

lurium is ultimately determined spectrophotometri-

with chloride ion by heating the solution.

extraction of its ethyl =xanthate complex.

cally by measuring the absorbance at 336 nm of the

yellow 1:6:2 tellurium (IV)
pyrylmethane

hexabromide-dianti~

ion-~association complex, after
extraction of the complex into chloroform from a
2 M sulphuric acid-0.6 M potassium bromide medium,

The molar absorptivity of the complex in chloro-

form at this wavelength is 1.82 x 103 L.mo1~Limmt
(10
INTERFERENCES

Platinum (1IV), palladium (II), gold
(11I), rhenium (VII), selenium (IV) and arsenic

(III) are also extracted as xanthates, either com-
pletely or to a large extent, from about 10 M or
more concentrated hydrochloric acid wmedia (2).
Iron (III),

extracted to a slight extent from 12 M hydrochlo-

copper (II) and molybdenum (VI) are
ric acid (1) and germanium is extracted as the

chloro-complex (2). Platinum, palladium, gold,
rhenium, germanium and molybdenum are not usually
present in copper-=base alloys. However, platinum,
palladium, gold and molybdenum would be separated
from tellurium to a large extent by the coprecip-
itation step. Up to at least 500 pg each of
selenium (IV), rhenium (VII) and germanium, up to
50 ug of platinum (IV) and 25 ug of palladium
(II), and up to 5 mg each of arsenic (III), arsen-
ic (V) and iron (III) do not interfere during com-
plex formation (1). The amount of copper retained

in the hydrous oxide precipitate after a single

coprecipitation step inhibits or completely pre-
vents the extraction of tellurium as the xanthate.
However, interference from residual copper is
avoided by removing most of it by a second precip-
itation step. The remaining copper, which is
coextracted to a slight extent with tellurium xan-
thate,
result (1).

Antimony (V),

also coprecipitated with hydrous ferric oxide from

does not cause error in the tellurium
tin (IV) and bismuth are
Tin and bismuth do not

an ammoniacal medium.

interfere but more than 1 mg of antimony (V)
causes a high result for tellurium because it is
partly coextracted as the chloro-complex during
the xanthate extraction step and it subsequently
forms a similar extractable bromide-diantipyryl-
methane complex. Interference from up to at least
50 mg of antimony is eliminated by washing the
extract with water (1).

Large amounts of sulphate salts that are
retained in the hydrous oxide precipitate after a
single coprecipitation step may interfere in the
subsequent reduction of tellurium in a concen-
trated hydrochloric acid medium. Nitrate salts

inteérfere in a similar manner (1).

RANGE
This method is suitable for samples con-
taining 0.0001 to 0.2% of tellurium.

REAGENTS
STANDARD TELLURIUM SOLUTION, 0.2 mg/mL.
0.1251 g of pure tellurium dioxide by heating it

Dissolve

gently with 25 mL of concentrated nitric acid,
then cool the solution and dilute it to 500 mL
with water. Prepare a 10-ug/mL solution by dilut-
ing 10 mL of this stock solution to 200 mL with
water.

Prepare the diluted solution fresh as

required.



DIANTIPYRYLMETHANE SOLUTION, 4% m/V in ethyl alco-
hol.
(Note 1).

Prepare a fresh solution every seven days

IRON (III) SULPHATE SOLUTION, 20 mg of iron/mL.
Dissolve 25 g of ferric sulphate monohydrate in
hot water, add 10 mL of 50% sulphuric acid, then
cool the solution and dilute it to 250 mL with

water.

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/V. Pre-
pare the solution fresh as required.

POTASSIUM BROMIDE SOLUTION, 3 M.

POTASSIUM SULPHATE SOLUTION, 2.5% m/V.

SULPHURIC ACID, 10 M and 50% v/V.

NITRIC ACID, 50% v/vV.

HYDROCHLORIC ACID, 20% v/V.

AMMONIUM HYDROXIDE, 5% v/V.

CHLOROFORM. Reagent-grade and chromatoquality-

reagent (alcohol- and peroxide-free).

CALIBRATION CURVE
Add 2 mL of 2.5% potassium sulphate solu-

tion and 2 or 3 drops of 50% sulphuric acid to
each of eight 50-mL beakers; then by burette, add
1, 2, 3, 4, 5 and

dilute

to the last seven beakers 0.5,
6 mL, of the

10-pg/mL tellurium solution.

respectively, standard
The contents of the
first beaker constitute the blank. Evaporate each
solution to dryness or to near dryness, then wash
down the sides of the beakers with a small amount
of water and evaporate the solutions to dryness
again to ensure the complete removal of nitric
acid. Add 5 mL of 10 M sulphuric acid and 2 or
3 mL of water to each beaker, heat the solutions
gently for 2 or 3 min, then cool then to room tem-
perature in a water-bath.

Transfer the resulting solutions to 60-mbL
separatory funnels marked at approximately 25 mL

and containing 5 mL of 3 M potassium bromide solu-
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tion. Add 2 mL of 4% diantipyrylmethane solution

to each funnel, then dilute the solutions to the
mark with water, mix them thoroughly and allow
them to stand for 15 min to complete the complex
add 10 ml. of chromato-

quality chloroform to each funnel, then close it

formation. By pipette,

and shake it for 2 min. Allow several minutes for
the layers to separate, then drain the resulting
chloroform layers into dry 15-mL centrifuge tubes
and centrifuge them for 1 min (Note 2). Measure
the absorbance of each extract (Note 3) at 336 nm
chloroform as the

against reference solution,

using 10-mm cells. Correct the absorbance value
obtained for each tellurium bromide-diantipyryl-
methane extract by subtracting that obtained for
the blank extract. Plot micrograms of tellurium

vs absorbance.

PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Transfer 0.5-1 g of sample containing up
to about 1 mg of tellurium to a 400-mL beaker,
then cover the beaker and add 20 mL of 50% nitric
add 25 mL
of 50% sulphuric acid and heat the solution until

the of

acid. When the sample has dissolved,

evolution of oxides nitrogen ceases.

Remove the cover, wash down the sides of the
beaker with water and evaporate the solution until
copious trioxide are evolved.

Cool the solution, add about 100 mL of water, 5 mL

fumes of sulphur

of concentrated hydrochloric acid and 4 mL of iron
(III) sulphate solution. Cover the beaker and
heat the solution to dissolve the salts.

Add sufficient concentrated ammonium
hydroxide to the resulting solution to precipitate
iron as the hydrous oxide, then add 5 mL in excess
and boil the solution to coagulate the precip-
Allow it to settle,

No. 40 paper, filter the hot solution and transfer

itate. then using Whatman
the bulk of any insoluble material to the filter
paper with a jet of 5% ammonium hydroxide. Wash
the paper and the precipitate twice with 5% ammo-
nium hydroxide, then discard the filtrate. Place
the original beaker under the funnel and dissolve
the precipitate with hot 20% hydrochloric acid.

Wash the paper 3 times with the hot acid solu-



tion, then discard it. Wash down the sides of the
beaker with the hot acid solution, then reprecip-
the iron and filter the

itate solution as

described above. Wash the beaker twice and wash
the paper and the precipitate 3 times with 5%
ammonium hydroxide. Place a 125-mL Erlenmeyer
flask under the funnel, then wash the beaker that
contained the precipitate 3 times with concen-
trated hydrochloric acid added from a plastic wash
bottle. Add the washings to the paper containing
the precipitate. When the precipitate has dis-
solved, wash the paper 3 times with concentrated
hydrochloric acid (Note 4), then discard it.

Heat the resulting solution at 90-95°C
in a hot water-bath for 30 min to ensure the com-
plete reduction of tellurium (VI) to tellurium
(IV), then cool it to room temperature in a water-
bath. Transfer the solution to a 125-ml. separa-
tory funnel, using concentrated hydrochloric acid
to wash the flask and, if necessary, dilute it to
approximately 50 mL with concentrated hydrochloric
acid. Add 10 mL of reagent-grade chloroform, then
add 1 mL of freshly prepared 20% potassium ethyl
xanthate solution (Note 5), close the funnel and
extract the solution immediately (Note 6) by shak-
ing the funnel for 1 min. Allow several minutes
for the layers to separate, then drain the chloro-
form phase into a 125-mL separatory funnel.
Extract the aqueous phase two more times in a
of

chloroform and 1 and 0.5 mL of xanthate solution,

similar manner with 10- and 5-mL portions
respectively, then wash it by shaking it for about
30 s with 5 mL of chloroform. Add 15 mL of water
and 0.2 mL of xanthate solution to the combined
extracts, then close the funnel and shake it for
1 min. Allow several minutes for the layers to
separate, then drain the chloroform phase into a
150-mL. beaker.

shaking it for about 30 s each time with 3 mL of

Wash the aqueous phase 3 times by

chloroform and add the washings to the beaker con-
taining the initial extract. Add 10 mL of 50%
nitric acid to the resulting extract and heat the
mixture in a hot water-bath to remove the chloro-
Add 0.5 mL of 50% sulphuric acid and 2 mL

of 2.5% potassium sulphate solution,

form.
then cover
the beaker and heat the solution until the volume

has been reduced to approximately 3 mL. Remove
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the cover, wash down the sides of the beaker with
water and evaporate the solution to dryness or to
near dryness.

If the sample contains 60 ug or less of
tellurium, evaporate the resulting sample and
blank solutions to dryness or to near dryness
again - after washing down the sides of the beak-
ers with a small amount of water - to ensure the
Cool

the beakers and add 5 mL of 10 M sulphuric acid

complete removal of nitric acid (Note 7).
and 2 or 3 mL of water. Heat the solutions gently
for 2 or 3 min, then cool them to room temperature
and proceed with the formation and the extraction
of the tellurium (IV) bromide-diantipyrylmethane
complex (Note 8) and the subsequent measurement
of the absorbance as described above. Correct the
absorbance value obtained for the sample extract
by subtracting that obtained for the reagent blank
extract and determine the tellurium content of the
sample extract by reference to the calibration
curve.

If the sample contains more than 60 ug of
tellurium, add 10 mL of 50% nitric acid to the
sample and blank solutions and heat them gently
to dissolve the salts. Cool the solutions, trans-
fer them to volumetric flasks
size - 50-200 mL -

water.

of appropriate
and dilute them to volume with
Transfer a suitable identical 10-50-mL
aliquot of each solution to 150-mL beakers, add 2
or 3 drops of 50% sulphuric acid and 2 mL of 2.5%
potassium sulphate solution and proceed with the
removal of nitric acid by evaporation (Note 7),
the complex formation and the subsequent determin-
ation of the tellurium content of the aliquot as

described above.

NOTES
1. Pure white diantipyrylmethane is recommended.
The yellow compound sold by some manufacturers
yields a high blank.

2. Filtration of the extracts through cotton-wool
or filter paper to remove water droplets is
not recommended because of possible contamina-
tion from residual organic and other materials
that absorb in the near ultraviolet.

3. The absorbance of the chloroform extract of

the tellurium hexabromide-diantipyrylmethane



complex remains constant for at least 2 h.

It is not necessary to remove all the yellow
colour caused by iron from the filter paper.
The total volume of the sample solution should
be 40-50 mL at this stage.

The xanthate solution should be added by
pipette using a suction bulb or by using a
graduated or marked medicine dropper and the
extraction should be carried out in a fume
hood. Prolonged exposure to xanthate vapour
can produce an allergic reaction.

Because of the known instability of many metal
xanthate complexes, extraction immediately
after the addition of chloroform and xanthate
solution is recommended.

If organic material, indicated by a dark-brown
or yellow colour, is present after the solu-
tion has been evaporated to dryness, add S5 mL
of 10 M sulphuric acid and 3 mL of concen~
trated nitric acid, then cover the beaker and
heat the solution to destroy the organic
material. Remove the cover and evaporate the
solution to fumes of sulphur trioxide twice

after washing down the sides of the beaker
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with water each time. Cool the solution, add

approximately 3 ml. of water and proceed as

described.

8. The presence of a small amount of coextracted
copper is indicated by the reddish colour
obtained when the sample solution is added to
the potassium bromide solution in the separa-
tory funnel. This colour disappears when the
resulting solution is diluted with water.

ACCURACY

Illustrated in Table 20 in Appendix A.
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ATOMIC-ABSORPTION DETERMINATION OF TIN IN IRON, STEEL AND COPPER-,
ZIRCONIUM-, TITANIUM-, ALUMINUM- AND ZINC-BASE ALLOYS
AFTER SEPARATION BY EXTRACTION AS THE IODIDE

PRINCIPLE

Tin is separated. from matrix elements by
toluene extraction of tin iodide from a 3 M
sulphuric acid-l1.5 M potassium iodide medium con-~
It is

subsequently back-extracted into a nitric-hydro-

taining tartaric and ascorbic acids.

chloric-sulphuric acid solution and ultimately
determined by atomic-absorption spectrophotometry
at 235.4 nm in a strongly reducing nitrous oxide~
acetylene flame in a 10% hydrochloric acid-0.5%
tartaric acid medium containing 250 ug/ml of

potassium as the chloride (1).

INTERFERENCES

Only arsenic is significantly coextracted
as the iodide under the conditions used for the
extraction of tin (2,3) but up to 20 mg does not
interfere in the extraction or in the subsequent
determination of tin in a nitrous oxide-acetylene
flame when the final solution is diluted to 10 mL
or more. However, arsenic will interfere in the
back-extraction of tin into solutions containing
nitriec acid unless hydrochloric acid is present.
This is because arsenic and tin react to form a
compound that is insoluble in nitric acid (1).
The coextraction of antimony and germanium is
minimal from 1.5 M potassium iodide and from 3 M
sulphuric acid media, respectively (2), and thal-
lium forms an insoluble yellow iodide that remains
to a large extent in the toluene phase. Up to
50 mg of antimony does not interfere (1). Germa-
nium and thallium are not usually present in fer-
rous and non-ferrous alloys.

Lead precipitates as the sulphate and
tungsten forms an insoluble compound in the sul-
phuric acid medium used for the extraction of tin.
However, a large amount of lead and up to about
10 mg of tungsten do not interfere if the precip-
removed by filtration before the

itates are

extraction step. More than about 100 mg of copper

may interfere with the extraction of tin by pre-
cipitating as cuprous iodide.
iron (III) with potassium iodide,

The reduction of
which results
in the presence of a large amount of iodine in the
toluene phase, is prevented by reducing it with
ascorbic acid before the addition of iodide (1).
Potassium iodide that is retained in the
toluene phase causes a high result for tin because
potassium suppresses its ionization in the flame
(4,5).
the extract with 9 M sulphuric acid-0.05 M potas-

This interference is eliminated by washing

sium iodide solution to reduce the amount of
entrained potassium iodide, and by adding approxi-
mately 250 pg/mL of potassium as the chloride to

the sample and calibration solutions (1).

RANGE

This method is suitable for iron, steel
and aluminum-, =zinc- and =zirconium-base alloys
It

is suitable for titanium- and copper-base alloys

containing approximately 0.001 to 5% of tin,
containing approximately 0.005 to 5% of tin.
REAGENTS

STANDARD TIN SOLUTION, 1000 pg/mlL.
0.5000 g of pure tin metal by heating it gently in

Dissolve

a covered 400-mL beaker with 50 mL of concentrated
sulphuric acid and 5 mL of 30% hydrogen peroxide,
then remove the cover and evaporate the solution
Cool the solution
in a water-bath and carefully add about 25 mL of

to fumes of sulphur trioxide.
water. Transfer the solution to a 500-mL volu-
metric flask containing 150 mL of 50% sulphuric
acid, dilute it almost to the mark with water and
mix it gently by swirling the flask. Cool the
resulting solution to room temperature and dilute

it to volume with water.

POTASSIUM-TARTARIC ACID SOLUTION, 2500 pg/mL and

5% m/V, respectively. Dissolve 4.77 g of potas-



sium chloride and 50 g of tartaric acid in about
500 ml. of water and dilute the solution to 1 L.
If necessary, filter the resulting solution.
POTASSIUM IODIDE SOLUTION, 5.3 M (88% m/v). Pre-
pare a sufficient volume of solution just before

use.

SULPHURIC ACID, 3 M. Dilute 65 mL of 50% sul-
phuric acid to 200 mL with water.
tion in a plastic wash-bottle.

Store the solu-

SULPHURIC ACID-POTASSIUM IODIDE SOLUTION, 9 M and
0.05 M, respectively. Add 0.5 mL of 5.3 M potas-
sium jodide solution to 50 mL of 50% sulphuric

acid. Prepare the solution immediately before use

(Note 1).
SULPHURIC ACID-NITRIC ACID SOLUTION, 10% and 50%
v/v, respectively.
TARTARIC ACID SOLUTION, 20% m/V.
SULPHURIC ACID, 5 and 50% v/V.
TOLUENE. Reagent-grade.
CALIBRATION SOLUTIONS
Add 10 mL of 10% sulphuric acid-50%

nitrie acid solution, 2 mL of concentrated hydro-
chloric acid and 5 drops of concentrated perchlo-
then
0.2,

respec-

ric acid to each of eleven 100-mL beakers;
add to the first ten beakers,
0.5, 1, 1.5, 2, 2.5, 3, 4, 5 and 6 mL,
tively, of the standard 1000-ug/mlL tin solution.
The contents of the last beaker constitute the

by burette,

zero calibration solution. Cover each beaker,
evaporate the solutions to fumes of perchloric
then remove the covers
Cool the

solutions, wash down the sides of the beakers with

acid or sulphur trioxide,

and evaporate the solutions to dryness.

water and evaporate the solutions to dryness again
to ensure the complete removal of sulphuric acid.
Add 10 mL each of concentrated hydrochloric acid
and 2500-ug/mL potassium-5% tartaric acid solution
to each beaker and mix the solutions to dissolve
transfer them to

the salts. Cool the solutions,
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100-mL volumetric flasks and dilute them to volume
with water (Note 2).

