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INTRODUCT JON .

In recent years the importance of making provision
in a scheme of analysis for the "rare" or, better,
"uncommon” elements has been emphasised. Many of |
these elements are finding an ever-increasing industrial
application, and the exclusion of certain of them,
such as titanium, tungsten and molybdenum, is no longer
excusable, In 1927 Noyes and Bray published their
book, "A System of Qualitative Analysis for the Rare
Elements", which gives a comprehensive and precise
scheme of separations for nearly all of the elements
that occur in analyses for cations, and allows for the
detection of small as well as large proportions of
each.

This book will, no doubt, remain standard for
some time to come, but, since its publication,
inorganic¢ analytical chemistry has seen two major
developments in method, first, a great extension of
the na; of sensitive organic and unusual inorganic
reagents as selective testing agents for single ions
or several related ions, and as precipitating agents
for groups of ions; and secondly, the growth of
techniques pertaining to semi~micro or micrc-analysis,
In practice, the new methods are frequently employed
most successfully in combination; for instance, in

qualitative/
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qualitative work, the use of a sensitive testing
reagent facilitates the detection of a very small
amount of an element, while the reduction in the
scale of operations renders it economically possible
to use an expensive reagent.

The main source of information regarding
sensitive organic reagents is Feigl's well-known:
book, "Qualitative Analyse mit Hilfe von Tfipfel~
reaktionen", which states how small an amount of an
ion is detectable with a given reagent, how it is
affected by the presence of other ions, and whether
or not interfering effects may be eliminated or
reduced, Of value also, as a catalogue of tests
using both inorgenic¢ and organic reagents is "Tebles
of Reagents for Inorganic Analysis", collected by
the International Committee on new Analytical Reactions
and Reagents,

Many books and papers have been published dealing
with the application of the micro-technique to
qualitative analysis for inorganic cations, In their
book, "Introduction to the Microtechnique of Inorganic
Qualitative Analysis”, (1935), Benedetti~Pichler and
Spikes give a scheme of analysis for very varied
proportions of the common metals in 1 mg. of material,
and confirm the presence of most by means of erystal

tests/



tests under the microscope. Within recent years,
numerous books, covering the same ground, but applicable
to the semi-micro scale, have heen published, particularly
in America. A typical example is "Semi-micro
Qualitative Analysis" (1936), by Engelder, Dunkelberger
and Schiller. In the cation scheme, which is
applicable to 20 mg. of material, the groups are

formed in the traditional manner, and separated to a
considerable extent into their components. A great
variety of tests i1s then given, some of which employ
organic reagents, but there is a lack of critical
information with respect to interference, and the
defeotion of small proportions.

An interesting paper on semi-micro analysis is
that of Winkley, Yanowski and Hynes, (Ref. 1). The
elements are separated into groups and then drop
reactions are applied directly wherever possible.

The tests are well chosen and sensitive, and conditions
are adjusted so that interference doces not take place.
The maximum amount of any cagion present in the
solution is stated to be 2 mg. but the minimum amount
detéctable by the methods adopted is not given.

The extension of these methods to include uncommon
cations is steadily progressing. In 1934, Nieuwenburg
and Dulfer published their "Short Manual of Systematic
Qualitative /



Qualitative Analysis", in which a scheme of analysis,
based on the classical separation into groups, is
'applied, after a partial separation of the group
components, to the detection with organic and inorganic
reagents of about 45 cations in 100 mg. of material.
Extremes of quantities are not considered. Benedetti-
Pichler and his co-workers, on the other hand, in the
gradual extension of their work on the miero scsle to
all the cations, have utilised the more precise scheme
of separations of Noyes and Bray, and have =already
'examined, wholly or in part, all except the osmium,
tungsten, tantalum and gold groups. (Ref. 2(a-j)). New
procedures have been introduced where necessary, and
organic reagents, such as Gupferron and dimethylglyoxime,
used for separations. Final confirmation has usually
been obtained by methods similer to those in the Noyes
aend Bray scheme, though crystal tests under the micro-
:8cope have also been employed. The limits of
identification are clearly stated, and the papers are
critical in outlook.

So far there has heen no comparable development on
the semi-micro scale, despite the fact that semi-micro
methods, being applicable to quantities of, say,

20-100 mg. {Benedetti-Pichler and Spikes suggest an
upper limit of 50 mg.), necessitate no important

changes /



changes in method, and are therefore much more easily

applied than the true micro methods with their
specialised technique, The only important paper

is that of Fischer, Dietz, Brtinger and Grieneisen
(Ref. 3.), who made a comprehensive study of the
ammonium sulphide group of Noyes and Bray, seperating
most of the components completely, and testing for
them by modern methods. The asuthors were aware of
the difficulties encountered when small quantities
have to be detected in the presence of large, and
allowance is made for this eventuality. A maximum of
0.2 g. of meterial was used, which is rather in
Iexoaaa of the semi-micro limit.

It is evident that there is a wide field of
research for further developments on the semi-micro
scale. Following the example of Benedetti-Pichler,
the author therefore proposed to select for study
certain groups of the Noyes and Bray scheme, and by
means of the judicious application of modern reagents
and tests, to reduce the scale of operations to one
tenth of that used in the original. This meant that
the maximum amount of material under consideration
would be 100 mg., 50 mg. referring to the cations, and
that 10 mg. would be the maximum amount of any less
common cation present.

In /



In general, the detection of 0.5% of one ion
in the presence of 100% of any other common ion or
20% of any less common ion was aimed at, these
proportions being similar to those adopted by Noyes and
Bray. It was also proposed to make provision for the
estimation of the quantities of the components of a
mixture.

Since no work has so far been published dealing,
either on the micro or the semi-micro scale, with the
tungsten, tantalum and gold groups of Noyes and Bray's |
- acheme, these were selected for analysis.

As far as possible it was intended to utilise for
confirmatory purposes sensitive organic resgents,
giving characteristic coloured solutions or precipitates,
in preference to the crystal tests of Behrens and Kley
and others, which are more difficult to carry out with
certainty (¢f. Annual Reports on the Progress of
Chemiatry, 1935-37).

It was not anticipated that the employment of
selective reagents would obviate the necessity for at
least a partial separation of the components of the
groups, but it was hoped to simplify these separations
wherever possible,

The results of the inves%igationa are given in the

following pages.



-7*

EXPERIMENTAL

APFARATUS.

Centrifuge:- The mein item was an electrically
driven "Internstional Clinical Centrifuge”, provided
with two heads, one carrying buckets for 15 ml.
conical tubes, the other with buckets for 5-% ml.
tubes, Although the less expensive hand-driven
machinas were quite suitadble, it was 8 grest
convenlence to have & mechanically operated model.
Hot-Plate:- A hot-plate was construcied fLrou the
iron bases of two retort stands Joined together

by & short length (8") of the original column,

When heated by gae at cne end, thie sffcrded a very
useful gradation of temperature.

water-bagth:=- For heating the various sizes of

centrifuge tubes, & 600 ml., beaker filled with water
was kept on the hot-plate. The beaker wae fitted

with an aluminium cover in which holes of sppropriste

gize were punched.

Gas-burners:- Micro-Bunsen burners were regularly
uged., PFor high temperature fusions & small hand
blowpipe was available.

Reagent Bottles:- The solutions of the salts of the

elemente to be tested and the reagents used worae,
for the most part, contained in bottles of 60 ml.
capacity fitted with corx or rubber stopvere
through which pipettes of 3-4 mm. bore, and about
15 om./



16 cm. long, had been inserted. Hydrofluoric acid
solutions were kept in ceresin or guttapercha bottles,
and Cellophsne drinking straws were used as pipettes,
until some msede of transparent bakelite became
available. When contact with the air was deleterious,
the ends of the pipettes were covered with small
rubber caps. The concentrated acids and ammonium
hydroxide were kept in stoppered bottléa 0of about

the same capucity, and reagentis whica were made up in
small quantities, owing to their impermanence or cost,
were contained in stoppered bottles of about 20 ml.
capecity. Solid reagents in frequant use were kKept
in little viels. These bottles were for the most
part srrenged on a long wooden tray.

Platinum ¥Were:- A few tall 6 ml. crucidbles were

required for the evaeporation of solutions containing
hydrofiluoric acid, and for various fusions.

Porcelsin and Silica Ware:- Porcelain crucibles of

various sizes from 2-15 ml. capsoity, and shallow
basins of 35 mm. diemeter were frequently used for the
evaporation of solutions. Evaporations were often
expedited by arranging an air stream so aéﬁimpinge
upon the surface of the liquid, (Ref. 4, p. 137).

For some fusions, tall, 12 ml. eillice crucibles were
required. Spotting tiles with twelve cavities were
utilised in making many of the tests.

Glassware:- The great majority of the separations

required by the scheme of analysis were performed in

centrifuge/



cenirifuge tubes of size renging from 15 ml. to 0.5 ml.

These were used in conjunction with the centrifuge

desoridbed nhove, The tubes were of the standard

. pattern, but the smallest sizes hed very fine points.

. The sepsration of eolutions from precipitates in

centrifuge conss was performed by means of smell

- ordinary pipettes,or pinettes drswn out to = point of

. 0.2 mm, bore, (Ref. 4, po. 128-9), 'hen s precipitat§

wes to be waghed, 1t wag etirred up with the wsaeh

' 1iquid by meems of & thin glass rod, drawn out to & :

thresd at one end, &#nd having & besud =t the end of the
thread, When it waa necessary to separate two liquidi
layers in & tube, e.g. ester from wster, & pipette was

used which had been msede from 10 mm. glass tubing by

- drawing one end out straight to form a mouthpiece, and

drawing out the other end to a capillary, which was
bent at 170°. This was placed in the centrifuge tube,
which was then held at such an angle that 1t was poesible
to see the two layers clearly. When & gas had to be
passed into a-centrifuge tube, a glase tube drawn out
et one end to form & caplillery was used.

Test-tubes, 3" x #", and 2" x 3", were frequently
used, A ghort buretite, smull gracuated cylinders,

and gradusted pipettes wers needed, also small besakers,
oonical flssus, and other items, all about one-tenth

of/
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of the usual size.

' Spot Test Paper:- Schleicher and Schill's No. 601 was |

'used when required. The No. 589 "Black-Band" filter

| papers of the same manufacture were also used upon

oeccasion,



Test Solutions

The test solutions of elements studied werse
made up, in general, in concentrations of 10%, 1% and
0.08%, W/V, calculated with respect to the weight of
the element concerned, or in the case of phosphate,
with respect to the phosphate ion (PD:). The moet

concentrated solution used in the case of the gold
group elements was of H%. In certain cesss where ¢

10% solution could not be attained for reusons of
solubility, a saturated solution of known gtrength
was used, The concentrated solutious were convenient
for testing the effsct of & large excess of one
radical on a small amount of another,

The following is a liotv of Lhe chemiosls uged In
the preparation of the sclutions, with notes ag to
their purity.

Antimony. antimory Trichloriae, 5h013.

Bismuth. Bismuth Nitrats, BiONDz,HEO

Gold. Gold Chloride, HiuCly, xHg0. (51% Aul.

Iridium, Iridium Chioride, Ir014.

Mercury. Merouric Chloride, Hgll,.

Molybdenum., Ammonium Molyhdsta, (NH4)6u07034.4E20.

Niobium. x from the element.

Palladium. '%-Palladium Chloride, PdCl,.

Phosphete. Ammonium Phosphate, (NH ) H?O,.

Platinum. T Platinic Chloride H,2t01g,xH,0 &
— RC1(40% Pt).

Rhodium. /



Rhodium. Rhodium Chloride, Rh013.4320.

