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NOTES FOR AUTHORS
1. General

Contributions may deal with any aspect of analytical chemistry, although papers exclusively concerned with
limited fields already catered for by specialist journals should normally be directed to those journals, and
should only be submitted to TALANTA if their analytical implications as a whole are such as to make their
inclusion in a more general background desirable. Original papers, preliminary and short communications,
reviews and letters will be published.

Because TALANTA is an international journal, contributions are expected to be of a very high standard.
They should make a definite contribution to the subject. Papers submitted for publication should be new
publications. The submission of a paper is held to imply that it has not previously been published in any
language, that it is not under consideration for publication elsewhere, and that, if accepted for publication,
it will not be published elsewhere without the written consent of the Editor-in-Chief. Special importance will
be attached to work dealing with the principles of analytical chemistry in which the experimental material
is critically evaluated, and to similar fundamental studies. Reviews in rapidly expanding fields, and reviews
of hitherto widely scattered material, will be considered for publication, but should be critical. The Editor-
in-Chief will welcome correspondence on matters of interest to analytical chemists.

Original papers, short communications and reviews will be refereed (see Talanta, 1962, 9, 89). Referees
will be encouraged to present critical and unbiased reports which are designed to assist the author in
presenting his material in the clearest and most unequivocal way possible.” To assist in achieving this
completely objective approach, referees will be asked to submit signed reports. At the discretion of the
Editor-in-Chief, the names of referees may be disclosed if thereby agreement between author and referee is
likely to result. Authors should appreciate that the comments of referees are presented in a constructive
spirit, and that agreement between the views of author and referee must result in a higher standard of
publication.

Preliminary communications will be refereed urgently and will be accorded priority in publication.
Letters to the Editor will not be refereed, but will be published at the discretion of the Editor-in-Chief, If
accepted, they will also be given priority.

Fifty free reprints will be provided (regardless of the number of authors) and additional copies can be
supplied at reasonable cost if ordered when proofs are returned. A reprint order form will accompany the
the proofs.

2, Script requirements
By following the Script Requirements carefully, authors will ensure more rapid publication of their papers.

General

Contributions should be submitted to the Fditor-in-Chief or to a Regional Editor where appropriate (see
editorial page for addresses). They may be written in English, French or German. All contributions in
the French language should be submitted to Dr. M. Pesez, and those in the German language to Professor
E. Blasius.

Preliminary communications should be limited to less than 1000 words in length and should not contain
diagrams. If they do not fulfill these conditions they will be treated as short communications.

Scripts should be submitted in duplicate; they should be typewritten and the lines double-spaced. Where
possible, papers should follow the pattern: Introduction, Experimental, Results, Discussion, Conclusion (or
such of these headings as apply).

Because all material will be set directly in page proof, every attempt should be made to ensure that before
being submitted, manuscripts are essentially in the final form desired by the authors, and that no alterations
of moment will be required at the proof stage. Alterations suggested by the referee will be agreed with the
authors at the manuscript stage. Authors writing in a foreign language are advised that in submitting
papers they should endeavour to have the paper thoroughly corrected before submitting for publication.
If the manuscript requires considerable editing, it may have to be returned to the authors for retyping,
resulting in a serious delay in publication.

Summaries

The essential contents of each paper should be briefly recapitulated in a summary placed at the beginning
of a paper, or at the end of a preliminary or short communication. This should be in the language of the paper,
but for French or German papers an English version should also be provided wherever possible.

Hlustrations

Illustrations should be separate from the typescript of the paper. Original line drawings should be
supplied (about twice the final size required) together with one set of copies. Line drawings should contain
all lines of equal thickness; it is not possible to reproduce illustrations with weak lines. If the illustrations



require redrawing, publication of the paper will be delayed. The following standard symbols should be used
on line drawings:

A A 3O O o O A 0 @© © ¢ »

Legends for illustrations should be typed on a separate sheet.

Straight-line calibration graphs are not generally permitted; the necessary information can usually be
included in the text (e.g., in the form of an equation).

Tables should be so constructed as to be intelligible without reference to the text, every table and column
being provided with a heading. Units of measure must always be clearly indicated. Unless it is essential
to the argument, tables should not list the results of individual experiments, but should summarise results
by an accepted method of expression, e.g., standard deviation. The same information should not be
produced in both tables and figures.

The preferred positions for all figures and tables should be indicated in the manuscript by the authors,

References

References should be indicated in the text by consecutive superior numbers; and the full references should
be given in a list at the end of the paper in the following form:

1. J. B. Austin and R. H. H. Pierce, J. Am. Chem. Soc., 1955, 57, 661.

2. 8. T. Yoffe and A. N. Nesmeyanov, Handbook of Magnesium-Organic Compounds, 2nd Ed., Vol. 3,
p- 214. Pergamon, Oxford, 1956.

3. R. J. Winterton in C. L. Wilson and D. W. Wilson, Comprehensive Analytical Chemistry, Vol. IB,
p- 238. Elsevier, Amsterdam, 1960.

4. A. B. Smith, The Effect of Radiation on Strengths of Metals. A.E.R.E., M/R 6329, 1962.

5. W. Jones, Brit. Pat. 654321, 1959.

Journal-name abbreviations should be as used in Chemical Abstracts.
Footnotes to pages and to tables, as distinct from literature references, should be indicated by the
following symbols: *, 1, {, 1, commencing anew on each page.

Proofs

Proofs are not set in galley form and will be sent out to authors in page form for correction. It is
emphasised that at this stage extensive alterations to the text or failure to return the corrected proofs promptly
may result in serious delay in publication.

Authors are particularly requested to check the correctness of their references, which should, at some stage,
also be checked against the original papers.

Miscellaneous

Because of the international character of the journal, authors should follow the recommendations of the
International Union of Pure and Applied Chemistry as regards nomenclature and symbols. In editing papers
for publication, English spelling will be used for all matter in the English langnage. Authors who wish to
retain American spelling, or to adhere to other generally accepted usages, should indicate this clearly at the
time of submission of the manuscript.

Where several authors are involved in a paper, an indication of the author to whom requests for reprints
should be addressed may be given by placing the symbol ® after the name of that author.

Des exemplaires en frangais des Notes aux Auteurs peuvent étre obtenus auprés du Rédacteur en Chef
Deutsche Abdrucke der Anmerkungen fiir Mitarbeiter sind beim Hauptschriftleiter zu erhalten

OTTHCKH TPARMN [IJIA ABTOPOB HA PYCCKOM SIBKIKE MOMKHO IOJIYYATH y TNIABHOTO PeIaKTopa



Chairman: Professor R. BELCHER

Professor G. ACKERMANN
Dr. D. M. W. ANDERSON
Professor F. E. BEAMISH
Professor S. BRUCKENSTEIN
Professor A. 1. Busev

Dr. F. E. CRITCHFIELD
Professor L. ERDEY
Professor Fritz FEIGL
Professor H. FLASCHKA
Mr. J. K. FOREMAN

Professor H. FREISER
Professor J. S. Fritz

Dr. G. GOTTSCHALK

Mr. J. O. HisBITS

Professor K. J. KARRMAN
Dr. D. H. KLEIN

Dr. R. Levy

Professor SHU-CHUAN LIANG
Dr. R. J. MAGEE

Professor H. MALISsA
Professor L. MEITES

Dr. D. F. C. Morris

Dr. G. A. RECHNITZ
Professor W, Rieman III
Professor L. B. ROGERS

Dr. E. Sawickl

Professor G. SCHWARZENBACH
Dr. E. L. SimoNs

Dr. A. A. SMALES

Professor G. FREDERICK SMITH
Professor E. STARL

Dr. M. STEINBERG
Professor N. TANAKA

Dr. BE. WANNINEN

Professor T. S. WesT

Dr. P. ZuMaN

ADVISORY BOARD

University of Birmingham, England
School of Mines, Freiburg, German Democratic Republic
University of Edinburgh, Scotland

University of Toronto, Ontario, Canada

University of Minnesota, Minneapolis, U.S.A.

M. V. Lomonosov State University, Moscow, U.S.8.R.
Union Carbide Corporation, S. Charleston, U.S.A.
Technical University, Budapest, Hungary

Ministry of Agriculture, Rio de Janeiro, Brazil

Georgia Institute of Technology, Atlanta, U.S.A.

Ministry of Technology, Laboratory of the Government Chemist,
London, England

University of Arizona, Tucson, U.S.A.

Towa State University, Ames, U.S.A.

Technical University, Berlin, German Federal Republic
General Flectric Company, Cincinnati, U.S.A.

University of Lund, Sweden

Hope College, Holland, Michigan, U.S.A.

C.N.R.S., Paris, France

Academia Sinica, Peking, China

The Queen’s University, Belfast, Northern Ireland
Technical University, Vienna, Austria

Polytechnic Institute of Brooklyn, New York, U.S.A,
Brunel College, London, England

University of Pennsylvania, Philadelphia, U.S.A.

Rutgers University, New Brunswick, U.S.A.

Purdue University, Lafayette, U.S.A.

Taft Sanitary Engineering Centre, Cincinnati, U.S.A.

Eidg. Technische Hochschule, Ziirich, Switzerland

General Electric Company, Schenectady, New York, U.S.A.
A.E.R.E., Harwell, England

University of [llinois, Urbana, U.S.A.

University of Saarlandes, Saarbriicken, German Federal Republic
The Hebrew University of Jerusalem, Israel

Tohoku University, Sendai, Japan

Abo Academy, Finland

Imperial College, University of London, England
Polarographic Institute of J. Heyrovsky, Prague, Czechoslovakia



Heyrovsky Honour Issue of Talanta

Professor J. HEYROVSKY, Nobel Laureate, inspects the specially bound copy of the Heyrovsky Honour

Issue of Talanta (1965, 12, 1059-1380), presented to him recently at the J. Heyrovsky Polarographic

Institute of the Czechoslovak Academy of Sciences by Dr. M. WiLLiams (Pergamon Press). The Honour

Issue celebrated the seventy-fifth year of Professor Heyrovsky and was comprised entirely of invited
contributions from his former students and associates.



SWVITTIA T I PUB ANSAOUATE] )
NASVIN
fuowa1od uonejudsaid oy) papudane oym AMNSAOJADH JOSSIOL O

SHA ANSAOMATH J0SSOJOI] NIV TA "V 'V I NINAVIHYZ Y "I

| AMNSAOWAIF] W I (2ySie o1 1/37) 1onSs| INOUOH oY) SIUAIUOD A} QUILUBXD
:::fzu_::f._u;_.:f_

1 N
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TALANTA REVIEW*

A CRITICAL REVIEW OF GRAVIMETRIC METHODS FOR
DETERMINATION OF THE NOBLE METALS—IIt

F. E. BEaMIsH
Department of Chemistry, University of Toronto, Toronto, 5, Canada

(Received 27 October 1965. Accepted 6 January 1966)

Summary—Gravimetric methods for palladium, platinum, rhodium,
iridium, ruthenium, osmium and gold are critically reviewed up to the
end of 1964. Previous reviews covered the literature to mid-1957 for
the six platinum metals and to mid-1960 for gold. Associated with the
descriptions of each metal there is included a table which identifies
reagents recorded before the present review together with pertinent
references.

A PREVIOUS review' of gravimetric methods for the platinum metals (platinum,
palladium, rhodium, iridium, ruthenium and osmium) dealt with reagents recorded in
the literature up to the period of June 1957. In the case of the review for gold? the
publications up to and including July 1960 were discussed. The present review is
concerned with the gravimetric methods recorded in the literature from these periods
up to December 1964.%

In the case of palladium some 60 gravimetric procedures have been proposed;
for platinum 27, rhodium 16, iridium 9, ruthenium 7, osmium 9 and for gold 30.
The first seven tables in this review record all of the gravimetric reagents so far
published for each metal but only those published subsequent to the two previous
reviews are discussed in detail.

Despite the numerous and wide variety of precipitants for palladium, additional
reagents continue to appear in ever increasing numbers. Much needed direct weighing
forms for most of the noble metals are now available and these reagents are identified
in the Tables I-VII. Where a question mark is inserted, the purity of the weighing
form seems to require confirmation. The scarcity of direct weighing forms for most
of the platinum metals suggests a fertile and useful area of analytical investigation.
For platinum some 9 such reagents have been proposed; for iridium 2; for rhodium
only 1 is here recommended, for ruthenium none, for osmium 3, for gold 6 and in
the case of palladium the large choice of some 50 weighing forms has been proposed.

It may be added that there is a particular need for precipitants which would

* For reprints of this Review see Publisher’s Announcement at the end of this issue.

1 Part I: see references 1 and 2.

1 Exceptions are the few new gravimetric methods which have been integrated within neutron-

activation procedures. These will be included in a subsequent review of the analytical applications of
radiation techniques.

773



774 F. E. BEAMISH

accomplish the separation of rhodium from iridium and to a lesser degree of ruthenium
from osmium. In the latter case both elements may be readily isolated simultaneously
by distillation, and precipitation methods for their subsequent selective precipitations
are to be preferred to the rather lengthy distillation methods. Although separational
methods for the commonly associated elements, rhodium and iridium, are now
available which are particularly effective for milligram and microgram amounts, a
very considerable contribution would be made by the development of selective
precipitants for larger amounts of rhodium and iridium. Again, these could find
use in refining and manufacturing processes.

Although selective precipitants and particularly those which would provide
weighing forms would contribute considerably to the general efficiency of the analytical
chemistry of the platinum metals, the ease of selective and quantitative separation
of platinum itself from the remaining platinum metals reduces this need for this
metal only. The failure of quadrivalent platinum to precipitate at acidities which
allow the formation of the insoluble hydrated oxides of rhodium and iridium provides
one of the most useful of analytical procedures.

In the case of palladium, the gravimetric determination of milligram amounts in
the presence of moderate excesses of such base metals as iron, copper and nickel and
of platinum metals may be accomplished satisfactorily with a number of precipitants
such as oximes, efc. With solutions containing very large proportions of these base
metals (5 or more) it may be preferable to separate the base metals before the deter-
mination of palladium. The methods of separation by precipitation, e.g., hydrolysis
in the presence of nitrite, are, in these cases, generally inadmissable because of the
large adsorption errors and the resulting need for repeated reprecipitations. This
difficulty is operative for each of the platinum metals. It is with problems such as
these that ion-exchange separations are particularly effective. Methods for these
en masse separations have been proved effective for recoveries of the order of 1 g or
less of the platinum metals in the presence of at least 20~30 g of base metals. How-
ever, no data have been recorded for the separation by cation exchange of amounts of
platinum metals of the order of 10 g or more in the presence of larger proportions
of base metals.