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

A - Iron, steel and aluminum- and zinc-base alloys

Transfer 0.1-1 g of sample (Note 3) con-
taining up to about 5 mg of tin and not more than
about 10 mg of tungsten to a 400-mL teflon beaker.
Cover the beaker and add 25 mL of water and 10 mL
of concentrated nitric acid. Heat the mixture
gently until the sample is decomposed, then add
55 mL of 50% sulphuric acid and heat the solution
until the evolution of oxides of nitrogen ceases.
Remove the cover, add 1 mL of concentrated hydro-
fluoric acid and evaporate the solution until
copious fumes of sulphur trioxide are evolved.
Cool the solution, wash down the sides of the
beaker with water and evaporate the solution to
fumes of sulphur trioxide again to ensure the com-
Cool

then cover the

plete removal of hydrofluoric acid (Note 4).
the solution to room temperature,
beaker and add 5 mL of 20% tartaric acid solution
and 50 mL of water. Heat the solution to dissolve
the salts, then cool it to room temperature and,
filter it - using Whatman No. 541
Wash the beaker 3

Wash the

if necessary,
paper - into a 400-ml. beaker.
times with small portions of water.
paper once with 5% sulphuric acid added from a
plastic wash-bottle, then wash it with water.
Discard the paper. Evaporate the filtrate to
about 85 mL and cool it to room temperature.

Add 1 g of ascorbic acid (Note 5) to the
resulting solution and mix it thoroughly. Trans-
fer the solution to a 250-mL separatory funnel
marked at 100 mL and dilute it to the mark with
Add 40 mlL of freshly prepared 5.3 M potas-

sium iodide solution and 30 mL of toluene, close

water.
the funnel and shake it for 2 min. Allow several
minutes for the layers to separate, then drain the
lower aqueous layer into a second 250-mlL separa-
tory funnel. Wash the stem of the first funnel
with 3 M sulphuric acid and collect the washings
Add about 1 mL of 5.3 M

potassium iodide solution to the first funnel con-

in the second funnel.



taining the extract and, without mixing, drain the
resulting aqueous layer into the second funnel
(Note 6).
with 3 M sulphuric acid.

Wash the stem of the first funnel again
Add 20 mL of toluene to
the second funnel and extract the solution again
by shaking it for 2 min. Allow the layers to
separate, then drain off and discard the aqueous
Add the second extract to the first

extract and, while the stem of the second funnel

phase.

is in the neck of the first funnel, wash down the
sides of the funnel with toluene added from a
Drain off and discard the
residual aqueous phase remaining in the first fun-

plastic wash-bottle.

nel, then add 10 mL of freshly prepared 9 M sul-
phuric acid-0.05 M potassium iodide solution (Note
1) and, without delay, shake the funnel gently for
about 30 s. then
Repeat

Allow the layers to separate,
drain off and discard the aqueous layer.
the washing step with 10 mL of a second freshly
prepared wash solution. Drain off the aqueous
layer and wash the stem of the funnel with water
to remove the residual wash solution.

Add 10 mL of 10% sulphuric acid-5% nitrie
acid solution and 2 mlL of concentrated hydrochlo-
ric acid to the combined extracts, close the fun-
nel and shake it for 1 min. Allow the layers to
separate, then drain the aqueous layer into a
100-mL beaker and wash the stem of the funnel with
water. Wash the toluene phase twice by shaking
it for about 30 s each time with 5-mlL portions of
water and add the washings to the beaker (Note 7).
Add 5 drops of concentrated perchloric acid to the
resulting solution, cover the beaker and evaporate
the solution to fumes of perchloric acid or sul-
phur trioxide, then remove the cover and evaporate
the solution to dryness. Cool the beaker, wash
down the sides with water and evaporate the solu-
tion to dryness again to ensure the complete
removal of sulphuric acid.

Add 1 mL each of concentrated hydrochlo-
ric acid and 2500-ug/mL potassium-5% tartaric acid
solution to the beaker containing the blank.
Depending on the expected tin content, add suffi-
cient concentrated hydrochloric acid and potassi-
um-tartaric acid solution to the beaker containing
the sample so that 1 mL of each will be present

for each 10 mL of final solution. Heat the
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resulting solutions for about 5 min in a hot
water-bath (Note 8), then cool them to room tem-
perature. Transfer the blank solution to a 10-mL
volumetric flask and transfer the sample solution
to a flask of appropriate size - 10-100 mL.
Dilute each solution to volume with water.

Measure the absorbance of the resulting
solutions at 235.4 nm in a strongly reducing
nitrous oxide-acetylene flame (Note 9). Determine
the tin contents, in milligrams, of the solutions
by relating the resulting values to those obtained
concurrently for calibration solutions of slightly
higher and lower tin concentrations. Correct the
result obtained for the sample solution by sub-
tracting that obtained for the reagent blank solu-

tion.

B - Zirconium-base alloys

Transfer up to 1 g of sample to a 400-mL
teflon beaker. Cover the beaker and add 55 mL of
50% sulphuric acid and 1 mL of concentrated hydro-
fluoric acid. Heat the mixture gently until the
sample is decomposed, then remove the cover and
evaporate the solution until copious fumes of sul-
phur trioxide are evolved. Cool the solution,
wash down the sides of the beaker with water and
evaporate the solution to fumes of sulphur triox-
ide again to ensure the complete removal of hydro-
fluoric acid (Note 4). add
5 mL of 20% tartaric acid solution and 50 mL of
water and proceed with the extraction (Note 10)
the of

described in Procedure A.

Cool the solution,

and subsequent determination tin as

C - Titanium-base alloys

Transfer up to 0.25 g of sample (Note 11)
to a 400-mL beaker, cover the beaker and add 55 mL
of 50% sulphuric acid. Heat the mixture until the
sample is decomposed, then remove the cover, evap-
orate the solution to fumes of sulphur trioxide

and proceed as described in Procedure B (Note 10).

D - Copper-base alloys

Decompose up to 0.2 g of sample contain-
ing not more than about 100 mg of copper and
determine tin by the method described in Procedure
A (Note 12).



NOTES

1.

This solution must be prepared and used

immediately because potassium iodide is
rapidly oxidized by air to iodine in strongly

acidic solutions.

The calibration solutions are stable for at
least one week.

This decomposition procedure is not suitable
for samples of high chromium content - i.e.,
stainless steel. However, up to 0.5 g of
sample can readily be dissolved by treating
it with 55 mL of 50% sulphuric acid and 20 mL
of aqua regia. After removing the oxides of
nitrogen by boiling, proceed as described.
The use of more than 0.5 g of sample is not
recommended because the chromium (III) sul-
phate salts that are formed may not dissolve
completely when the solution is ultimately
diluted with water and heated.

Tin will not be quantitatively extracted as
the iodide if hydrofluoric acid is not com-
pletely removed, and if too much sulphuric
acid is removed by evaporation.
Because of their high iron content, add 2 g
of ascorbic acid for samples of iron or
steel.

By this procedure, the aqueous phase that
remains in the bore of the stop-cock is
transferred to the second funnel.

The toluene can be wused for subsequent
extractions if the toluene phases are com-
bined in a large separatory funnel and washed
twice by shaking with about 3% sodium hydrox-
ide solution and then washed 3 times by shak-
ing with 10% sulphuric acid.

If the sample contains arsenic, heating is
necessary to ensure the complete dissolution
of the tin-arsenic compound that is formed
when the sample solution is evaporated to
dryness in the presence of nitric and sul-
phuric acids. This compound is only spar-
ingly soluble in cold hydrochloric acid.

A strongly reducing, non-luminous nitrous
oxide-acetylene flame is required to obtain
The height
at which the beam from the hollow-cathode

the

the highest sensitivity for tin.

lamp passes through flame is also
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extremely important (6). Consequently, after
all other instrumental parameters have been
set, the acetylene and nitrous oxide flow-
rates should be adjusted to give the maximum
"red feather" - 15-20 mm - without producing
a luminous flame. Under these conditions,
very little carbon is deposited in the burner
slot. Subsequently, the height of the burner
should be adjusted to give maximum absorbance
while a solution containing tin is aspirated
into the flame. About two- to five-fold
scale expansion is recommended for the deter-
mination of tin. Because of the moderately
high "noise" level of the analytical signal,
a 10-s integration time is also recommended

to improve the precision of the determina-

tion.

10. The addition of ascorbic acid before the
extraction step is not necessary if the sam-
ple contains very little iron.

11. The use of more than about 0.25 g of sample
is not recommended because a precipitate
forms during the extraction step.

12. If silicon is absent, use a pyrex beaker and
omit the addition of hydrofluoric acid.

ACCURACY

Illustrated in Table 21 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine tin

in nickel-base alloys.
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SPECTROPHOTOMETRIC DETERMINATION OF TIN IN IRON, STEEL AND COPPER-,
ZIRCONIUM-, ALUMINUM- AND ZINC-BASE ALLOYS WITH GALLEIN
AFTER SEPARATION BY EXTRACTION AS THE IODIDE

PRINCIPLE
Tin is separated from matrix elements by

toluene extraction of tin iodide from a 2 M

sulphuric acid-1.5 M potassium iodide medium
containing tartaric and ascorbic acids. It is
subsequently back-extracted into dilute sodium

hydroxide solution. Tin is ultimately determined
spectrophotometrically by measuring the absorbance
at U496 nm of the red tin (IV)-gallein complex,
after extraction of the complex into n-amyl alco-
hol at pH 2.25 from a monochloroacetic acid-ascor-
bic acid medium., The molar absorptivity of the
complex in n-amyl alcohol at this wavelength is

il % 00> bl 1)

INTERFERENCES

The extraction procedure (2) eliminates
interference from elements that oxidize gallein -
iron (III),

chromium (VI) and cerium (IV) (3) - and from most

Feie: s, manganese (VII), vanadium (V),
of the elements that form coloured complexes with

gallein - i.e., bismuth, thorium, aluminum, gal-
lium, molybdenum (VI), tungsten (VI), copper (II),
zine, tellurium (IV) (IV) (3-6).
Antimony (III) and germanium are partly coex-

tracted as iodides and,

and titanium

if moderate amounts are
present, they will interfere during complex forma-
tion. Germanium, cerium, thorium and gallium are
not usually present in ferrous and non-ferrous
alloys. Up to 3 mg of antimony and up to 2 mg of
germanium can be present in the aliquot taken for
extraction without producing significant error in
the tin result. Up to at least 50 mg of iron
(III), aluminum, zinc and zirconium, and up to at
least 10 mg of cobalt (II), nickel, cadmium, man-
titanium (IV),

molybdenum (VI), mercury (II), gallium,

ganese (II), chromium (VI),

dium (V),

vana-

indium, bismuth, arsenic (IIT), arsenic (V) and

tellurium (IV) do not interfere (1). More than

about 100 mg of copper may interfere with the

extraction of tin by precipitating as cuprous
iodide (7).

More than 1 mg of thallium (I) interferes
in the extraction of tin because it forms a yellow
iodide precipitate that remains to a large extent
in the toluene phase. Lead precipitates as the
sulphate and tungsten forms an insoluble hydroly-
sis compound in the sulphuric acid medium used for
the extraction of tin. However, a large amount
of lead and up to about 10 mg of tungsten do not
interfere if the precipitates are removed by fil-
tration before the extraction step (7). Selenium
may be coextracted during the separation of tin
as the iodide (2) and may interfere during complex
formation (3,4). The reduction of iron (III) with
potassium iodide, which results in the presence
of a large amount of iodine in the toluene phase,
is prevented by reducing it with ascorbic acid
before the addition of iodide (7). Interference
from coextracted iodine is eliminated by reducing
it with ascorbic acid before the formation of the

tin complex.

NOTE: The atomic-absorption iodide extraction
method (p 83) is recommended for samples
containing 1% or more of tin.

RANGE

This method is suitable for samples con-
taining approximately ©0.0005 to 1% of tin bdut
material containing higher concentrations can also

be analyzed with reasonable accuracy.

REAGENTS

STANDARD TIN SOLUTION, 1 mg/mL.
tion as described in the atomic-absorption-iodide
Dilute 20 mL

Prepare the solu-

extraction method for tin (p 83).
of this stoeck solution to 100 mL with 25% sul-
phuric acid. Prepare a 5-ug/mL solution by dilut-

ing 5 mL of the resulting solution and 20 mL of



concentrated hydrochloric acid to 200 mL with
water. Prepare the diluted solution fresh as

required.

GALLEIN (4,5-dihydroxyfluorescein) SOLUTION, 0.06%
m/V in ethyl alcohol. This solution is stable for

at least one month.

MONOCHLOROACETIC ACID SOLUTION, 40% m/v.

ASCORBIC ACID SOLUTION,

solution every five days.

5% m/V. Prepare a fresh

HYDROCHLORIC ACID, 10% v/V.
SULPHURIC ACID, 2.8 M. Add 310 mL of concentrated
sulphuric acid - slowly and while stirring the
solution - to about 1600 mL. of water in a 2-L
beaker. Allow the solution to cool to room tem-
perature, then transfer it to a 2-L volumetric

flask and dilute it to volume with water.

SULPHURIC ACID, 5 and 50% v/V.

TARTARIC ACID SOLUTION, 25% m/V.

POTASSIUM IODIDE SOLUTION, 5.3 M (88% m/v).

pare a sufficient volume of solution just before

Pre-

use.

POTASSIUM IODIDE-SULPHURIC ACID SOLUTION, 1.5 M

Add 40 mL of 5.3 M potas-

sium iodide solution to 100 mL of 2.8 M sulphuric

and 2 M, respectively.

acid. Prepare the solution fresh just before use.

SODIUM HYDROXIDE SOLUTION, 2% m/V. Store the

solution in a plastic bottle.
N-AMYL ALCOHOL. Reagent-grade.
TOLUENE.

Reagent-grade.

CALIBRATION CURVE

To six 100-mL beakers,
3, 4, 5 and 6 mL,
standard S5-pz/mbL tin

add by burette,
W2 of the

dilute

respectively,

solution and dilute
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each solution to 20 £ 0.5 mL with 10% hydrochloriec
Add 20 mL of 10% hydrochloric acid to a
this constitutes the blank. 1In

acid.
seventh beaker;
succession, add 5 mL of 40% monochloroacetic acid
solution, 2 mL of 5% ascorbic acid solution and
2 mL of concentrated ammonium hydroxide to each
then cool

beaker, mix the solutions thoroughly,

them to room temperature in a water-bath. Using
a pH meter,
2.25 £ 0.01 (Note 1) with concentrated ammonium

hydroxide and with 10% hydrochloric acid if

adjust the pH of each solution to

required.

Transfer the resulting solutions to 60-mL
separatory funnels marked at approximately 50 mL
and dilute them to the mark with water (Note 2).
Add exactly 1 mL of 0.06% gallein solution, mix
the solutions thoroughly, then allow them to stand
By
pipette, add 10 mL of n-amyl aleochol to each fun-
Allow

several minutes for the layers to separate, then

for 15 min to complete the complex formation.
nel, then close it and shake it for 2 min.
drain off and discard the lower aqueous layers.,
Drain the .resulting n-amyl alcohol extracts into
dry 15-mlL centrifuge tubes and centrifuge them for
1 min. Measure the absorbance of each tin-gallein
(Note 3)

extract as the reference solution,

extract at 496 nm against the blank
using 10-mm
cells. Plot micrograms of tin vs absorbance.
PROCEDURE

In this procedure a reagent blank is car-
ried along with the samples.

Decompose 0.5 g of sample as described
in the appropriate atomic-absorption method for
(p 84) wusing 80 mL of 50%
instead of 55 mL (Notes U4 and 5).

tin sulphuric acid
After evaporat-
ing the solution to fumes of sulphur trioxide
twice to remove hydrofluoric acid, cool the solu-
tion to room temperature and add 10 mL of 25% tar-
taric acid solution and about 100 mL of water.
If necessary, heat the solution gently to dissolve
the salts, then cool it to room temperature and,

if necessary, filter it - using Whatman No. 5%1

paper - into a 250-mL volumetric flask. Wash the
beaker 3 times with small portions of water. Wash
the paper once with 5% sulphuric ac ‘rom



a plastic wash-~bottle, then wash it with water.