Tantalum. x from the element.

Tellurium, Sodium Tellurite, Na,TeOj.

Tin. Stannous Chloride, SnCl,, 2H,0
oxidised by perhydrol in hydro-
chlorie aeid solution.

Titanium, Titenous Chloride, Ti0l,, oxidised by
ohlorine gue in hydrochloric acid
solution,

Tungsten. Sodium Tungstete, Nagwo4,2xgo.

Vanedium. Ammonium Metavanadate, NH,VO,, converted

to the more soluble sodium salt by'
boiling with an equivalent of sodium
hydrozids,

Zirconiunm. Zirconium Oxychloride, 7Zr0Cl_.

aonn 2

x "Snecpurn’, supplied by Adam Hilger Ltd. The
tanitslun solution was made up from 99.5% pure
tantelum metel, the niobium, from exceptionally
pure niobium metal, containing only a trace of tin.,
Both were supplied in a 1% solution contsining

2%-3% of free nydrofluoric acid.
' ;*-Suppliaﬂ by Johuson, Matthey ani Co. Ltd.,

and stated to contain no base metal iupurities,
and only very small {races of other metals of the
platinum group.

The tivanous chlioride used was British Drug
Housen Ltd, "iron-free” solutvion in hydroohloric

ecid.
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All the other chemicals used for the test
solutions were of analytical grade, and were
supplied by British Drug Houses, Ltd., Messrs.
Hopkin and Williams, Ltd., and Schering-Kshlbaum,
A.G.

Reagents.

The acids, alkalies and other inorganic reagents
used were of "AnalaR" standard or of analytical grada.

The special organic reagents employed were
obtained from Messrs. Hopkin and Williams, Ltd., or
from British Drug Houses, Ltd.

Organic solvents were redistilled before use.
The ethyl acetate used for the extraction of gold and
mercury in the analyeis of the gold group was refluxed
over phosphorusa pentoxide for & day and then
fractionated. The fraction boiling hetween 76.5°

and 77.59 wase used.



The Composition of the Tungsten, Tantalum and

Gold Groups with Reference to Noyes

and Bray's Scheme

The Isolation of the Groups

In the scheme of analysis of Noyes and Bray the
material to be analysed is treated first with
hydrobromic acid, during which treatment the elements
of the selenium group are removed by distillation,
and then with nitric and perchloric acids, when the
elements of the osmium group are distilled off. All
of the material is at this stage held in solution,

- except possibly, a small amount of unattacked material.
The perchloric acid solution is then diluted and

boiled with formic acid, which results 1n'tha
precipitation of the constituents of the tungsten and
tantalum group as oxides or phosphates, and the

members of the gold gfoup as metals. There may also he
thrown out of solution silver as bromide, and lead,
chromium and the alkaline earths as sulphates. From
this precipitate, the members of the tungsten and
tantalum groups are dissolved by means of hydrofluoric
acid, and, following removal by carbonate and perchloric
acid of the lesd, chromium and alkaline earth metals,
the/
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the constituents of the gold group are dissolved out
by meaneg of nitric and hydrochloric aocids.
The Constitution of the Groups

The elements which may be present in the
hydrofluoric acid solution are tin, antimony, tungsten,
molybdenum, tellurium, vanadium, ¢titanium, tantslum,
niobium, zirconium and bismuth, 28 well as phosphate.
Lead may be present in small quantity (not more than
1.5 mg.), but need not be tested for in this solution,
‘The gold group may contein mercary, gold, platiuum.;mlladium,
rhodium snd iridium. '

As stated in the Introduction, the maximum amount
of material to ba allowed for in the scheme to be
described was 100 me., 50 mg. referring to the metallic
elements, The latter might be represented by one common
element alone. Tin, antimony, phosphate, or merocury
might therefore be pressent in any quantity up to 50 mg.
Not more than 0.5 mg. of bismuth was allowed for, this
being a reduction to one-tenth of the maximum amount
which Noyes snd Bfay state may come into the hydro-
fluoric acid solution (Ref. 5, p. H0). 10 mg. was
the upper limit for any one of the other elements,
except vanadium, rhodium or iridium, for which it was
2 mg., in approximete sccordance with Noyes and Bray's
findings (Ref. B, pp. 47 & 48). The minimum amount
of/
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of any ion considered was 0.25 mg.
Certain of the poseible constituents of the groups

' are only found when certain other elements are also

' present., Thus the occurrence of zirconium, tellurium

or bismuth is dependent upon the presente of phosphate,
tin or antimony, respectively. The presence of
iridium and rhodium depends mainly on contact

catplytic effects,

It was proposed to examine methods of analysis for

' the tungsten and tantalum groups initially in

'econjunction, and then for the gold group.

The Separation of the Tungsten and Tantalum Groups

With the exception of the vanadium, which is
in the tetravalent form, the elements present in the
hydrofluoric acid extract are in their highest state
of oxidation. In the scheme of analysis set forth
by Noyes and Bray, the solution is evaporated with
sulphuric acid to expel the hydrofluaric acid, then
made alkaline with ammonium hydroxide, and digested
with ammonium sulphide in a pressure bottle. This
results in the separation of bismath, titanium,
tantalum, niobium, zirconium, and part of the phosphate
and vanadium, constituting the tantalum group, from
tin, antimony, tungsten, molybdenum, tellurium and

the remainder of the phosphate and vanadium, which
form/
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form the tungsten group.

Instead of agopting this procedure, it was
thought that it would be of interest to investigate
the posseibility of applying to the combined groups
some of the methods proposed by Schoeller (Ref. 6),
for solutions containing tantalum and niobium.

Two methods were considered, both applicable to
the residue left after expelling hydrofluaric acid by
means of sulphuric acid. Synthetic residues of
' variable composition were prepared by mixing small
amounts (usually equivalent to 2-5 mg. of a cation)

- of the standard solutions of the metals and a few
drops of concentrated sulphuric acid, and evaporating
them Just to dryness in a 6 ml. platinum crucible
placed on a hot-plate.

In the first method, corresponding to that used by
Schoeller (Ref, 6, p. 69) for separating tantalum,
niobium, girconium and titanium from tin and lead, setc.
the residue was fused with a little potassiiym
bisulphate and the cold melt extracted with 3-4 ml.
of a 10% solution of tartaric acid. The liquid was
transferred to a centrifuge tube, saturated with
hydrogen sulphide, and the precipitate and solution
separated. The components of the latter, in the

absence of phosphate, were expected to be:

Precipitate - 8b, 8n, Mo; Te, and Bi.
Solution - Ta, Nb, Zr, Ti, W and V.

This/



This result was substantially confirmed by
applying various distinctive tests that are described
in greater detail later, In thé presence of phosphate
the components8 of the precipitate and the solution
varied so much, owing to the complications caused by
phosphate carrying metals like zirconium into the
precipitate, and molybdenum into the solution, that
the method was abandoned in favour of one that would
apply whether or not phosphate was present.,

The second method adopted was based on that of
Schoeller (Ref. 6, pp. 90-92), for separating tungsten
from tantalum, niobium, ¢4tanium or zirconium, The
synthetic residue (see p.[7) was scraped from the
bot tom of the platinum crucible and thoroughly mixed,
and then fused, with 0.5 g. of sodium carbonate. The
cooled mass was digested with 2 N sodium hydroxide,
and transferréd to a centrifuge tube for the separation
of the soluble and insoluble portions, which were

examined for the following components:

Precipitate - Ta, Nb, Ti, Zr and Bi.

Solution - 8b, Sh, Mo, Te, V, W and P.

Schoseller shows that the precipitetion of zirconium is
not quite complete, but it was thought that the
amount escaping could be ignored in qualitative

work./
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work, Titanium and niobium in association also
pass partly into the solution. This might, however,
constitute a speoial case, if the separation was
otherwise reasonably satisfactory. Although ignited
or natural stannic oxide is not ocompletely dissolved,
following fusion with sodium carbonate, it was
supposed that tin in the unignited synthetic residue
would be rendered wholly soluble.

Both the precipitate and the solution contained,

in general, the elements listed, but the tests for
tin, antimony, phosphorus, and occasionally molybdenum

were feebler than was to have been expected from

the quantities originally added, and small amounts
sometimes escaped detection, Presumably they were
retained in the precipitate., A more strongly alkalins
decompos ing reagent was evidently required. Fusion
with caustic soda was undesirable because of its
attack on metal orucibles, and wae probably unnecessary
for unignited residues. Instead, the use of a
concentrated solution of sodium hydroxide was examined,

By this means Noyes and Bray (Ref. §, pp. 352-353)
satisfactorily separated zirconium and titanium from

phosphate, and titanium from vanadium. Synthetic
residues were prepared as formerly (p.17), but

the evaporation with sulphuric acid was stopped Just
before absolute dryneses was attained. 1 ml. of 7 N
sodium hydroxide was then added to such a residue,
and the mixture boiled and stirred for a few minutes.

It/
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It was transferred to & centrifuge tube and the pre-

cipitate was washed with 2 N sodium hydroxide.
Analyses were made in the same manner as after a

fusion with sodium carbonate; exoap:h::timony wasg
‘. also sought in the precipitate as it was thought that
( it might divide.

The exper iments showed that the method was
superior to that employing sodium carbonate, but
antimony was generally found in the precipitate and
the solution., With several synthetic residues,
usually containing phosphate and vanadium or molybdenuﬁ.
the mixture became dark in colour when sodium: . |
hydroxide was added, showing that there was a tendency |
for some component, thought to be antimony, to be
reduced to the elementary state. However, s8light
darkening was also subsequently observed in a mixture
containing only tin, molybdenum, tellurium, vanadium ,
and phosphate, and tellurium was found to be responsible.
This reduction did not appear to constitute a major
problem, nor to warrant the rejection of the sodium
hydroxide treatment, which was therefore adopted for
the fundamental separation of the constituents of the
hydrofluoric acid solution. Any irregularities were
to be examined later when more detailed methods had
been evolved for the examination of the separate
groupe.

The two groups thus obtained were designated the

Tantalum and Tungsten groups, and were considered to

have the following composition:
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Tantalum Group = Ta, Nb, 2Zr, Ti, Bi, 8b (part) and

perhaps Te.
Tungeten Group - Sb(part), Sn, Mo, Te, W, V and P,

The former differs from Noyes and Bfay's
correspending group in containing antimony and no
phosphate or vanadiums The latter contains the same

elements as Noyes and Bray's tungsten group.

(T&. Nb, Z»y Ti, Bi and Sb)t

This group represented the residue of the sodium
hydroxide treatment of the combined tungsten and
tantalum groupse It wes anticipated that a scheme
of separations would be reqﬁircd in order to confirm
and estimate the proportions of ita components,

First of all, however, the conditions under which a
number of imporiant _ﬁtion teats may be applied were
examineds The ua.t; are given belowie

Titapjum.~ (&) with hydrogen peroxide a solution of
titanium in dilute sulphuric acid forms yellow per=
titanic acid. Tantalum, niobium, zirconium, antimony
and bismuth do not interfere. It was found that 20%
of titanium in a volume of 0.2 ml, gave a yellow
colour which was only slightly bleached by 0.05 ge of
potassium bisulphate or tartaric acid. 0405 go of
oxalic/
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oxalic acid halved the sensitivity.

(b) Chromotropic acid (Ref. 7, p. 246) added in the
solid form could be similarly applied, giving a dark
red-brown solution, Tartaric acid reduced the
sensitivity considerubly! but oxalic acid had little
influence,

Since with both tests even less than 20% of
titanium could easily be detected, and the minimum
amount of any cation to be considered in the tantalum
group was 250% , the above tests could presumably be
applied to a small portion of the tantalum group if 1t:
were, for example, fused with bisulphate and taken up
in dilute sulphuric scid, with or without an organic
acid. The coloured solutions produced with both
tests could be compared with standard colours for the

asgessment of quantity.