For separating palladium in concentrations of the order of 80 g/l., Shchekoch-
ikhina and Motorkina® used the cation exchanger KU-1 and subsequently precipi-
tated the palladium by a modification of the procedure recorded by Voicu and Dema.*
Presumably, the applications of the large amounts of palladium proved unsuccessful,
because the recorded data included maximum weights of approximately 50 mg. In
any case, the gravimetric modification used by these authors is worthy of attention.
The procedure involved the addition of pyridine to the palladium salt, followed by solid
potassium iodide. The Pd[Py,I,] was filtered off on a sintered glass crucible, washed
with a wash liquid containing pyridine and potassium iodide, then with ethanol and
ether and finally dried in a vacuum desiccator. Despite claims for superiority, there
is no evidence for advantages over the long established dimethylglyoxime method.

PALLADIUM
Oxime reagents
A variety of methods for the separation of palladium from nickel has been
recorded. Structural interpretations for the differences in reactions of dimethylgly-
oxime with these two metals have also been discussed. Burger and Dyrssen® stated
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that “on the basis of the crystal structures or magnetic properties it seems improbable
that the difference in behaviour of the dimethylglyoximates of palladium and nickel
in solution could be explained.” They found an extremely high stability constant
for the palladium complex and stated that this accounted for the formation of the
complex in fairly highly acidic solutions. The solubility of the palladium complex in
basic solutions was considered to be the result of a “hydrolysis’ to form PdX,0H—.

A homogeneous precipition of palladium by hydrindene-1,2-dioxime was described
by Bark and Brandon.® The precipitant was developed in situ by mixing indane-1-
one-2-oxime, and hydroxylamine and palladium(II) in acidic solution, Two reactions
were assumed to take place: a hydrolysis of the dioxime to monoxime, weighted in
favour of the latter, and an immediate reaction of the dioxime and palladium resulting
from the high stability constant of the latter complex. An easily filtered precipitate was
obtained which was only slightly contaminated by precipitant and thus quickly
purified by washing with water or 0-1Mf hydrochloric acid. The palladium solution
containing about 5 mg of the metal was treated with 209/ of w/v hydroxylamine
hydrochloride, 20-50%; excess of ethanolic monoxime and EDTA to complex
iron(III) or cobalt. The solution was adjusted to 100 ml with water and to pH 2-0-2-5
with dilute hydrochloric acid, heated for 2-5-3 hr at 65°, cooled and filtered through
a No. 4 sintered glass crucible. The orange yellow complex was dried at 110°.

Copper and nickel did not interfere but gold and platinum must be removed.
In common with the reports of most new oxime methods for palladium, the authors
record improved conditions compared to those required for the reagent dimethyl-
glyoxime and in common with most of these comparisons the claims are invalid and
perhaps are the result of some lack of experience with the dimethylglyoxime reagent.
In this instance, the latter will produce comparable recoveries in much less time,
including the washing period, which need not be unusually prolonged. In those
instances when a reasonable excess of dimethylglyoxime cannot be readily estimated
one may use the sodium salt. The authors’ statement that “interference by platinum-
(IV) is to be expected, by analogy with the reaction of platinum(IV) and dimethylgly-
oxime” is an incorrect interpretation of the reference used to support the statement.
However, the authors® findings support their assumption that because the N-N
separation in the dioxime is greater in a 5-membered ring system than in the 6, 7 and 8
membered ring system, the former should favour the formation of complexes with
the palladium rather than with a smaller ion such as nickel.

Biacetylmonoxine condensed with ethylenediamine or o-phenylenediamine produce
the palladium reagents bisbiacetylmonoxime ethylenedi-imine and bisbiacetylmon-
oxime-o-phenylenedi-imine. Precipitation is made in an acidic medium. There is
again little, if any, significant advantage over the dimethylglyoxime reagent.”

1,2-Cyclohexadione dioxime (Nioxime)®? is water soluble and produces with
palladium a yellow complex which is somewhat more insoluble than the dimethyl-
glyoxime compound. The minimum excess of reagent is 309, and the applicable
range of concentration is about 5-30 mg of palladium. The selectivity is about the
same as that with dimethylglyoxime, e.g., there is interference from gold and under
certain conditions there is interference from platinum.

B-Furfuraldoxime, previously reported as a palladium reagent by Hayes and
Chandlee,’®!! was used as a precipitant by Pino Pérez et al.,'* who produced it
homogeneously by mixing furfural and hydroxylamine.
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Pshenitsyn and Nekrasova®® used the furfuraldoxime to determine large quanti-
ties of palladium in the presence of copper and nickel.

o-Hydroxyacetophenonoxime was used by Poddar'® at a pH of 0-8-4-5 for amounts
of palladium over the range 3-6-36:0 mg.

Furildioximes, the alpha form of which was previously used by Reed and Banks,'
were applied to the determination of palladium by Yamasaki ef all® The anti form
of the reagent reacted to produce 2 moles of dioxime per 1 mole of palladium, while
the amphi form produced a complex with 1 mole of the dioxime. Both complexes
are potentially useful as colorimetric reagents.

2-Thiophene-transaldoxime was used by Tandon and Bhattacharya'? to produce
a light yellow complex which could be used as a weighing form. Precipitation is
complete over a range of fairly strong acids up to pH 6, beyond which precipitation
is incomplete. Once formed, the palladium complex resists attack by concentrated
hydrochloric acid. Under the conditions for precipitation there is interference from
silver, gold, ruthenium(IIl), osmium(IV), platinum(II), cerium(IV) and tin(II).
Interference from platinum, present in moderate amounts, can be avoided by the
addition of ammonium oxalate.

A study of the chemical and physical properties of complexes of the oxime ethers of
dimethylglyoxime and of 2-pyridinaldoxime with palladium(Il), platinum(II) and
nickel(Il) was made by Findley.”® The measurements included examination of the
visible, near infrared and infrared spectra, conductivity and magnetic properties. The
results indicated that the complexes with palladium(II) and platinum(II) were similar
" in behaviour. Researches of this type may suggest analytical approaches in both
separational and determinative problems. One may hope that future studies in this
area will include determinations of physical and chemical constants of the dimethyl-
glyoximates whose palladium complex may be ignited quantitatively to produce
palladium metal but only with great care, and whose platinum complex ignites with
explosive violence.

«-Diphenylglyoxime in a 0-5% acetone solution was used by Wawrzyczek et al.’®
to precipitate Pd(C,,H;;O,N,), which is used as the weighing form after drying at
110-120°. The claim is made that for samples of the order of 25 mg the diphenyl-
glyoxime reagent provides greater accuracy than dimethylglyoxime. The data re-
corded fail to support this conclusion and, furthermore, the recorded results for
dimethylglyoxime do not represent the maximum recovery which can be obtained for
this reagent.

Other organic reagents

8-Mercaptoquinoline was used to separate and determine palladium and nickel.
Dalziel and Kealey?® precipitated palladium selectively in 1M/ hydrochloric acid to
form a compact orange complex of Pd(C,HgNS), as a weighing form. The precipi-
tate was washed effectively with hot 1:1 aqueous methanol and subsequently dried
at 120° for 1 hr. In acidic solutions above 2M, the pale brown complex was difficult
to filter. It was found that the presence of a 100-fold excess of thiourea prevented
the formation of a platinum precipitate under the conditions required for palladium.
Similarly, at a pH of 1-2 gold and osmium(IIl) produced no precipitates. Below
pH 2 ruthenium(III) failed to precipitate. The authors state that “It seems probable
therefore that in the presence of thiourea as a masking reagent, 8-mercaptoquinoline
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can be used as a selective reagent for determining palladium.” It is unfortunate
that no data were provided to support this claim. Aside from the fact that the sug-
gested specificity required conditions differing from those recommended for palladium,
one cannot assume that because a platinum complex did not appear no interference
would be expected from the simultaneous presence of platinum and palladium. In
any case, excluding possible theoretical value, the proposed method has little to
recommend it.

Palladium as the quinolinolate can be precipitated from a sodium acetate-acetic
acid solution by heating for 5 min on the water bath. The complex is washed with
hot and cold water and dried at 110°. Cobalt, iron(IIf), platinum and rhodium do
not interfere.?* Shlenskaya and Efimova® recorded the composition of the palladium
hydroxyquinolate as Pd(CoHiON), or Pdy(CyH,ON),.

Quinolinimide in 1Y%, aqueous solution was used by Majumdar and Bag® to
precipitate the complex Pd(C,H;O,N,), over the range of pH 0-5-2-5. The pre-
cipitate is washed with hot water and weighed after drying at 110°. The complex
decomposes between 307° and 390°. The extensive study of the effect of interfer-
ences includes ions which are seldom associated with palladium but excludes gold
which is a frequent associate. While the conclusion is reached that palladium can be
precipitated in the presence of platinum metals, the table of data provides little
support for this claim. In any case, the degree of interference was determined merely
by the addition of the foreign cation before precipitation. With metal solutions such
as those of osmium, ruthenium and iridium, the method of dissolution and the
history of the solution may invalidate resuits obtained from the simple mixing of
added constituents.

a,p-Dioximidoacetoacetanilide and «,f-dioximinoacetoacet-o-chloroanilide were
used by Dave and Talati to precipitate palladium: the former? to produce (CyoHj,-
O;3N,;)Pd, the latter® to precipitate quantitatively the yellow complex (C;oHyN;04Cl),
at pH 0-4-10-1. There was no interference from iron, copper and nickel but nitrate
interfered.

2-Carboxyisonitrosoacetanilide® precipitates a voluminous orange-yellow pre-
cipitate at pH 2-3. This complex, (C;H,O;N,),Pd, can be used as a weighing form.

Certain derivatives of pyridine have provided useful precipitants for palladium.
The 2,3-dicarboxylic derivative or quinolinic acid?? can be used in hydrochloric or
nitric acids over the range of 0-25M to a maximum of pH 2-1. The complex Pd-
(C;H,0,N), can be dried at 110° and weighed or, subsequent to washing, it can be
dissolved in a measured excess of standard potassium cyanide and, in the presence of
ammonia and potassium iodide, titrated with silver nitrate. Interference from copper
during the precipitation can be eliminated by masking with EDTA, Presumably,
there is no interference from the platinum metals but the effect of gold has not been
recorded.

a-Picolinic acid? is a useful reagent for the determination of palladium. The
weighing form Pd(C;H,O,N), can be precipitated at a pH between 3 and 7. The
complex is stable up to 380° and although somewhat soluble in hot water it is quanti-
tatively insoluble in cold water. The interference from copper, lead, calcium and
strontium can be eliminated by EDTA and that from iron(III), chromium(III), etc.,
by the addition of tartaric acid. When these masking reagents are required, before
the addition of the reagent, the solution is neutralised with aqueous ammonia and
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mixed with a sodium acetate-acetic acid buffer. Majumdar and Sen Gupta?® also
provided a procedure for the determination of palladium by quinaldinic acid, in
which case tartaric acid and ammonium chloride were used as masking reagents.

B-Aminopicolinic acid®® has been used as a palladium precipitant to produce
Pd(C;HO,H,), from hydrochloric acid solutions above pH 3. The precipitate is
washed with water and dried at 110°. Interference from copper can be eliminated
by EDTA. The titrimetric method described for the quinolinic reagent can be used
with this picolinic derivative. One may expect interference from gold with both
methods.

4-Chloro-2-isonitrosoacetanilide and the iodo derivative in ethanol solution were
used by Buscarons and Julve® as gravimetric reagents for palladium. At pH 1-2 the
4-iodoijsonitrosoacetanilide yielded a yellow precipitate with palladium at a dilution
of 1in 8 X 1075, The composition of the precipitates with the 4-iodo or chloro and
the 2-chloro derivatives was [CgH4O,Cl(or D],Pd. Julve® used these reagents to
determine palladium in plating baths. Solutions containing 10-50 mg of palladium
in about 400 ml of solution were adjusted to a pH of 1-2 with 2 hydrochloric acid.
Ethanol solutions of the reagent were added and after digesting for 5-10 min at 70°
the mixture was cooled and filtered through a fritted glass crucible. The precipitate
was washed with water acidified with a few drops of hydrochloric acid and dried at
105-110°. There was no interference from nickel, copper, platinum(IV) and gold(IIT).
The data provided by Julve®! for 20 mg of palladium indicate very acceptable accuracy
and precision. Presumably, the author preferred these reagents for palladium to
dimethylglyoxime, although no data were provided to indicate any superiority.

Other isonitrosoacetanilide derivatives were also applied as reagents for palladium.
Methods of preparing the 2- and 4-methoxy and ethoxy compounds were described
by Buscarons and Mena.?2 Of 51 metals tested only palladium formed a precipitate.
A medium of pH 1-5 was required. With acetic or nitric acids the para derivatives
formed gelatinous precipitates while the ortho compounds formed crystalline pre-
cipitates. On the other hand, the former were the more sensitive reagents.

Palladium forms a yellow complex at pH 0-1-10-0 with o,S-bis(hydroxyimino)-
acetoacet-o-toluidide.?® Presumably, there is considerable interference from asso-
ciated noble metals. v

Dithiocyanate derivatives® precipitate palladium to form stable weighing forms,
e.g., [PdPy,(SCN),]. The quinoline weighing form, [Pd(quinoline),(SCN),], may also
be used. These complexes are dried ir vacuo.

Pyridine and potassium dichromate may also be used to precipitate palladium
as [Pd(Py),J{Cr,O,]. Iridium, rhodium, gold and nickel do not interfere.?

3-Hydroxy-1-(p-tolyl)-3-phenyltriazene® can be used to precipitate 10-20 mg of
palladium at pH 2:0-3-0. The precipitate is admixed with the precipitant but can be
purified by heating for 1 hr on a water bath. The purified precipitate is used as the
weighing form. In a later publication Gupta and Sogani®? stated a preference for
the methyl derivative as a reagent because of its solubility in hot water. The latter
reagent also precipitated 10-30 mg of copper at pH 34,

1,2,3-Benzotriazole, recorded as a palladium precipitant by Wilson and Wilson,38
was used by Lomakina and Tarasevich3® to precipitate (CgHN3),PdCl, from strongly
acid solutions. These authors also recorded a procedure for the determination of
palladium by 5-bromo-1,2,3-benzotriazole in an acidic medium. It would seem that
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there is no interference from associated base metals, platinum, rhodium and gold.

2-(o-Hydroxyphenyl)benzoxazole was used by Wilson and Baye®® to precipitate
the yellow complex Pd(C;3HgNO,), from an aqueous-ethanol solution at room
temperature. Subsequent to washing with ethanol and drying at 110° the complex
is used as a weighing form. There is no interference from iron(III), copper, nickel,
nitrate and sulphate ions, or any of the platinum metals. One would expect that
gold would interfere.