Discard the paper. Dilute the filtrate to volume
with water (Notes 6 and 7).
20-50-mL

resulting solution to a 125-mL separatory funnel

Transfer a aliquot of the

marked at approximately 50 mL and,
dilute the solution to the mark with 2.8 M sul-
Add 0.2 g of ascorbic acid

if necessary,

phuric acid (Note 8).
(Note 9) and mix the solution thoroughly, then add
20 mL of 5.3 M potassium iodide solution and 15 mL
of toluene. Close the funnel and shake it for
2 min. Allow several minutes for the layers to
separate, then drain the lower aqueous layer into
a second 125-mL separatory funnel. Wash the stem
of the first funnel with 2.8 M sulphuric acid
added from a plastic wash-bottle and collect the
washings in the second funnel. Add about 1 mL of
5.3 M potassium iodide solution to the first fun-
nel containing the extract and, without mixing,
drain the resulting aqueous layer into the second
funnel (Note 10).

nel with 2.8 M sulphuric acid again.

Wash the stem of the first fun-
Add 10 mL
of toluene to the second funnel and extract the
solution again by shaking it for 2 min. Drain off
Add the second

extract to the first extract and, while the stem

and discard the aqueous phase.

of the second funnel is in the neck of the first
funnel, wash down the sides of the funnel with
toluene added from a plastic wash-bottle. Drain
off and discard the residual aqueous phase remain-
ing in the first funnel, then add 10 mL of freshly
prepared 1.5 M potassium iodide-2 M sulphuric acid
solution, close the funnel and gently invert it
6-8 times. Drain off and discard the aqueous

layer. Repeat the washing step, then drain off
the aqueous layer and wash the stem of the funnel
to remove the residual wash solution.

Add 10 mL of 2% sodium hydroxide solution
to the combined extracts, then close the funnel
and shake it for 1 min., Allow the layers to sepa-
rate,

100-mL teflon beaker and wash the stem of the fun-

then drain the lower aqueous layer into a
nel with water. Strip the extract two more times
by shaking it for 30 s each time with 5-mL por-
tions of 2% sodium hydroxide solution and combine
the aqueous layers with the first aqueous layer
(Note 11).
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If the aliquot taken for the extraction
contained more than 30 ug of tin, evaporate the
resulting sample and blank solutions to about
30 mlL and cool them to room temperature. Transfer
the solutions to volumetric flasks of appropriate
size - 50-500 mL - and dilute them to volume with
water. Transfer a suitable identical 10~-20-mL
aliquot of each solution to 100-mL beakers and,
dilute them to 20 % 0.5 mL with

add 2 mL of concentrated

if necessary,
water. In succession,
hydrochloric acid, 5 mL of U40% monochloroacetic
acid solution and 2 mL of 5% ascorbic acid solu-
tion to each solution. Mix the solutions thor-
oughly, then add 2 mL of concentrated ammonium
hydroxide, cool the solutions to room temperature
in a water-bath and proceed with the pH adjust-
ment, the complex formation and the extraction of
Meas-

the tin-gallein complex as described above.

ure the absorbance of the sample extract against
the reagent blank extract and determine the tin
content of the aliquot by reference to the cali-
bration curve.

If the aliquot taken for the extraction
contained 30 yg or less of tin, carefully evapo-
rate the sample and blank solutions until sodium
salts start to form (Note 12). Cool the beakers
and add 20 mL of 10% hydrochloric acid and the
recommended volumes of monochloroacetic acid and
ascorbic acid solutions, then add 1 mL of concen-
trated ammonium hydroxide instead of 2 mL and pro-
ceed with the complex formation and the subsequent

determination of tin as described above.

NOTES
1. The pH meter used should be capable of meas-
uring pH to within = 0.01 divisions. Because
of the high absorbance exhibited by gallein -
approximately 0.24 in a 10-mm cell under the
conditions described - in the range of pH
required for the formation of the tin com-
plex, erratic results will be obtained for
tin if the volume of gallein solution is not
rigidly controlled and if the pH of the tin
solutions deviates by more than approximately
+* Q.01 units from that of the reagent blank

solution.

2. The volume of the before

aqueous phase



3.

extraction should be kept relatively constant
to eliminate volume changes in the extract
resulting from the solubility of n-amyl alco-~-
hol in water - i.e., 2.19% by weight at 25°C.
The absorbance of the n-amyl alcohol extract
of the tin-gallein complex remains constant
for at least 3 h.
If silicon is absent in copper-base alloys,
use a pyrex beaker and omit the addition of
hydrofluoric acid.
For iron and steel samples, hydrofluoric acid
can be omitted and the sample can be decom-
posed as described in a pyrex beaker. How-
ever, any insoluble material present must be
treated as follows:
Dilute the solution obtained after the
removal of nitric acid by evaporation of
the solution to fumes of sulphur trioxide
to about 100 mL with water, then using
Whatman No. S41 paper, filter the solution
into a 600-mL beaker. Wash the beaker and
the paper and the residue thoroughly with
water. Transfer the paper to a 30-mL zir-
conium crucible, burn off the paper at a
low temperature and ignite the residue at
about 600°C.

the residue with 1 g of sodium peroxide,

Cool the crucible and fuse

then cool the crucible and transfer it to
the covered beaker containing the initial
filtrate. When the melt has dissolved,
remove the crucible after washing it thor-
oughly with water, then cover the beaker
and evaporate the solution to about 125 mL.
Remove the cover, evaporate the solution
to fumes of sulphur trioxide, then proceed
as described.
If the sample contains lead, lead sulphate
may precipitate after the filtration and
dilution of the solution. The solution can
be allowed to stand until the precipitate has
settled,

tered through a dry Whatman No. 42 filter

or a suitable portion can be fil-

paper.

If the sample contains tungsten,
uble tungsten that precipitate
after the filtration and dilution of the

any insol-

compounds

solution to volume can be removed before the
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10.

11.

12.

extraction of tin iodide by filtering a suit-
able portion of the solution as described in
Note 6.

The aliquot taken for extraction should not
contain more than about 1 mg of tin.

The addition of ascorbic acid is not neces-
sary if the sample contains very little iron.
By this procedure, the aqueous phase that
remains in the bore of the stop-cock is
transferred to the second funnel.

The toluene can be used for subsequent
extractions if the toluene phases are com-
bined in a large separatory funnel and washed
twice by shaking with about 3% sodium hydrox-
ide solution and then washed 3 times by shak-
ing with 10% sulphuric acid.

A low result may be obtained for tin if the
solution is allowed to evaporate to dryness

and the resultant salts are heated strongly.

ACCURACY
Illustrated in Table 21 in Appendix A.

OTHER APPLICATIONS

This method can be used to determine tin

in nickel-base alloys.
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SPECTROPHOTOMETRIC DETERMINATION OF TITANIUM IN HIGH-PURITY MOLYBDENUM
AND TUNGSTEN METALS, IRON, STEEL, ALUMINUM METAL AND ALUMINUM-
AND NICKEL-BASE ALLOYS WITH DIANTIPYRYLMETHANE

PRINCIPLE

Titanium is separated from a large amount
of molybdenum or tungsten (viz. molybdenum and
tungsten metals) by chloroform extraction of its
cupferron complex from an ammoniacal ~ pH 8 -
medium containing ammonium tartrate and ethylene-
(EDTA)

It is separated from a large amount

diaminetetraacetic acid as complexing
agents (1).
of aluminum (viz. aluminum metal and alloys) by
chloroform extraction as the cupferrate from a 5%
sulphuric acid medium. Iron, nickel and other
elements (viz. iron, steel and nickel- and alumi-
num-base alloys) are separated from titanium by
electrolysis with a mercury cathode in a 5% per-
chloric or sulphuric acid medium (2). Titanium

is ultimately determined spectrophotometrically
by measuring the absorbance at 390 nm of the yel-
low 1:3 titanium (IV)-diantipyrylmethane complex
formed in a 1 M hydrochloric acid medium. The
molar absorptivity of the complex at this wave-

length is 1.48 x 103 L.mo1~t.mm ! QU5

INTERFERENCES

Coloured ions - chromium (III), chromium
(VI), copper (II), cobalt, nickel and molybdenum,
elements that cannot be kept in solution during
complex formation - e.g., tungsten - and iron
(I1I) and vanadium (V), which form coloured com-
plexes with diantipyrylmethane in a 1 M hydro-
chloric acid medium, interfere in the determina-
tion of titanium with diantipyrylmethane (1).

In the method for molybdenum and tungsten
metals, interference from all the above elements
except iron is avoided by separating titanium from
them and from various other elements - e.g., zine,
cadmium, bismuth and phosphate - by chloroform
extraction of its cupferron complex from an ammo-
niacal medium containing ammonium tartrate and

EDTA as complexing agents. Manganese interferes

in the extraction of titanium because it is air-
oxidized to manganese (III) in alkaline media.
This

titanium presumably because it is catalytically

subsequently causes incomplete extraction of
reduced to titanium (III). This interference is
eliminated by extracting titanium from a reducing,
sodium sulphite medium. Iron is partly coex-
tracted as its cupferron complex under the condi-~
tions used for the separation of titanium. How~
ever, interference from coextracted iron (III) is
eliminated by reducing it to iron (II) with ascor-
Up to 20 mg
and up to at least 5 mg each of zirco-
tin (IV),

(111), which are also partly coextracted, can be

bic acid before complex formation.
of iron,
nium, thorium, aluminum and antimony
present during complex formation without affecting
the titanium result (1,3).

In the method for iron, steel and nickel-
base alloys, interference from iron and from
coloured ions is avoided by separating them from
titanium by electrolysis with a mercury cathode.
In the methods for aluminum metal and alloys,
titanium is separated from aluminum and from chro-
mium, cobalt and nickel by chloroform extraction
of its cupferron complex from a dilute sulphuric
acid medium. Iron (III), copper (II) and vanadium
(V) are also coextracted under these conditions
but more than trace amounts are not usually pres-
ent in high-purity aluminum metal. Iron and cop-
per in aluminum alloys are separated from titanium
by the mercury cathode separation step (2). Vana-
dium is not separated from titanium by this proce-
dure, and more than approximately 1 mg will inter-
fere during complex formation (3). Up to at least
3 mg of copper (II) (2) and up to 1 mg of cobalt,
nickel or molybdenum can be present during complex
formation without producing significant error i

the titanium result (3).



RANGE

This method is suitable for molybdenum,
tungsten and aluminum metals containing approxi-
mately 0.0005 to 0.2% of titanium, and for iron,
steel and aluminum- and nickel-base alloys con-

taining up to approximately 3%.

APPARATUS
MERCURY CATHODE.

REAGENTS
STANDARD TITANIUM SOLUTION, 0.2 mg/mL.
0.1668 g of pure titanium dioxide by heating it

Dissolve

in a 125-mL Erlenmeyer flask with 8 g of ammonium
sulphate and 25 mL of concentrated sulphuric acid.
Cool the solution,
to wash the flask,
500-mL volumetric flask containing about 350 mL

then using 5% sulphuric acigd

transfer the solution to a

of water.
480 mi. with 5% sulphuric acid,

Dilute the solution to approximately
then cool it to
room temperature and dilute it to volume with the
same acid solution. Prepare a 10-pug/mL solution
by diluting 10 mL of this stock solution to 200 mL
with 5% sulphuric acid. Prepare the diluted solu-
tion fresh as required.

DIANTIPYRYLMETHANE SOLUTION, 3% m/v in 1 M hydro-
chloric acid. Dissolve 6 g of 4,U4'-methylenedian-
tipyrine in 50 mL of water containing 17 mL of
Add 10 mL of 10%

then filter the solution

concentrated hydrochloric acid.
ascorbic acid solution,
and dilute it to 200 mL with water. Prepare a
fresh solution every two days.

ASCORBIC ACID SOLUTION,

10% m/v. Prepare a fresh

solution every two days.

EDTA, 10% m/v.
20 g of the reagent in about 150 mL of hot water,
then cool the solution and dilute it to 200 mL.

disodium salt solution, Dissolve

AMMONIUM TARTRATE SOLUTION, 25% m/V.
HYDROCHLORIC ACID, 9 M. Dilute 385 mL of concen-
trated hydrochloric acid to 500 mL with water.

CUPFERRON SOLUTION, 5% m/V.

fresh as required and filter it if necessary.

Prepare the solution
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SODIUM SULPHITE SOLUTION,

solution fresh as required.

10% m/v. Prepare the

SULPHURIC ACID, 5 and 50% v/v.

PERCHLORIC ACID, 5% v/v.

SODIUM HYDROXIDE SOLUTIONS, 25 and 50% m/v.
HYDROCHLORIC ACID, 25% v/V.

CHLOROFORM. Reagent-grade.
CALIBRATION CURVE

Add 5 mlL of 50% sulphuric acid to each
of six 100-mL beakers; then by burette, add to the

last five beakers 1, 2, 3, 5 and 7.5 mL, respec-

tively, of the dilute standard 10-ug/mL titanium
The contents of the first beaker con-

Add 2 mL of 25% ammonium tar-

solution.
stitute the blank.
trate solution and 5 mL of 10% ascorbic acid solu-
tion to each beaker, then using a pH meter, adjust
the pH of each of the resulting solutions to
6.5 = 0.5 (Note 1)
hydroxide. Add 10 mL of 9 M hydrochloric acid to

each solution, then transfer them to 100-mL volu-

with concentrated ammonium

metric
Add 10 mL

dilute the solutions to volume with water,

flasks and cool them to room temperature.
of 3% diantipyrylmethane solution,
mix
them thoroughly and allow them to stand for at
least 30 min to complete the complex formation
(Note 2).

at 390 nm against the blank solution as the refer-

Measure the absorbance of each solution

ence solution, using 10-mm cells. Plot micrograms

of titanium vs absorbance.
PROCEDURES
In these procedures a reagent blank 1is

carried along with the samples.

A - Molybdenum and tungsten metals

Transfer 0.25-0.5 g of powdered sample
containing up to 0.5 mg of titanium to a 250-mL
teflon beaker. Add 5 mL each of water and 50%
sulphuric acid, then cover the beaker with a tef-
lon cover and add 2 mL each of concentrated hydro-
fluorie, nitric and hydrochloric acids. Heat the

solution gently until the sample has dissolved and



the evolution of oxides of nitrogen ceases, then
remove the cover and evaporate the solution until
copious fumes of sulphur trioxide are evolved.
Cool the solution and wash down the sides of the
beaker with 5% sulphuric acid. Evaporate the
solution to fumes of sulphur trioxide again to
ensure the complete removal of hydrofluoric acid
(Note 3), then cool it to room temperature.

In succession, add about 5 mL of 5% sul-
phuric acid, 10 mL of 25% ammonium tartrate solu-
5 mL of 10% EDTA solution, 10 mL of 10%

sodium sulphite solution and a small piece of red

tion,
litmus paper to the resulting solution. Neutral-
ize the solution approximately with 50% sodium
hydroxide solution (Note 4) and allow it to cool
to room temperature.
pH of the solution to 8.0 * 0.1 with 25% sodium
hydroxide solution and with 25% hydrochloric acid

Using a pH meter, adjust the

if required, then transfer the solution to a
125-mL separatory funnel and add 10 mL of 5% cup-
ferron solution (Notes 5 and 6). Mix the solution
thoroughly, then add 5 mL of chloroform, close the
funnel and shake it for 2 min. Allow several
minutes for the layers to separate, then drain the
chloroform extract into a 100-mlL beaker. Extract
the solution three more times using 5 mL of chlo-
roform and shaking it for 2 min each time (Note
7).
and evaporate the resulting extract to dryness in

Add 5 mL each of 50% sulphuric

Combine these extracts with the first extract

a hot water-bath.
acid, water and concentrated hydrochloric and
nitric acids to the residue. Cover the beaker and
boil the solution to destroy organic material,
then remove the cover and evaporate the solution
to fumes of sulphur trioxide (Note 8). Cool the
solution and wash down the sides of the beaker
with a small amount of 5% sulphuric acid and evap-
orate the solution to fumes of sulphur trioxide
again.

If the sample contains 75 ug or less of
titanium, dilute the resulting sample and blank
solutions by adding approximately 5 mL of 5% sul-
Add 2 mL of 25% ammonium tartrate

solution and 5 mL of 10% ascorbic acid solution

phuric acid.
to each solution, then proceed with the neutral-
ization of the solutions (Note 9) and the forma-
tion of the titanium-diantipyrylmethane complex

as described above. Measure the absorbance of
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the sample solution against the reagent blank
solution and determine the titanium content of
the sample solution by reference to the calibra-
tion curve.

If the sample contains more than 75 ug of
titanium, dilute the sample and blank solutions
by adding approximately 10 mL of 5% sulphuric
acid. If necessary, filter the solutions - using

No. 40 50~-mL

flasks using 5% sulphuric acid to wash the beaker

Whatman paper - into volumetric

and the paper, then dilute them to volume with
the same acid solution. Trasnfer an identical 5-
or 10-mL aliquot of each solution to 100-mL beak-
ers, add sufficient 50% sulphuric acid - i.e., U
that

2.5 mL of the concentrated acid will be present

or 3 mL, respectively - so approximately
(Note 10), then proceed with the complex formation
and the subsequent determination of the titanium

content of the aliquot as described above.