Zirconium, - A well-known reagent for zirconium is
alizarin - 3, but its use 18 precluded in solutions
containing sulphate and lsrge amounts of titanium.
Since gzirconium in the mixed precipitate above could
probably be obtained in solution only after a fueion
with bisulphate, the application of another reagent
p~-dimethylaminobengene-azo~-phenylarsonic acid

(Ref, 7, 0. 248) was studied. Test papers, impregnated
with a 0.3% solution of the reagent in sleohol

containing J



containing 6% of hydrochloric acid, were spotted with
small drops of solutions containing zirconium,and
immersed in 2N hydrochloric acid at 60° for several

seconds. It was found that 10% of Zirconium gave a

distinct brown spot. Dilute sulphuric acid,
potassium bisulphate, antimony and bismuth produced
red colours which d4id not interfere. Perhydrol
lowered the sensitivity of the test by bleaching the
reagent to a small extent. Niobium and titanium gave
strong red colours,but quite large excesses could be
masked by perhydrol. Tantalum behaved like zirconium,
perhydrol only slightly impeiring ite reaction(Ref.8).
Moderately good aspessments of the quantity of zirconium
in 2 test solution could be made by coﬁpariaon with
standerd stains.

Bismuth.- For this metal an interesting reagent was
found in 4-methyl-l:2-dimercapto-benzene ("dithiol"),
which was prepared as a 0.2% solution in 0.25N sodiup
hydroxide contsining 0.3% of thioglycollic¢ acid

(cf. P. 4o ). A drop of the reagent solution was
added to a drop of a solution containing bismuth #n a
spotting tile. On the addition of hydrochloric acid

a distinctive brown precipitate wae produced with

10% of Bismuth. No other element of the tsntalum
group gave a brown precipltate. Antimeny =ave a

yellow /
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yellow precipitate,which wéa preferentially formed in
mixtures of antimony and bismuth, but an excess of the
reagent brought up the brown colour if the excess of
‘antimony was less than five-fold.

: Hydrochloric ascid up to 4N did not interfere. It
wes thought that part of the tantalum group residue
might be fused with potassiuik bisulphste, taken up in
concentrated hydrochloric acid and a teet applied
directly for bismuth., As the amount of bismuth would
never be large (see p. 5 ) an estimation >f the amount
of hismuth could be made on the spotting tile. The
precipitate was also soluble in butyl scetate, giving
a broin golution, which could be compared with =a

' standard, 1f desired.

Antimony. - Presumably nntimény could be detected
directly with rhodamine - B (see p.4.L ) 4in the
hydrochloric scid extreet of & hisulphate melt,
Neither tantalum nor miobium rescted with the reagent.

Tantalum and Niobium, - It seemed unlikely that

characteristic tests would be found for tantalum asnd
niobium in associsation with the other members of the
tantalum group. A few tests were made on tantalum -
niobium mixtures, e.g. the crystal test for tantalum
with potassium fluoride, (Ref.9),which may be spplied
in the presence of niobium, &nd the zinc rsduction

test /



test (Ref. 10) for niobium which is unaffected by
- tantalum. The test for tantalum was satisfactory for
about 1 mg. in a drop,and that for niobium was unsuccess-
| s2ul. No other suitable individual test was found.

Fram the foregoing results it was apparent that
the confirmation of all the tantalum group components

would have to be preceded by some seperastiong within

the group.

The Pirst Scheme of Analvsis for

the Tantalum Group.
Noyes snd Bray's preliminary step in the analysis

of the tantalum group, viz., the removal of titaniup,
a8 & 8o0luble sslicylate complex,was not considered,as
it hes been wndversely criticised by Schoeller (Ref. 6,
p. 109). For the rapid approximate separation of
earth acids from titanium and zirconium, Schoeller
(it4d., . 118} has recommended fusion with potassium
bisulphate snd treatment with tannin in dilute sulphurie
acid, 7This method was adspted in the following manner.
The precipitate left from the treatment of a
synthetic residue (p.!7 ) with 7N sodium hydroxide was
trensferred to,and fuesed with a ten to twenty-fold
excess of potassium bisulphate in a 12 ml. tall,silica

crucible, which was manipulated during the cooling so

that/
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that the melt solidified in & thin film round the walls
of the crucible, The latter was then filled with a

' 1% eolution of tennin containing 5% sulphuric acid,

' and gently hested on the hot plate until the liquid
boiled. The tantalic and niobié acids were coagulated
by the tannin gol tolform a coloured precipitate, which
was separated by centrifuging, and wauhed with 2N
sulphuric acid. When tantalum was preaeht alone, the
colour of the precipitate was & very light yellow;

| niobium gave a rich rad-brown. and mixtures were inter+
| imediate in colour. The bulk of the precipitate coulé
' be used to estimate the combined smounts of tantalum |
and niobium, and the colour, in the sabsence of inter-
:ference (8ee below), to estimate the proportions
roughly. A more asccurste method of estimation is

- described on pp.34to 39 , Yuantities of tantalum and
niobium down to 100 ¥ gave distinct precipitates by

the tannin-bisulphate treatment. Zirconium, bismuth
and antimony did not interfere, but, if titanium were
present, esrth acid precipitates, consisting mainly of
tantalum,derived & red colour denoti.g contaminstion
with tdtanium. Aceowding to the results of Schoeller
(Ref. 6,p. 112), such contamination might take place to
‘the extent of over 50% of the weight of the precipitate,

i? a twenty-fold excess of titanium were present, and

be /
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be reduced to 5% oﬁ repetition of the treatment, The
red colour due to tiganium prevented the estimation of
the relstive amounts of tantalum and niobium. The
Ibisulphate-tannin procedure was accordingly uesed at
this stage mainly as a means of determining the presence
of earth acid, without further separation, and the
formation of a precipitate from the tannin solution

- was found to be cheracteristic for the earth acide.

If the tannin solution was deficient in sulphuric acid;
or if insufficient bisulphate had been used in the
fusion, titanium might give a red nrecipitate in the
absence of any earth scid. In order to cbviate any
danger of misinterpretation ariging from thie effect,
the strength of the sulphuric acid wae increased, in
later experiments, from 5% to 10%.

It was indicated on pp. 21-24 thet direct teste
might be applied for titanium, antimony and bismuth,in
small portions of the tantelum group, I£ these were
adopted then only zirconium remained to he tested for
in a tantalum free solution, the filtrate from the
bisulphate ;annin precipitete heine prasumably
appropriate for this purpose. Before testing for
girconium it wang necessary to destroy the tannin by
eveporating the solution with gulphuric acid and oxidisiag
¥ith nitric acid, The nitric s2c¢id was then driven off,
O.l gm, of potassium bisulphate added, =2nd the fusion
repested, The cooled melt was taken up in 2§ hydro-
chloric scid and a portion tested for zirconium by means

of p-dimethylaminobenzene~&zo-phenylersonic acid test-

paper (n 22)
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The simple scheme of analysis (I) shown on p. 28

was put to the test in the analysis of a number of

mixtudbes of composition unknown to the operator, con-

taining members of the tungsten and tantalum groups.

| The groups were separated as described on p. 19 and

the analysis of the tantalum group proceeded with

as outlined.

+++,++ and 4, Yepresenting large, moderate, and small

Quantities were only roughly assessed,

amounts, respectively, in the table of results shown.

gition

No. Ta Nb Ti 2r Bi S8b Sn Mo Te V W PO,

1. Present 2 - - - - 0.25 0,25 = 65 0De25 = 2
Found + 0 + 0 -

2+ Present B - 2 - - - 0sd 10 04,25 = 5 -
Found 0 4 Q o -

3¢ Present 0.25 -~ - B - 5 - = 0,20 = = 0.2
Found s 0 +++ 0 -

4, Present 0,56 = « Q.25 04,25 0356 - e - 5 0.25 -
Found + <] + + [+

5. Present - 0,26 5 - - 5 - = Q.25 =~ - 0.26
Found + +++ 0 0 ++

The conclusions reached as a result of these

analyses were that the procedure adopted for the joint

detection of the earth acids was satisfactory, although

the/
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the reporting of a moderate amount in No. 3, probadbly
implied the deposition of girconium (or tannin); the
method for the detection of titanium seemed to bhe
adequate, sand bismuth, in minimum quantity, hsd been
successfully detected in the one case in which it was
present. Zirconium was reported erroniously in No. 1,
because of interference fromltantalum. Antimony was
not tested for in the tantalum section of the analyses
of Nos. 1-3, was tested for but was not present in No. 4,
and was found in moderste quantity in No. 5. As
antimony was partly in the tungsten group, there was

no adequste check on the resulte.

The Second Scheme of Analyeis for
the Tantalum Group.

* The Detection of Zirconium. -Attention was first of all

'paid to the detection of zirconium. Under the most
favourable conditions, the precipitation of tantalum
and niobium with bisulphate and tennin is not quite
complete,and the negative error 18 grester after two
treatments., (Ref. 6, p. 112). FEnough tantalum wsas
escaping in the present experiments to invalidate the
feat for girconium with v-dimethylaminobenzene-azo- .
phenylarsonic acid. Fither a better method of
geparating zireonium from tantslum had to be sadopted,

or /
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or a superior test found.

The separation of girconium from the earth acids,
in particular, by fusion with potassium carbonate was
examined. Ref, 6, pp. 107 and 32). This method, which
leaves zirconium undissolved, would be better than that
previously adopted, for separating a small amount of
girconium from an excess of earth acids, but the
zirconium would still be slightly contaminated with
tantalum. As tentdlum and niobium are held in
solution s8 their potasaium.aalfs. it was inportant to.
wash free of sodium salts the precipitate composing
the tantalum group. For this purpose sz 1% .. solution
of ammonium nitrate was employed, inetesd of water, in
order to repress any tendency of the earth acide to
dissolve.The precipitaté was placed in a small rlatinum
crucible, dried and fused over a hluwpipe with 0.2g. of
potassium carbonate. The ocooled maas was sxtracted
with 1 ml. of hot 2N potassium hydroxide, fsnd the
whole treatment repeated on the residue. Potassium
bisulphate was added to the gecond residus, = fusion
effected and the cold melt taken up in e minimun
amount. of 4N sulphuric acid. With reference to the
whole of the tantslum group, the solution woe expected
t0 contain girconium, some or all of the titanium, bismuth
and antimony, and not more than traces of tantalum and

perhaps /
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‘perhaps niobium.

About this time an important reagent became
availalble for testing for zirconium viz.,
;p-hydroxyphenylarsonic acid (Ref. 1l)s It had bsen
‘proposed primarily as a precipitant for titanium in a
:lolution 3 in sulphurie acid, but this precipitation
‘could be prevented by hydrogen peroxide, A 47 aqueaual
‘@olution waes applied to solutions in 3N sulphuric acid
;of all the tantalum grcup metals. 0.l Ml. of a solution
‘containing 40¥ of zi;conium gdﬁe a precipitate
!immediataly when 13 drops of the reagent solution were
‘added and the mixture was boiled.s For the assessment
of quantity the bulk of the precipitate could be |
compared with a standard. Towards tantalum the reageni
was much less sensitive, Gooa;af tantalum giving the same
result as 40Y% of zirconium; hydro&?n percxide had no
appreciable influence. Titanium égd niobium gave no
precipitates in the presence of & drop of perhydrol,
Bismuth and antimony gave precitates which, even if
formed from 3 mg. of the cations, dissoclved immediately
on the addition of a drop of 2 hydrochloric acid.