Bis(allylthiocarbamoyl)hydrazine in ethyl alcohol precipitates red (CgH,;,N,S,)Pd
at pH 3-1-4-5 in a citrate buffer. The weighing form is obtained by washing with hot
water and with acetone and drying at 105°. Copper, mercury and silver interfere.
Nickel, zinc and apparently other platinum metals do not interfere.

2-Hydroxyl-l-naphthaldehyde was used by Pesis®®43 to determine palladium at
PpH 2-5-3 in the presence of copper, cobalt, nickel and lead.#® Nickel and copper
could be precipitated from the filtrate at pH 7-2-7-5.

1,3-Dimethyl-4-imino-5-hydroxyiminoalloxan® precipitates a red chelate at pH
1-3. The weighing form is easily filtered and may be dried at 100-110°. There is
interference from platinum, osmium, iridium, gold, nickel, cobalt and copper.

Violuric or isonitrosobarbituric acid precipitates a fine crystalline precipitate of
PA(C,H,N;O,), at 70-80°. The complex is washed with cold water and dried at 110°,
The method is applicable to a limit of 0-2 ug/ml with a dilution limit of 1:150,000.%%
The associated base metals iron, cobalt, nickel, rhodium, platinum(II) and (IV) do
not interfere.

1-Phenyltetrazoline-5-thione was used as a precipitant for palladium by Stevan-
devi¢ and Blagojevi¢.®® Interfering elements were masked by EDTA. Although the
authors recorded the composition of the precipitate as 1 mole of metal to 2 moles of
reagent, no supporting data were provided and furthermore no data were included to
indicate the claim of a gravimetric reagent.

Reagents prepared by mixing ethylenediamine and excess of K,[Cr(SCN)¢]4H,0 or
NaBPh, have been used as precipitants for palladium. Gheorghiu and Costea?? thus
produced the two complexes [Pd(en),]5[Cr(SCN)¢l, and [Pd(en),][BPh,], which are
sparingly soluble in water at pH 8-10.

Diethyldithiophosphoric acid is an interesting reagent for palladium. Busev and
Ivanyutin®® added the nickel salt to a palladium solution to form the yellow-orange
finely crystalline precipitate [(C,H;0),PS,],Pd which can be used as a weighing form.
The latter is filtered off on a porcelain micro crucible, washed with water and dried
at 105°. Interference from platinum is avoided by the addition of sodium bisulphite
at pH 5. Iron, copper and lead are masked by the complexan Trilon (B)(III), sodium
potassium tartrate and adjusting the pH to about 9 with aqueous ammonia. This
method invites further examination.

Palladium was precipitated electrolytically by Tsuji.2® Recovery of about 100 mg
was 98:5-1009; complete in 0-1-1-0M hydrochloric acid, 0-2N sulphuric acid, or
0-5M nitric acid; and 97-9-99-29% in 0-8-1-0M aqueous ammonia or 0-1Mf sodium
hydroxide. With hydrochioric acid of increasing molarity the deposition potential
became more negative, decreasing from +-0-28 to about --0-04 V. Under these
conditions there was decomposition of the electrolyte and an increase in the
current. To avoid this phenomenon the authors used hydroxylamine hydrochloride
as a depolariser. In the presence of the latter, the deposition potential remained
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TABLE I.—GRAVIMETRIC REAGENTS FOR PALLADIUM

m-Nitrobenzoic acid

Reagents Reference
Oxime Reagents
Dimethylglyoxime 5, 18, 50-60
Hydrindene-1,2-dioxime 6
Bisbiacetylmonoxime ethylenedi-imine 7
Bisbiacetylmonoxime-o-phenylenedi-imine 7
1,2-Cyclohexanedione dioxime 8 9
(Nioxime)
B-Furfuraldoxime 10-13
o-Hydroxyacetophenonoxime 14
a-Furildioxime 15, 16
2-Thiophene-fransaldoxime 17
2-Pyridinaldoxime 18
a-Diphenylglyoxime 19
a-Benzoinoxime 61
Oxalenediamidoxime 62, 63
Salicylaldoxime 64
Benzoylmethylglyoxime 50, 51, 93
Other Organic reagents
8-Mercaptoquinoline 20
Quinolinimide 23
a,B-Dioximidoacetanilide 24
a,B-Dioximinoacetoacet-o-chloranilide 25
2-Carboxylisonitrosoacetanilide 26
Quinolinic acid (2,3-dicarboxylic 27
derivative)
a-Picolinic acid and quinaldinic acid 28
p-Aminopicolinic acid 29
4-Chloro-2-isonitrosoacetanilide 30, 31
4-Jodo-2-isonitrosoacetanilide 30, 31, 65
o,f-Bis(hydroxyimino)acetoacet-o- 33
toluidide
Dithiocyanatediamine 34
Pyridine and dichromate 35
Pyridine and potassium iodide 3
3-Hydroxy-1-(p-tolyl)-3-phenyltriazene 36, 37
and 3-methyltriazene
1,2,3-Benzotriazole 38
2-(o-Hydroxyphenyl)benzoxazole 40
Bis(allylthiocarbamoylhydrazine 41
2-Hydroxyl-1-naphthaldehyde 42,43
1,3-Dimethyl-4-imino-5-hydroxyimino- 44
alloxan
Violuric acid 45
1-Phenyltetrazoline-5-thione 46
Ethylenediamine + K,[Cr(SCN),J4H.0 47
Diethyldithiophosphoric acid 48
p-Thiocyanoaniline 66
Di-iodoamines 4
a-Nitroso-f-naphthol 63, 51, 67, 68
5-Methyl-8-hydroxyquinoline 69
p-Aminoacetophenone 70,71
p-Aminosalicyclic acid 72
2- and 4-Methoxy and ethoxyisonitroso- 32
acetanilide
8-Quinolinol 21,22
5-Bromo-1,2,3-benzotriazole 39
N-Phenyl-N-phenylazohydroxylamine 73,74
Potassium tetraiodomercurate (II) 75
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TABLE I.—(contd)

Reagents Reference
1,10-Phenanthroline 63, 77, 78
Piaselenol 79

Inorganic Reagents
Todide 63, 80, 81
Thioformamide 82
Sodium sulphide 83, 216
Hydrolysis 84
Reducing Reagents
Hydrazine sulphate 85-90
Acetylene 63, 91
Ethylene 63, 91, 94, 95
Formic acid 92
Electrolysis 49

approximately constant at —0-20 V. In the case of sulphuric and nitric acids the
addition of the depolariser resulted in a change from +0-40 to +-0-31 V for sulphuric
and +0-42 to +0-30 V for nitric acid. Subsequent to electrolysis the cathode was
washed with water, then with alcohol and ether and dried in an electric dryer. The
reported results indicated acceptable accuracy and precision and the time required
for a determination was about 1 hr.

PLATINUM

Despite the relative importance of platinum, accurate gravimetric methods are
not numerous. Fortunately, specificity is not generally a necessary characteristic
of a platinum precipitant. Group separations of the associated base metals, iron,
copper, nickel, efc., from platinum metals, may be accomplished with efficiency by a
hydrolysis in the presence of nitrite.®-8¢ The filtrate, subsequent to the removal of
nitrate, may be subjected to an oxidation, followed by a hydrolysis selectively to
isolate platinum. Furthermore, an efficient analytical chemist may apply these
methods to even traces of the platinum metals; however, one must expect the usual
difficulties associated with adsorption by the hydrated oxides in those instances
where traces of platinum metals must be removed from very large amounts of base
metals.

The above method, perhaps the most useful procedure for selectively isolating
platinum from the remaining platinum metals, involves a prior oxidation in a hydro-
chloric acid solution. However, one must note that platinum solutions do not
respond quantitatively to this method of separation if they have been previously
fumed with sulphuric and nitric acids and the latter removed. Beamish and Scott®®
have subjected such solutions to the normally successful oxidation with bromate for
periods as long as 10 hr, invariably producing a heavy brown platinum oxide sub-
sequent to neutralisation to a pH of 6. Even after this brown precipitate is dissolved
in hydrochloric acid and the bromate added again, some of the brown material will
appear on neutralising and boiling. Although repeated treatments such as this will
eventually isolate the platinum, the method is not a practical one and when fuming
treatments are unavoidable, such as in the sulphuric acid parting of platinum metals-
silver assay beads, the fumed solution must be heated to give complete removal of

= 4
%a@uﬂ ATUANH W IEAT
49



782 F. E. BEaMISH

the sulphuric acid, and the dried residue subsequently redissolved with aqua regia.
No explanation for this resistance to oxidation has been forthcoming, although
investigations have been made concerning the products of hydrolysis of platinum
solutions containing added sulphate solutions. Here, one must recognise the dis-
tinction between noble metal solutions which have been fumed with sulphuric acid
and those to which sulphate has merely been added.

Dreyer and Dreyer® separated the hydrolysis products of potassium hexachloro-
platinate by paper ionophoresis at 400 V with a buffer of 0-1M sodium sulphate
solution and 0-01N sulphuric acid solution. These were: [PtClg]*~, [PtCI(OH)]>-,
[PtC1,(OH),J*~ and a neutral product with the suggested formula Pt,CI(OH),(H,0),.

Various successful efforts have been made to identify the dissolved platinum
constituents at various levels of hydrochloric acid concentration.

Pishchevitskii et al.®? reported investigations dealing with the hydrolysis of the
tetrachloroplatinate ion. In this work aquo complexes of platinum were not con-
sidered. Consecutive constituents (with their hydrolysis constants) were: [PtCl,OHJ*~
= 2:2 X 107%; [PtCl,(OH),J*~ = 3 X 1072; [PtCI{(CH),]>~ = 1 x 1071%; [Pt(OH),I*~
=3 x 107, These values were determined by potentiometric titration of K PtCl,
with alkali at 25° under nitrogen; the solution was 1M in sodium chloride and the
concentration of platinum was 0-001.M/. Alkali was added portion-wise during 10-20
days and, following the establishment of equilibrium, the pH of the solution was
measured.

It may be noted here that researches such as these, which provide information
concerning the identity and conditions of formation of the dissolved noble metal
constituents in solutions of hydrochloric and sulphuric acids, can be of great value
to analytical chemists in their use of ion-exchange, chromatographic and solvent-
extraction methods of isolation as well as in such determinative techniques as spectro-
photometry and not infrequently even the classical methods. Related problems have

been discussed at some length in a recent review of spectrophotometric methods for
the noble metals.%®

Platinate weighing forms

The complex [(CH3)sN(CH,) N(CH,);]PtCl; has been used as a weighing form
for the determination of platinum.®® It is precipitated from a slightly acid solution by
[(CH,),N(CH,),N(CHj,);]Cl, in the cold to produce alight to dark yellow, finely crystal-
line precipitate which can be heated from 110to 130° without decomposition. The sol-
ubility of the complex increases with acid content and the sampleis, therefore, carefully
evaporated to remove both nitric and hydrochloric acids. The evaporated residue is
taken up with water and, subsequent to the addition of the 57, aqueous solution of
reagent, the mixture is allowed to stand for 8 hr, filtered through an A, porcelain
crucible and washed with water. The method, applied to weights of platinum between
8 and 40 mg, produced satisfactory accuracy and precision. The authors supplied a
large amount of data dealing with interferences from associated base metals and
from rhodium and palladium.

For 10 mg or lesser amounts of platinum the method is applicable in proportions
of about 1% of platinum to 0-5% of palladium. Anionic rhodium precipitates
partially, while no precipitate is found with rhodium in the cation form. An acceptable
mole ratio for platinum to rhodium is 1:0-2. In the case of iron, the acceptable
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ratio is about 1:0-5. Somewhat larger proportions of copper and nickel may be
tolerated. This method provided a more favourable weight factor than ammonium
or potassium hexachloroplatinates.

A second precipitant with advantages similar to the above reagent was described
by Ryan,1% reinvestigated by Westland and Westland'®! and finally again by Ryan.!%*
The precipitant, dimethylphenylbenzylammonium chloride, is water soluble and
readily formed from benzyl chloride and dimethylaniline. With platinum chloride
solutions the results were significantly low and evaporations with hydrobromic acid
are, therefore, required. The procedure involves a precipitation at room temperature
and a standing period of several hours. While large proportions of associated base
metals do not interfere, other platinum metals do interfere and can be removed by
hydrolysis of the oxidised constituents to isolate platinum in the filtrate. Further
application of dimethylphenylbenzylammonium ion was made by Westland and West-
land,*® who were able to secure accurate values only by washing the complex with
dioxan and then by cyclohexane. The low values were particularly significant for
.amounts of platinum of the order of 0-2mg/ml or larger. A revised procedure
resulted in acceptable recoveries. However, in response to this criticism Ryan'02
found that the errors encountered by Westland and Westland resulted from the use
of an impure precipitant which in the pure state is white, its aqueous solution remaining
stable over several months when stored in brown bottles. The revised procedure by
Westland and Westland and the original procedure by Ryan produced equal accuracy
and washing with dioxan and cyclohexane ‘Was unnecessary.

Milligram amounts of platinum were determined by Negoiv and Constantinescu'%
by adding an excess of freshly prepared 109 potassium iodide and

[Cu(en),}(NO;),-3H,O

in the solid form. Excess of the jodide is required for the conversion to [PtIg]*~. The
black-brown precipitate was washed with an ethanolic solution of both reagents,
followed by 959 ethanol to give a colourless filtrate and then with absolute ethanol
and ether, and finally dried in vacuo for 10 min. Amounts of platinum between 1 and
21 mg were determined with good accuracy and precision. The platinum solution
must contain >>1 mg of platinum/ml to prevent decomposition of [Cu(en),],[PtI¢]
during precipitation.

1-Phenylthiosemicarbazide was used by Komatsu and Ishizaki'® to determine
milligram amounts of platinum(IV) as a bluish green complex, which was washed
with warm water, dried at 105° and weighed. The reagent (in 3M acetic acid) was
added to the platinum solution adjusted to 2:5M with acetic acid. The mixture was
warmed for 30 min on a water bath, cooled, partially neutralised with aqueous
ammonia solution and heated again for 30 min. Traces of silver, copper and mercury
will not interfere if the acidity is kept above 0-5N. Gold and palladium interfere,
forming a precipitate during the heating period.