B - Iron, steel and nickel-base alloys

Decompose 0.25-0.5 g of sample containing
up to 7.5 mg of titanium as described in Procedure
A,

instead of sulphuric acid (Note 11).

using 5 mL of concentrated perchloric acid
Evaporate
the solution to fumes of perchloric acid twice,
after washing down the sides of the beaker with
5% perchloric acid, to ensure the complete removal
of hydrofluoric acid, then add about 50 mL of
water and heat the solution gently to dissolve
the salts. If necessary, filter the solution -
using Whatman No. 40 paper - into a mercury cath-
ode cell to remove any graphitic carbon or tung-
sten trioxide present. Use 5% perchloric acid to
wash the beaker and the paper, then discard the
paper. Dilute the solution to about 75 mL with
5% perchloric acid, then electrolyze it for 45 min
at about 10 A. Using Whatman No. 541 paper, fil-
ter the electrolyte into a 250-mL beaker using 5%
perchloric acid to wash the cathode cell and the
paper. Add 5 mL of concentrated hydrochloric acid
to the filtrate and evaporate the solution until
Add

5 mL of 50% sulphuric acid and evaporate the solu-

only a few drops of perchloric acid remain.
tion to fumes of sulphur trioxide, then proceed
with the complex formation and the subsequent
determination of titanium as described in Proce-

dure A, except that for samples containing more



than 75 pyg of titanium dilute the final solution
to 50-500-mL depending on the expected titanium

content.

C - Aluminum metal

Transfer 0.25-0.5 g of sample to a 250-mL
beaker, then cover the beaker and add 10 mlL each
of water and 50% sulphuric acid and 2 mL each of
concentrated nitric and hydrochloric acids. Heat
the mixture until the sample has dissolved and the
evolution of oxides of nitrogen ceases, then
remove the cover and evaporate the solution until
copious fumes of sulphur trioxide are evolved.
Cool the solution, wash down the sides of the
beaker with 5% sulphuric acid and evaporate the
solution to fumes of sulphur trioxide again. Cool
the solution, add about 50 mL of water and, if
necessary,

the salts.

heat the solution gently to dissolve

Cool the resulting solution to 10-15°C
in an ice-~bath (Note 12), then transfer it to a
125-ml. separatory funnel using cold 5% sulphuric
acid to wash the beaker. Dilute the solution to
about 100 mL with the same acid solution and add
sufficient cold 5% cupferron solution (Note 13)
Mix the solu-
then add 5 mL of chloroform,
Allow
then

drain the chloroform extract into a 100-mL beaker.

to precipitate titanium and iron.
tion thoroughly,
close the funnel and shake it for 1 min.

several minutes for the layers to separate,

Extract the solution once more in a similar manner
using 1 or 2 mL of cupferron solution (Note 1u)
and 5 mL of chloroform, then extract it two or
more times by shaking it for about 30 s each time
with 5-mL portions of chloroform until the organic
layer 1is colourless. Combine the resulting
extracts with the first extract and evaporate the
Add 5 mL

each of concentrated nitric and perchloric acids

solution to dryness in a water-bath.
to the residue, then cover the beaker and boil
the solution to destroy organic material. Remove
the cover and evaporate the solution until only a
few drops of perchloric acid remain. Add 5 mL of
50%

fumes of sulphur trioxide,

sulphuric acid, evaporate the solution to
then depending on the
expected titanium content, proceed with the com-
plex formation and the subsequent determination

of titanium as described in Procedure A.
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D - Aluminum-base alloys

Decompose 0.25-0.5 g of sample, contained
in a 250-mL teflon beaker and containing up to
7.5 mg of titanium, by the method described in
Procedure C and add 2 mL of concentrated hydro-
fluoric acid to dissolve any silicon present.
After evaporating the solution to fumes of sulphur
trioxide twice to ensure the complete removal of
hydrofluoric acid, dissolve the salts in 50 mL of
water as described in Procedure C, then transfer
the resulting solution to a mercury cathode cell
using 5% sulphuric acid to wash the beaker.
Dilute the solution to about 75 mL with the same
acid solution, then proceed with the mercury cath-
ode separation as described in Procedure B, Using
Whatman No. 541 paper, filter the electrolyte into
a 250-mL beaker using 5% sulphuric acid to wash
the cathode cell and the paper. Evaporate the
resulting solution to about 50 mL, then cool it
to 10-15°C in an ice-bath, transfer it to a 125-mL
separatory funnel and proceed with the cupferron-
chloroform extraction step and the subsequent
determination of titanium as described in Proce-

dure C.

NOTES

1. This pH adjustment is adequate even though
the solution becomes hot.

2. The

formed under these conditions is stable for

titanium-diantipyrylmethane complex
at least three days (1).

3. At this stage tungsten is present as insolu-
ble yellow hydrated tungsten trioxide.

4, If the tungsten solution is slightly cloudy,
heat it gently until it is clear.

5. Up to at least 0.5 mg of titanium can be
separated from large amounts of molybdenum
and tungsten and from various other elements
by the cupferron-chloroform extraction step
(G158 A be

extracted if more cupferron is used and if

larger amount can probably

the number of extraction stages is increased.

The distinctive yellow titanium-cupferron

complex, which precipitates in acid media,
does not precipitate and cannot be observed
visually in alkaline media (1).

7. Additional cupferron solution is not required

in the subsequent extraction stages because



10.

11.

1iz.

13.

the excess cupferron, contrary to extraction
from acid media, is not extracted from alka-
line media (1).

Care should be taken that the solution is
evaporated just to fumes of sulphur trioxide.
If the whole solution is taken for analysis,
approximately 2.5 mL of concentrated sul-
phuric acid should be present before complex
formation (Note 10). Sulphuric acid or other
acid solutions of titanium should not be
evaporated to dryness or to near dryness.
This can cause a low result for titanium
because the salts are not readily redissolved
(4).

If the solution is not completely clear after
the pH has been adjusted to 6.5 * 0.5 and the
resulting solution has been acidified with
9 M hydrochloric acid, it can be clarified
by filtering it before adding diantipyryl-
methane solution.

If the resulting solution contains less than
approximately 2.5 mL of concentrated sul-
phuric acid, a slightly low result will be
obtained for titanium presumably because it
is partly hydrolyzed during the pH adjustment
step (1).
Perchloric acid is recommended instead of
sulphuric acid because chromium perchlorate
is more soluble than the sulphate.

The chloroform, cupferron solution and 5%
sulphuric acid should also be cooled in an
ice-bath.

Approximately #4-5 mL of 5% cupferron solution
is wusually sufficient for the complexation

of 10 mg of metal ion (Note 14),
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14. Complete precipitation of iron and titanium
is indicated by a transient white precipitate
resulting from the presence of excess cup-~
ferron.

ACCURACY

Illustrated in Tables 22 and 23 in Appendix A.

OTHER APPLICATIONS

Procedure B can be used to determine

titanium in nickel oxide.

1.
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SPECTROPHOTOMETRIC DETERMINATION OF TUNGSTEN IN IRON AND STEEL
BY CHLOROFORM EXTRACTION OF THE TUNGSTEN-THIOCYANATE-DIANTIPYRYLMETHANE COMPLEX

PRINCIPLE

Molybdenum is separated from tungsten,
if necessary, by chloroform extraction as the
¥anthate from a 1.5 M hydrochloric acid medium
and tungsten is subsequently reduced to tungsten
(V) with stannous chloride in a 3.6 M sulphuric
It is ulti-

mately determined spectrophotometrically by meas-

acid~-5.8 M hydrochloric acid medium.

uring the absorbance at 404 nm of the yellow tung-
sten (V)-thiocyanate-diantipyrylmethane complex,
after extraction of the complex into chloroform
from a 2.4 M sulphuric aecid-7.8 M hydrochloric
acid medium containing ammonium hydrogen fluoride.
The molar absorptivity of the complex in chloro-
3 -1 1
L.mol

form at this wavelength is 1.51 x 10 omm_

().

INTERFERENCES

Up to at least 10 mg of cobalt (II),
vanadium (V), uranium (VI), niobium (V), nickel,
bismuth, copper (II), antimony (V), aluminum, man-
ganese (II), titanium (IV),

zirconium, cadmium,

chromium (VI), arsenic (III), tellurium (IV) and
phosphorus (V), and up to 50 mg of iron (III) and
20 mg of zinc do not interfere in the extraction
and subsequent determination of tungsten. Arsenic
and tellurium are reduced to the elemental state
during the reduction of tungsten with stannous
chloride. However, interference from the result-
ing precipitates during the extraction of tungsten
can be avoided by filtering the solution through
glass-wool before the extraction step. Copper,
in large amounts, interferes during extraction
because
L.

which form coloured extractable thiocyanate com-
plexes (2,3),

ammonium hydrogen fluoride before the formation

it precipitates as cuprous thiocyanate

Interference from niobium and titanium,

is avoided by complexing them with

' the tunzsten complex (1).
Up to 0.25 mg of molybdenum can be pres-

snt in the ligquct taken for extraction without

causing error in the tungsten result. Interfer-
ence from a larger amount of molybdenum is elimi-
nated by separating it from tungsten by chloroform
extraction of its ethyl =xanthate complex from a
which

1.5 M hydrochloric acid medium. Selenium,

also interferes, is also separated from tungsten
by this procedure. Cobalt (II), bismuth, nickel,
vanadium (V), iron (III) and tin (IV) are partly

extracted as xanthate complexes, and arsenic
(III), tellurium (IV) and antimony (III) are com-
pletely extracted under these conditions (1,4).
Copper forms a bright yellow precipitate that
the

remains above the chloroform layer. However,

precipitate is decomposed completely when the
aqueous layer is subsequently heated to destroy

the excess xanthate (1).

RANGE

This method is suitable for samples con-
taining approximately 0.002 to 6% of tungsten but
material containing higher concentrations can also

be analyzed with reasonable accuracy.

APPARATUS

POLYPROPYLENE SEPARATORY FUNNELS. 125-mL pear-

shape type.

REAGENTS
STANDARD TUNGSTEN SOLUTION, 1 mg/mL.
0.8973 g of sodium tungstate dihydrate in water

Dissolve

and dilute the solution to 500 mL. Prepare a
25-~ug/mL

solution to 200 mL with water.

solution by diluting 5 mL of this stock
Prepare the dilut-
ed solution fresh as required.
DIANTIPYRYLMETHANE SOLUTION, 1% m/V in 20% hydro-
chloriec acid. Dissolve 0.5 g of 4,4'-methylene-
diantipyrine in 25 mL of water containing 10 mL
of concentrated hydrochloric acid and dilute the
solution to 50 mL with water. Prepare a fresh

solution every two days.



STANNOUS CHLORIDE SOLUTION, u45% m/vV. Dissolve
22.5 g of stannous chloride dihydrate in concen-
trated hydrochloric acid and dilute the solution
to 50 mL with concentrated hydrochloric acid.

Prepare the solution fresh as required.

POTASSIUM THIOCYANATE SOLUTION, 20% m/V.

a fresh solution every seven days.

Prepare

POTASSIUM ETHYL XANTHATE SOLUTION, 20% m/V.

pare the solution fresh as required,

Pre-

AMMONIUM HYDROGEN FLUORIDE SOLUTION, 10% m/V.

TARTARIC ACID SOLUTIONS, 7.5 and 50% m/V.

SODIUM HYDROXIDE SOLUTION, 50% m/V.

HYDROCHLORIC ACID, 8 M.
trated hydrochloric acid to 500 mL with water.

Dilute 340 mL of concen-

CHLOROFORM CONTAINING 1% V/v OF CONCENTRATED THIO-
GLYCOLLIC ACID.

required.

Prepare the solution fresh as

CHLOROFORM. Reagent-grade.
CALIBRATION CURVES

By burette, add 1, 2, 4, 6, 8 and 12 mL
of the dilute standard 25-ug/ML tungsten solution

to six 125-ml Erlenmeyer flasks and dilute each
Add

this consti-

solution to approximately 15 mL with water.
15 ml, of water to a seventh flask;
tutes the blank. Add 10 mL of concentrated sul-
phuric acid, 20 mL of concentrated hydrochloric
acid and 5 mL of U45% stannous chloride solution
to each flask, mix the solutions thoroughly after
each addition, then place the flasks in a water-
bath maintained at about 100°C for 30 min.
the flasks and cool the solutions to 10-15°C in

an ice-bath.

Remove

Transfer the resulting solutions to
125-mL. polypropylene separatory funnels marked at
approximately 75 mL and wash each flask 3 times
with cold,

from a plastic wash-bottle.

concentrated hydrochloric acid added
Add the washings to

the corresponding funnels and dilute the solutions

99

to the mark with cold, concentrated hydrochloric

acid. In succession, add 10 mL of 10% ammonium
hydrogen fluoride solution, 10 mL of 20% potassium
thiocyanate solution (Note 1) and 2 mL of 1% dian-
tipyrylmethane solution to each funnel and mix the
Add 10 mL of chloroform

then

solutions thoroughly.
containing 1% thioglycollic acid (Note 2),
close each funnel tightly and shake it for 2 min.

Allow several minutes for the layers to separate,
then drain the chloroform layer into a 60-~mL glass
separatory funnel. Extract the solution two more
times in a similar manner using 0.5 mL of dianti=-
pyrylmethane solution each time and 5~ and 3-mL
(Note 3),
then wash the aqueous phase by shaking it for 30 s
with 3 mL of chloroform. Add these extracts to
the first extract, then add 10 mL of 8 M hydro-
chloric acid to the resulting extract and shake

the funnel for about 30 s (Note 4).

portions of chloroform, respectively

Allow several
minutes for the layers to separate, then filter
the chloroform extract through a thick wad of cot-
ton-wool into a dry 25-mL volumetric flask. Wash
the aqueous layer twice with 2- or 3-mL portions
of chloroform containing thioglycollic acid. Fil-
ter the washings into the volumetric flask and
dilute the extract to volume with chloroform con-
taining thioglycollic acid (Note 5). Measure the
absorbance of the blank extract and of each of the
four extracts of lowest tungsten content (Note 6)
at 404 nm against chloroform containing thiogly-
collic acid as the reference solution, using 20-mm
the absorbance of the blank

cells. Measure

extract and of each of the five extracts of

highest tungsten content in a similar manner,
using 10-mm cells. Correct the absorbance value
obtained for each tungsten-thiocyanate-diantipy-
rylmethane extract by subtracting the correspond-
ing blank value. Plot micrograms of tungsten vs

absorbance for each series of measurements.
PROCEDURES
In these procedures a reagent blank is

carried along with the samples.

Low molybdenum content

Transfer 0.2-1 g of sample to a H400-ml

beaker, add 20 mL of concentrated hydrochloric



then cover the beaker and heat the mixture
Add 5 mL

acid,
gently until the sample has dissolved.
of czoncentrated nitric acid and heat the solution
until any carbides present are decomposed. Remove
the cover, add 3 or 4 drops of concentrated hydro-
fluoric acid and evaporate the solution to dryness
to remove nitric acid. Add 5 mL of concentrated
hydrochloric acid and about 25 mL of water to the
beaker

the salts.

and heat the solution gently to dissolve
Add 30 mL of 50% tartaric acid solu-
tion, cool the solution to room temperature and
carefully add 25 mL of 50% sodium hydroxide solu-
tion. Cool the solution to room temperature,
transfer it to a 200-mL volumetric flask and
dilute it to volume with water (Notes 7 and 8).
Transfer a 4-10-mL aliquot of the result-
ing solution, containing not more than 0.25 mg of
molybdenum, to a 125-mL Erlenmeyer flask. Trans-
fer an identical aliquot of the blank solution to
another flask. Dilute each solution to approxi-
mately 15 mL with water and proceed with the
the of

Measure the absorbance of the

reduction and extraction tungsten as
described above.
blank and sample extracts as described above,
using 10- or 20-mm cells as required. Correct the
absorbance value obtained for the sample extract
by subtracting that obtained for the reagent blank
extract and determine the tungsten content of the
aliquot by reference to the appropriate calibra-

tion curve.

High molybdenum content

If the aliquot to be taken for analysis
contains more than 0.25 mg of molybdenum, transfer
suitable identical aliquots of the blank and sam-
ple solutions to 60-mL separatory funnels marked
at 25 mL. Add 4.5 mL of 8 M hydrochloric acid to
each funnel and dilute the solutions to the mark
with water, Add 10 mL of chloroform to each fun-
then add 2 mL of freshly prepared 20% potas-
9),
funnels and extract immediately (Note 10) by shak-

nel,

:ium ethyl xanthate solution (Note close the

ing the funnels for 1 min, Allow the layers to
separate, then drain off and discard fthe chloro-
iorm layers. ‘ontlnue to extract the solutions

in similar manner using 0.3-0.5-mL portions o

xanthate solution and © mL *hloroform =ach time
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until the chloroform layer is colourless (Notes 11
and 12).

to 125-mlL Erlenmeyer flasks and heat the solutions

Transfer the resulting aqueous layers

Evapo-
then

gently to remove the residual chloroform.

rate the solutions to approximately 15 mL,
proceed with the reduction, the extraction and the
subsequent determination of tungsten as described

above.

NOTES
1. Sodium thiocyanate cannot be used instead of

potassium thiocyanate because a dense white

precipitate of sodium sulphate will form in

the solution.