The reagert could therefore be applied directly to the
goluticn from the tantalum group, obtained as described
on page 31, if to it a drop of 20 hydrochloriec acid

and a drop of perhydrol were added. The method was

successfully/
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successfully applied to various mixtures containing
mexinmum amcunts of the group components, with and
without the minimunm amount of zirconium. A large
emount of tsntalum might lead to the formation of a
very amall precipitate, which ocould not be confused
with that referring to the minimum amount of zirconium
under consideration.

Ag¢ this method for zirconium was so satisfactory,
Iand the precipitate did not appear to contain much
itantulum, it was thought that the potassium carbonate-
ihydroxide extracts, which may contain tantalum and i
:niohium, and titenium if niobium is present, might be
Iutilised for testing for the esarth acids, A aaparatioh
from titanium had to be eifected, and two methods |
'wera tried to achieve this.

The first of these was the formation of the sodium
selte, by ssturating the solution with sodium chloride
(Kef, o, pe 33); the second, the precipitation of the
oxides by saturating the boiling solution with sulphur
dioxide gas (Ref, 5, p. 104). Precipitation by the
first method was found to be slow and incomplete, but
by the second method precipitates were obtained which,
when tested by the bisulphate-tannin procedure, showed
& high degree of puriiy, as judgsed by the colour.

Owing to the retention of small amounts of the earth

acids /



D4 -

acids in the girconium precipitate, however, minimal
amounts were lost when an excess of zirconium was
present,

It was therefore decided to retain, for the joint
detection of tantalum and niobium, the bisulphate-
tannin method (p.25), and for the detection of sirconium,
the fusion with poteesium osrbonate {p.3| ), portions |
of the tentalum group precipitate being taken for aach:

The Separate Identification of Tantalum and Niobium,——

No attempt had so far been made to assess with certainty
the relative amounts of tantalum and niobium 4in their
Joint precipitate. A8 no suitable tests had been

found for one in the presence of the other, the

standerdised quantitative separation process utilising
tennin, described by Schoeller (Ref. 8, p. 123 et seq.),
and stated to be suitable for milligram snalyses

(ivid., p. 45), wae adopted in & simplified form. This
method 1s based on the differentiasl stsbility of
oxelotantalic and oxaloniobic scide in presence of
tannin in s8iightly acid =solutions.

A mixture containing 2-3 mg. of tantalum plus
niobium, with 5%, 50% or 95% of tantalum was fused with
0.1 g. of poteesium bisulphate in a silice crucidble and
the melt made to ©olidify in a thin film round the
walls of the crucible. It was dissolved 4in 10 ml. of
a2 hot saturated solution of ammonium oxalate and

transferred/
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trangferred to & 30 ml, beasker., A 2% solution of
tannin wae then added dropwise from a burstte in
0.5 ml. portions at a time,

The first addition of tannin produced a yellow
' eokour, end, on boiling, & yellow precipitate wes
obtained, which consisted slmoet solely of tantalum.
The contents of the beaker were %ransferred to &
centrifuge tube mnd the precipitate removed, and
' retained in the tube for refersnce. The solution
wag returnad to the besker, the next portion of tannin
solution addsd, and the solution boiled again. At
this stage, or at some subsequent repetition of the
cycle, it wes found necessary %o add a few drops of
2N ammonium hydroxide and & little solid ammonium
chloride before & precipitate wae obtained. This
addition of ammonium hydroxide caused the solution to
take on a darker hue, and the precipitate derived there-
from was redder in colour and contained niobium in
greater or less amount, The precipitates obtained
after each addition of tYannin were removed by centri-
fuging and retained as befors,

After about 2.5 ml. of tannin solution had bdeen
added, further sdditions did not produce sany vrecinitate.
The results obtained for three mixtures sre tahulated

below.



Colour of the Precipitate obtained on
the Addition of Successive Portions of Tsnnin

Solution.
Mixture % Ta (1) (2) (3) (4) (5)
* |
A 8 emall 'oraneo 'rad red . no
yellow precipitate
B 80 yollow  very xoranga 'oranga- lrod
small rod '
yellow
x
4 96 yellow yellow yellow very orange
omall '
yellow

X
After addition of ammonium hydroxide
and chloride.

The intermedinte portions, designated ahove a8
"orange’; could be trcated further,by dissolving by
drovwise addition of dilute sulphuric acid,and then
retreating with tennin and emmonium hydroxide, whereby
2 gsoparation into tantulum, mixed, end niobium fractions
could be obtained {Ref. 128}. It was found, however,
that by inspection of the colour and reletive bulk of
the precipitates originally formed, a sufficlently
securate estimnte of the proportions of tantalum and
niobium could be.made after a little practice.

In & mixture liks those mentionad above, lese then

8%/



5% (1.e. 0.128 g.) of tantalum and niobium could not

be detected with certainty on a first treatment. In

- the actual analysis of the tantaium group, this

separation of tantalum from niobium would follow after

a bisulphate-tannin precipitation of the earth acids.
When the experiments mentioned on p.By were

repeated,after the earth scids had been subjected to this
treatment, and the tannin precipitate produced from

the sulpﬁate solution desiroyed by nitric acid and
re-fused, the reeults obteined wers generally eimilar
to those set forth in the table, with the excepiion
that the B% quantities were not so distinctly detected.
The orange precipitate in a mixture corresponding
to C was very smsll, while in & mixture containing 5%
of tantalum (A)the pale yelluw golution, formed when
the first portion of tannin solution was run in, d4id
not yield & pracipitate wnen bhoiled, unless smmonium
hydroxide was sdded, in which case & mixed precipitate
was produced. These gffecte were presumably duve to
loss sustained during the bisulphste-tennin trestment,
As noted on p.26, when titaniunm is prescny,
contamination of the bisulphatve tennin precipltate
takas place, and when the ratio of titanium to the
metale of the earth acids ig 20:1, two treatments
by the bisulphate itennin method would still leave 57
of titanium in the precipitate. VWhen mixtures of
2-3 mg. of earth acid elemsnts, comaining 6547, 50% and

957%/
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95% of tantalum, as before, and 10 mg. of titanium,
were treated twice by the bisulphate tannin procedure,
the destruction of the tannin precipitate between the
treatments and before the oxalate treatment, being
accomplished by evaporation with a few drops of nitric
acid, and then dealt with according to the separation
precedure, the following results were obtained.

In mixture A, the first precipitate was as dark
as the subsequent precipitates,

In mixtures B and C, the first precipitate was
derker than the second (and third in the case of C),
indicating that the titanium was precipitated more
readily than the tantalum.

When two further mixtures similar to the above,
but containing (B) no tantalum and (E) no niobium
were treated by the procedure, it was found that D
gave a small red precipitate immediately on the
addition of the tannin, but thet the main niobiumiferous
precipitate did not appsar till after ammonium hydroxide
and chloride had been added, while E gave, first, a
titanium contaminated precipitate, followed by
several pure tantalum yellow precipitates, On the
addition of ammonium hydroxide and ammonium chloride
to E, no further precipitate was produced.

From & consideration of these results it will be
seen that there was no possibility of titanium contaminmation

of the precipitate being mistaken for niobium, becauaa'

the/



the true criterion of the presence of the latter was
not the colour of the precipitate, but the fact that
ammonium hydroxide was necessary to produce 1it.

In the converse case, (cf. A & D) it might
be impossible to say whether a first formed red
precipitate contained tantalum or not. In this case,
it was necessary to destroy the precipitate by means
of nitric acid, and attempt to re-form the tannin
precipitate by the bisulphate-tannin procedure before

final confimation was obtained.

' The Detection of Antimony, Bismuth, Tellurium and

Titanium.—— On p.20the possibility of tellurium
appearing in the tantalum group was mentioned. Further
experiments showed that it was necessary to allow for
its detection in this group,as well as in the tungsten
group. As three elements precipitable by hydrogen
sulphide, antimony, bismuth and tellurium, were now
under consideration, it was decided to abandon the
direct testing for antimony, bismuth and titanium in
separate 5% portions of the aqueous suspension of the
tantelum group (cf. B.27), and instead fuse one larger
portion with ten times its bulk of potassium bisulphate,
extract with a 10% solution of tartaric acid, and
saturate with hydrogen sulphide gas as described on
p.l7 - Thereby a precipitate containing the sulphides
of bismuth, antimony and tellurium was separated

from/
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from tantalum, niobium, girconium and titanium. The
filtrate, after the expulsion of hydrogen sulphdde,
was tested for titanium with hydrogen peroxide, which
is less affected by tartaric acid than chromotropic
acid, and compared with a standard containing potassium
bisulphate and tartaric acid (cf. p.2l). The
precipitate was digested with 1l:1 hydrochloric acid
to dissolve the sulphides of bismuth and antimony.
If a residue of tellurium sulphide remained it could
be compared in bulk with a standard, and confirmed by
dissolving in nitric acid, expelling the latter with
hydrochloric acid, a&nd testing with calcium hypo-
phoephite in a solution 2N in hydrochloric aoid.(P.qm,).
The solution containing bismuth and antimony
was evaporated to a small volume and divided into
equal parts, one for the detection and estimation of
bismuth with dithiol (p.2d), the other for the
detection and estimation of antimony with rhodamine-B
(p. 44 ). If the amount of antimony, as judged by
the appearance of the sulphide precipitate,was large,
and likely to interfere with the detection of bismuth,
or be inadequately assessed, the sulphides of bismuth
and antimony were repretéipitated in the hydrochloric
acid solution by diluting with water and resaturating
with hydrogen sulphide, and the antimony sulphide

extracted/
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extracted with a solution of ammonium sulphide. The
bismuth sulphide was dissolved in a drop of hydrochloric
acid and tested with dithiol, and the sntimony sulphide,
reprecipitated by acidifying, assessed on the bulk of
the precipitate, and, if desired, redissolved in
concentrated hydrochloric acid, and confirmed with
rhodamine-B. These operations, although apparently
complicated, were carried out very quickly on the

drop scale.

The final scheme of analysis for the tantalum
group was drawn up 88 shown on p.42~43. The suspension
of the residue from the:csodium hydroxide treatment of
the combined tungsten and tantalum groups was dlvided

into three equal portions,which were analysed in the
order given. If titanium was absent in the first part,
then one precipitation with bisulphate and tennin
sufficed for the second portion. If earth acids were
found, then the third portion required two fusions with
potassium carbonate to eliminate tham. Otherwise
these could be omitted and zirconium tested for simply
after a fusion with potassium bisulphate.

This scheme was put into operation in association

with that finally devepoped for the tungsten group
(p£243).  The results for the anslyses of six

mixturdés of composition unknown to the operator are

given on p. (4 .
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ANALYSIS OF THE TUNGSTEN GROUP.

(Sb, Sn, Te, Mo, V, W, P as phosphate).