It has been stated frequently that thionalide (8-aminonaphthalide of thioglycollic
acid or a-mercapto-N- 2-naphthylacetamide) may be used for the gravimetric deter-
mination of palladium, rhodium and iridium, the resulting complex being used as a
weighing form. The reagent has been used successfully for the determination of
ruthenium and osmium, in which case the complexes are ignited.10>1%¢  Al] attempts
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by the present author to use the washed precipitate as a weighing form have failed.
In the case of platinum, data have been presented recently which indicate that thi-
onalide produces, at least initially, a mixed precipitate. Pshenitsyn and Prokof’eva'®?
stated that the quantitative precipitation from solutions of chloroplatinate(IV)
results in a reduction to the bivalent state, forming a compound with 1 atomic weight
of platinum combined with 2 formula weights of thionalide; simultaneously thionalide
is oxidised to dithionalide, the latter being adsorbed and resisting the washing process.
It may be noted here that in the case of ruthenium and osmium the molar compositions
of the precipitates determined by the present author were 1:2 for the former
metal and 1:3 for the latter. Not infrequently the claim is made that impurities
may be removed by continued washing. To the best of the author’s knowledge no
data have been recorded to support the inference that the washed precipitate may be
used as a weighing form.

Sulphide precipitants

Phenothiazine was used by Usova and Gaeval®® to determine platinum in gold-
platinum alloys and the method was preferred to precipitation by formic acid. These
authors!®9:110 recorded observations dealing with the analytical significance of side
chains on the precipitation properties of thiourea. The ability to precipitate noble
metals was increased by the introduction of phenylheterocyclic groups. Groups such
as COOH, SO or NH, added to phenyl rings of diphenylthiourea increased the
number of reactions involving base precipitations.

The application of thiourea for the precipitation of platinum was discussed by
Pshenitsyn and Prokof’eva.l'! The solution of platinum and thiourea was treated
with concentrated sulphuric acid and heated with stirring. Black platinum sulphide
precipitated at 190° to 200°. The washed precipitate was dried and ignited to platinum.
Thiourea dioxide has also been used for quantitative precipitation. Golovnya and
Sokol'? used the dioxide (NH,),CSO, in 2-5% hydrochloric acid solutions of
ammonium or potassium chloroplatinate. Ammonium chloride was added to assist
in coagulations and the mixture was heated on the water bath for 2-3 hr. The black
precipitate was washed with hot water, dried, then ignited to metal. Excellent results
were recorded for amounts of metal over the range of about 10-250 mg. The reagent
simultaneously precipitated palladium, rhodium, gold and silver. Within the limits
of error incident to the method the authors detected no precipitation of iridium.

RHODIUM

Dema and Voicu!® used hexaminecobalt(III) chloride or nitrate with an excess of
sodium nitrite added to a warm, weakly acidic solution of rhodium(III) to produce a
yellow crystalline precipitate of [Rh(NO,)][Co(NHj)e], Which could be weighed sub-
sequent to washing by ethanol and ether and drying in a vacuum. The presence of
iridium results in values 5-10% high. Gold salts are simultaneously reduced to metal
and cobalt interferes. There is no interference from palladium, platinum(IV), osmium-
(1V), iron, copper or nickel.

Salts of N-substituted dithiocarbamic acid were used by Pshenitsyn and Fedorenko?35
for the gravimetric determination of both iridium and rhodium. The proposed method
with p-aminophenyldithiocarbamate required a previous separation of the two metals.
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TABLE II.—~GRAVIMETRIC REAGENTS FOR PLATINUM

Reagents Reference

Reagents for Weighing Forms
Ammonium chloride 113, 114
Tetraphenylarsonium ion 115, 116
Dimethylphenylbenzylammonium ion 100, 101, 102
Tetramethylphosphonium ion 117
[Cu(en),J(NO3),-3H,0 + KI 103
[(CH,);N(CH_)sN(CH,),]1Cl 99
1-Phenylthiosemicarbazide 123, 124, 104
2-Mercaptobenzothiazole 125, 127, 126
Thiophenol 128, 116
Thionalide 107

Sulphide Precipitants
Hydrogen sulphide 118, 116, 85

92, 119, 120
Sodium sulphide 83, 216
Thioformamide 82
Thioacetic acid 120
Thioacetamide 121, 82, 122
Phenothiazine 108
Thiourea 109, 111, 110
112

Other Organic Precipitants
Dimethylglyoxime 129, 133
«~Furildioxime 130

Metal Precipitants
Formic acid 131
Zinc 131
Magnesium 132

Solutions of the two metals are evaporated to dryness in the presence of sodium chlo-
ride, boiling water is added and the solution evaporated again. This process is re-
peated to give complete removal of hydrochloric acid. The aqueous solution of the
metals and precipitant is heated for 1-5 hr to precipitate rhodium; iridium requires 3
hr. Before completion of these periods, an aqueous solution of Methyl Violet is added
to assist coagulation; this is best accomplished when the weight of the Methyl Violet is
approximately equal to the weight of metal precipitated. The complexes are collected
on filter paper and the mixture is burned slowly over a gas flame, then reduced in
hydrogen and weighed as metal. The data provided indicate only moderate accuracy.

Precipitation by 1-nitroso-2-naphthol was proposed by Watanabe,'3¢ who precipi-
tated Rh(C,oHgNO,) at pH 4-85-6. A large excess of reagent is required and on
ignition the tervalent oxide is said to be formed. It is unlikely, however, that the latter
will prove to be a satisfactory weighing form.

1,2,3-Bernizotriazole was used by Wilson and Womack®®? to precipitate quantita-
tively Rh(C;H,NH,);-3H,O from slightly acidic solutions. While the authors con-
sidered the method potentially useful for gravimetric purposes, no procedural data
were included.

A number of potentially useful precipitation procedures have been recorded for the
separation of rhodium from iridium and the subsequent gravimetric determination of
rhodium and/or iridium. - These methods involve reduction of rhodium to the bivalent

2
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state and subsequent selective precipitation by the addition of some organic precipitant.
The reductants used successfully are chromium(II) chloride!®® and titanium(I1I) chlo-
ride;1® the precipitants include a large number of thio-organic compounds.

Jackson'¥® reduced rhodium by chromium(II) chloride and precipitated by thioace-
tanilide. Iridium was determined in the filtrate by thiourea as described below. The
rhodium complex has the composition Rh(C;H;NH-CS-CH3),Cl,.

Precipitation in hydrochloric acid results in contamination by iridium, but a satis-
factory separation is accomplished in a solution containing nitric and sulphuric acids
together with lithium sulphate, taken to fumes and subsequently diluted with water.
The ignited and reduced rhodium metal is generally contaminated by a small amount
of chromium which is removed by chlorination and leaching with aqua regia. It is
claimed that iron, cobalt and nickel do not precipitate under the recommended con-
ditions for rhodium, but there is no proof of non-interference.

Hydrogen sulphide has beenused to separate and to determine rhodium in rhodium-~
uranium alloys.™! The optimum rhodium content for determination was considered
to be 25-100 mg. The method of dissolution of the alloys depended on the rhodium
content. Samples containing less than 59, were dissolved by hydrochloric acid and
hydrogen peroxide. Samples with a greater content were treated by the sealed tube
method of Gordon et gl.*** Hydrogen sulphide was added to the hydrochloric acid
solution for 1 hr at incipient boiling and continued for 0-5-1 hr while cooling. The
sulphide was washed first with a hydrochloric acid solution saturated with respect to
hydrogen sulphide. The ignited and reduced metal was leached with 509 nitric acid
at 80°, filtered again and washed with dilute nitric acid. The metal was again ignited
and reduced and finally weighed.

A second method, used by Gardner and Ashley™® for the determination of rhodium
in uranium alloys, required the reduction of rhodium to the metal by magnesium.
Alloys containing 0-5-10 97 of rhodium were dissolved by hydrochloric acid and 30,
hydrogen peroxide. Initially, the authors found that, in the presence of uranium, mag-
nesium precipitated rhodium metal in a colloidal form. This difficulty increased with
larger proportions of uranium. However, the problem was solved by dilution and no
difficulty was encountered in separating 20 mg of rhodium from 4 g of uranium in 350
ml. Although the data recorded indicated acceptable accuracy over the range of rho-
dium from 19 to 40 mg and although the ignited rhodium metal contained inappreci-
able amounts of uranium and magnesium, methods such as these often require a
precisely regulated period of boiling. Excessive heating with most of the platinum
metals thus precipitated will result in some dissolution of the precipitate and this,
together with the usual contamination by the precipitant, will introduce errors which
become significant with small amounts of metal. Gardner and Ashley filtered off on
paper, ignited in oxygen in an ignition tube at 1000°, swept out the tube with argon
and finally reduced the oxide of rhodium in hydrogen.

Thiourea dioxide or formamidinesulphinic acid, (NH,),CSO,, has been used for the
determination of palladium and of platinum.* Pshenitsyn, Prokof’evaand Bukanoval4
used the reagent for the determination of rhodium over the range 0-03-12 mg. Quan-
titative precipitation requires the narrow acidity range of 0-2-0-5M hydrochloric acid,
a large excess of reagent and prolonged heating on the water bath. The method re-
quires careful evaporation in the presence of sodium chloride and dissolution of the
dry residue in 0-2M hydrochloric acid. The reagent is added in crystalline form at a
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ratio of not less than 100 mg to 5 mg of rhodium. The mixture is boiled for 10 min
and left standing on the hot water bath for at least 1 hr. The precipitate is washed with
dilute hydrochloric acid solution and then with ethanol and finally ignited and reduced
as usual. Nickel and iron may be tolerated but significant amounts of copper interfere.
The authors state that “the possibility of using formamidinesulphinic acid for separat-
ing rhodium from iridium is of undoubted interest.” Presumably, this interest arises
from the work of Golovnya and Sokol,!? who used the reagent for the determination of
platinum and stated that under the conditions used for platinum there was no appreci-
able precipitation of iridium. This resulted from a complete recovery in the filtrate of
a radioactive iridium tracer subsequent to the addition of the thiourea dioxide to a
solution containing 2-4 mg of iridium/litre as well as much larger proportions of other
platinum metals. In view of the potential usefulness of precipitants suitable for the
quantitative separation of rhodium and iridium, it is surprising that neither of the
above reports contain data obtained by determining either platinum or rhodium in
solutions containing iridium. Futhermore, the fact that many reagents which
theoretically should precipitate iridium fail to accomplish quantitative recovery,
should discourage assumptions concerning the separational value of a reagent in
the absence of direct experimental data.

TABLE III.—GRAVIMETRIC REAGENTS FOR RHODIUM

Reagents Reference

Reagents for Weighing forms
Hexaminecobalt(III) 134
chioride + sodium nitrite

Other Organic reagents

1,2,3-Benzotriazole 137
Thiobarbituric acid 146, 147
2-Mercaptobenzoxazole 148
Ammonium p-amino- 135, 138
phenyldithiocarbamic acid
2-Mercaptobenzothiazole 148
1-Nitroso-2-naphthol 136
Hydrazine sulphate 150
Thioacetanilide 140
Thiourea dioxide 144, 145
Inorganic Reagents
Hydrated oxide 139
Zinc and magncsium 80
Antimony powder 149
Titanium(IIT) 139
Chromium(IT) 138
Hydrogen sulphide 60, 80, 147, 141, 143
Sodium sulphide 83, 216
IRIDIUM

Iridium(IV) salts may be precipitated by tetraphenylarsonium chloride and benzyl-
triphosphonium chloride. Neeb!5? used these reagents to precipitate weighing forms
from solutions containing semimicro amounts of iridium. From the recorded data the
tetraphenylarsonium reagent provides the better precision and accuracy, particularly
with amounts of a few milligrams. The precipitant must be pure; commercial grades
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contain impurities which reduce the iridium to the tervalent state. When precipitation
is properly carried out the product is free from coprecipitated impurities. Because
there is a tendency towards supersaturation the reagent is added with stirring. As
would be expected, the remaining platinum metals interfere.

Pshenitsyn and Prokof’eva''! used thiourea in a sulphuric acid solution of the
platinum metals to precipitate sulphides at elevated temperatures. The authors re-
corded procedures and stated that there were no interferences from copper, lead or low
concentrations of iron and nickel. Thiourea was also used by Jackson® to precipi-
tate iridium subsequent to the thioacetanilide separation of rhodium. This method
produced acceptable results for a range of concentration from 0-5 to 100 mg of iridium.
For very small amounts of iridium the latter is determined titrimetrically. In general,
both rhodium and iridium should be isolated from associated base and noble metals.
The method may find useful extensions.

Formic acid was used successfully as a reductant for rhodium by Duval, Champ
and Fauconnier.®® The procedure required the usual medium of ammonium acetate,
but to avoid filtering losses incident to the colloidal character of the precipitated metal,
a quartz-silk medium was added to the filtering crucible. Subsequent to washing, this
could be removed and transferred to a crucible chosen to fit the loop of a thermo-
balance. A silica Gooch crucible fitted with a quartz-fibre filtering medium was also
suitable and with this equipment recovery of the iridium was accomplished by dis-
solution of the filtering medium by hydrofluoric acid. Simple ignition of the precipi-
tate up to 879° gave satisfactory results and the usual ignition in hydrogen and cooling
in nitrogen were considered to be unnecessary.

TABLE IV.—GRAVIMETRIC REAGENTS FOR IRIDIUM

Reagents Reference
Reagents for Weighing Form
Tetraphenylphosphonium and 152
arsonium salts
Ammonium chloride 114
Other Organic Reagents
Thiourea 111, 140
p-Aminophenyldithiocarbamic 135
acid
Formic acid 153
2-Mercaptobenzothiazole 155
Thioformamide 154

Other Inorganic Reagents

Sodium hydrogen carbonate 156, 157
Sodium sulphide 83, 216
RUTHENIUM

The conditions required for the precipitation of hydrated ruthenium(IV) oxide were
studied by Brandstetr and Vrestal.!>® The technique varies somewhat from that gen-
erally applied. The solution, containing 5-100 mg of quadrivalent ruthenium, is evap-
orated, then dissolved in boiling water and filter paper pulp is added. Ammonium
carbonate solution is added to the hot solution and, subsequent to boiling, hydrogen
peroxide is added. The hydrated oxide is filtered in a porcelain crucible, washed with
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hot water, then slowly heated before a 3-min heating period at 600°. Finally, the
residue is heated for 1 min in hydrogen, cooled and weighed as metal. Alternatively,
the oxide may be weighed subsequent to a 30- to 40-min heating period at 180° and
then for 2-5 hr at 580-600°. The present author has repeatedly emphasised that for
milligram amounts of platinum metal the gravimetric precipitation of hydrated oxides
fails to provide high accuracy. A recalculation of the data provided by Brandstetr and
Vrestal'®® for the metal weighing form indicates a range of absolute positive errors of
>3 mg for precipitates of approximately 100 mg to negative absolute errors of about
2 mg for precipitates of about 50 mg. In the case of the quadrivalent oxide weighing
form the corresponding errors are 41 mg and —0-2 mg.