Thioglycollic acid is added to the chloroform
to reduce interfering organic peroxides that

would reoxidize the tungsten complex.

Because of the high acid content of the solu-
tion, some salts may precipitate during the

extraction step. This does not interfere
with the extraction of tungsten.

Shaking the extract with 8 M hydrochloric
acid reduces turbidity after the extract is
filtered and diluted to volume with chloro-
forn containing thioglycollic acid.

If the blank or the tungsten extract is
slightly opalescent, or becomes opalescent
on standing, filter a suitable portion of
the extract through two combined dry Whatman
No. 42 filter papers before the spectrophoto-
metric measurement.

The absorbance of the chloroform solution of
the tungsten-thiocyanate-diantipyrylmethane
complex remains constant for at least 24 h.
If a precipitate of hydrous oxides is pres-
ent, allow it to settle before an aliquot is
taken for the determination of tungsten.
If the sample is a high-tungsten steel, fur-
ther dilution of the soiution will be neces-
sary before an aliquot can be taken for the
tungsten determination. In this case, trans-
fer suitable identical aliquots of the blank
and sample solutions to 100-mL volumetrio
flasks, add 5 mL of 50%

solution, dilute the solutions to volume with

sodium  hydroxide

7.5% tartaric acid solution, then proceed as

described.



10,

1505

12.

The xanthate solution should be added by
pipette using a suction bulb or by using a
graduated or marked medicine dropper and the
extraction should be carried out in a fume
hood. Prolonged exposure to xanthate vapour
can produce an allergic reaction.

Because of the known instability of many
metal xanthate complexes, extraction immedi-~
ately after the addition of chloroform and
xanthate solution is recommended.

A three-stage extraction with a total volume
of 4 mL of 20% potassium ethyl xanthate solu-~
tion is sufficient for the separation of 5 mg
of molybdenum. It is also sufficient for the
separation of 5 mg of arsenic, selenium or
tellurium.

If the sample contains nickel, vanadium or
cobalt, the extract obtained after the com-~
plete separation of the purple-red molybdenum
complex will not be colourless. These ele-
ments are partly coextracted as xanthates

which continue to colour the extract.
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ACCURACY

Illustrated in Table 24 in Appendix A.
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SPECTROPHOTOMETRIC DETERMINATION OF VANADIUM IN IRON, STEEL AND ALUMINUM-
AND NICKEL-BASE ALLOYS BY CHLOROFORM EXTRACTION
OF THE N-BENZOYL-N-PHENYLHYDROXYLAMINE COMPLEX

PRINCIPLE

Chromium is separated from vanadium, if
necessary, by electrolysis with a mercury cathode
in a 2% perchloric acid medium. Vanadium is ulti-
mately determined spectrophotometrically by meas-
uring the absorbance at 475 nm of the red vanadium
(V)-N-benzoyl-N-phenylhydroxylamine (NBPHA) com-
plex, after extraction of the complex into chloro-
form from a 2 M sulphuric acid-4 M hydrofluoric
acid medium containing ammonium persulphate as
oxidant. The molar absorptivity of the complex
at this wavelength is 4.28 x 102 L.mol™l.ma’ (1).

INTERFERENCES

Magnesium, calcium, aluminum, mnanganese
(11), cobalt, nickel, copper (I1), cadmium, zinc,
bismuth, arsenic (V), antimony (III), antimony (V)
and tin (IV), up to at least 500 mg of iron, nio-
bium, tantalum, titanium or zirconium, and up to
50 mg of molybdenum or tungsten do not interfere
in this method. Chromium and cerium interfere if

they are present in the hexavalent and tetravalent
states, respectively. Interference from up to

approximately 10 mg of chromium or cerium is elim-
inated by reducing them to the trivalent state
with iron (II). Vanadium is also reduced by iron
(II) but it is subsequently reoxidized to vanadium
(V) with ammonium persulphate. Chromium (III) and
cerium (III) are not reoxidized under these condi-
tions except possibly when silver is present.
Interference from more than 10 mg of chromium is
avoided by separating it from vanadium by elec~

trolysis with a mercury cathode (1).

RANGE

This method is suitable for samples con-
taining approximately 0.0005 to 0.15% of vanadium.
However, material containing higher concentrations
can also be analyzed if a suitable aliquot of a

sulphuric acid solution of the sample is taken.

APPARATUS

MERCURY CATHODE.

POLYPROPYLENE SEPARATORY FUNNELS. 125-mL pear-

shape type.

REAGENTS
STANDARD VANADIUM SOLUTION, 0.2 mg/mL.
0.1785 g of pure vanadium pentoxide (Note 1) by

Dissolve

heating it with 50 mL of 50% sulphuric acid and
5 mL of concentrated nitric acid. Evaporate the
resulting solution to fumes of sulphur trioxide,
then cool it to room temperature and dilute it to
500 mL with water. Prepare a 25-ug/mL solution by
diluting 25 mL of this stock solution to 200 mL
with water. Prepare the diluted solution fresh

as required.

NBPHA SOLUTION, 0.1% m/V in chloroform. Store the

solution in a brown bottle.

FERROUS AMMONIUM SULPHATE SOLUTION, 10% m/V. Dis-
solve 5 g of ferrous ammonium sulphate hexahydrate
in about 30 mL of water containing 1 mL of 50%
sulphuric acid and dilute the solution to 50 mL
with water. Prepare the solution fresh as

required.

AMMONIUM PERSULPHATE SOLUTION, 10% m/V. Prepare
the solution fresh as required.

SULPHURIC ACID, 12.5 M. Add 695 mL of concen-
trated sulphuric acid -slowly and while stirring
the solution - to 275 mL of water in a 1500-mL
pyrex beaker. Allow the solution to cool to room
temperature, then transfer it to a 1-L volumetric

flask and dilute it to volume with water.

SULPHURIC ACID, 50% v/v.



HYDROFLUORIC ACID, 25 M.

trated hydrofluoric acid to 250 mL with water in

Dilute 218 mL of concen-

a plastic bottle.

CHLOROFORM, alcohol-free, Chromatoquality-rea-

gent. Reagent-grade chloroform can be purified
then by
distilling it after drying it over calcium chlo-

ride (2).

by washing it 5 or 6 times with water,

CALIBRATION CURVE

Add 8 mL of 12.5 M sulphuric acid to
each of seven 125-ml polypropylene separatory
then by
burette, add to the last six funnels 1, 2, 3, 4,
5 and 6 mL,

25~ug/mL vanadium solution.

funnels marked at approximately 50 mL;
respectively, of the dilute standard
The contents of the
first funnel constitute the blank.
add 8 mL of 25 M hydrofluoric acid and 4 mL of 10%

In succession,

ferrous ammonium sulphate solution to each funnel,
then dilute the solutions to approximately 40 mi
Add 5 mL of
dilute the

with water and mix them thoroughly.
10% ammonium persulphate solution,
solutions to the 50-mL mark with water and mix
them thoroughly. Add 10 mL of 0.1% NBPHA-chloro-
form solution to each funnel, then close it and
Allow several minutes for the

then filter the chloroform

shake it for 2 min.

layers to separate,
extract through a wad of cotton-wool into a dry
25-ml. volumetric flask.

three more times in a similar manner using 5, 3

Extract the solution
and 3 mL of NBPHA solution, respectively. Combine
these extracts with the first extract, then wash
the funnel and the cotton-wool with 1 or 2 mL of
chloroform and dilute the extract to volume with
chloroform (Note 2).

each of the resulting extracts at 475 nm against

Measure the absorbance of
chloroform as the reference solution, using 20-mm
cells. Correct the absorbance value obtained for
each vanadium-NBPHA extract by subtracting that
obtained for the blank extract. Plot micrograms

of vanadium vs absorbance.

PROCEDURES
In these procedures a reagent blank is

carried along with the samples.
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Chromium content 10 mg or less

Transfer 0.1-0.5 g of sample to a 250-mL
teflon beaker and add 5 mL of water, 8 mL of
12.5 M sulphuric acid and 2 mL of concentrated
hydrofluoric acid. Cover the beaker with a teflon
cover, add 5 mL of concentrated nitric acid and
heat the mixture gently until the sample has dis-
solved and the evolution of oxides of nitrogen
ceases. Remove the cover and evaporate the solu-
then cool the

solution and wash down the sides of the beaker

tion to fumes of sulphur trioxide,
with water. Evaporate the solution to fumes of
sulphur trioxide again to ensure the complete
add

5 mL of water and allow the solution to cool to

removal of nitric acid. Cool the solution,
room temperature (Note 3).

Just before the extraction step, add 8 mL
of 25 M hydrofluoric acid (Note 4) to the result-
ing sample (Note 5) and blank solutions. Transfer
the solutions to 125-mL polypropylene separatory
funnels and, after the additions of the recom-
mended volumes of iron (II) ammonium sulphate and
ammonium persulphate solutions, proceed with the
extraction of vanadium and the subsequent measure-
ment of the absorbance as described above. Cor-
rect the absorbance value obtained for the sample
extract by subtracting that obtained for the rea-
gent blank extract and determine the vanadium con-
tent of the sample extract by reference to the

calibration curve.

Chromium content greater than 10 mg

Transfer 0.1-0.5 g of sample to a 250-mL
teflon beaker, then cover the beaker with a tef-
lon cover and add 5 mL each of water and concen-
trated perchloric, nitric and hydrochloric acids.
Add 2 mL of concentrated hydrofluoric acid and
heat the mixture gently until the sample has dis-
solved (Note 6) and the evolution of oxides of
nitrogen ceases. Remove the cover, wash down the
sides of the beaker with water and evaporate the
solution until copious fumes of perchloric acid
add about 20 mL
heat the solution
fil-

ter the solution - using Whatman No. 40 paper -

are evolved. Cool the solution,

of water and, if necessary,

gently to dissolve the salts. If necessary,



into a mercury cathode cell and wash the beaker

and the
Dilute the resulting solution to about 200 mL with

paper with water. Discard the paper.
water and electrolyze it for 45 min at about 10 A.
Using Whatman No. 541 paper, filter the electro-
lyte into a 400-mL pyrex beaker and wash the cath-
Discard the

Wash

ode
paper and evaporate the filtrate to dryness.

cell and the paper with water.

down the sides of the beaker with water, add 8 mL
of 12.5 M sulphuric acid and evaporate the solu-
tion to fumes of sulphur trioxide. Cool the solu-
tion, add 5 mL of water and allow the solution to
Transfer the solution

add

cool to room temperature.
to a 125-mL polypropylene separatory funnel,
8 mL of 25 M hydrofluoric acid and the recommended
volumes of iron (II) ammonium sulphate and ammo-
nium persulphate solutions, then proceed with the
extraction and the subsequent determination of

vanadium as described above.

NOTES
1. 1If the purity of the vanadium pentoxide is in
doubt, the vanadium content of the reagent can
be determined as follows (3) and the standard
solution can be prepared accordingly:
Transfer 0.2000 g of the vanadium pentoxide
to a 250-mlL. beaker, add about 10 mL of
water and 6 mL of 50% sulphuric acid and
heat the mixture until the oxide has dis-
solved. Dilute the solution to about 125
ml. with water, then add 1 g of sodium sul-
phite in small portions to reduce vanadium
to vanadium (IV). Boil the solution in the
open beaker for 15-20 min to expel the

excess sulphur dioxide. While the solution

is hot, titrate it with standard 0.1 N
(0.02 M) potassium permanganate solution
(1 mL = 5.094 mg of vanadium), which has

been previously standardized against sodium
oxalate (4), until the colour of the solu-
tion just changes from a pure yellow. Cor-
rect the result obtained by subtracting
that obtained for a blank solution that is
carprisd throuzll the same procedure.

‘hen
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where:
V = volume (mL) of potassium permanganate
solution required by the vanadium pent-
© oxide
v = volume (mL) of potassium permanganate
solution required by the blank solution
N = normality of the potassium permanganate

solution

Subsequently, the mass (g) of vanadium pentox-

ide required for the standard solution

56.01
vanadium found (%)

= 0.1785 x

where:
56.01 = the theoretical percentage of vana-

dium in pure vanadium pentoxide

If vanadium pentoxide is not available, ammo-
nium metavanadate (NH4V03) can be used to pre-
pare the standard vanadium solution. However,
the purity of the reagent should be checked
as described above.

The absorbance of the chloroform extract of
the vanadium~NBPHA complex remains constant
for at least 24 h.

Samples containing more than 0.15% of vanadium
can be analyzed if the solution is diluted to
volume with water in a volumetric flask of
appropriate size and a suitable aliquot - up
to 20 mL - of the resulting solution is taken.
Sufficient 12.5 M sulphuric acid must be added
to the aliquot in the separatory funnel so
that the sulphuric acid concentration of the
final solution will be 2 M when the solution
is diluted to 50 mL before the extraction of
vanadium.

The hydrofluoric acid must be =added Jjust
before the extraction step because it volatil-
izes from the solution if the solution is
allowed to stand for some time at room temper-
ature.

1Y graphitic carbon is present, filter the
resulting sample solution into the separatory
funnel a plas-

1sinz Whatman No. 40O paper and

tic funnel.
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6. More hydrochloric and nitric acids may be

required to obtain complete dissolution.

ACCURACY
Illustrated in Table 25 in Appendix A. 2.

OTHER APPLICATIONS

This method can be used to determine

vanadium in high-purity niobium, tantalum, tita-~
nium and zirconium metals and in cobalt and nick- 3.

el arsenides.
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photometric determination of vanadium (V) with
N~-benzoyl-N-phenylhydroxylamine™; Anal Chenm
33:435-438; 1961.

Hillebrand, W.F., Lundell, G.E.F., Bright,
H.A. and Hoffman, J.I. "Applied inorganic
analysis™ (2nd ed); New York, Wiley; 458-459;
1953.

Reference 3, pp 186~187.
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ATOMIC-ABSORPTION DETERMINATION OF ZINC IN HIGH-PURITY NICKEL, MOLYBDENUM
AND TUNGSTEN METALS AFTER SEPARATION BY EXTRACTION
OF THE THIOCYANATE-DIANTIPYRYLMETHANE COMPLEX

PRINCIPLE

Zinc is separated from the matrix ele-
ments by chloroform extraction of the zinc thio-
cyanate-diantipyrylmethane ion-association complex
at pH 3.25 from a citric acid medium containing
thiourea and ammonium hydrogen fluoride or hydro-
fluoric acid as complexing agents. Zinc is sub-

sequently back-extracted into dilute ammonium
chloride-ammonium hydroxide solution and is ulti-
mately determined by atomic-absorption spectro-
photometry at 213.9 nm in an oxidizing air-acety-

lene flame in a 1% hydrochloric acid medium (1,2).

INTERFERENCES
As
method for cobalt (p 42), up to 5 mg of iron (III)

described in the atomic-absorption

and 10 mg each of copper (II), cadmium, lead, man-

ganese (II), vanadium (V), zirconium, titanium
(IV), bismuth, tin (IV), antimony (V), chromium
(II1), chromium (VI), arsenic (V) and phosphorus

(V) do not interfere in the extraction of zinc as

its thiocyanate-diantipyrylmethane complex from

solutions containing up to 1 g of nickel (1).
Although 3 or 4 mg of iron (III) interfere in the
extraction of cobalt from solutions containing
large amounts of molybdenum and tungsten, and more
than 0.5 mg of phosphorus (V) interferes in the
extraction of cobalt from tungsten solutions,
these amounts of iron and phosphorus do not inter-
fere in the extraction of zinc from these solu-
tions because it is extracted preferentially to
cobalt. Up to at least 2 mg and 5 mg of phos~
phorus (V) do not interfere in the extraction of
zinc from solutions containing 1 g of tungsten and
molybdenum, respectively. Zinc 1is completely
extracted from molybdenum and tungsten solutions
containing at least 5 mg each of iron (III), cop-
per (II), titanium (IV),

vanadium (V), chromium

(VI) and arsenic (V) and at least 10 mg each of

the remaining elements mentioned above (2).

RANGE
This method is suitable for samples con-
taining approximately 0.0001 to 0.1% of zinc.

REAGENTS
STANDARD ZINC SOLUTION, 100 ug/mL.
0.1000 g of pure zinc metal in about 20 mL of

Dissolve

water containing 5 mL of concentrated hydrochloric
acid and evaporate the solution to dryness. Dis-
solve the salts in water and dilute the solution
to 1l L.

20 mL of this stock solution to 200 mL with water.

Prepare a 10-ug/mL solution by diluting

HYDROCHLORIC ACID, 1% V/V.

CALIBRATION SOLUTIONS

Add 1 mlL. of concentrated hydrochloric
acid to six 100-mL volumetric flasks, then by
burette, add to the first five flasks 1, 2, 4, 6
and 8 mL, of the dilute standard
10-ug/mL
flask

Dilute each solution to volume with water.

respectively,
zinc solution. The contents of the last

constitute the zero calibration solution.

PROCEDURE

Following sample decomposition (Note 1)
by the appropriate procedure described in the
atomic-absorption method for cobalt (p 43), pro-
ceed with the extraction of zinc (Note 2) - and
any cobalt present - and the ultimate treatment
of the solution as described in the above method.