The elements of this group were extracted from
the combined tantalum and tungsten groups by means of
a 7N solution of sodium hydroxide (see p. /?); and
represented the same combination as was obtained by
Noyes and Bray. Before proceeding to separate them,
many of thé newer reagents proposed for these elements
were oritically tested, and the most important results
are recorded below.
Antimony.— A8 a test for antimony, oxidised to the
pentavalent form by means of sodium nitrite, Eagriwe
(Ref. 13) used a twenty-fold excess of a 0.01% aqueous
solution of rhodamine-B, which gave a violet colour
in tranemitted light. C.C. Miller (unpublished
research) found that a 0.l1N solution of sodium vanadate
was superior as an oxidising agent, and that the
test was much more selective if made with a small
amount of a 1% solution of the reagent in BN hydro-
chloric acid. The latter method was adopted. To
one drop of a hydrochloric acid solution containing
antimony, in a 1" test-tube, one drop of the reagent
and one drop of the vanadate solution were added;
the mixture was stirred. 10X of antimony gave a strong
blue colour. Larger amounts gave purple precipitates,

and/
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and the blue colour, which was very characteristic,
might also be seen. Large excesses of tin (stannic),
bismuth, titenium (titanic), zirconium, tellurite,
vanadate and phosphate did not interfere. Molybdate
gave a very red solution. Tungstate, from which
tungstic acid was precipitated, interfered by adsorbing
the reagent, but tartaric acid dissolved the
precipitate, giving a red solution, and did not vitiatq
the test for antimony. 10¥ of antimony was found in
the presence of 400 ¥of tungsten or molybdenum. The
assessment of the quantity of antimony from the bulk
of the centrifuged precipitate was quite satisfactory
for small amounte ( <1 mg.) of antimony, but not

for large.

Vanadium (as vanadate). - The most generally useful
reagent for vanadium was tannin, A solution of tannin
gave a strong inky black colour with vanadium near

the neutral point. The test was performed on the
tile, by adding to a drop of the acid solution contain-
ing vanadate one drop of a 5% aqueous solution of
tannin, snd, either dilute ammonium hydroxide solution,
or ammonium acetate, to reduce the acidity. If the

concentration of salts in the solution was high, the
tannin was precipitated, and the vanadium complex wes

adsorbed on its surface, giving s blue-grey colour.
The /
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The sensitivity of the test was very great, 10% of
vanadium giving a deep blue colour, even when the
8olution was diluted to one ml. The reaction was too
gsensitive for the assessment of a large amount of
vanadium but excellent for a small quantity. The
only members of the group that gave a reaction with
tannin, under the same conditions, were tungstate
and moybdate, which, in great excess, formed brown
compounds, The addition of a little tartrate
solution eliminated their interference. Phosphate
also prevented the interference of tungstate.

Tellurium (as tellurite), — In hydrochloric acid
solution, tellurites are reduced by hypophosphoric

acid to black elementary tellurium (Ref. 7, p. 337).

To one drop of a 2N hydrochloric acid solution
containinéi?gflurium. 0.1 g. of calcium hypophosphite
was added, and the mixture heated, The black
precipitate that immediately separsted oould'be centri-
fuged, i1f desired, and compared with a standard for the
assessnent of the quantity of tellurium present. 4 mg.
of antimony or bismuth did not interfere. Molyhdate
gave & blue colour which was partly suppressed by
tartaric acid.

Tin, — For the detection of tin 4-methyl-l:2-dimercapto-
benzene ("dithiol") (Ref. 14) proved to he excellent.

A 0.%@% solution was made up in 0.25N sodium hydroxide
containing 0.3% of thioglycollic acid. This solution,

stated to be stable for a few days, was found to

remain/
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remein fully sensitive for tin for not more than
twelve hours. A drop or two of the reagent solution
was added to a drop of the hydrochloric acid sol-
ution of tin in a small test-tube, the final normality
of acid being less than four. An opaque red
precipitate, the production of which was accelerated
by heating in a water-Wwath, indicated tin. No other
element tested gave a red precipitate, which was
therefore characteristic for tin. 10 ¥ was easily
detected. A minumum of 50 % wae similsrly found in
a8 volume of 2 ml. if an excess of the reagent was
added. The red precipitate was soluble in various
organic solvents, including butyl acetate, giving a
very pale green solution, that yielded the red
precipitate again on evaporation. Moderate amounts
of tin (<2 mg.) were successfully estimated by
comparing the precipitates, recovered from butyl
acetate extracts by evaporation in small porcelsin
basins, with those similarly derived from known amounts
of tin. When the esmounts were large, suitable
portions of the solutions were taken.

With dithiol, antimony and tellurite gave,
instantaneouely, pale yellow precipitates, lead, &n
orange precipitate, bismuth, a brown (see p.R23),
molybdate, & green, and tungstate, & peacock green
only on heating, unless the concentration of

tungstate/
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tungstate was high. With vanadate, a pale green
colour ﬁ}obably indicated merely a reduced vanadium
ion. The interference of these reactions with the
test for tin was investigated. The antimony compound
was formed preferentially to that of tin, but an
excess of the reagent permitted, in general, the
detection of amounts of tin exceeding B0 X in the
presence of twice the amount of antimony. The

seme applied to tellurite and bismuth, but a six-fold

- excess of lead was permissible. Molybdate interfered
most seriously by blotting out all but excessive
amounts of tin. The interference was lessened by

the addition of more thioglycollic acid, which gave
with the molybdate a blue colour, less intense than
that of the green dithiol compound. By this means it
was possible to detect tin in the presence of not more
than the same amount of molybdenum. Phosphate,
vanadate, oxalate'and tartrate did not interfere, and
the last could be sdded to eliminate interference from
tungstate.

Molybdenum (as molybdate) and Tungsten (as tungstate) —

The colour reaction between dithiol and molybdenum was
studied by C.C. Miller in 1937 (unpublished researchl,
and the test for tungsten was diecovered, and its
importance realised, by the writer, some time before

the recent publication of Hamence's paper (Ref. 15).

When/
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When the test was applied in the same manner as for
tin, molybdenum gave immediately a green precipitate,
while tungstam gave a peacock green, on heating.
Both complexes dissolved readily in butyl acetate,
or chloroform without colour change. 25 ¥ of
tungsten gave in one ml., of the solvent quite a etrong
green colour, and towards molybdenum bthe reagent was
ten times more sensitive., Owing to the high
sensitivity of the tests, such extracts could be used
only to estimate small amounts of the elements, and only
portions of solution® containing appreciable amounts |
could be examined.

Both complexes were unaffected by even 6N hydro-
chloric acid. Large amounts of phosphate, tartrate
and vanadate did not prevent the reaction with
molybdenum. Tartrate prevented the reaction with
tungstate, and a combination of phosphate and vanadate
greatly reduced the sensitivity, although the substances
8ingly had comparatively little effect. In the
8lightly acid aqueous solution, tin in quantity
obscured the test for tungsten, but the performance of
the test in a much stronger scid solution prevented
this, Extraction with butyl scetate slso rectified
matters, by forming merely a very pale gresn solution
with the tin complex. The addition of concentrated
hydrochloric acid, after the reagent, also broke down
the/
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the red tin complex, leaving the green due to tungsten,
- If to the aqueous solutions containing the green

' complexes concentrated ammonia was added, the colour

| @ue to tungsten disappeared and molybdenum gave a

' blue colour.

A Study of some Separation Processes

within the Tungsten Group.

The method of separating the tungsten and
tgntalum groups adopted by Noyes and Bray (Ref, 5,
P. 70) led to a division of the phosphate, whereas
;that adopted by the writer caused the whole of the
' phosphate, which might be present in considerable
amount, to be concentrated in the tungsten group. A
Igraat many experiments were done before a satisfactory
scheme of analysis was devised. As in the case of the
tantalum group, tests were carried out on synthetio
mixtures, prepared by evaporating just to dryness
with a little sulghuric acid, suitable amounts of
atandard solutions of the components of the tungsten
group, and dissolving them in 1 ml. of 7N sodium
hydroxide.
The Precipitation of Antimony, Tin, Tellurium and

Molybdenum Sulphides in Tartaric Acid Solution.— The

alkasline synthetic mixture wae acidified with tar taric
acid to prevent the precipitation of tungstic acid, if
there was no, or insufficient, phosphate to hold it

in solution as phosphotungstic acid, snd the sulphides
of antimony, tin, molybdenum and tellurium were then

precipitated/
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precipitated by measns of hydrogen sulphide. Tungsten,
vanadium and phosphate remained in solution.

Troublesome features consequent on this sevaration were
the necessity for removing tartaric acid before testing
for tungsten with dithiol,or for phosphate by pre-
cipitating it as ammonium phosphomolybdate. In the
presence of much phosphate, & 1ittle molybdenum escaping
precipitation with sulphide upset the test for tungsten,
A emall amount of tin might similarly escape and fail

to be detected. The method was abandoned.

The Removal of Phosphate as Zirconium Phosphete.— An

attempt was made to prevent the complications due to
the presence of phosphate by removing it at the
start of the analysis, Curtman, Margulies and Plechner
(Ref. 16) removed phosphate from solutions 0.3N in
hydrochloric acid by slowly adding a smal 1 excess of

a 5% solution of zirconium oxychloride to the boiling
solution containing phosphate. Accordingly the caustic
soda solution of the tungsten group metals was acidified
with hydrochloric acid until the normality was 0.3.
Tungstic acid separated if phosphate was absent or in
insufficient amount to retain it in solution. The
separstion of antimony oxychloride also occurred if the
concentration of antimony was high. These precipitatQa
gould be removed by centrifuging, and the oxychloride
extracted with stronger hydrochloric acid, FPhosphate
was then precipitated under the prescribed conditions,

along/
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along with any tungstic acid liberated by the breaking

. down of the phosphotungstic acid, leaving antimony,

tin, tellurium, vaensdium and molybdenum in the

: solution. PFrom the zirconium phosphate, tungstic

aoid was extracted by means of warm, moderately
concentrated ammonia, and confirmed with dithiol (p.4%).
To confirm phosphate, the zirconium phosphate pre-
cipitate was fused with sodium carbonate, the cold

melt extracted with 2N sodium hydroxide, and the

extract acidified with nitric acid, and tested with

- ammonium molybdate.

The separation and confirmation of phosphate,

" even in the minimum amount of 0,256 mg., proved to be
very satisfactory, but small amounts of tungsten were
lost, either because they were not precipitated, or
were inadequately extracted from the zirconium phosphate
precipitate. Tﬁe low &cidity required for the
precipitation of zirconium phosphate wag & distinct
disadvantage, and this method too wes eventuaslly
abandoned.

The Removal of Molybdenum with Thiocysnate. — By the

methods of the preceding sections asntimony, tin,

tellurium and molybdenum were associated together, without
or with vanadium. Vanadium was easily removeéd in the
gecond method by precipitating the sulphides of the

other four elements. In testing this group o?f

sulphides an extraction with 1:1 hydrochloric acid was
usually made in order to obtain antlmony and tin

in solution. The dithiol test for tin was thsn
avplied, /
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applied, directly if the amount of antimony was small,
or after a further separation (see p.57) if the amount
wasg large. It was found that a little molybdenum
escaping into the hydrochloric acid extract might
prevent the detection of tin. Consequently a hetter
mode of separation had to be found. Since molybdenum
also seriouely interfered with the detection of
tungsten by dithiol, a very complete separation from
tungsten was likewise required. Very satiefactory
results were obtained by converting molybdenum t¢ the
red thiocyanate complex, Mo(Oﬂla(SOle. and extracting
it with butyl ascetate, It ie customary to effedt the
preliminary reduction of molybdate with zinc or stannous
chloride, but these not being permiseible here, thio-
glycollic acid was successfully employed. The

method which was ultimately adopted as the firset step
in the snalysis of the tungsten group wss applied

as follows. The caustic soda sSolution of the tungsten

group ions in a centrifuge tube was acidified with
hydroochloric scid and maintained nesr the boiling

point by immersing the tube in the water-basth, It

8 precipitate, supposedly tungstic =2cid, sepsrated,

it was removed and examined as described lster (p. 0! ).
The solution at this stage might have a normality of
two and a volume of 3 ml. The strength of the

acid was not critical, but sufficient had to be present
to/
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to hold the oxychlorides of tin and antimony in
golution, and to form the thiocyanate complex. To
the solution were added a few drops of a 10% solution
of potassium thiooyanate followed by a few drops of

a 10% aqueous solution of thioglycollic acid. The
development of a pink colour indicated the presence of
molybdenum. The addition of more of one or nother,
or both of the reagents might be necessary to form

the complex with all of the molybdenum, and when the
amount wase large, it might be necessary to extract
part of the complex with butyl acetate, before it
could be seen whether or not sufficient of the reagents
had been added. Butyl acetate reasdily dissolved

the complex, and the ester layer separated very cleanly

from the agueocus layer, particularly if the tubdbe was
centrifuged for a few seconds. The top layer was
removed with the aid of the pipette described on p. 9 .
Several washings with small quantities of the solvent
ensured the complete removal of the molybdenum.