The care exercised by the authors is evident in the precision attained within each set
of similar compositions, in which standard deviations of about 0-1 were realised.
Despite this very acceptable precision, one cannot ascribe high accuracy to this or any
other recorded hydrolytic method when applied to milligram amounts of the platinum
metals.

Informative experiments concerning the composition and properties of a hydrated
ruthenium oxide were recorded by Keattch and Redfern.1®® The hydrated oxide whose
composition was RuO,-H,0, was prepared by treating ruthenium oxide with water and
gaseous hydrogen in a glass pressure vessel. The product was filtered, washed with
water and dried at 100°. Thermogravimetric studies showed an initial loss of weight
below 100°, presumably due to loss of water, the loss continuing to about 150-160°,
then falling off to temperatures of about 600°. It is unfortunate that these data did not
allow a distinction between the loss of combined water and the adsorbed water. It
should be noted that at temperatures above 1300° a weight loss wasagain observed and
at 1400° the loss was complete. This was interpreted to indicate an oxidation of the
dioxide and finally complete volatilisation as the tetroxide. Support for this con-
clusion is claimed through the work of Campbell ef 2/.% These authors prepared the
dioxide by reduction of ruthenium with acetone in alkaline solution. The hydrated
oxide was ignited in air to produce the anhydrous oxide. Thermograms of the oxide
showed an endotherm at 188°, for which no explanation was found; there was an
exotherm at 1350° and the beginning of a second endotherm at 1450°. The differential
thermal analysis curve indicated no weight loss up to 1025°, a slow weight loss from
1025° to 1400°, and a more rapid loss from 1400° to 1515°. Based on previously
published thermodynamic data the authors suggested the existence of several reactions
above 600°. The slow weight loss between 1025° and 1400° could result from the
decomposition of the dioxide (this may be accepted only with reservations); between
1400° and 1500 it is presumed that the oxidation of the dioxide to the octavalent
oxide occurs at a rapid rate, and is accompanied by a gas phase decomposition above
1425°, The endotherm which begins at 1450°~1500° is ascribed to the y-transition of
ruthenium metal. While the data obtained by Keattch and Redfern® do indeed find
an explanation on the work of Campbell ez al.,1% the conclusions contained in both
reports are by no means proved and more detailed work would be a welcome contri-
bution. It may be observed that the failure to find a weight loss over the temperature
range up to 1025° is not accepted as a final conclusion by the present author. This
failure may well be due to the fact that the weight measurements were made to an
accuracy of 0-5 7 of the sample and it is not unlikely that a slight loss would, therefore,
have escaped detection. However, weight losses of fractions of milligrams may be
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significant in analytical processes and reports dealing with changes in weights of pre-
cipitates with temperatures should include the terms of reference. One must note also
that the dioxides used were prepared by different methods, each of which may well
result in dioxides of distinctive properties. The existence of ruthenium compounds of
identical composition but of varying properties has been established by Keattch and
Redfern’® in their examination of X-ray diffraction patterns of their ruthenium di-
oxide; the latter heated at 1120° is converted from a black to a blue oxide with a
sharp pattern as opposed to the oxide heated at 110° which showed no discernable
pattern and was amorphous to X-rays.

Recently, various organic thio compounds have been used for the precipitation of
radioruthenium.’®! Thioacetamide, thiourea, thiophenol, S-mercaptopropionic acid
and 2,3-dimercaptopropanol precipitated ruthenium carrier from a 2-3M nitric or
hydrochloric acid solution. The mixture is heated to 90-100° for 0-5 hr. The average
recovery of 1°3Ru and 1%Ru was 94%.

Organic sulphides were also applied effectively for the removal of ruthenium and
in each case copper sulphide was coprecipitated. The organic sulphides included ethyl
sulphide .and disulphide, di-p-tolyldisulphide, a-mercapto-N-2-naphthylacetamide,
mercaptoacetic acid, 2-mercaptoethanol, f-mercaptopropionic acid, 2-mercaptobenzo-
thiazole, g-dithioglycol, benzenethiol and thioacetic acid. Only those compounds
which contained the —SH groups yielded precipitates with inactive ruthenium or with
heavy metals from inactive solution.

It is a surprising fact that the report of this and similar rescarches provide little
evidence of familiarity with current analytical literature and in particular of the fact
that certain organic sulphides have been proved to be successful gravimetric reagents.
The above authors note that “The sulphide precipitants, besides being convenient and
useful for analytical chemical applications, also afford a way to decontaminate reactor
fuel element solutions from ruthenium activity.” Here it may be suggested that the
ease of separating ruthenium from copper by cation exchange offers extended appli-
cations of the copper-carrier separation.

Moore'®? precipitated ruthenium by hydrogen sulphide with copper sulphide as a
collector. The ruthenium-bearing copper sulphide was dissolved in sodium cyanide
solution and the fraction of ruthenium precipitated was determined by radiochemical
analysis of the initial solution and of the supernatant liquid after centrifugation. Some
99-8 % of the ruthenium was removed from solutions 1M in uranium and 0-5M in
nitric acid. The recovery was decreased somewhat with increases in acidity or in
uranium content.

Reductants

Ethanol has been used as a reductant in alkaline solution of octavalent ruthenium
oxide. The method has practically nothing to recommend it.

The usual quota of metal reductants has been proposed for ruthenium. Mag-
nesium and zinc have been most frequently used. The problem presented by these
theoretically attractive methods is concerned with the quantitative removal of excess
reductant. Because these metal reductants are relatively easily attacked by dilute acids
and because ruthenium is considered to be inactive to mineral acids, it would appear
that selective leaching is a very simple purifying process. Apart from the susceptibility
of finely divided platinum metals to acidic attack, there is the difficulty that at least
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some of the platinum metals will form alloys with metal reductants, particularly at
ignition temperatures, and one cannot, without experimental evidence, exclude the
possibility that selective dissolution will introduce ruthenium losses comparable to
those recorded for reduced platinum precipitates.

Ayres and Young!®® rejected reduction methods by both zinc and magnesium.
Their work indicated that the precipitated ruthenium appeared in a very fine state
which adhered to the beaker wall and contained the metal reductant.

TABLE V.—GRAVIMETRIC REAGENTS FOR RUTHENIUM

Reagents Reference

Organic Reagents
Organic thio compounds: 161
thioacetamide, thiourea
thiophenol, -mercaptopropionic acid
2,3-dimercapto-1-propanol

Thioglycollic-8-aminonaphthalide 167, 105
(thionalide)
Inorganic Reagents
Hydrated oxide 160, 159, 158
Sulphide 83, 216, 162
Zinc 163
Magnesium 163, 166, 164
OSMIUM

Acridine in acetic acid solution has been used to precipitate various forms of
osmium. Spacu and Gheorghiul®® precipitated H,OsClg-2-Acridine and H,OsBrg-2-
Acridine from hydrochloric acid solutions of osmium. The methods are also appli-
cable to hydrochloric acid solutions containing ethanol. The weighing forms are
prepared by washing with absolute alcohol, then with ether, and drying in a vacuum.
There is no interference from copper, chromium, cobalt or iron in the case of the
chloro complex. A third method produced the weighing form [Os(thio)sJ[Cr(SCN)]
from hydrochloric acid or sulphuric acid solutions. A hydrochloric acid solution of
thiourea and an excess of concentrated K [Cr(SCN)g-4H;0 are added and the pre-
cipitate is dried at 105°. The method requires a prior distillation to remove impurities.
All three methods are applicable to milligram amounts of osmium, e.g., 0:6-5 mg.
The authors included a procedure for the preparation of K3[Cr(SCN)g]-4H,0.

Tetraphenylphosphonium and arsonium salts, previously used for the gravimetric
determination of platinum, were applied by Neeb for the gravimetric determination of
osmium in the form of [OsClg*~1% For hydrochloric acid solutions tetraphenyl-
arsonium chloride and benzyltriphenylphosphonium chloride are recommended. In
hydrobromic acid solutions tetraphenylarsonium chloride and the tetraphenylphos-
phonium salt are used. In general, a satisfactory purification of the precipitate is
achieved by a careful adherence to the recommended precipitation techniques.

Subsequent to the adjustment of the acidity with hydrochloric or hydrobromic acid
the reagent is carefully added dropwise with strong stirring. The filtered precipitate is
washed with a freshly prepared solution of the precipitant and then with cold water
and dried at 110°. Constant weight must be achieved as rapidly as possible. The
methods were used for amounts of osmium from less then 1 mg to about 15 mg and
the recoveries indicate excellent accuracy.
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The 1,2,3-benzotriazole-osmium complex was recommended as a weighing
form by Wilson and Baye.!?® The method requires precipitation by the reagent from
an acetic acid-sodium acetate buffered medium and involves precipitation of
Os(OH)4(C,H,NHN,),, a beige precipitate, which is washed with hot water and dried
for 1 hr at 110°. The method is applied directly to octavalent osmium distilled into
0-1M sodium hydroxide. The results reported by the authors on samples of the order
of about 2-25 mg indicate excellent precision and accuracy.

Because this method, as presented, appears to be the most effective of any recorded
procedure, the present author attempted its application under a variety of conditions
including those assigned by the authors. Unfortunately, neither the accuracy nor the
precision indicated by the original report has been verified. Indeed, all of the data so
far accumulated indicate that, while precipitation is complete, the complex formed is
either not a pure substance or, more probably, it is admixed with an impurity not
amenable to the recommended washing technique. While the method is not here
recommended, one may hope that the failures experienced by the present author may
have resulted from some unacceptable technique.

TABLE VI.—GRAVIMETRIC REAGENTS FOR OSMIUM

Reagents References
Reagents for Weighing Forms
Acridine 168
Tetraphenylphosphonium and arsonium 169
salts
1,2,3-Benzotriazole 170
Thiourea + K3[Cr(SCN),]-4H,O 168
Other Organic Reagents
Strychnine sulphate 173, 106
Antipyrine derivatives 222,223
(See group
reagents)
2-Phenylbenzothiazole 106
Thionalide 106
Inorganic Reagents
Carbonate 172,171
Sulphide 83, 216
GOLD

Bis(trimethyl)hexamethylenediammonium tetrabromaurate(IlI) can be quantita-
tively precipitated as a brown complex from gold solutions adjusted to pH 0-5—1 by
sodium acetate.2” The solution should contain 4 % of potassium bromide. A 3-fold
excess of reagent is added dropwise and the mixture is allowed to stand at room tem-
perature for about 2 hr with occasional shaking. The precipitate is filtered off on a filter
crucible with suction, washed with a 1 - 9 solution of ethanol and water and dried
to constant weight at 110°. Large proportions of iron‘™D, cobalt', nickel, manga-
nese™ and copper do not interfere. Palladium and platinum must be removed; the
first can be accomplished by the use of silver sulphide.

Thioglycollic acid was proposed by Mukherji'"® as a reagent for the direct weighing
of the complex C,H30,SAu. Precipitation is made from a 6£ hydrochloric acid solu-
tion. Sulphuric acid cannot be used, but traces of nitric acid are tolerated. Addition
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of the reagent results in a transient brown colour, changing to white and then to
yellow subsequent to a 20- to 30-min period of heating on a steam bath. The pre-
cipitate collected in a sintered glass crucible is washed by decantation with water
and finally dried at 110-120°. The precipitate is readily filtered and may be ignited
to gold. Of the platinum metals only platinum interferes. This method may prove to
be exceptionally useful.

Reinecke salt, previously reported as a gravimetric reagent by Mahr and Denck?
and Bagbanly,1?? was used by Majkowska and Wawrzyczek!”® to produce two weigh-
ing forms. Precipitates dried at 105° resulted in the composition

Au[Cr(NH,),(SCN),}-H..0,

and at 170° the anhydrous salt was formed. A titrimetric adaptation was developed in
which the precipitate was heated to boiling in a 2M sodium hydroxide solution, pro-
ducing colloidal gold and chromium hydroxide. The filtrate from the mixture was
titrated with silver nitrate. This method produced excellent results with samples of
2-5-250 mg of gold. The gravimetric method was applied over the same range. The
centrifuge is used to separate quantities of the order of 2:5-10 mg; larger amounts are
filtered as usual.

Ascorbic acid has been used by Ripen and Pop!™ to separate and determine gold,
selenium and tellurium in anodic deposits from copper electrolysis. The sulphuric acid
solution was fumed and treated with hydrochloric acid and ascorbic acid. Selenium
and gold were thus isolated, then dried and weighed. A reprecipitation in the presence
of nitric acid isolated the gold.

GROUP REAGENTS FOR THE PLATINUM METALS

A variety of procedures has been proposed for determination of the platinum
metals as inorganic and organic sulphides. Despite the fact that many of these methods
have proved exceptionally useful, there is the consistent characteristic that the methods
are not as accurate as the gravimetric methods.

A new approach to sulphide precipitation of platinum metals was proposed by
Taimni and Salaria. In general, the procedure required the development of soluble
thiosalts and subsequent acidification to produce sulphide salts which were used as
weighing forms. The present author recorded an adverse opinion of the method in a
previous review* and stated that the various attempts to corroborate the results ob-
tained by Taimni and Salaria® resulted in unacceptably high values. Recently, Sant,
Chow and Beamish?!® recorded data to indicate the degree of error.

For each of platinum, palladium, rhodium, iridium and ruthenium the results were
excessively high. Respectively, the mean positive errors (per cent) were 12, 3, 12, 11
and 44.