Measure the absorbance of the resulting
sample and blank solutions at 213.9 nm in an oxi-
dizing air-acetylene flame (Note 3). Determine

the zinc contents, in milligrams, of the solutions



by relating the resulting values to those obtained
concurrently for calibration solutions of slightly
higher and lower zinc concentrations. Correct the
result obtained for the sample solution by sub-
tracting that obtained for the reagent blank solu-

tion.

NOTES

1. In this procedure a reagent blank, which is
ultimately diluted to 25 mL, should be carried
along with the samples.

Although the pH of the solution during

extraction step should be kept within

the
the
range 3.20-3.30 if both zinc and cobalt are
the
pH is not necessary if only zinc is to be
determined (1,2). is completely
extracted 1.4 to 3.9 (1).

However, to minimize the coextraction of iron,

to be determined, such rigid control of
Zinc

in the pH range

which is not efficiently complexed with citrie
acid below approximately pH 3, it is recom-
mended that the pH of the solution should be
kept within the 3.20-3.80 for the

extraction of zinc.

range

If dilution of the solution is necessary,
dilute a suitable aliquot to an appropriate

volume with 1% hydrochloric acid.
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ACCURACY

Illustrated in Table 26 in Appendix A.

OTHER APPLICATIONS

The method described for molybdenum and
tungsten metals can be used to determine zine in

high-purity niobium and tantalum metals (2).

REFERENCES

1. Donaldson, E.M. and Rolko, V.H.E. "Determina-

tion of cobalt and zinc in nickel metal by

atomic-absorption spectrophotometry after
separation by simultaneous chloroform extrac-
tion of their thiocyanate-diantipyrylmethane

complexes"; Mineral Sciences Division Bulletin

TB 93; Mines Branch, Energy, Mines and
Resources Canada; 1967.
2. Donaldson, E.M., Charette, D.J. and Rolko,

V.H.E.
high-purity niobium,

"Determination of cobalt and zine in
tantalum, molybdenum and
tungsten metals by atomic-absorption spectro-
photometry after separation by extraction";

Talanta 16:1305-1310; 1969.
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APPENDIX A

In the following tables the abbreviations
NBS, BCS and CCRMP refer to the National Bureau
of Standards, British Chemical Standards and
Canadian Certified Reference Materials Project
certified reference materials, respectively. The
ranges given in the third column indicate the low-
est and highest results obtained during the certi-
fication programs and used by the respective
agencies for certification purposes. Except for
the results given in Table 23 and some in Table
22 - indicated in the footnotes - all the remain-
ing results are those obtained by the author dur-
ing the respective method development work or dur-
ing early collaborative work with the National
Bureau of Standards in Washington, D.C. Unless
otherwise indicated in the footnotes to the
Tables, these results are taken from the pertinent
paper(s) or report(s) by the author listed in the

References at the end of each method.
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Table 1 - Results obtained for aluminum in NBS and BCS iron, steel and ferrous and non-ferrous alloys

Certified value and

Al found, %

Sample Nominal composition, ¥ range, % Al Atomic-absorption Spectrophotometric pyro-
spectrophotometry catechol violet method
NBS-l4e Basic open- 0.4 Mn, 0.2 Si 0.059% 0.062 0.060
hearth steel
NBS-19g Acid open- 0.6 Mn, 0.2 Si, 0.4 Cr, 0.030 0.028, (0.028t) 0.027, 0.028
hearth steel 0.03 Ti, 0.03 Nb
NBS-55¢ Open-hearth 0.003% 0.0016, 0.0011 0.0012, 0.0009

iron
NBS-55e Open-hearth
iron

NBS-61 Ferrovanadium

NBS-100A Manganese
steel

NBS-101F 18 Chromium-
10 nickel steel

NBS-106B Chromium~
molybdenum-aluminum
steel

NBS-125 High silicon
steel

NBS-170A Basic open-
hearth steel

BCS-326 Mild steel

BCS-327 Mild steel

BCS-328 Mild steel

BCS-329 Mild steel

NBS-62B Manganese
bronze

NBS-158 Silicon
bronze

NBS-162A Nickel-
copper alloy

NBS-169 Electrical-
heating alloy

NBS-349 Heat-

resisting alloy

NBS-C1100 Cartridge
brass
NBS-C1101 Cartridge

brass B

31.2 V, 1.2 C, 3.6 Mn,
7.8 Si, 1.3 Ni, 0.7 Mo,
6.2 Ti, 0.2 P

0.4 C, 1.7 Mn, 0.2 Si

10.0 Ni, 18.5 Cr, 0.9 Si,
0.3 V (0.0007 Al)#

0.5 Mn, 0.3 Si, 1.2 Cr,
0.2 Mo

6.1 Mn, 5.0 Si

0.3 Mn, 0.3 Ti, 0.04 Zr

0.3 Mn

0.2 Mn, 0.1 V

0.4 Mn, 0.2 V

0.1 Mn, 0.1 V

57.4 Cu, 38.0 Zn, 1.3 Mn,
1.0 Sn

90.9 Cu, 2.7 Si, 1.3 Mn,
1.0 Sn

63.9 Ni, 30.6 Cu, 1.6 Mn,
0.9 Si

77.2 Ni, 20.3 Cr, 1.4 Si,
0.04 Zr

57.2 Ni, 19.5 Cr, 4.0 Mo,
3.1 Ti, 0.3 Si, 0.4 Mn,
14,0 Co, 0.08 zir

67.4 Cu, 32.2 Zn

69.5 Cu, 30.3 iIn

0.002 (0.001-0.003)

0,02 (0.01-0.03)

0.040 (0.039-0.042)
0.0057 §

0.0107§

0.0207 §

1.07 (1.06-1.09)
0.261 (0.25-0.270)
0.046 (0.036~0.058)
0.005 (0.003-0.007)
0.020 (0.016-0.023)
0.048 (0.045-0.053)
0.058 (0.052-0.062)
0.97 (0.94-0.98)
0.54 (0.53-0.56)
0.50 (0.49-0.50)

0.095 (0.087-0.105)

1.23%

0.008

0.0006

0.0008, 0.0006,
(0.0011, 0.0007t)
0.021, 0.021

0.037, 0.037, (0.037t)

0.0056

0.011g

0.0215

0.266

0.049, 0.0u48

0.019
0.050
0.059
0.956, 0.943
0.536
0.500

0.095

1.223

0.0079

0.0002, 0.0002, 0.0002

1.08

0.263
0.046
0.0031, 0.003%
0.017
0.048
0.059
0.975

0.539

0.503

0.0075

*NBS provisional result.

tResults in brackets obtained after fusing the insoluble material with 1 g of a 75% sodium carbonate-25% boron

trioxide mixture.

#Mean of two results ~ viz, 0.00065 and 0.00069% - by the atomic-absorption method,

§¥alue includes aluminum present % and that added to a l-g sample.,
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Table 2 - Results obtained for aluminum in
synthetic molybdenum and tungsten
samples

Matrix¥ Total Al present, % Al found, %
Mo 0.0010 0.0009
0.0050 0.0047
0.0100 0.0098
0.0250 0.02‘68
0.0500 0.0506
0.1000 0.0995
W 0.0010 0.0012
0.0050 0.0050
0.0100 0.010l
0.0250 0.02”4
0.0500 0.0492
0.1000 0.099¢

#The metals (0.5 g) used to prepare the synthetic

samples were aluminum-free.

Table 3 - Results obtained for antimony in NBS and BCS non-ferrous alloys and in CCRMP commercial-purity

copper rods

Sb_found, %
Sample Nominal composition, % Certified value and Spectrophotometric Atomic-absorption
range, % Sb iodide method spectrophotometry
NBS-C1101 Cartridge 69.5 Cu, 30.3 Zn 0.012 0.012 0.011, 0.011
brass B
NBS-C1102 Cartridge 72.9 Cu, 27.1 Zn 0.005 0.0049 0.0036
brass C
NBS-C1120 Aluminum 80.1 Cu, 18.1 Zn, 1.5 A1, 0.100% 0.092, 0.091 0.095
brass C 0.09 As
NBS-62B Manganese 57.4 Cu, 38.0 2Zn, 1.3 Mn, 0.005 (0.005-<0.01)+ 0.011, 0.011 0.009
bronze 1.0 Al, 1.0 Sn, 0.8 Fe
NBS-63c Phosphor 80.5 Cu, 9.4 Pb, 9.0 Sn, 0.52 (0.50-0.54) 0.512, 0.510 0.513

bronze bearing
metal
NBS-127A Solder

BCS-183/1 Bronze
BCS~183/3 Leaded
gunmetal

BCS-207/2 Gunmetal

BCS~-207 Bronze “C"

0.2 P, 0.02 As

30.0 Sn, ~70 Pb, 0.13 As,
0.04 Bi

84.8 Cu, 5.0 Sn, 5.2 Zn,
3.5 Pb, 0.5 P, 0.14 As
84,5 Cu, 6.7 Sn, 3.3 Zn,
3.4 Pb, 1.5 Ni, 0.15 As
87.3 Cu, 9.7 Sn, 1.6 Zn
0.7 Pb, 0.07 As, 0.04 Bi
86.8 Cu, 9.8 Sn, 2.5 In
0.05 As

0.79 (0.78-0.80)

0.24 (0.23-0.24)

0.25 (0.24-0.27)

0.10 (0.093-0.11)

0.04 (0.03-0.05)

0.791

0.234, 0.239 0.240
0.252, 0.254 0.261
0.093, 0.094 0.098
0.045, 0.044 0.043

CCRMP-3SC-2 ~100 Cu 0.0006 0.0005, 0.0005 ==
Copper rod

CCRMP-SSC-4 ~100 Cu 0.0011 0.0013, 0.0013 =

—Copper rod

®NBS provisional result,

tCertified value based on the two results shown in brackets.

#Direct determination of antimony, i.e., without co-precipitation.

0.797, 0.792+
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Table 4 - Results obtained for arsenic in NBS and BCS copper-base alloys

Sample Nominal composition, % Certified value and As found, %
range, 3 As
NBS-C1101 Cartridge 69.5 Cu, 30.3 Zn 0.009 0.0098
brass B
NBS-C1102 Cartridge 72.9 Cu, 27.1 Zn 0.004 0.0048
brass C
NBS-C1118 Aluminum 75.1 Cu, 21.9 Zn, 0.007 0.0074
brass A 2.8 A, 0.1 P
NBS-C1119 Aluminum 77.1 Cu, 20.5 Zn, 0.040 0.040
brass B 2.1 Al, 0.1 P
NBS-C1120 Aluminum 80.1 Cu, 18.1 Zn, 0.090 0.090
brass C 1.5 A1, 0.1 Sb
NBS-62B Manganese 57.4 Cu, 38.0 Zn, 0.004 0.0046
bronze 1.3 Mn, 1.0 A1,
1.0 Sn, 0.8 Fe,
0.3 Pb, 0.3 Ni
NBS-63c Phosphor 80.5 Cu, 9.4 Pb, 0.023 (0.017-0.029) 0.023
bronze bearing 9.0 Sn, 0.5 Sb,
metal 0.3 Ni, 0.2 P, 0.1 Zn
NBS-124d Ounce metal 83.6 Cu, 5.2 Pb, 5.1 Zn, 0,02% 0.015
4,5 Sn, 1.0 Ni, 0.2 Fe,
0.2 b
BCS-Manganese 58.8 Cu, 33.9 Zn, 1.0 Mn, 0.03 (0.02-0.04)% 0.019
brass "B" 0.9 Fe, 1.6 A1, 1.8 sn,
0.8 Pb, 1.0 Ni
BCS-207 Bronze "C" 86.8 Cu, 9.8 Sn, 0,05 (0.04-0.07) 0.057

BCS-183/1 Bronze

2.5 Zn, 0.4 Pb

84.8 Cu, 5.0 Sn, 5.2 Zn,
3.5 Pb, 0.5 P, 0.5 Ni,
0.2 Sb

0.14 (0.12-0.14)

0.127, 0.129

®NBS provisional result.
tCertified value based on four results, viz. 0.03, 0.04, 0.02 and 0.03%.



Table 5 - Results obtained for bismuth in NBS and BCS non-ferrous alloys

Certified value and

Bi found, %

Spectrophotometric

Atomic-absorption spectrophotometry

Sample Nominal composition, % range, % Bi iodide method DDTC* extraction Iron collection
method me thod
NBS-C1100 Cartridge brass 67.4 Cu, 32.2 Zn 0.0010 0.0011 0.0011 0.0007
NBS-C1101 Cartridge brass B 69.5 Cu, 30.3 2Zn 0.0004 0.0004 0.0003 -
NBS-C1102 Cartridge brass C 72.9 Cu, 27.1 Zn 0.0005 0.0006 0.0006 -
NBS-53d Lead-base bearing metal 9.9 Sb, 4.9 Sn 0.135 (0.12-0.143) 0.141 0.145 0.140%
NBS-54D Tin-base bearing metal 88.6 Sn, 7.1 Sb, 0.044 (0.037-0.050) 0.048 0.050 -
3.6 Cu, 0.6 Pb
NBS-127A Solder 30.0 Sn, 0.8 Sb 0.036 (0,031-0.04) 0.039 0.035 -
BCS-178 White metal "B" 84.0 Sn, 7.5 Sb, 0.005 (0.003-0.008)4 0.0030 0.0038 -
4.1 Cu, 3.9 Pb
BCS-183/3 Leaded gunmetal 84.5 Cu, 6.7 Sn, 3.3 Zn, 0.008 (0.007-0.010) 0.0072 0.0072 0.0068
3.4 Pb, 1.5 Ni -
BCS-207/2 Gunmetal 87.3 Cu, 9.7 Sn, 0.04 (0.039-0,048) 0.042 0.045 0.041 é

1.6 Zn, 0.7 Pb

*DDTC=diethyldithiocarbamate.
¥0.1 g sample taken.

#Certified value based on the two results shown in brackets.



Table 6 - Results obtained for boron in NBS and BCS iron and steel

B found, %
Sample Nominal composition, % Certified value and Acid-soluble Acid-insoluble Soluble +
range, % B insoluble
NBS-3 White iron 2.3 C, 0.4 Mn, 1.0 Si 0.0007 (0.0005-0.0008)#* 0.00115 NF+ 0.0012
0.00103 NF+ 0.0010
0.00lOu NF+ 0.0010
NBS-151 Boron steel 0.6 ¢, 1.0 Cr, 0.2 Mo 0.,0027+ 0.0017g 0.00101 0.0028
0.00187 0.00075 0.0026
0.00189 0.0007, 0.0026
BCS-273 Mild steel 0.2 Cu, 0.3 W 0.0025(0.0015-0.0030) 0.00233 0.00018 0.0025
0.002224 0.00008 0.0023
0.00211 0.00016 0.0023
BCS-327 Mild steel 0.2 Mn, 0.2 Cu 0.003 (0.0025-0.0040) 0.00332 NF+ 0.0033
0.00339 0.0001, 0.0035
0.00343 0.00003 0.0035
BCS-328 Mild steel 0.4 Mn, 0.2 V, 0.2 Co 0.004 (0.0035-0.0050) 0.00445 0.00029 0.0047
0.00430 0.00011O 0.0047
0.00“40 0.00038 0.0048
BCS-329 Mild steel 0.008 (0.0070-0.0080) 0.00785 0.00103 0.0089
0.00769 0.001143 0.0091
0.00813 0.00112 0.0093
BCS-330 Mild steel 0.5 Mn 0.007 (0.0070-0.0080) 0.0081l 0.00004 0.0082
0.00816 0.00008 0.0082
0.00812 0.0001g 0.0083

STI-v

¥Certified value based on the two results shown in brackets.
+NF means none found.

#NBS provisional result.