When tellurium was present in mixtures treated
by this method it was partly or completely precipitated
in the elemental form by the reducing action of the
thioglyccllic acid. It was best to remove it by

centrifuging and to transfer the solution to another
cone before extracting with the ester, otherwise it

was attracted to the interface between the two liquids

and made complete removal of the ester layer difficult.

The /
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The bulk of the precipitated tellurium was compared
with 2 etandard. The extraction method for molybhdenum
wag very well auitad'for estimating its quentity,
provided that the standerd was algo prepared in butyl
acetate,

Even in mixtures containing large amounts of
phosphate the extraction of molyhdenum was very
complets, and 1f a minor @1&ntity remained in the
aqueous solution it was precipitated as sulphidse in
the subsequent treatment with:sulphuretted hydrogen,
By diredt test with dithiol it was found that the
amount of molybdenum escaping precipitation altogether

was about 25,

The Separation of Antimony, Tin and Tellurium (part!.-—

The aqueous layer that remained after the removal of
molybdenum and part of the tellurium contained tin
wholly or partly in the stannous state, antimony,

the remainder of the tellurium, vanadium, tungsten
(whole or part) and phosphate. In order to precipitate
antimony, tin and the remainder of the tellurium as

sulphides the acldity, = g5 reduced to 0.3N by the

careful a2ddition of a dilute solution of sodium hydroxide.
Methyl viclet was used to indicate this nomelity, a
green colour being given when & tiny drop of the
solution was spotted on filter peper impregnated with
the/



the indicator solution. A current of hydrogen
sulphide was then passed into the werm solution until
the precipitation was complete. In the presence of

a large amount of phosphate & little tin might escape
separation but provision was made for its subsequent
detection (see p. 5Y). From the centrifuged and
washed precipitate the sulphides of antimony and tin
were extracted with a small amount of hot 1l:l hydro-
chloric acid leaving a (usually) small black pre-
cipitate of tellurium. The latter was dissolved

in a few drops of nitric aecid, the latter expelled by
heating with hydrochloric acid,and tellurium confirmed
: by means of calcium hypophosphite in the presence of

a 1little tartaric acid (p.4()e A trace of molyhdenum
that accompanied the telluriwn d4id not, in genersl,
require to be tested for.

If the amount of esulphide precipitete dissolved
by the 1l:1 hydrochloric scid wes quite smsll &
geperation of tin and antimony was unnecessary, and
the sevlution could be evaporated on the steam bath to
8 voiume of 0.1 ml., one half then being tested for
antimony with rhodamine -B (p./4/) and the other for
tin with dithiol (p.4b)- If, however, a coneiderable
amount of precipitate dissolved it was generally
necessary to separate tin and antimony. in order to

confirm/
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confirmm the presence of tin. The separation was
very satisfactorily effected as follows: Bromine
water was added dropwise to the solution until it
was yellow in colour, in order to convert tin to the
stannic form. The solution was then diluted to
reduce the nommality in hydrochloric acid to one,
0.5 g. of oxalic acid ndded to form & compnlex oxalate
of tin, and antimony reprecipitated as the sulphide,
its quantity being assessed if i1t was lerge. If the
amount was emall it was redissolved in hydrochloric
acid and tested with rhodamine -B. The oxalate
solution containing tin could be directly tested with
dithiol, a portion being taken if a large amount of tin
were anticipated. The oxelic acid did not interfere
with the test or the assessment of quantity (see p.47 ).
On p.[5 1t was mentioned that & maximum of
1.5 mg. of lead might he present in the tungsten group.
This would separate as sulphide and be assodiated with
antimony and tin. It would not interfere with the
detection of antimony with rhodamine -B, nor with the
detection of tin with dithiol, if an excess of the
latter were added (see p./4&). If antimony were
separated from tin, lesd would accompany tha former,
and it would be essential to dissolve any small
precipitate in hydrochlorie acid and test with

rhodamine -=B.

The /



The Separation of Vanadium, Tungsten, Phosphate and

a8 Trace of Tin. — The solution, after the sulphide

treatment, contained all of the vanadium and phosphate
that might be present in the group, any tungsten

escaping the first separation (p. 53), principally
as phosphotungstic acid (xHz0.24WOg.P505),

and, occasionally, a little tin, carried thr;ugh b§ an
exceas of phosphats. Since vanadium in association
with phoephate interfered with the detection of
tungeten (p. 49), it was necessary to separate amounts
in excesaiof about 0.5 mg. The tannin test (p.AS5)
wag applied to about 5% of the solution, and the

quantity of vanadium, if seen to he small, sssessad.

If the estimated amount of vanadium was more than

Qe5 mg., its separation from tungsten and phosphate
was required, the cupferron method of Clarke {(Ref., 17)
heing adopted. Hydrogen sulphide was expelled from
the main solution, a little hromine water added to
oxidise reducing icons, which might he in the solution
at this stage, and the excess expslled by svaporation.
The solution (3 ml.) wae thencoolad and four drops of
40% hydrofluoric acid were added, followed by excess
of an squecus solution of cuyﬁerron. The vanadium
was precipitated 28 the brown vanadium-cupferron
complex, which wag found to be soluble in butyl
acetate, giving o dark dbrown solution. This solution

faded/



«5H9-

faded in golour rather rapidly, but if dealt with
immediately could be compared with & standard

similarly prepared. The extraction with butyl acetate
also removed most of the excess ocupferron from the
solution, In order to destroy the remainder of the
cupferron or its decomposition products, the solution
was evaporated to fumes with a few drops of concentrsated
sulphiric acid, snd sgain diluted to sbout 3 ml, with
water,

Thie solution had to he tested for fungﬂten. tin
(small), and phosphate. TFor the first two it was
intended to use dithiol, and for the lagt ammonium
molybdete. As all the tests were sensitive, it
wae thought that each could be applied to a third of
the solution. Tin was tested for with dithiol in
the presence of tartaric acid to mask tungsten (cf.
p./¢), and its quantity assessed. If tin was
present, tungsten was tested for in a solution about
6N in hydrochloric acid (p.49).

In the ahsence of more than 0.5 mg. of tungsten,
the remaining portion of the solution was tested
directly for phosphate (sse below). If more then
0.5 mg. of tungsten was present, the phosphate was
gsepsrated in & solution, 0.3N in mcid, by slowly
adding to the boiling solution a gmall excess of
a 5% solution of zirconium oxvchloride (cf. p.5/ ).
The/
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The presence of phosphate was usually indicated by the

appearance of a precipitate, but a very esmall amount

. might not be vieible, The solution was then

rendered ammoniacal and heated in the water bath.

Zirconium phosphate and girconium hydroxide from the

. excees of zirconium oxychloride added were completely f

precipitated, and most of the tungeten was retained

in solutiorn as tungstate. The precipitete was

- separated by centrifuging, washed, and fused with

- five times the bhulk of sodium carbonate in & pletinum i

- erueible. It was extracted with & little 2N sodium

. hydroxide. According ae the precipitate of zirconium

' phosphate in acid solution had been small or large,

|
the whole or part of the extract was tested for
phosphate, It wes atrongly acidified with nitric

acid, solid ammonium nitrate was added, and then %o

the warm solution an excess of a 10% solution of

ammonium molybdate. If a yellow precipitate of
ammonium phoaphomolyhdate was produced it was compsred
with a standard.

The Recovaery of a Small Amount of Earth Acid from

the Tungsien Group Solution. — As the tantslum and

tungsten groups were inter-related, many anslyses were
done, after first geparating the tunguten group by
the sodium hydroxide treatment (p.]9), frommxtures

containing/



containing the componente of both groupe. In a few

of these, acidification led to the seperation of a

' precipitate, supposedly tungstic scid, which wes,
:houover, incompletely soluble in 2N sodium hydroxide.
'The residue, consisting of earth acids, in perticular
niohic weid, wee therefore wuaehed with a littls

more nodium hydgoxide und conmbined with the tantalum
group rprecipitate. Yo pert or all of the solution
Icontaining tungetate (according ag the amount of

'the lattsr had heen seen to be large or emall), dithiol
was added, the solution scidified with hyérochloric i
iaoiﬁ, hented, and the green dithiol complex of tungﬁtan;
ilhcn fully formed, extracted with buiyl scetate. Its

gpgntity was assessed by comparison with a standard

(p. 49).

The final achems of snalysis for the tungsten
grour 1s given in outline on pp.6L ana 638 .

As a check on the methods of analysis developed
for the tantalum group (ppe 42 and 43) and the
tungsten group, six mixtures of unknown composition,
containing the components of both groups, were
submitted to the writer for analysis, The results

obtained are given on p. 64 and discussed on p. 65,
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One of the most satisfactory features of these
analyses is that in no case has sn element been
. reported when it was not present in the mixture. On
three occasions small quantities of elements were
' missed, In No., 1, i1t will be observed that the
0.5 mg., of niobium thet was present slong with 10 mg.
of tantalum was not reported. On p. 37 it wer

indicated that diffioulty might be experienced in
detecting 1 part of tantelum or nicbiwm 4in the presence

of a 20-fold excess of the other. In No. 3, 0.5 ng.
'ot niobium was detscted with certainty when tantalum
was present in only a 10-fold excess, and in Ho. §,
'0.5 mg. of tantslum, slthougn nol adequately asnesgsed,
Iwas revorted as & trace, in tha presence of 10 times
the amount of niobium, because when tannin was first
added to the oxalate solution, the latter hecame
yellow, but yielded no precipitate on ﬁoiling. The
limiting proportions for the detection of tsntalum
in the presence of niobium, and vice-verssa, ought
therefors to be 1:10, the miniwmum smount of each
element detectable heing Q.5 mg.

Ag the minimum quantity of tungsten (0.25 mg.) in
No. 4 was not reported, the analysis of the tungsten
group wae repested, but it wee sgnin not Pound. In
No. 3, & smell emount of the large quantity of
tin present, and in No. &, all of the small quantity,
were found in the tantalwn group when the dithiol

test/
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test for bismuth was applied. Hence tin is unlikely
to be missed even when & little pmsses into the

- tentalum group.

| In No. 6, the tellurium presumably went into the
Itantalum group precipitate which was dark in colour,
but when the sulphide group was analysed it was not
Iaonfirmad. It will be observed that in No. 4 moat

of & emall quantity of tellurium waeg found in the
tantalum &roup.

The estimation of quantitiee, though generally
gatisfactory, was in some inetancee particularly good.

' This was true of vanadium, for example, where an
estimate was made both on the drop of the solution i
removed for the tamin-test, and on the depth of
colour of the butyl acetate extract of the cupferron
complex. Tantalum and niobium were alsc satisfaectorily
apportioned on the bhulk of the tannin precipitates
thrown down from the oxalate =olution.

In no case 414 a loakagﬁ of molybdenum cause
tungsten to be wrongly reported, or did the interference

of tantalum affect the test for zirconium with

p-hydroxyphenylersonic acid.