Additional researches dealing with the collective precipitation of noble metals with
thiourea have been recorded.?? The reagent is added to the chloride or sulphate solu-
tion followed by concentrated sulphuric acid and a period of heating. The mixed
sulphides are dissolved in agua regia; the residue from evaporation in the presence of
chloride is diluted and hydrolysed to remove associated base metals. The remaining
base metals are removed from the filtrate by cation exchange at pH 1. Finally, the
platinum metals, except osmjum, are again treated with thiourea, and the residue is
ignited, reduced and weighed.
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TABLE VII.—GRAVIMETRIC REAGENTS FOR GOLD

Reagents Reference

Reagents for Weighing Forms

Bis(trimethyl)hexamethylenediammonium 174

tetrabromo salts

Thioglycollic acid 175

Reinecke’s salt 171, 176

N-(N-bromo-C-tetradecylbetainyl)-C- 180

tetradecyl betaine

Thiophenol 63, 181

Thionalide 182, 183
Other Organic Precipitants

Citarin 184

Urotropine 185

8-Quinolinol 186, 187

Tetraethylammonium chloride 188

Mercaptobenzothiazole 189, 190, 181

Dimethylglyoxime 53, 133, 191
Reducing Reagents

Oxalic acid 192, 194, 195

Morpholine oxalate 193

Iron(II) sulphate 196, 187

Sulphur dioxide 194, 195, 196

197, 187
Sodium nitrite 195, 196, 207,
208, 209

Hydrogen peroxide 187, 198, 199

Hydrogen sulphide 187

Strong mineral acids 214, 215

Ascorbic acid 179

Formaldehyde 200, 201

Hydrazine 202, 203, 204

Sodium chlorite 205

Hypophosphorous acid 206

Potassium hydrogen sulphate 213

Hydroquinone 194

Zinc 210

Mercury 210, 212

Tin amalgam 211

Rudnev and Malofeeva®® have provided a brief summary of the known platinum-
metals reagents and have also proposed a new and interesting approach to platinum-
metal sulphide precipitations. Weighing forms were obtained by coprecipitation of
univalent thallium with the sulphides of the platinum metals, forming TIRu,Sq,
TIRh,S,, TIPtS; and TIPd,S;. The application of the method to osmium was not
reported and for iridium the authors’ data discouraged a detailed examination. The
method was limited to micro amounts of each metal and the procedure involved the
use of 2-5N sulphuric acid solution and the addition of thallium salt in not less than
twice the stoichiometric amount required. Hydrogen sulphide was added while heat-
ing in the case of ruthenium and rhodium, and at room temperature in the case of
platinum and palladium.

Filter crucibles were used and the sulphide was washed with dilute sulphuric acid
saturated with hydrogen sulphide, carbon disulphide, ethanol and ether, then dried for
1 hr at 105° and weighed subsequent to a cooling period over sulphuric acid. The data
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recorded indicated reasonable accuracy for amounts of the metals over the range of
about 1-10 mg. However, it may be noted that for rhodium and ruthenium the results
tended to be low and high for palladium. The magnitude of the errors is at best no
less than that associated with the acceptable organic sulphide precipitants. It is un-
fortunate that the authors did not provide sufficient data to clarify the permissible
limits of excess of reagent. In the light of their later paper,2® which includes the
inference that solid solutions of the precipitate and thallium sulphide may result from
the use of large excesses of thallium salt, data are required to indicate the quantitative
effect of excesses greater than the permissible limit. The statement that 4-, 6- and 8-
fold excesses are permissible seems not to be supported by the data provided. The new
method is simple and rapid. The application of the method and the results obtained
for ruthenium and platinum are especially interesting.

In this second paper Rudnev and Malofeeva®'? discuss in a general way the re-
actions between sulphides of elements in different positions in the Periodic Table.
Their discussions are based on the classical approach to the relationships of acidities
of oxides of elements and their positions in the Periodic Table. Thus, thallium sul-
phide is considered basic to the metal sulphides of column eight as well as to sulphides
higher in column three. The success achieved in separating the sulphide compounds
by precipitation supports their conception of acid and basic sulphide groups. The
identities of the noble metal compounds were confirmed by X-ray diagrams and the
determinations of composition. There is significance in the fact that in the case of
ruthenium, and ruthenium only, the proportion of thallium in the precipitate was not
dependent on an instantaneous or simultaneous appearance of Ruzs3 but occurred
also with the preformed sulphide.

Dithiocarbamates were used by Pshenitsyn and Fedorenko220for the precipitation
of platinum and rhodium subsequent to their separation from base metals by the usual
nitrite hydrolysis. The filtrate containing the complex nitrites was treated to convert
the two metals to solutions of the chloride salts. The pH was adjusted to 6-7 with
sodium hydrogen carbonate and at least three times the stoichiometric excess of sodium
pentamethylenedithiocarbamate was added to form Pt(C;H,;oNCS,), in the cold and
Rh(CsH;(NCS,); in the hot solution. The complexes are ignited in air to form
platinum and in hydrogen to form rhodium.

In a later paper?®! the authors used sodium (p-aminophenyl)dithiocarbamate and
sodium diethyldithiocarbamate to precipitate platinum at pH 4-5 at a dilution as low
as 1-1-5 ug/ml of solution. Rhodium could be precipitated from a nitrite solution.
The aminophenyl derivative was of limited use in the separation of platinum and
rhodivm and of rhodium and iridium.

Antipyrine derivatives, like strychnine, acridine, ammonium, etc., may be used
to precipitate certain anions of the platinum metals. Busev and Akimov#?22 used
antipyrine, diantipyrylphenylmethane, diantipyrylpropylmethane and diantipyryl-
methane to form precipitates with quadrivalent osmium and platinum and also bi-
valent platinum and palladium in 0-5-2M hydrochloric and hydrobromic acid
solutions of these metals.

In contrast to precipitates with ammonium ion the antipyrine complexes, like those
with acridine, efc., form precipitates which are relatively insoluble. Like the pre-
cipitates of strychnine, acridine, ezc., with platinum metals, these complexes have high
molecular weights and thus favourable weight factors. In the case of the antipyrine
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derivatives, as with acridine, thiourea with Cr(CN,), ion there is the important ad-
vantage that the precipitates are weighing forms. The diantipyrylphenylmethane
reagent was rejected because of the relatively high solubilities of the hydrochloride or
hydrobromide iridium and osmium complexes. The propyl derivative was used for
these metals in a hydrochloric acid solution but again, because of high solubility, it
was not suitable in a hydrobromic acid medium. On the other hand, diantipyryl-
methane was found satisfactory for both osmium and iridium in a hydrobromic acid
medium. There is interference from platinum and palladium which form insoluble
salts, and from ruthenium and rhodium which coprecipitate with both osmium and
iridium. It may be hoped that in the case of associated rhodium this difficulty may be
overcome. The procedure involves the addition of the reagent in an acetic acid
medium to the quadrivalent salts of osmium or iridium, standing for 2-3 hr, filtration
through a filtering crucible, washing with a dilute solution of the reagent in hydro-
chloric acid, and drying to constant weight at 100-110°. The method, applied to solu-
tions containing 5-13 mg of the metals, produced data whose accuracy is somewhat
less than that reported for several other organic precipitants whose treatment requires
ignition.
TaBLe VIII.—GROUP REAGENTS FOR THE NOBLE METALS

Reagents Reference

Reagents for Weighing Forms

Sodium sulphide (Pt metals) 83,1, 216

Thallium sulphide (Pt, Pd, Rh, Ru) 218, 219

Antipyrine derivatives (Os, Pt, Pd) 222, 223
Sulphide Reagents

Thiourea (Pt metals) 217

Dithiocarbamates (Pt, Rh) 220, 221
Other Reagents

Hydrated oxides (Pd, Rh, Ir) 224

Optimum conditions for the hydrolytic precipitation of palladium, rhodium and
iridium from chloride complexes were discussed by Chen-Huan and Yung.?¢ In
particular, the effects of variations in sodium chloride content, acidity and aging were
discussed. The optimum salt content for palladium(II) was 0-5 g/100 ml of solution
and a pH range of 5-3-6:0 in the absence of the oxidant sodium bromate, for
iridium(IIT) 2-5 g of salt/100 ml, a pH range of 7-8-8-8 and a bromate concentration
of 3-5g/100 mi of solution; for iridium(IV) the corresponding values were 2-5,
7-5-8:0, and 0-1. In the case of rhodium(III) the salt content recommended was
10-0 g/100 ml of solution, the pH 7-0-8-0 and no bromate. For micro amounts of
palladium(Il) and rhodium(Iil), suitable carriers were iron or cerium(III) chlorides;
for iridium, cerium(IIT) only was recommended.

Zusammenfassung—Es wird eine kritische Ubersicht iiber die bis Ende
1964 bekannten gravimetrischen Bestimmungsmethoden fiir Palladium,
Platin, Rhodium, Iridium, Ruthenium, Osmium und Gold gegeben.
Frithere Ubersichtsartikel erfaBten die Literatur bis Mitte 1957 fiir
die sechs Platinmetalle und bis Mitte 1960 fiir Gold. Zusammen
mit den Beschreigungen fiir jedes Metall wird eine Tabelle vorgelegt,
die vor der vorliegenden Ubersicht angegebene Reagentien mit
den einschldgigen Literaturzitaten enthdlt.



A critical review of gravimetric methods for determination of the noble metals—II 797

Résumé—On passe en revue de fagon critique les méthodes gravi-
métriques de dosage du palladium, du platine, du rhodium, de I'iridium,
du ruthénium, de "osmium et de I'or, jusqu’a fin 1964. Les revues
antérieures ont couvert la littérature jusqu’au milieu de 1957 pour les
six métaux de la famille du platine et jusqu’au milieu de 1960 pour
P'or. En association avec les descriptions relatives 4 chaque métal, on
a inclus un tableau identifiant les réactifs mentionnés antérieurement a
la présente revue, avec les références correspondantes.

REFERENCES

1 F. E. Beamish, Talanta, 1958, 1, 3.

2 Idem, ibid., 1961, 8, 85.

3 R. L. Shchekochikhina and R. K. Motorkina, Zh. Analit. Khim., 1962, 17, 604.

4V, Voicu and L. Dema, Acad. Rep. Populare Romine, Studii Cercetari Chim., 1960, 8, 301.

5 K. Burger and D. Dyrssen, Acta Chim. Scand., 1963, 17, 1489.

¢ 1. S. Bark and D. Brandon, Talanra, 1963, 10, 1189.

7N. K. Mathur and C. K. Narani, ibid., 1964, 11, 647.

8 N. K. Pshenitsyn and O. M. Ivonina, Zh. Neorg. Khim., 1957, 2, 121,

3 R. C. Voter, C. V. Banks and H. Diehl, Anal. Chem., 1948, 20, 652.

10 J. R. Hayes and G. C. Chandlee, Ind. Eng. Chem., Anal. Ed., 1942, 14, 491.

11 J, R, Hayes, Univ. Micro Films, Ann Arbor, Mich., Pb. No. 341, 1941, p. 47.

12 F, Pin6 Pérez, F. Burriel and L. Martinez Conejero, Anales Real Soc. Espan. Fis. Quim. (Madrid),
1959, 55B, 331.

13 N, K. Pshenitsyn and G. A. Nekrasova, J. Anal. Chem. USSR (English Transl.), 1957, 12, 205,

14§, N. Poddar, 4Anal. Chim. Acta, 1963, 28, 586.

15§ A, Reed and C. V. Banks, Proc. Iowa Acad. Sci., 1948, 55, 267.

16 X, Yamasaki, C. Matsumoto and R. Tto, Nippon Kagaku Zasshi, 1957, 18, 126.

17 S, G. Tandon and S. C. Bhattacharya, Anal. Chem., 1960, 32, 194.

18 W, R. Findley, Dissertation Abstr., 1963, 24, 962.

19 W. Wawrzyczek, H. Majkowska and J. Soboczynska, Z. Anal. Chem., 1962, 188, 88.

20 J, A. W. Dalziel and D. Kealey, Analyst, 1964, 89, 411.

21V._ 1. Shlenskaya and V. G. Efimova, Vestn. Mosk. Univ. Ser. II: Khim., 1962, 17, 56.

22 Idem, ibid., 1964, 19, 61.

2 A. K. Majumdar and S. P. Bag, Z. Anal. Chem., 1962, 186, 347.

24 J S, Dave and A. M, Talati, J. Indian Chem. Soc., 1959, 36, 179.

25 Idem, ibid., 1959, 36, 838.

26 ¥, Buscarons and L. Ma Munne, Anales Real Soc. Espan. Fis. Quim. (Madrid), 1959, 55B, 795.

2” A. K. Majumdar and S. P. Bag, Z. dnal. Chem., 1959, 165, 247.

2 A. K. Majumdar and J. G. Sen Gupta, ibid., 1958, 161, 100, 104.

® A, K. Majumdar and S. P. Bag, ibid., 1958, 164, 394.

80 F, Buscarons and F. Julve, Anales. Real. Soc. Espan. Fis. Quim. (Madrid), 1963, 59B, 743.

81 E_ Julve, Electroplating Metal Finishing, 1963, 16, 51.

32 B, Buscarons and R. Mena, Chim. Anal. (Paris), 1963, 45, 72.

38 J, S, Dave and A. M. Talati, J. Indian. Chem. Soc., 1959, 36, 735.

841, Dema and V. Voicu, Acad. Rep. Populare Romine, Studii Cercetari Chim., 1960, 8, 311.

35V, Voicu and 1. Dema, ibid., 1960, 8, 317.

3 H. K. L. Gupta, T. C. Jain and N. C. Sogani, J. Indian Chem. Soc., 1960, 37, 531.

37 H. K. L. Gupta and N. C. Sogani, ibid., 1961, 38, 771.

38 R. F. Wilson and L. E. Wilson, Anal. Chem., 1956, 28, 93; J. Am. Chem. Soc., 1956, 78, 2370.

39 1. N. Lomakina and N. I. Tarasevich, Vestn. Mosk. Univ. Ser. Mat. Mekhan. Astron. Fiz. Khim.,
1957, 3, 217.

40 R. F. Wilson and L. J. Baye, Z. Anal. Chem., 1959, 166, 359.

4 N, K, Dutt and K. P. Sen Sarma, Anal. Chim. Acta, 1960, 23, 531-3; Sci. Cult. (Calcutta), 1957, 22,
635.

42 A, S, Pesis, Zh. Analit. Khim., 1961, 16, 253.

48 A, S, Pesis and Z. A. Bitovt, ibid., 1960, 15, 200.

4 Kalman Burger, Acta Chim. Acad. Sei. Hung., 1961, 26, 305.

4 A. S. Bogonostsev, Khim. i Khim Tekhnol., 1963, 6, 1046.

4 D. B. Stevandevi¢ and O. BlagojeviC, Bull. Inst. Nucl. Sci. **Boris Kidrich” (Belgrade), 1961, 12, 115.

47 C. Gheorghiu and R. Costea, Analele. Univ. “C. I. Parhon’ Ser. Stiint. Nat., 1960, 9, 69.

4 A, I. Busev and M. L Ivanyutin, Zk. Analit. Khim., 1958, 13, 18.

4 K. Tsuji, Eisei Shikensho Hokoku, 1962, 80, 29.



798 F. E. BeAMisH

5¢ L. Duparc, Compt. Rend. Soc. Phys. Hist. Nat., Geneve, 1912, 29, 20.

51 M. Wunder and V. Thuringer, Ann. Chim. Anal. et Chim. Appl., 1912, 17, 201; Idem, Z. Anal.
Chem., 1913, 52, 101, 660, 737; Idem, Compt. Rend. Soc. Phys. Hist. Nat., Geneve, 1913, 30, 12.