Table 7 - Results obtained for chromium in NBS and BCS iron, steel and non-ferrous alloys

Sample Nominal composition, % Certified value and Cr found, %
range, § Cr
NBS-3 White iron 2.3¢C, 0.4 Mn, 1.0 Si, 0.01 Mo, 0.01 V 0.051 (0.049-0.052) 0.052
NBS-5L Cast iron 2.6 ¢, 0.7 Mn, 0.3 P, 1.8 51, 1.0 Cu, 0.148 (0.144-0.150) 0.152
0.02 Mo, 0.03 V
NBS-6E Cast iron 2.6 C, 1.4 Mn, 0.4 P, 2.3 Si, 0.3 Cu, 0.074 (0.064~0.082) 0.073
0.02 Mo, 0.02 V
NBS-7f Cast iron 2.8¢, 0.4 Mn, 0.9 P, 1,9 Si, 0.05 V 0.015% 0.013
NBS-10G Bessemer steel 0.2 C, 0.09 Mn 0.008 (0.006-0.01) 0.0076

NBS-19G Acid open-hearth steel
NBS-30E Chromium-vanadium steel
NBS-36A Chromium-molybdenum steel
NBS-55¢ Open-hearth iron

NBS~-107A Nickel-chromium-

molybdenum cast iron

0.2 ¢, 0.6 Mn, 0.2 Si, 0.01 Mo, 0.01 V
0.5 C, 0.8 Mn, 0.3 Si, 0.15 V, 0.01 Mo
0.1 C, 0.4 Mn, 0.4 Si, 0.2 Ni, 0.9 Mo

2.7C, 0.6 Mn, 0.3 P, 1.4 Si, 1.0 Ni,
0.8 Mo, 0.03 ¥

0.374 (0.369-0.380)
0.934 (0.929-0.939)
2.4 (2.39-2.43)
0.003*

0.479 (0.469-0.491)

0.383, 0.376
0.951, 0.949

2.42,

0.0026, 0.0027
0.494, 0.491

2.36%

NBS-132 Molybdenum-tungsten- 0.8 ¢C, 0.3 Mn, 0.2 Si, 1.6 V, 7.1 Mo, 4,11 (4.06-4.14) 4,11, 4.15¢
chromium-vanadium steel 6.3 W
NBS-134A High speed steel 0.8 ¢, 0.2 Mn, 0.3 Si, 1.3 V, 8.4 Mo, 3.67 (3.64-3.69) 3.71, 3.69¢t
2.0 W
NBS-153 Molybdenum-cobalt steel 0.5 €C, 0.2 Mn, 0.2 Si, 2,0 V, 8.4 Mo, 4,14 (4.12-4.17) 4,12, 4.08¢
1.6 W, 8.5 Co
NBS-159 Chromium~-molybdenum 0.5 C, 0.8 Mn, 0.3 Si, 0.05 V, 0.4 Mo, 1.00 (0.99-1,03) 1.01, 1,00+
(silver-bearing) steel 0.1 Ag
NBS-363 Low-alloy steel 0.6 C, 1.5 Mn, 0.7 Si, 0.3 Ni, 0.3 V, 1.31% 1.32, 1.32t
0.03 Mo, 0.05 W
BCS-273 Mild steel 0.05 Mo, 0.3 W 0.075 0.076
NBS-85A Aluminum alloy 2.5 Cu, 1.6 Mg, 0.7 Mn, 0.4 Ni, 0.2 Fe, 0.231 (0.226-0.24) 0.233
0.1 si
NBS-86C Aluminum alloy 7.9 Cu, 1.5 Zn, 0.9 Fe, 0.7 Si 0.029 (0.022-0.032) 0.030
NBS-87a Silicon-aluminum alloy 6.2 Si, 0.6 Fe, 0.6 Ni, 0.4 Mg, 0.3 Mn, 0.11% 0.121
0.2 Ti
NBS-162A Nickel-copper alloy 64,0 Ni, 30.6 Cu, 2.2 Fe, 1.6 Mn, 0.9 Si, 0.042 (0.036-0.048) 0.041
0.5 Al
NBS-360 Zirecaloy-2 l.4 Sn, 0.2 Fe 0,114% 0.107

®NBS provisional result.

tResults obtained by taking two aliquots of the same sample solution through the extraction step.

91T~V
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Table 9 - Results obtained for copper in synthetic

molybdenum and tungsten samples

Matrix® Total Cu present, % Cu found, %

Table 8 - Results obtained for cobalt in synthetic Mo 0.0052 0.0052

nickel, molybdenum and tungsten samples 0.0102 0.0102
0.0252 0.0254
_Matrix Total Co present, % Co found, % 0.0502 0.0504
Ni# 0.0019 0.0020 0.1002 0.1009
0.0059 0.0060
0.,0109 0'0108 W 0.0050 0.0050
0.0259 0.0259 0.0100 0.0098
0.0509 0.0511 0.0250 0.02’49
0.1009 0.0997 0.0500 0.01499
0.1000 0.100;
Mot 0.0010 0.0010 #The molybdenum and tungsten metals (0.5 g) used
0.0050 0.0049 to prepare the synthetic solutions contained
0.0100 0.0099 0.0002% and no copper, respectively.
0.0250 0.0252
0.0500 0.0501
Table 10 - Results obtained for iron in synthetic
Wit EHEE 0.0010 molybdenum and tungsten samples
0.0050 0.0050
0.0100 0.010, Matrix®* Total Fe present, % Fe found, %
%050 e Mo 0.0179 0.017,
i 08458 0.0329 0.033,

*¥] g of nickel as nickelous chloride hexahydrate. 0.0579 0.0555
This compound contained 0.0009% of cobalt 0.1079 0.106u
calculated on the basis of 1 g of nickel.
tThe molybdenum and tungsten metals (1 g) used W 0.0156 0.0166
to prepare the synthetic samples were cobalt- 0.0306 0.0310
free. 0.0556 0.0563

0.1056 0.107g

*The molybdenum and tungsten metals (0.5 g) used
to prepare the synthetic solutions contained
0.0079 and 0.0056% of iron, respectively.
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Table 11 -~ Results obtained for iron in NBS copper-base alloys

Sample Nominal composition, ¢ Certified value, Fe found, %
§ Fe
C1103 Free-cutting 35.7 Zn, 3.7 Pb, 0.26 0.256, 0.255, 0.261
brass A 0.9 Sn, 0.2 Ni
C1104 Free-cutting 35.3 Zn, 2.8 Pb, 0.088 0.090, 0.090, 0.090
brass B 0.4 Sn
C1105 Free-cutting 34.0 Zn, 2.0 Pb, 0.044 0.041, 0,041, 0.041
brass C 0.2 Sn
C1106 Naval brass A %0.1 Zn, 0.75 Sn 0.004 0.0041, 0.0042, 0.0041
C1107 Naval brass B 37.3 Zn, 0.2 Pb, 0.037 0.038, 0.038
1.0 Sn
C1108 Naval brass C 34.4 Zn, 0.4 5n 0.050 0.049, 0.048
C1109 Red brass A 17.4 Zn, 0.1 Sn 0.053 0.054%
C1110 Red brass B 15.2 Zn 0.033 0.033
C1111 Red brass C 12.8 iIn 0.010 0.0091
C1112 Gilding metal & 6.3 Zn, 0.1 Sn 0.070 0.068, 0.068, 0.068
C1113 Gilding metal B 4.8 Zn 0.043 0.040, 0.039, 0.039
Cl114 Gilding metal C 3.5 Zn 0.017 0.016, 0.016, 0.016
C1115 Commercial 11.7 Zn, 0.1 Sn 0.13 0.126, 0.126, 0.128
bronze A
C1116 Commercial 9.4 Zn 0.0k46 0.044, 0.0uY, 0.045
bronze B
C1117 Commercial 6.9 In 0.014 0.014, 0.014, 0.014
bronze C
C1118 Aluminum 21.9 2n, 2.8 A1 0.065 0.065, 0.065, 0.066
brass 4
C1119 Aluminum 20.5 Zn, 2.1 Al 0.030 0.030, 0.030, 0.029
brass B
Cl120 Aluminum 18,1 Zn, 0.1 Pb, 0.015 0.014, 0.015, 0.014
brass C 1.5 A, 0.1 Sb
124d Ounce metal 5.1 Zn, 5.2 Pb, 0.18 0.181
4.6 sn, 0.2 Sb,
1.0 Ni

Table 12 - Results obtained for manganese in
synthetic molybdenum and tungsten

samples
Matrix® Total Mn present, % Mn found, %
Mo 0.0013 0.0013
0.0053 0.0052
0.0103 0.0103
0.0253 0.0253
0.0503 0.0507
0.1003 0.1017
W 0.0010 0.0009
0.0050 0.0049
0.0100 0.010o
0.0250 0.02‘48
0.0500 0.0‘097
0.1000 0.098g

#The molybdenum and tungsten metals (0.5 g) used
to prepare the synthetic solutions contained
0.0003 and no manganese, respectively.



Table 13 - Results obtained for molybdenum in NBS and BCS iron and steel

Sample

Nominal composition, %

Certified value and
range, ¥ Mo

Mo found, %

After a=-benzoinoxime
extraction

After a=-benzoinoxime

and xanthate extractions

NBS-3b White iron

NBS-4j Cast iron

NBS-12H Basic open-
hearth steel

NBS-33d Nickel steel

NBS-364 Chromium-
molybdenum steel

NBS=50a Chromium-
tungsten-vanadium
steel

NBS-50B Tungsten-
chromium=-vanadium
steel

NBS-1lla Nickel-
molybdenum steel

NBS-121B 18 Chromium-11
nickel steel

NBS-123b Niobium-
tantalum stabilized
stainless steel

NBS-152 Open-hearth
Steel

NBS-155 Chromium-
tungsten steel

NBS-1604 19 Chromium-14
nickel-3 molybdenum
steel

BCS-219/2 Nickel-
chromiun molybdenum
steel

BCS-273 Mild steel

0.4 Mn, 1.0 Si, 2.4 ¢C
3.0C, 0.8 Mn, 1.3 Si
0.8 Mn, 0.2 Si

3.6 Ni, 0.5 Mn, 0.3 Si
0.4 Si, 2.4 Cr, 0.4 Mn

18.3 W, 3.5 Cr, 1.0V,
0.5 8i, 0.7 Cu

18.1 W, 0.7 C, 0.3 Si,
4.1 Cr, 1.0V

0.7 Mn, 0.3 8i, 1.7 Ni

1.5 Mn, 0.6 Si, 11.2 Ni,
17.7 Cr, 0.4 Ti

0.2 W, 0.8 Nb, 0.2 Ta,
0.5 Si

0.5 C, 0.8 Mn, 0.2 Si
0.5 W, 1.2 Mn, 0.3 Si,
0.5 Cr, 0.9 C

14.1 Ni, 18.8 Cr, 1.6 Mn,

0.6 Si

0.2 W, 2.5 Ni, 0.8 Cr,
0.3 si, 0.6 Mn

0.3 W

0.002 (0.001-<0.01)

0.080%

0.006 (0.005-0.007)

0.246 (0.242-0.249)

0.920 (0.91-0.930)

0.009 (0.005~0.014)

0.401 (0.384-0.415)

0.222%

0,073 (0.070-0.076)

0.17%

0,013%

0.039 (0.035-0.043)

2.83%

0.43 (0.41-0.45)

0.0“5

0.0015, 0.0014
0.078
0.0050, 0.0048

0.245
0,918

0.227

0.073

0.166

0.013

0.037

2.84

0.427

0,041

0.016, 0.016

0.401

0.425

0.040

#*NBS provisional result.

6T1-V
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Table 14 - Results obtained for nickel in

synthetic molybdenum and tungsten

samples

Matrix® Total Ni present, % Ni found, %
Mo 0.0011 0.0012
0.0051 0.0052
0.0101 0.010l
0.0251 0.02148
0.0501 0.050l
0.0901 0'0904
W 0.0018 0.0018
0.0058 0.0058
0.0108 0.0108
0.0258 0.0258
0.0508 0.0509
0.0908 0.0905

¥The molybdenum and tungsten metals (0.5 g) used

to prepare the synthetic solutions contained
0.0001 and 0.0008% of nickel, respectively.

Table 15 - Results obtained for nickel in NBS and BCS copper-base alloys

Sample Nominal composition, % Certified value and Ni found, %%
range, % Ni
NBS-C1101 Cartridge 30.3 Zn 0.013 (0.013-0.01%4) 0.014, 0.014, 0.014
brass B
NBS-C1102 Cartridge 27.1 Zn 0.005 (0.005-0.006) 0.005, 0.005, 0.005
brass C
NBS-C1103 Free- 35.7 Zn, 3.7 Pb, 0.9 Sn 0.16 0.151, 0.151, 0.150
cutting brass A
NBS-C1104 Free- 35.3 Zn, 2.8 Pb, 0.4 Sn 0.070 0.070, 0.070, 0.071
cutting brass B
NBS-C1105 Free- 34.0 Zn, 2.0 Pb, 0.2 Sn 0.043 0.044, 0,045, 0.045
cutting brass C
NBS-C1106 Naval 40.1 Zn, 0.7 Sn 0.025 (0.024-0.025) 0.025, 0.025, 0.025
brass A
NBS-C1107 Naval 37.3 Zn, 1.0 Sn 0.098 0.098, 0.098, 0.098
brass B
NES=C1108 Naval 4.4 Zn, O.4 Sn 0.033 (0.031-0.037) 0.032, 0.032, 0.032
ass (
Red L7.4 Zn 0.10 (0.10-0.12) 0.104, 0.103, 0.104
3- ed 52020 0.053 (0.051-0.054) 0.052, 0.052, 0.052



(Table 15 cont'd)
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Sample Nominal composition, % Certified value and Ni found, %%
range, % Ni

NBS-C1111 Red 12.8 Zn 0.022 0.021, 0.021, 0.021
brass C

NBS-C1112 Gilding 6.3 Zn 0.100 0.099, 0.098, 0.097
metal A

NBS-C1113 Gilding 4,8 Zn 0.057 0.056, 0.056, 0.056
metal B

NBS-C1114 Gilding 3.5 Zn 0.021 0.021, 0.021, 0.021
metal C

NBS-C1115 Commercial 11.7 Zn 0.074 0.073, 0.074, 0.074
bronze A

NBS-C1116 Commercial 9.4 Zn 0.048 0.048, 0.048, 0.047
bronze B

NBS-C1117 Commercial 6.9 Zn 0.020 0.020, 0.020, 0.020
bronze C

NBS-37E Sheet brass 27.9 Zn, 1.0 Pb, 1.0 Sn 0.53 (0.52-0.55) 0.534

NBS-52¢ Cast bronze 2.1 Zn, 7.9 Sn 0.76 (0.76-0.7T) 0.759

NBS-62D Manganese 37.1 Zn, 1.2 Al, 0.7 Mn 0.28 (0.27-0.29) 0.286
bronze

NBS-63C Phosphor 9.4 Pb, 9.0 Sn, 0.5 Sb, 0.32 (0.31-0.32) 0.312
bronze bearing 0.1 P
metal

NBS-124d Ounce metal 5.1 Zn, 5.2 Pb, 4.6 Sn 0.99 0.998

NNBS-158 Silicon 2.1 Zn, 2.7 Si, 1.5 Fe, 0.006 (0.0056-0.0064) 0.0063
bronze i.3 Mn, 1.0 Sn, 0.5 Al

NBS-164 Manganese 21.9 Zn, 2.5 Fe, 4.7 Mn, 0.046 (0.044-0.05) 0.046
aluminum bronze 0.6 Sn, 6.2 Al

NBS-184 Leaded tin 2.7 Zn, 1.4 Pb, 6.4 Sn 0.50 (0.48-0.51) 0.509
bronze

BCS-183/1 Bronze 5.2 2n, 3.5 Pb, 5.0 Sn, 0.51 (0.47-0.53) 0.503

0.5 P, 0.2 Sb, 0.1 As
BCS-207 Bronze "C" 2.5 Zn, 9.8 Sn 0.09 (0.08-0.11) 0.095
BCS-179 Manganese 33.9 Zn, 0.8 Pb, 1.8 Sn, 1.01 (0.96-1.05) 1.00

brass "B"

0.9 Fe, 1.0 Mn, 1.6 Al

*Results for NBS "C" series alloys taken from the following reports:

-LaRochelle, A.E., Penner (Donaldson), E.M.,, McMaster, C.H. and Inman, W.R.

"Determination of

copper, zinc, iron, nickel, tin and lead in spectrographic standard samples of brasses for

the National Bureau of Standards, Washington, D.C.";

Mineral Sciences Division Test Report

AC-62-18; Mines Branch, Energy, Mines and Resources Canada; 1962.

-Idem.
Washington, D.C.";

Mines and Resources Canada; 1963.

YAnalysis of brasses, bronzes and gilding metal for the National Bureau of Standards,

Mineral Sciences Division Test Report AC-63-92; Mines Branch, Energy,



Table 17 - Results obtained for selenium in CCRMP

Table 16 - Results obtained for nickel in NBS and BCS magnesium- and aluminum-base alloys

Sample

Nominal composition, %

Certified value and

range, % Ni

Ni found, %

NBS-171 Magnesium-
base alloy

NBS-85B Aluminum
alloy

NBS-86C Aluminum
alloy

NBS-87a Silicon
aluminum alloy

BCS-182/1 Silicon
aluminum alloy

BCS-268 Silicon
aluminum alloy

BCS-307 Cerium
zine zirconium
magnesium alloy

NBS-171

BCS-307

3.0 A1, 1.0 Zn, 0.5 Mn

4.0 Cu, 0.6 Mn, 0.2 Si

7.9 Cu, 0.7 Si

6.2 Si, 0.3 Mn

11.5 Si, 0.3 Mn

4.9 Si, 1.3 Cu, 0.2 Mn

2.8 rare-earth elements,

2.1 Zn, 0.6 Zr

0.0009 (0.0007-0.0014)

0.084 (0.079-0.091)

0.030 (0.02-0.035)

0.57

0.04 (0.03-0.05)

0.12 (0.11-0.136)

0.001 or less

0.0109%
0.0106t

0.0008

0.089, 0.088

0.030, 0.030

0.561

0.040

0.120

0.0006

0.010
0.010

#0,01% nickel added.
tValue includes nickel found and 0.01% added.

commercial-purity copper rods

Sample Recommended value, Se found,
ug/g Se ng/g
SSC-~1 7.3 8.8, 9.0
3SC-2 2.6 2.8, 3.4
SSC-3 3.9 4.8, 5.0
Ssc-4 2.9 3.4, 3.6

Table 18 - Results obtained for silicon in

synthetic copper-base alloys

Sample Total Si present, % Si found, %
Cu metal¥ 0.0014 0.0014
0.0044 0.0043
0.0084 0.0085
C1118 Aluminum 0.0031 0.0033
brass At 0.0051 0.0052
0.0081 0.0078

*#The copper metal (1 g) used to prepare the

synthetic solutions contained 0.0004% of silicon.