ANALYSIS OF THE GOLD GROUP.

(Au, Hg, Pt, Pd, Rh &nd Ir),

As s result of the experience gained in dealing
' with the tantalum and tungsten groups, it was
expected that s fairly complete scheme of sepasrations
would have to be evolved before confirmatory tests
could be applisd with confidence for the membere of
the gold group,-namoly. gold, mercury, platvinum,

palledium, rhodium snd 4irdidium, Prior tc considering
the poesible schemes of separation, it was necesgery

to examine certain of the reagents applicable to
thess elements. The results for those that proved
to be of greatest importance ere given below.

Gold - A 17 eolution of rhodemine -B in 8 hydrochloxric
acid gave with gold a reaction similer to thet given
with pentavalent antimony, i.e. & purple precipiiate
wag fommed, and the solution had a hlue colour when
viewed by transmitted light (Ref. 13). The
cencentration of hydrochloric &cid hnad an important
infiuence on the sensitivity of the test towards
gold. Thus 255 of gold geve & purple precipitate

in solutions, the final normality of which wss 3-4,
but 4id not give any 4in 6N acid, 0f the ions which
might be present in the gold group, only the mercuriec
ion/ |



ion gave a similar reasction to gold, when present
in excess, and if the mcidity was low, but the
addition of hydrochloric acid to bring the normel ity
up to 3 or 4 eliminated this effect. The presence
of nitric acid in a concentration greater than normal,
when hydrochloric acid was also preseni, ®poiled
the test for gold by decomposing the reagent.
Donditions under which the interference of
merocury wes prevented, while the test remmined adequately
sengitive to gold were obtained by adding 1 drop .of
the 17 reagent in 8N hydrochloric acid (as used for
antimony, see p.44) to 2 dmpsdf the test solution,

in nitric acid of normality no{ greater then urity.
By this means 25% o2 gold were detected in the
precsence of a 200-fold excess of mercury. Smeil
amounts of gold could be assessed by centrifuging the
precipitates, and comparing them with standeards,
Mercury.-- The use of diphenylcerbezone as & reagent
for mercury was investigeated (Ref. 18). A

saturated solution in alcohol was found to give &
gtrong purple-coloured precipitate when mixed with

& solution containing mercuric ione. The solution,
which muet not contein more than & trace of chloride
ion, and myst also be of pH 7«6 wee neutralised by
the addition of solid sodium acetate. The test
might also be applied on spot-test paper, when the great-
est sensitivity was desired, but its use in sodution
was of greater interest, and it was found that 100§

of mercury gave & distinot precipitate from 1 ml.

anel
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of solution.

Palladium gave a precipitate similar to that of
mercury but of a bluer shade. The amount produced
from a given amount of palladium was about half of
that obtained from an equal amount of mercury. Neutral
solutions of platinum, rhodium and iridium gave faint
violet coloursi. A solution of gold also gave a
violet—coloured precipitate on mixing, which decomposed
almost immediately into a black precipitate of the
metal. If more than 0.5 mg. of gold was present, this
obscured the precipitate derived £rom small amounts of

mercury.
In the absence of an excess of gold, the bulk of

the precipitate derived from mercury, could be Jjudged
by centrifuging, or it might be dissolved in ethyl

or butyl acetate, sepsrated, and compared with a
standard. If this method were adopted, care had to

be taken to avoid an excess of the reagent, which also
dissolved in the ester to give a strong red solution

(at pH >7) which upset the assessment.

Platinum.— Of many reagents applied to the detection

of platinum, the most valuable was dimethylphenylbenzyl-
ammonium chloride, which was used by Maynard, Barber and
Sneed (Ref. 19). The reagent was made by mixing
equimolecular amounts of benzylchloride and dimethylaniline,
and allowing the mixture to stand at ordinary temperature
until/
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until a crystalline mass was formed, The crystals
were washed with ether and dissolved in water to form

a 10% solution. This reagent forms compounds with
the platinum metale in a manner similar to ammonium

or potassium chloride.

o.8. {ccnﬁsnk,) (CgsoH,) |, 2e 014

When a few drope of the reagent solution were

added to the same amount of a solution of platinum
in 4N hydrochloric acid in a small teast-tube, a copious

pale buff precipitate was formed. 25 ¥, the smallest
quantity investigated, gave a d1 stinct precipitate

immediately on mixing. 250% of mercury, 1000Y% of
gold, 500 of rhodium and 250% of iridium gave pure
white, yellow, pale violet and red-brown precipitates,
respectively, similar in bulk to those formed with

25 ¥ of platinum. Palladium gave a light brown pre-
cipitate as copious as that formed with platinum. When
the tubes containing the mixturees were placed in
boiling water for a few minutes the precipitates due to
mercury, palladium and rhodium dissolved and that due to
iridium greatly diminished in bulk; they came down

again on cooling. The solution containing gold gave

8 few globules of yalldw liquid on heating. As the

bulk of the platinum complex was not seriously affected
by heating it 100° there wase no dif:f:!.culty- in ascertaining
the presence of platinum even if moderate excesses of

the other group components were in admixture. The

precipitate/
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precipitate, might, however be discoloured by small
samounts of iridium. Comparison with a standard
permitted the apsessment of quantity.

Iridium.—~ (1) A solution of leuco-malachite green,
1% in acetic acid, was turned green by the action of
a neutral solution of iridium (Ref. 20). The
reaction was sensitive down to 25% , and the only
interference encountered among the metals of the gold
group was due to the masking effect of strongly
coloured ions, notably palladium and rhodium, 50y
of iridium could be found in the presence of a twenty-
fold excess of rhodium, which is greater than would
ever be found in practice (cf., p. 15). The need for
rigid adherence to neutral conditions before the test
would work for small amounts of iridium was a
disadvantage.

(2) A test proposed by Meynard, Barber and
Sneed (Ref. 19) was investigated., The test-solution

was evaporated to fuming with sulphuric acid in a

porcelain crucible, and a few drops of concentrated
nitric acid added, and the evaporation continued. A
bright bdlue colour indicated the presence of iridium.
If small quantities of iridium were being sought, it
was usually necessary to repeat the addition of the
nitric acid two or three times before the colour
appeared. This test was more reliable than the
l-malachite/
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l-malachite green reaction, and was at least as
eensitive; moreover, it depended upon a characoteristic
property of iridium, the formation of a blue oxide, As

in the other test, the only interference found was
' from the strongly coloured ions, but with a ten-fold

excess 0f rhodium, the final colour of the solution
was a brownish-purple, which could safely be interpreted

a8 being due to the presence of iridium.

Palladium.— With dithiol solution (p. 44 ), palladiun
alone of the metals in the gold group gave a reaction,
& brown precipitate being produced when a drop of its
solution was mixed on the epot-tile with a drop of the
reagent solution, and then acidified. 28 Y weas
eagily detected.

The characteristic reaction of palladium with
dimethylglyoxime is desoribed under the section
dealing with the separations (p.gl).

Rhodium.-~— No aatisfaotory.teat for rhodium was found,
apart from the reduction by titanous chloride, which
could only be applied in the absence of gold, platinum,
and palladium, and which will be described later (p.&3 ).

Evolution of a Scheme of Amalysis.

The scheme devieed by Noyes and Bray (Ref, 5,
PP. 110 et seq.) for the analysis of the gold group,
commences with the sepsaration of the gold and mercury
from the remaining elements by extraction with ethyl
acetate from a solution of low chloride ion concentration.

The mercury/
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The mercury is then separated from the gold by shaking
the ester layer with a solution of high chloride ion
concentration, so that the Hgﬁli“ ion is formed and
passes into the aqueous layer. The subdivieion of the
platinum, palladium, rhodium and iridium which remain
in the aqueous solution during the first treatment is
based on the different solubilities of their ammonium
chloride complexes, the platinum and iridium being
precipitated, and the palladium and rhodium remaining
in solution. This separation has been coriticised

by Gilohrist and Wichers (Ref. 21) on the grounds

of incomplete precipitation, and comtamination of the
precipitate by palladium and rhodium,

Gilchrist and Wichers have worked out & scheme
of analyeis for the six platinum metals (Ref. 22) in
which the separation of palladium, rhodium, and
iridium from platinum is accomplished by the precipitation
of the former as insoluble hydrated dioxides from
a solution neutraslised to approximately pH 7. The
precipitated dioxides are dissolved up, and the
palladium is then precipitated as the dimethylglyoxime
complex (Ref. 23), a method of which Gilchrist and
Wichers speak highly,

It was thought that & scheme of analyeis could
be devised in which the methods adopted by Gilchrist
and Wichers for separating palladium, platinun,

rhodium and iridium could be applied to a solution
from/
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from which gold and mercury had been removed by
Noyes and Bray's method.

The results given by the latter (Ref. 5, p. 362)
show that the extraction of gold and mercury from a
solution of low chloride ion concentration and moderate
hydrogen ion concentratipn is almost complete, and that

8 very small amount of palladium, but no platinum,
may be removed. The chloride concentration must be

very small in order that mercury may be eatisfaotorily
extracted, but has no influence on the extraction of
the gold. A small concentration of hydrogen ions is
necessary in the case of the gold to prevent the
hydrolysis of the chloride, but beyond this its
concentration has little influence upon the extraction

of either gold or mercury.

The Extragtion of Gold and Mercury.- The initial removal

of gold and mercury was, accordingly investigated by
meang of the following experimental procedure, which
was based on that of Noyes and Bray.

The solution containing the elemente of the gold
group in the form of their chlorides was evaporated
down in a 25 mm, porcélain orucible with the addition

of concentrated nitric acid until a vopume of about

three drops remained. 3 Ml, of water an? 1 drop of

N hydrochloric acid were then added, and the mixture

was/
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wae transferred to a centrifuge tube and extracted twice
with 13 ml. portions of alcohol-free ethyl acetate

(see p. 13), a good separation of the layers being
obtained by the use of the centrifuge. The two

ester extracts were then evaporated msarefully %o
dryness in a small porcelain crucible which was placed
on a hot-plate., When several milligrams of gold were
' present, the expulsion of the last traces of ester led
to the formation of a violet deposit of the metal.

In order to avoid this happening, and the consequent
necegsity of using hydrochloric &8s well as nitric

aoid to dissolve up the deposit, the evaporation hy
heat was stopped when & thiok yellow syrup was seen,

and completed by meane of a jet of air from a pipette
held in the mouth. When & large amount of mercuric
salt was present, it deposited in white rings round

the side of the crucible, and could be roughly assessed.
This was of importance when the diphenylcarbaszone test
wag applied.

The residue was taken up in the minimum volume
of N nitric scid. ©Unless the quantities of mercury
and gold were. very large, not more than 0.5 ml., was
required. The smount of gold present waes assessed
on the strength of the yellow colour of the solution
if this was intense, but if weak, or not vieible,
two drops of the solution (representing perhaps one
fifth of the total) was tested for gold by adding

one/
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one drop of rhodamine -B solution (p. 67)., 1Ifa
precipitate was formed 1t ocould be centrifuged into

& fine cone and its bulk compared with a standard. In
this way anylamhiguity arising from the presence in
this section of traces of the highly coloured
palladium, rhodium or iridium ions was removed.

Before the diphenyloarbazone test for mercury
could be spplied, it was, in general, necessary to
remove the zold from the solution. The remainder
of the solution was treneferred to a poroelain

crucible, and the nitrate driven off by meane of
hydrochloric =scid. The solution was then diluted to

about 1 ml. in a centrifuge tube, and a stresm of
sulphuridioxide passed in, When the solution was
saturated, it was heated in the water-bath for a

few minutes and the precipitated elemental gold re-
moved by centrifuging. The solution was returned to
the cruoible, the sulphur dioxide expelled, and the

" chloride ion removed by eveporation with nitric acid.