52 A. Gutbier and C. Fellner, Z. Anal. Chem., 1915, 54, 205.

%3 C. W. Davis, Bur. Mines Rept., Invest, 1922, 2351.

8¢ Z. E. GoI'Braikh, J. Gen. Chem. USSR (Eng. Transl.), 1944, 4, 810.

55 H. E. Zschiegner, J. Ind. Eng. Chem., 1925, 17, 294.

¢ W. F. Hillebrand and G. E. F. Lundell, Applied Inorganic Analysis. Wiley, New York, 1929.

57 P. Champ, P. Fauconnier and C. Duval, Anal. Chim. Acta, 1952, 6, 250.

% G. Ayres and E. W. Berg, Anal. Chem., 1953, 25, 980.

% F. E. Beamish and M. Scott, Ind. Eng. Chem., Anal. Ed., 1937, 9, 460.

% R. Gilchrist, Bur. Stand. Sci. Papers, 1934, 12, 291.

S N. K. Pshenitsyn and G. A. Nekrasova, Izv. Sektora Platiny i Drug. Blagorodn. Metal., Inst.
Obsheh. i Neorgan. Khim. Akad. Nauk SSSR, 1955, 30, 126.

%2 P. R. Dasgupta, J. Indian Chem. Soc., 1953, 30, 761.

% C. Duval, Inorganic Thermogravimetric Analysis, p. 85. Elsevier, New York, 1953.

8¢ H. Holzer, Z. Anal. Chem., 1933, 95, 392.

¢ F. Buscarons and E. Julve, Chim. Anal. (Paris), 1964, 46, 72.

8 E. S. Przhevalsskii, V. I. Shlenskaya and N. F. Ogarkova, Vestn. Mosk. Univ. 9, No. 10, Ser. Fiz
Mat. i Estestven, 1954, 77, 59.

% W. Schmidt, Z. Anorg. Allgem. Chem., 1913, 80, 335.

% C. Mayr, Z. Anal. Chem., 1907, 46, 145; 1939, 117, 334.

% M. A. Sa, Rev. Asoc. Bioquim. Arg., 1949, 16, 11.

% R. Schontal, J. Chem. Soc., 1938, 1099; Mikrochemie, 1958, 24, 20.

" E. de Hovre, Ing. Chim., 1953, 35, 83.

72 S. K. Datta, J. Indian Chem. Soc., 1955, 32, 785.

* N. C. Sogani and S. C. Bhattacharya, Anal. Chem., 1956, 28, 81.

" Idem, ibid., 1956, 28, 1616.

% G. W, Watt, D. M. Sowards and R. E. McCarley, ibid., 1956, 28, 556.

¢ J. Vorisek and Z. Vejkelek, Chem. Listy, 1943, 37, 50, 65, 91.

" D. E. Ryan and P. Fainer, Can. J. Res., 1949, 27B, 67.

78 D. E. Ryan, Analyst, 1952, 77, 46.

" M. Ziegler and O. Glemser, Z. Anal. Chem., 1956, 153, 352.

80 W. W. Scott, Standard Methods of Chemical Analysis, 5th Ed., Vol. 1. Van Nostrand, New York,
1945,

8. F. E. Beamish and J. Dale, Ind. Eng. Chem., Anal. Ed., 1938, 10, 697.

82 E. Gagliardi and R. Pietsch, Monatsh., 1951, 82, 432.

88 ¥, K. Taimni and G. B. S. Salaria, Aral. Chim. Acta, 1954, 11, 329,

8 R. Gilchrist and E. Wichers, J. Am. Chem. Soc., 1935, 57, 2565.

8 P. Jannasch and W, Bettges, Bull. Soc. Chim., 1905, 34, 570.

8¢ P, Jannasch and L. Rostosky, ibid., 1905, 34, 571.

8 C, Paal and C. Amberger, ibid., 1905, 34, 1277.

8 A. Gutbier and F. Falco, Z. Anal. Chem., 1910, 49, 287.

8 F, Burriel and F. Pino Perez, Anales Real Soc. Espan. Fis. Quim. (Madrid), 1951, 47B, 653.

% F, Pino Perez and F. Burriel, ibid., 1951, 47B, 657.

® 8. C. Ogburn, Jr. and W. C. Brastow, J. Am. Chem. Soc., 1933, 55, 1307.

# F, P. Treadwell and W. T. Hall, Analytical Chemistry, 9th Ed., Vol. 2. Wiley, New York, 1942,

% J. Hanus, J. Jilek and J. Lukas, Chem. News, 1925, 131, 401; 1926, 132, 1.

% H. Erdmann and O. Makowka, Z. Anal. Chem., 1907, 46, 141; Buil. Soc. Chim., 1905, 34
572.

% 0. Makowka, Z. Anal. Chem., 1907, 46, 145.

% R. Dreyer and J. Dreyer, Z. Chem., 1963, 3, 151.

% B. I. Pishchevitskii, B. V. Ptitsyn and N. M. Leskova, Izv. Sibirsk. Otd. Akad. Nauk SSSR, 1962,
11, 143.

®8 F, E. Beamish, Talanta, 1960, S, 1.

* M. Ziegler and G. Pape, Z. Anal. Chem., 1962, 191, 181.

10 D, E. Ryan, Can. J. Chem., 1956, 34, 1683.

w0t A, D. Westland and L. Westland, Talanta, 1960, 3, 364.

12 D, E. Ryan, Can. J. Chem., 1961, 40, 570.

102 D, Negoiv and V. Constantinescu, Rev. Chim. (Bucharest), 1960, 11, 50.

104 S, Komatsu and J. Ishizaki, Nippon Kagaku Zasshi, 1960, 81, 1623.

105 R. Thiers, W. Graydon and F. E. Beamish, Anal. Chem., 1948, 20, 831.

108 T, Hoffman, J. E. Schweitzer, D. E. Ryan and F. E. Beamish, Anal. Chem., 1953, 25, 1091.



A critical review of gravimetric methods for determination of the noble metals—II 799

107 K. Pshenitsyn and 1. V. Prokof’eva, Zh. Neorgan. Khim., 1962, 7, 258.

198 M. 8. Usova and N. F. Gaeva, Trudy Ural’sk. Politekhn. Inst., 1956, 57, 201, 192,

109 M. 8. Usova, Z. V. Pushkareva and O. 1. Levchenko, ibid., 1956, 57, 192.

10 Z. V. Pushkarcva, M. S. Usova and O. L. Levchenko, ibid., 1956, 57, 183; see Zh. Khim., 1957,
Abstr. No. 19598.

M1 N, K. Pshenitsyn and I. V. Prokof’eva, Zh. Neorgan. Khim., 1958, 3, 996.

12V. A. Golovnya and S. K. Sokol, ibid., 1959, 4, 596.

113 W. R. Schoeller, Analyst, 1930, 55, 354, 550.

114 Idem, ibid., 1926, 51, 392.

15 H, Bode, Z. Anal. Chem., 1951, 133, 95.

16 P Champ, P. Fauconnier and C. Duval, Anal. Chim. Acta, 1954, 10, 443.

117 C. J. Anderson and R. A. Keeler, Anal. Chem., 1954, 26, 213.

u8 P, S, Jackson and F. E. Beamish, ibid., 1950, 228, 13.

e R, Doht, Z. Anal. Chem., 1924, 64, 37.

120 A, Atterburg, Chemiker Zig., 1898, 22, 522, 538; Chem. Zentr., 1898, 11, 316, 604.

121 p. C. Ray, Proc. Chem. Soc., 1914, 30, 304.

122 F, H. Swift and E. A. Butler, Anal. Chem., 1956, 28, 146.

123 T, Naito, Bunseki To Shiyaku, 1949, 3, 84.

. ¢ T, Naito, Y. Y. Kinoshita and J. Hayoshi, J. Pharm. Soc. Japan, 1949, 69, 361.

12 1, Ubaldini, Gazz. Chim. Ital., 1948, 78, 293.

126 [, Ubaldini and L. Nebbie, Chim. Ind. (Milan), 1951, 33, 360.

127 Idem, Ann. Chim. (Rome), 1948, 38, 241.

128 J, E. Currah, W. A. E. McBryde, A. J. Cruikshank and F. E. Beamish, Ind. Eng. Chem., Anal. Ed.,
1946, 18, 120.

12 R. A. Cooper, J. Chem. Met. Mining, Soc. S. Africa. 1924, 25, 296.

130 8, C. Ogburn, Jr., J. Am. Chem. Soc., 1926, 48, 2507.

13 A. P. Blackmore, M. A. Marks, R. R. Barefoot and F. E. Beamish, 4nal. Chem., 1952, 24, 1815.

132 F, Leidié¢ and L. Quennessen, Compt. Rend., 1903, 136, 1399,

1328, O. Thompson, F. E. Beamish and M. Scott, Ind. Eng. Chem., Anal. Ed., 1937, 9, 420.

134 1. Dema and V. Voicu, Acad. Rep. Populare Romine, Studii Cercetari Chim., 1960, 8, 323,

135 N. K. Pshenitsyn and N. V. Fedorenko, Zh. Neorgan. Khim., 1957, 2, 2375,

136 K. Watanabe, Nippon Kagaku Zasshi, 1956, 77, 547.

137 R. F. Wilson and C. M. Womack, Jr., J. Am. Chem. Soc., 1958, 80, 2065.

% N. K. Pshenitsyn, Izv. Sektora Platiny i Drug. Blagorodn. Metal., Inst. Obsheh. i Neorgan. Khim.
Akad. SSSR, 1948, 22, 16.

1** W. F. Hillebrand, G. E. F. Lundell, H. A. Bright and J. I. Hoffman, Applied Inorganic Analysis,
2nd Ed. Wiley, New York, 1953.

140 E, Jackson, Analyst, 1959, 84, 106,

141 E, J. Maienthal, Anal. Chem., 1963, 35, 1094.

142 C. L. Gordon, W. G. Schlecht and E. Wichers, J. Res. Natl. Bur. Std., 1944, 33, 457, 363.

3 R, D. Gardner and W. H. Ashley, U.S. At. Energy Comm. 1964, LA-3907, 10 pp.

14 W. R. Schoeller and A. E. Powell, The Analysis of Minerals and Ores of the Rarer Elements, 3rd Ed.
Charles Griffin and Co., Ltd., London, 1955.

15 N. K. Pshenitsyn, I. V. Prokof’eva and A. E. Bukanova, Zh. Analit. Khim., 1963, 18, 761.

146 J. E. Currah, W. A, E. McBryde, A. J. Cruikshank and F. E. Beamish, Ind. Eng. Chem., Anal. Ed.,
1946, 18, 120.

147 W. J. Allen and F. E. Beamish, Anal. Chem., 1950, 22, 451.

148 R, L. Haines and D. E. Ryan, Can. J. Res., 1949, 27B, 72.

12 A, D. Westland and F. E. Beamish, Mikrochim. Acta, 1956, 1474.

150 A, Gutbier and L. V. Muller, Ber., 1909, 42, 2205, 1437.

5L E. A. Smith, Sampling and Assaying of the Precious Metals, 2nd Ed. Griffin and Co., London, 1947.

152 R, Neeb, Z. Anal. Chem., 1960, 177, 420.

%% C. Duval, P. Champ and P. Fauconnier, Anal. Chim. Acta, 1959, 20, 152.

124 B, Gagliardi and R. Pietseh, Monatsh., 1952, 83, 487.

155 R. R. Barefoot, W. J. McDonnell and F. E. Beamish, Anal. Chem., 1951, 23, 514.

156 R, Gilchrist, Bur. Stand. Sci. Papers, 1932, 9, 547.

157 M. A. Hill and F. E. Beamish, 4nal. Chem., 1950, 22, 590.

158 J, Brandstetr and J. Vrestal, Collection Czech. Chem. Commun., 1962, 27, 1798.

159 C. J. Keattch and J. P. Redfern, J. Less Common Metals, 1962, 4, 460.

160 P, F. Campbell, M. H. Ortner and C. J. Anderson, 4nal. Chem., 1961, 33, 58.

*1 F, E. Butler, U.S. At. Energy Comm., 1960, DP-494, 11 pp.

162 R, L. Moore, J. Inorg. Nucl. Chem., 1960, 14, 38.

1% G, A. Ayres and F. Young, Anal. Chem., 1950, 22, 1277.



800 F. E. BEAMISH

182 M, R. Kennedy and J. J. Fitzgerald, U.S. At. At. Energy Comm., 1954, KAPL~1052, 6 pp.

165 D, W. Shannon, U.S. At. Energy Comm., HW-48736, 1957, 16 pp.

166 N, K. Pshenitsyn and I. A, Fedorova, Izv. Sektora Platiny i Drug. Blagorodn. Metal., Inst. Obshch. i
Neorgan. Khim., Akad. Nauk SSSR, 1948, 22, 76.

167 W, J. Rogers, F. E. Beamish and D. S. Russell, Ind. Eng. Chem., Anal. Ed., 1940, 12, 561.

8 P, Spacu and C. Gheorghiu, Z. Anal. Chem., 1960, 174, 340.

168 R, Neeb, ibid., 1960, 177, 20.

170 R, F. Wilson and L. J. Baye, Talanta, 1958, 1, 351.

171 R, Gilchrist, Bur. Stand. J. Res., 1931, 6, 421.

172 W, J. Allen and F. E. Beamish, Anal. Chem., 1952, 24, 1608.

178 8. C. Ogburn and L. F. Miller, J. Am. Chem. Soc., 1930, 52, 42.

174 M. Ziegler and K. Possehl, Z. Anal. Chem., 1963, 197, 197.

175 A. K. Mukherji, Anal. Chim. Acta, 1960, 23, 325.

176 C, Mahr and W. Denck, Z. Anal. Chem., 1956, 149, 67.

377 1. L. Bagbanly, Dokl. Akad. Nauk. Azerb. SSSR, 1939, 15, 383.

178 H. Majkowska and V. Wawrzyczek, Z. Anal. Chem., 1961, 180, 418.

179 R, Ripen and Gh. Pop, Rev. Chim. (Bucharest), 1963, 14, 411.

180 A, E. Harvey, Jr. and J. H. Yoe, Anal. Chim. Acta, 1953, 8, 246.

181 P, Champ, P. Fauconnier and C. Duval, /bid., 1951, §, 277.

182 R. Berg and W. Rocebling, Ber., 1935, 68B, 403; cf. Angew. Chem., 1934, 47, 404,

183 T, Umemura, J. Chem. Soc. Japan, 1940, 61, 25.

184 1, Vaning and O. Guyot, Arch. Pharm., 1926, 264, 98.