+Si present, 0.0021% (see Table 19).
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Table 19 - Results obtained for silicon in NBS copper-base alloys

Sample Nominal composition, % Certified value, Si found, %%
% Si

C1100 Cartridge brass 0.1 Pb, 0.01 P 0.01%+ 0.0094, 0.0095, 0.0094

C1101 Cartridge 0.002 P, 0.009 As 0.005+% 0.0050, 0.0048, 0.0050
brass B

C1102 Cartridge 0.005 P, 0.004 As 0.002¢+ 0.0017, 0.0018, 0.0015
brass C

C1118 Aluminum 2.8 A1, 0.13 P, 0.007 A&s 0.0021 0.0021, 0,0020, 0.0023
brass A

C1119 Aluminum 2.1 A1, 0.07 P, 0.04 as 0.0015 0.0015, 0.0015, 0.0015
brass B

€1120 Aluminum 1.5 Al, 0.018 P, 0.09 As 0.0011 0.0013, 0.0011, 0.0009
brass C

*¥Results taken from the following reports:
-Penner (Donaldson), E.M. and Inman, W.R. "Determination of silicon in aluminum brasses

for NBS spectrographic standards"; Mineral Sciences Division Test Report AC-64-51; Mines

Branch, Energy, Mines and Resources Canada; 1964.
-LaRochelle, A.E., Penner (Donaldson), E.M., McMaster, C.H. and Inman, W.R. "Determina-
tion of arsenic, beryllium, bismuth, cadmium, manganese, phosphorus and silicon in
spectrographic standard samples of brasses for the National Bureau of Standards,

Washington, D.C."; Mineral Sciences Division Test Report AC-64~138; Mines Branch,

Energy, Mines and Resources Canada; 1964,

tValue given for information only; not certified.

Table 20 - Results obtained for tellurium in
NBS copper-base alloys

Sample Certified value, Te found,
ug/g Te ug /e
C1100 Cartridge 35 34.8, 34.3
brass
Cl1101 Cartridge 15 113555 34
brass B
Cl1102 Cartridge 3 0.8, 0.8

brass C
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Table 21 - Results obtained for tin in NBS and BCS iron, steel and non-ferrous alloys

Sample

Nominal composition, %

Sn found, %

Certified value and Atomic-absorption

range, % Sn spectrophotometry

NBS-19G Acid open-
hearth steel

0.6 Mn, 0.2 Si, 0.4 Cr,
0.03 Nb

0.008 (0.008-0.009)

Spectrophotometric

gallein method

0.0081

0.0095

NBS-32E Nickel- 0.8 Mn, 0.3 Si, 1.2 Ni, 0.011% 0.011, 0.011 0.013
chromium steel 0.7 Cr
NBS-33C Nickel steel 0.7 Mn, 0.3 Si, 3.3 Ni 0.003 (0.003-0.004) 0.0025 -
NBS-36A Chromium- 0.4 Mn, 0.4 Si, 2.4 Cr, 0.011 (0.010-0.012) 0.010 0.012
molybdenum steel 0.9 Mo
NBS-55e Open-hearth 0.01 As 0.007 (0.006-~0.008) 0.0054, 0.0054 -
iron
NBS-101E 18 chromium-9 1.8 Mn, 0.4 Si, 9.5 Ni, 0.020 (0.019-0.023) 0.020 -
nickel steel 18.0 Cr, 0.4 Mo
NBS-125 High silicon 5.0 Si 0.007 (0.005-0.008) 0.0066 0.0092
steel
NBS-152 Basic open- 0.8 Mn, 0.2 Si 0.036 (0.035-0.039) 0.037 -
hearth steel
NBS-160A4 19 Chromium-14 1.6 Mn, 0.6 Si, 14.1 Ni, 0.013 (0.010-0.017) 0.012 -
nickel-3 molybdenum 18.7 Cr, 2.8 Mo
steel
BCS-218/2 Carbon steel 0.6 Mn, 0.2 Si, 0.04 As 0.035 (0.032-0.037) 0.033, 0.033 0.034
BCS-273 Mild steel 0.065 (0.060-0.068) 0.065 0.065
NBS-37E Sheet brass 69.6 Cu, 27.9 2n, 1.0 Pb 1.00 (0.98-1.02) 0.995 1.02
NBS-62D Manganese 59.1 Cu, 37.1 Zn, 1.2 A1, 0.38 (0.37-0.40) 0.397 0.403
bronze 0.7 Mn
NBS-15TA Copper-nickel- 58.6 Cu, 29.1 Zn, 11.8 Ni 0.021 (0.016-0.026) 0.022 0.024
zinc alloy
NBS-158 Silicon bronze 90.9 Cu, 2.7 8i, 2.1 Zn, 0.97 (0.96-0.99) 0.990 0.985
1.3 Mn
NBS-164 Manganese- 63.8 Cu, 21.9 2n, 6.2 Al, 0.63 (0.60-0.64) 0.632 0.673, 0.655
aluminum bronze 4.7 Mn
NBS-C1101 Cartridge 69.5 Cu, 30.3 Zn 0.016 - 0.017
brass B
NBS-C1102 Cartridge 72.9 Cu, 27.1 ZIn 0.006 - 0.0058
brass C
NBS-C1116 Commercial 90.4 Cu, 9.4 2n 0.0u44 - 0.043
bronze B
BCS-Manganese brass "B" 58.8 Cu, 33.9 Zn, 1.0 Mn, 1.75 (1.64-1.88) - 1.74
0.9 Fe, 1.6 Al, 1.0 Ni,
0.05 Sb
NBS-94B Zinc-base alloy 4.1 A1 0.006 (0.005-0.006) 0.0055 0.0056
NBS-87 Silicon-aluminum 6.2 Si, 0.6 Ni, 0.2 Ti 0.063 (0.05-0.077) 0.063 0.063
alloy
BCS-268 Silicon- 4.9 8i, 1.3 Cu 0.03 0.031 0.029
aluminum alloy
NBS-176 Titanium-base 5.2 Al 2,478 2.49 -—
alloy
NBS-360 Zircaloy=2 1.43% 1.45 1.44

*NBS provisional result.
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Table 22 - Results obtained for titanium in
synthetic molybdenum, tungsten and

aluminum samples

Matrix#® Total Ti present, % Ti found, %t
Mo 0.0013 0.0012
0.0053 0.0050
0.0103 0.0103
0.0253 0.0253
0.0503 0.01499
0.1003 0.1003
W 0.0010 0.0009
0.0050 0.0050
0.0100 0.0100
0.0250 0.0250
0.0500 0.01499
0.1000 0.100l
Al 0.0011 0.0011
0.0051 0.0052
0.0101 0.0106
0.0251 0.0250
0.0501 0.0505

#The molybdenum, tungsten and aluminum metals
(0.5 g) used to prepare the synthetic samples
contained 0.0003, none, and 0.0001% of titanium,
respectively.

tThe results for the aluminum samples are taken

from reference 2 (p 97).
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Table 23 -~ Results obtained for titanium in NBS and BCS iron, steel and

non-ferrous alloys

Sample

Nominal

composition, %

Certified value and

range, § Ti

Ti found, %*

NBS-85B Aluminum
alloy

NBS-86C Aluminum
alloy

BCS-263 Aluminum
alloy

BCS-268 Silicon-
aluminum alloy

NBS-162A Nickel-
copper alloy

NBS-169 Nickel-
chromium alloy

NBS-4i Cast iron

NBS-6F Cast iron

NBS-115 Copper-
nickel-chromium
cast iron

NBS-121b Chromium-
nickel steel

NBS-122d Cast iron

4.0
0.2
7.9
0.7
0.4
4,2
1.4
0.4

Cu,
Si,
Cu,
Si

Fe,
Mg,
Cu,
Fe,

0.2 Fe,

1.5 Mg,
1.5 Zn,

0.5 Mn,
0.3 Cr

0.6 Mg,
0.2 Mn

0.6 Mn,
0.2 Cr
0.9 Fe,

0.2 Si,

4.9 8i,

30.6 Cu, 64.0 Ni, 2.2 Fe,
1.6 Mn, 0.5 Al, 0.9 Si
77.3 Ni, 20.3 Cr, 1.4 Si,

0.5
3.3
0.3
2.9
1.9
2.4
6.4

1.5

17.7 Cr

Fe,

0.2 Co

C, 0.8 Mn, 1.5 Si,

Cu

¢, 0.5 Mn, 0.5 P,
Si, 0.3 Cu, 0.4 Cr
¢, 1.0 Mn, 1.6 Si,
Cu, 15.9 Ni, 2.2 Cr

Mn, 0.6 Si, 11.1 Ni,

3.3 C, 0.5 Mn, 0.3 P,

0.6

Si

0.022 (0.022-0.024%)

0.035 (0.033-0.036)

0.05 (0.045-0.056)

<0.02 (0.01-0.02)

0.005 (0.004-0.007)

0.006 (0.005~-0.009)

0.026 (0.022-0.029)

0.063 (0.055-0.070)

0.021

0.414 (0.410-0.419)

0.007 (0.005-0.009)

0.022

0.035

0.052

0.014

0.0044

0.0056

0.027

0.059

0.028

0.399

0.0054

#Results taken from reference 2 (p 97).
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Table 24 - Results obtained for tungsten in NBS and BCS steel

Sample Nominal composition, % Mo, Certified value and W found, %
% range, § W
NBS-50a Chromium- 0.3 Mn, 0.5 Si, 3.5 Cr, 0.009 18.25 (18.16-18.34) 18.2
tungsten steel 1.0 V, 0.1 Cu, 0.1 Ni,
0.04 As
NBS-50B Tungsten- 0.3 Mn, 0.3 Si, 0.1 Cu, 0.401 18.05 (17.95-18.14) 17.9
chromium-vanadium 0.1 Ni, 4.1 Cr, 1.0 V,
steel 0.04 As
NBS-101E Chromium- 1.8 Mn, 0.4 Si, 0.4 Cu, 0.426 0.056 0.054+
nickel steel 9.5 Ni, 18.0 Cr, 0.04 V,
0.2 Co
NBS-123a Chromium- 0.8 Nb, 0,04 V, 0.5 Si, 0.12 0.11% 0.108
nickel steel 18.1 Cr
(niobium-bearing)
NBS-123b Niobium~ 0.8 Nb, 0.2 Ta, 0.5 Si, 0.17 0.18% 0.182
tantalum 0.05 Vv
stabilized stainless
steel
NBS-134A Molybdenum-~ 0.2 Mn, 0.3 Si, 0.1 Cu, 8.35 2.00 (1.97-2.05) 2.03%
tungsten high-speed 0.1 Ni, 3.7 Cr, 1.3 V
steel
NBS-153 Cobalt- 0.2 Mn, 0.2 Si, 0.1 Cu, 8.38 1.58 (1.54-1,.61) 1.55¢%
molybdenum-tungsten 0.1 Ni, 4.1 Cr, 2.0 V,
steel 8.5 Co
NBS=155 Chromium- 1.2 Mn, 0.3 Si, 0.1 Cu, 0.039 0.517 (0.508-0.526) 0.517
tungsten steel 0.1 Ni, 0.5 Cr, 0.02 V
BCS~220/1 Tungsten- 5.1 Cr, 2.1 V, 0.1 Co, 5.20 6.86 (6.78-7.00) 6.78
molybdenum high- 0.2 5i, 0.3 Mn, 0.2 Ni,
speed steel 0.2 Cu, 0.03 As
BCS~-246 Niobium- 0.8 Nb, 18.8 Cr, 12.1 Ni, 2.89 0.22 (0.19-0.23) 0.223%
molybdenum 18/12 0.1 Cu
stainless steel
BCS-271 Mild steel 0.1 Cr, 0.1 Sn 0.19 0.015 (0.013-0.019) 0.016
BCS-273 Mild steel 0.1 Cr, 0.2 Cu, 0.1 Sn, 0.045 0.28, (0.271~0.282) 0.287
0.05 V
BCS-281 Low-tungsten 0.1 Si, 0.1 Mn 0.02 0.70 (0.68-0.73) 0.696
steel
BCS-282 Low-tungsten 0.1 8i, 0.1 Mn, 0.1 Cr, 0.02 1.30 (1.28-1.32) 1.29
steel 0.02 Vv

#NBS provisional result.

tMolybdenum removed by xanthate-chloroform extraction.
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Table 25 - Results obtained for vanadium in NBS iron, steel and non-ferrous alloys

Sample Nominal composition, % Certified value and V found, %
range, %V

6F Cast iron 0.4 Cr, 0.1 Ti, 0.5 Mn 0.032 (0.027-0.038) 0.031

19G Acid open-hearth 0.4 Cr, 0.6 Mn 0.012 0.012
steel

30E Chromium-vanadium 0.9 Cr, 0.8 Mn 0.149 (0.146-0.152) 0.146
steel

32E Nickel-chromium 0.7 Cr, 1.2 Ni, 0.8 Mn 0.002 (0.001-0.004) 0.0013
steel

36A Chromium-molybdenum 2.4 Cr, 0.9 Mo, 0.4 Mn 0.006 (0.005-0.007) 0.0041, 0.0040%
steel

85B Aluminum alloy 0.2 Cr, 4.0 Cu, 1.5 Mg, 0.006 0.0069

0.6 Mn

87A Silicon-aluminum 6.2 si, 0.2 Ti, 0.1 Cr <0.01 0.0080
alloy

100A Manganese steel 1.7 Mn 0.003 0.0019

101E Chromium-nickel
steel

106B Chromium-
molybdenum-aluminum
steel

111A Nickel-molybdenum
steel

133 Chromium-molybdenum
steel

139 Chromium-nickel-
molybdenum steel

155 Chromium-tungsten
steel

159 Chromium-molybdenum-
silver steel

1604 Chromium-nickel-
molybdenum steel

161 Nickel-chromium

casting alloy

18.0 Cr, 9.5 Ni, 1.8 Mn

S 2MC
0.5 Mn

0.2 Mo, 1.1 Al,

1.7 Ni,
0.7 Mn
13.6 Cr, 0.6 Mo, 0.8 Mn

0.2 Mo, 0.2 Cr,

0.5 Cr, 0.6 Ni, 0.2 Mo,
0.9 Mn
0.5 Cr, 0.5 W, 1.2 Mn
1.0 Cr, 0.4 Mo, 0.1 Ag,
0.8 Mn

18.8 Cr, 14.1 Ni.

2.8 Mo, 1.6 Mn

64.3 Ni, 16.9 Cr,

15.0 Fe, 0.5 Co, 1.3 Mn

0.043 (0.038-0.045)

0.003 (0.002-0.005)

0.002

0.020 (0.014-0.025)

0.002

0.014 (0.010-0.022)

0.054 (0.046-0.06)

0.052

0.029 (0.023-0.034)

0.039%, 0.039%

0.0030

0.0020

0.018%

0.0016

0.012

0.053

0.050*

0.029*%

¥Mercury cathode separation of chromium.
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Table 26 - Results obtained for zinc in synthetic

nickel, molybdenum and tungsten samples

Mavrix Total Zn present, % Zn found, %
Ni# 0.0022 0.0026
0.0062 0.0060
0.0112 0.0107
0.0262 0.0259
0.0512 0.051u
0,1012 0.101l
Mot 0.0012 0.0011
0.0052 0.0051
0.0102 0.010l
0.0252 0.0253
0.0502 0.0502
Wt 0.0011 0.0010
0.0051 0.0049
0.0101 0.010O
0.0251 0.0248
0.0501 0.0507

#1 g of nickel added as nickelous chloride hexa-
hydrate. This compound contained 0.0012% of zinc
calculated on the basis of 1 g of nickel.
+The molybdenum and tungsten metals (1 g) used to
prepare the synthetic solutions contained 0.0002

and 0.0001% of zinc, respectively.
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APPENDIX B






Table 1 - Common acids and alkalies - useful data

B-133

HC1 HNO3 HF HClOu stou H3PON CH3COOH NHuOH
Molecular mass 36.46 63.02 20.01  100.46 98.07 98.00 60.03 35.04
Average specific
gravity of con- 1.19 1.42 LIS 1.68 1.84 1.69 1.06 0.90
centrated reagent
Average % present
in concentrated 36.0 69.5 48.0 T71.0 96.0 85.0 99.5 58.6
reagent
Grams of "active”
ingredient per mL 0.426 0.985 0.552 1.19 LNl 1.44 1.055 0.527
Molarity of con-
centrated reagent T 15.6 27.6 11.8 18RO 14.7 17.6 155
Volume (mL) of con-
centrated reagent 85.5 64.0 36.2 84,4 55.6 68.2 56.9 66.5

per litre of 1 M

solution
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