If the amount of gold present waas of the order of 0.5 mg.
it was essential to remove it.

If the mercuric salt had been seen to be present
in large quantity, a portion of the solution Jjudged
to contein 2-3 mg. of mercury wes used for assessment
by the diphenylearbazone test; if not, the whole

solution was tested. By this means, the use of

a/
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& reasonable amount of reagent was ensured, The
volume of the solution was adjusted to 2 ml,, 0.85 g.
of s0lid sodium acetate added and the reagent added
dropwise uptil the purple colour or precipitate, if any,
was seen to be fully developed. The quantity of
mercury present was estimated by centrifuging or
extraction as described on p. (9.

By this procedure, numerous mixtures of known

and unknown composition, containing any or all of the
components of the gold group were analysed Buoccess-

fully for gold and mercury. The deteotion of
large and small quentities of gold was satisfactory,

as long as the precautions necessary to eliminate
the interference of mercury were taken (of. p.(8®),
and the extraction of gold from the aqueous layer
wase 80 complete that in no later operation was its
presence detected. The detection of mercury was
equally good, the only noticeable interference being
from palladium which, if present in maximum amount
(10 mg.), was found in the extract to the extent of
giving with diphenylcarbezone & distinot blue
colour. This, however, was8 less than that derived
from 0.26 mg. of mercury, and was never confused with
merocury. With large quantities of mercury, & small

amount (0.25 mg. out of 20 mg.) wae not extracted

by/
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by the ester, and remained in the solution, from
which it wes later removed along with the platinum,
by hydrogen eulphide (=ee p.79).

The Hydrolytic Precipitation of Palladiwa, Rhodium
and Iridium.— The dilute nitric acid solution from

which gold and mercury had been memoved contained
platinum, palladium, rhodium and iridium, and perhaps
& smell amount of mercpry. When the nitrate was

expa2lled by evaporating the golution almost to
dryness with concentrated hydrochloric acid, in a

porcelain crucible, and then making up the volume to
20 ml. with water, a solution was formed to which
Gilchrist and Wichex's hydrolytic procedure could be
eagily sdapted, This was done in the following
manner. The solution, in a 50 ml. beaker covered
with & watoh-glass, was brought to the beiling point,
and 2 ml., of a 104 solution of sodium dbromete were
run in, followed by the dropwise addition of a 1.0/
gsolut fon of sodium bicarbonate until the »H of the
gaolution was 6, This was indicated by the use of
bromo-cresol purple test-paper, the colour of which
wee changed to blue when spotted with a small drop

of the solution at pH 6. Another ml. of bromete
was then added, and the solution gently boiled for

5 minutes. By this time a dark flccculent precipitate
0of hydrated dioxide had formed in the solution, which,

if palladium was present alone or was the dominant

constituent,/
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constituent, was brown in eolour, if rhodium, green,
and 1f iridium, dark blue.

More bicarbonate golution was then added till

a8 pH of 8 was reached, as indicadbed by a violet
colour on oresol-red test-paper, a further ml. °f

bromate was run in, and the mixture kept at the boiling-
point for 15 minutes. The whole was then transferred
to a centrifuge tuhe and the precipitateddioxides
removed and washed with water. Those of palladium
and iridium separated rapidly, hut when rhodium was
present, the supsrnatant liquid remained green, due

to traces of the finely dispersed hydrated dioxide,
and prolonged centrifuging was only partly sufdessful
in dbringing this into the precipitate. The
supernatant #olution thus might contain ths platinum,
along with not more than 0.5 mg. of mercury, if a
large quantity hsd #riginally been present and perhaps
traces of rhodium and iridium.

The Separation, Detection, and Assessment of Pletinum,——

In order to concentrate the platinum it hsd toc be
separated &s sulphide, but before thie could be done, it
wag necessary to destroy the bromete preeent in the
solution. Gilchrist and Wichere (Ref. 22) accom-
plished this by boiling with hydrochloric acid, bus

it was thought that it would be easier to expel the‘
liberated dbromine if a slight excess of hydrobromic
acid/



acid were added. According to the equation:-

SHBr —+ HBro, —> 3Br,+ 3Hg0,

2
it was caloulated that 3 ml, of 46% hydrobromic acid
would be sufficient. This volume was therefore run
in, and the bromine liberated was removed by gently
boiling. Hydrogen sulphide ges was then passed into
the solution without further preparation, and a black
precipitate separated. This precipitate wes
dissolved in a small amount of aqua regia, the nitrate
expelled by evaporation with hydrochloric acid, and
the residue dissolved in a little concentrated
hydrochloric acid, All or & portion was then taken
for the platinum test, depending upon the sige of the
sulphide precipitate, which, howevar, could not be
taken as an accurate guide to the quantity of platinum
present owing to the possible contaminetion already
referred to. The normality of the solution, which
had been transferred to a test-tube, was adjusted to
four by dilution with water, and a volume of the
dimethylphenylbenzylammonium chloride resgent equal

to that of the test solution was added, 80 that the
final normality was two. The tube was placed in
boiling water snd examined after & few minutes (p. 70 ).
The presemnce of platinum was shown by the formation of
the characteristic buff precipitste of the complex,
which/
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which settled at the bot tom of the tube so well that

its bulk could be assessed without centrifuging.
¢ccasionally the precipitate was coloured red as a
result of contamination with & trace of the iridium
complex; this did not affect the asssessment, asg

the amount of iridium present sould never be large,

and the reagent wase much more sensitive towards
platinum than towards iridium.

The Detection, Separation and Assessment of Pallsdium,—

The precipitate containing the hydrated dioxides of
palladium, rhodium and iridium was dissolved in about
1 ml. of hot concentrated hydrochloric acid (the
complete 2olutiocn of iridium requiring about half &an
hour), and diluted to 30 ml. in a beaker. A 2%
aleocholic solution of dimethylgliyoxime was then added
drop by drop until the bulky, yellow precipitate,
indicative of the precence of palladium, was fully
formed (Ref. 23). After standing in contact with
the mother liquor for one hour, the precipitate was
removed by centrifuging and estimated by comparison
with a staniard similarly prepared. It was essential
to centrifuge the preeipitates for 10 minutes in
order to ensure the maximum reduction in bulk, and to

avoild erratic resulitis.
The method was found tb be satisfactory for large
and smell amounts of palladium, If confirmation were

desired/
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desired for a small precipitate, the complex could

be destroyed by means of nitric and sulphuric acids,
the nitrate expelled, and the dithiol test applied (p.72 ),
‘but this was never necessary. The possibility of the
loss of emall amounte of rhodium and iridium in the |
bulky palladium prectipitate was investigated, but

was found to take place to a small extent only. Por
example, 0.05 mg. of 4iridium could not be detscted

by the leuco-malachite green test (p.7/ ), after 10 mg
of palladium had been removed from the sclution, but
0.1 mg., gave a good poeitive imdicaftion.

The Detection of Rhodium and Iridium.— The filtrate
from the palladium-dimethylglyoxime precipitate was
evaporated to drynese with tihw sadition of a few drops
of concentrated hydrochloric and nitric acids, which
destroyed the organic matter satisfactorily, and the
residue taien up in a few drops of concentrated hyiro-
chloric acid,

The method adopted by Gilehrist and Wichers (Ref., 22)

for the separation of rhodium from iridium ie to remove
the former as mstal by reduction with titenoue chloride,
and the excess titanium by means of oupferron, and then
to destroy the oraanic matter..and precipitete the
iridium as hydrated dioxide. In order to circumvent
the cupferron treatment, with 1its conseqient risk of
lose of minimal amounts of iridium, it was decided to

divide/
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divide the solution into two portions and test
geparately for the one in the presence of the other,

Rhodium,-~ One half of the solution was evaparated
to dryness again in order to expel any remaining

nitrate, taken up in 1 ml. of dilute hydrochloric acid
and transferred to a centrifugecone, A 15% solution
of titanous chloride was added dr0pwiae until the
violet colour wes seen to remain, and the cone was
heated in the water-bath for & few minutes. A black
precipitate indicsted rhodium. Aspgessment wag made
in the usuwal manner. If gold, pletinum or palladium
had not been completely sepersted, they would also
be pecipitated by the titenous chloride, and give a
false indication of the presence of rhodiunm. It was
found, however, by analysing mixtures cont aining several
mg. of these elements and no rhodium, that no black
precipitate was formed when the titanous chloride was
introduced. '
Iridium.— The other half of the solution was transferred
to & emall porcelain cruoible, a few drops of sulphuriec
end nitric scide were added and the mixture was
evaporated to fuming. A blue, or in the presence of
an eight-fold excess of rhodium, a brownish-purple
colour, indicated the presence of iridium, and with =
little prectice, the quantity couvld be assessed.

On p. 84 the full scheme of analysis for the
group is tabulated.
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Several mixtures of composition unknown to the
operator were analysed with the following results,
The quantities are expressed in milligrams,

Ho. _An g 2t 24 8k ir
ls Present = - 0.25 10 0,25 0.25
Found 0 0 i 18 0.5 0

2. Present = 40 - 0.28 10 10
Found 0 32 0.258 B 10

3¢ Present = - 10 - - -
Found 0 0 4 0 0 10

4. Presemt 7:5 o.:g - - 2.5 0.28
Found 18 Oe 0 0 ] 0.5

O« Present 2 1.8 0.28 1.6 ) 0.5
Found 6 0.5 0.6 1 2.5 0.5

6+ Present = - 0.5 7.8 2.5 Q.25
Found o 0 1 6 2 0.28

As with the tantalum and tumgsten groups, a very
satisfactory feature is that no metal absent from the
mixture has been reporteds The failure to report
iridium in No, 1 was due to the employment of the leuco~
palachite green test instead of the much more reliable
reaction with sulphuric and nitric acids., It is
interesting to note that mercury was not reported in
Nos 1, which contained a maximum amount of palladium,
and that platinum was not found in No. 2, which
contained large amounts of mercury, rhodium and iridium,

On the whole, the assessments are satisfactory.
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CONCLUS ION,

Satisfactory schemes for the analysis on the
semi-micro scale of the tantalum, tungsten and gold
groups of Noyes and Bray have been evolved.

It was necessary to separate completely most of
the components of the groups before final confirmation
and assessment of quantity could be made, This
result, which is in line with the findings of Fischer
and co-workers (Ref. 3) when dealing with an analagous
group, was a consequence partly of the lack of
specificity in the tests available, and partly of
the unsatisfactory limiting proportions, ome ion in
small amount not being detectable when other ions were
present in the maximum excess under consideration.
This facter has made it neooaéary %o draw up schemes
of a more exhaustive character tham would have been
required had equal quantities only of the elements
been considered. A scheme suitable merely for
similar amounts of the various components is, however,
of little real value.

It is important to notice that, while many of the
organic reagents were unsatisfadory as far as their
specificity was concerned, their sensitivity was more
than adequate for work on the semi-micro scale, A8
a result, it was freguently possible to divide a sol~-

ution containing a number of constituents into

several/
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several portions and trest them by different methods for
the detection of the individual ions. Thus further
complicated separations were avoided. Examples of

this have been given in the treatment of parts of

the tungsten and gold groups. In the tantalum group, |
in whioh the peculiar nature of the reactiomns of the
'earth acids necessitated three different modes of
treatment for the detection of all the group components,
the sensitivity of the tests employed permitted the
division,

To Dr Christina C, Miller, his supervisor, the
author wishes to express his sincere thanks for her
neverfailing advice and encouragmment throughout the

course of the research.
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