185 §, Cosma and 1. Lupsa, Acad. Rep. Populare Romine, Filiala Cluj, Studiisi Cercetari Chim., 1956,
7, 95.

186 R. Berg, The Analytical Use of o-Oxyquinoline and its Derivatives, 2nd Ed. Ferd. Enke, Stuttgart,
1938.

187 F, Hecht and G. Lamac-Brunner, Mikrochem. Mikrochim. Acta, 1950, 35, 390.

188 ¥, Lewis Maynard, Ind. Eng. Chem., Anal. Ed., 1936, 8, 368.

18 M, Kuras, Chem. Obzor, 1939, 14, 145.

1% G, Spacu and M. Kuras, Z. Anal. Chem., 1936, 104, 88.

181 Unpublished work, Department of Chemistry, University of Toronto.

192 V. A. Magdalena, Anales Asoc. Quim. y Farm Uruguay, 1948, 50, 27.

193§, S. Malowan, Mikrochem. Mikrochim. Acta, 1950, 35, 104.

194 F, E. Beamish, J. J. Russell and J. Seath, Ind. Eng. Chem., Anal. Ed., 1937, 9, 174; 1937, 9,7373.

193 'W. H. Swanger, Bur. Stand. Sci. Papers, 1926, 532, 209.

1% V, Lenher, G. B. L. Smith and D. C. Knowles, Jr., Ind. Eng. Chem., Anal. Ed., 1934, 6, 43.

197 W. B. Pollard, Analyst, 1937, 62, 597.

198 Y, Tvkovich and S. Shaula, Glasnik. Kem. D. Rushitva, 1955, 20, 465.

198 1, Rossler, Z. Anal. Chem., 1911, 49, 739.

200 |, Vanio, Ber., 1898, 31, 1763.

201 N, Awerkieff, J. Russ. Phys. Chem. Soc., 1902, 34, 828; Z. Anorg. Allgem. Chem., 1903, 35, 329.

202 A Christensen, Z. Anal. Chem., 1915, 54, 158; Arch. Pharm. Chemi, 1915, 22, 105.

203 T, N. Plaksin and M. A. Koyukhova, Jzvetnuie Metal, 1931, 6. 35; Chemie et Industrie, 1932, 27,
1086.

204 H, Stammreich, Z. Anorg. Allgem. Chem., 1925, 148, 93.

205 O, Erametsa, Suomen Kemistilchti, 1942, 15B, 11; Chem. Zentr., 1943, 11, 1118.

206 T, Moser and M. Neissner, Z. Anal. Chem., 1938, 111, 321.

207 P, B, Jamieson, J. Am. Chem. Soc., 1905, 27, 1444.

208 H, Holzer and E. Zaussinger, Z. Anal. Chem., 1938, 111, 321.

200 R, Gilchrist, J. Res. Nat. Bur. Std., 1938, 20, 745; 1943, 30, 89; Res. paper 1103 and 1519; Chem.
Zentr., 1938, 11, 3431,

210 A, P, Kalishev and Serebrennikov, Sovet Zolotoprom, 1937, No. 11, 29; Chimie et Industrie, 1939,
40, 690.

211 T, Tananaev and E. G. Davitashvili, Bull. Acad. Sci. USSR, Classe Sci. Mat. Nat., Ser. Chim., 1937,
1937.

212 G, M. Austin, Inst. Min. Met., 1911, May 31; J. Soc. Chem. Ind., 1911, 30, 750.

213 C, Protopopescu, Bull. Chim. Soc. Romane, 1939, 1, 182.

214 H_ J. Caul and I. C. Schoonover, J. Res. Nat. Bur. Std., 1941, 26, 481.

915 1,, Silverman, Metal Finishing, 1952, 50, 71.

218 § B. Sant, A. Chow and F. E. Beamish, Anal. Chem., 1961, 33, 1257.

317 N, K. Pshenitsyn, I. V. Prokof’eva and A. E. Kalinina, 4naliz Blagorodn. Metal., Adad. Nauk SSSR,
Inst. Obshch. Neorgan. Khim., 1959, 15, 22; Zh. Neorgan. Khim., 1958, 3, 996.



A critical review of gravimetric methods for determination of the noble metals—I11 801

218 N, A. Rudnev and G. 1. Malofeeva, Zh. Analit. Khim., 1963, 18, 859.

219 Jdem, Talanta, 1964, 11, 531.

220 N. K. Pshenitsyn and N. V. Fedorenko, Analiz Blagorodn. Metal., Akad. Nauk SSSR, Inst.
Obscheh. i Neorgan. Khim. im. W.S. Kurwakova, 1959, 23.

22 Jdem, Vopo Analiz. Blagorodn. Metal. Novosibirsk; Sibirsk. Oto Akad. Nauk SSSR, Sb., 1963, 81.

222 A T, Busev and V. K. Akimov, Vestn. Mosk. Univ. Ser., II, Khim., 1963, 18, 43.

22 JIdem, Talanta, 1964, 11, 1657.

224 Chen-Huan and Tu-Lin Yung, Hua, Hsueh Tung Pao, 1963, 11, 49, 36.






Talanta, 1966, Vol 13, pp. 803 to 808. Pergamon Press Ltd. Printed in Northern Ireland

DETERMINATION OF CADMIUM BY ATOMIC-
FLUORESCENCE AND ATOMIC-ABSORPTION
SPECTROPHOTOMETRY
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Department of Chemistry, Imperial College, London 8.W.7, England.
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Summary—The adaptation of a conventional atomic-absorption/flame-
emission spectrophotometer to the measurement of atomic-fluorescence
in an air-acetylene flame is described. The determination of cadmium
on the same instrument by both atomic-fluorescence and absorption
shows that, even with a rather simple and inefficient means of exciting
and measuring fluorescence, results can be obtained which indicate
that the fluorescence technique is considerably more sensitive than
atomic-absorbance and is equally free from inter-element interference.

INTRODUCTION

ATOMIC-FLUORESCENCE is obtained by the excitation of atoms by the absorption of
radiation of the appropriate wavelength, followed by the emission of radiation
resulting from deactivation of the atoms. The wavelength of the emitted radiation is
characteristic of the absorbing atoms and the intensity is proportional to their concen-
tration. For low concentrations the relationship between the fluorescent signal F, the
concentration of the atomic species- C, the intensity of the irradiating light I, the
absorptivity coeflicient £ and the path length of the flame /, may be given as

F=KlIelC,

where K is a constant representing the quantum efficiency of the fluorescence process.

In theory, atomic-fluorescence spectrophotometry resembles solution spectro-
fluorimetry,! except that resonance fluorescence is usually observed. The apparatus
used resembles that of atomic-absorption and flame-emission spectrophotometry.
Studies of theoretical considerations and of experimental parameters have recently
been published by Winefordner and coworkers.®® The measurement of atomic-
fluorescence due to cadmium in oxy-acetylene and oxy-hydrogen® flames has been
described by the same group. An air-acetylene flame was used in the present investiga-
tion.

Several references have been made to the determination of cadmium by atomic-
absorption spectrophotometry®° and analytical procedures have been described for
cadmium in zinc samples using propane-butane/air flames!! and in biological materials
using air/coal gas flames.1?

The objects of our study were to investigate the possible modification and use of an
existing commercially available flame spectrophotometer for the measurement of
atomic-fluorescence, and to compare the determination of cadmium by atomic-
fluorescence (A.F.S.) with atomic-absorption spectrophotometry (A.A.S.) using the
same instrument.
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EXPERIMENTAL
Apparatus

The apparatus used consisted of a Unicam SP 900A atomic-absorption/flame-emission spectro-
photometer equipped with 2 Honeywell-Brown recorder. The stainless steel burner-head was of the
Meker type in which the acetylene and air/sample mixture is burned above a series of concentric
rings of holes giving a flame about 6 cm high and 1'5 cm maximum diameter. Simple modification
to the burner-housing allowed the necessary irradiation of the flame, via an adjustable slit mechanism,
from a cadmium discharge lamp. The slit cut down scatter from parts of the apparatus near the
flame, and thus reduced the background. A hole was cut in the outer glass envelope of the lamp to
allow passage of the 2288 A line which was used in these studies. The lamp itself was mounted upright
in such a position that, with the entrance slit of the SP 900A, it subtended a right-angle at the flame.
It was found that a constant forced draught of air directed on to the lamp increased and stabilised its
output considerably. This effect may be due to an increased rate of convection of the atomic vapour
inside the quartz discharge chamber (caused by cooling of the surface) thus increasing the availabilit
of atomic vapour between the electrodes. Alternatively, it may be due to a self-reversal effect of the
emission of the lamp. When too strong a current of air was used the discharge was cut down, presum-
ably because of over-cooling and condensation of the vapour on the walls of the chamber.

With the Unicam SP 900A vaporisation unit, large droplets of sample solution are removed by
centrifugal force in the expansion chamber, thus minimising the scattering of light by large droplets
and solid particles in the flame.

An Osram 18-W cadmium discharge lamp operated at 50 c/s and 15 A via a ballast unit was
used to excite fluorescence in the flame. As already mentioned, a window was cut in the outer glass
envelope of the lamp.

Measurements of atomic-absorption were made with the same instrument, but the emission
burner-head was replaced by a stainless steel head giving a flame about 7 cm long and 0-3 cm wide.
A cadmium hollow-cathode lamp provided the necessary radiation at 2288 A.

Reagents

Stock solutions of cadmium (10-3M) were prepared by dissolving 0-3662 g of Cdl; or 0-2563 g
of 3CdS0,.8H,0 in water and diluting to 11. More dilute solutions (10~*-10-°M) were prepared
by appropriate dilution immediately before measurement. Solutions more dilute than 10-%M should
not be stored. Analytical-grade reagents were used wherever possible.

Determination by atomic-fluorescence spectrophotometry

The ultraviolet region of the spectrum was scanned while 10-*M cadmium iodide was sprayed
into the flame irradiated with the cadmium discharge lamp. A sharp peak was obtained only at
2288 A, corresponding to the singlet 515,-5'P; resonance line. No other fluorescent emissions of
longer wavelength were observed under the conditions used. The air-pressure was controlled at 20 psi
and the exciting and analysing slit-widths were set at 2:00 mm and 0-15 mm, respectively. The acety-
lene gas-pressure was then varied in order to obtain a range of fuel-lean to fuel-rich (luminous)
flames, but little change in signal was observed. In subsequent experiments the gas-pressure was
controlled to obtain a translucent flame just below the level of luminosity.

The optimum position of the light-path through the flame was obtained with the inner cones of
the flame just lower than the entrance slit, but only a small decrease in response was obtained as the
burner-head was lowered further.

Variation of the analysing slit-width up to 2:00 mm produced a nearly linear increase in signal
for a standard cadmium solution when the excitation slit-width was set at 2-0 mm, but also produced
a similar effect for the background signal from distilled water. In subsequent work an analysing
slit-width of 0-15 mm was chosen in order to obtain adequate sensitivity and signal stability.

With these settings, a linear calibration curve was obtained over the range 10-°~10-*M cadmium
(1-0-1 ppm). For more dilute solutions, 10-%-10-"M (0-1-0-01 ppm), the analysing slit was opened
to 2:00 mm; a linear calibration curve was again obtained (Fig. 1). Calibration curves can be
constructed over a much wider range of concentrations than these, but a sigmoid curve is then obtained.
The curves described here were obtained on narrow ranges of the steepest part of the sigmoid curve.

The coefficients of variation for 10-° and 10-M solutions were obtained from analyses of 11
solutions at each concentration and were 1-09; and 5-1 75, respectively.

Interferences

The effects of 100-fold molarexcessesof 41 cations and 18 anions on 10—*M cadmium wereexamined,
viz., NH,, Ag, Al, As(IIl), Au(III), Ba, Be, Bi, Ca, Ce(IV), Co(I), Cr(I1I), Cu(I), Fe(IIl), Ga, Hg(II),
In, K, Li, Mg, Mn(ID. Mo(VT), Na, Nb, Pb, Sb(Il), Sc, Se(IV), Sn(IV), Sr, Te(IV), Th, TI(I), TI(IV),
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F’IG. 1.—Atomic-fluorescence calibration curves:—
(A) Aqueous solution: range 10-%-10~°M Cd**,
(B) Aqueous solution: range 2x10-7-10-%M Cd**,

UVD, V(V), W(VD), Y, Zn, Zr, acetate, B,O,, Br, CO;, C], citrate, ClO,, CN, F, I, NO,, oxalate,
PO,, Si0;, SO;, SO, tartrate, SCN. Where hydrolysis of the interfering ion would occur, sufficient
acid was added to maintain a clear solution. No single cation or anion caused variation of the response
by more than +5%.

The effects of 5 common reagents, EDTA, ascorbic acid, hydroxylamine hydrochloride, 1, 10-
phenanthroline and hydrogen peroxide, were also investigated. None interfered provided any precip-
itates, e.g., Cd(Phen).l,, were redissolved by addition of acid.

Addition of 10% v/v concentrations of 8 water-miscible solvents to 10-*M cadmium iodide
was found to increase the fluorescence response. The presence of these small amounts of organic
solvent caused no appreciable change in flame conditions. A summary of the results is shown in
Table I (A.F.S.). The enhancement observed here closely parallels the similar behaviour observed in
atomic-absorption spectrophotometry.® The only outstanding feature is the increase caused even by
a viscous solvent such as glycerol.

Atomic-fluorescence spectrophotometry of organic extracts

The use of solvent extraction, which offers the potential advantages of concentration and a more
favourable rate of atomisation, was investigated. The extraction of cadmium from an iodide solution®
was adapted suitably for these experiments.

To 20 ml of distilled water were added 0-5 m1 of 10-*M cadmium iodide, 5 g of potassium iodide
and 0-83 ml of concentrated sulphuric acid. The solution was then extracted with 20 ml of methyl
isobutyl ketone. The lower (aqueous) phase was discarded and the organic phase diluted to 100 ml
with ketone, and sprayed directlyinto the flame under the usual conditions. The acetylene gas-pressure
was, however, reduced so that the usual type of steady-state non-luminous flame was obtained.

The resulting ketone extract gave a scale reading ca. 4 times greater than that of an aqueous
solution of the same concentration. Measurement in ketone solution, therefore, increases the sensi-
tivity of the determination of cadmium. With our equipment the detection limit was found to be
ca. 5 X 10~°M for aqueous solutions and ca. 10-?A/ for methyl isobutyl ketone extracts.

Obviously these figures depend on the sensitivity of the apparatus used and are capable of very
considerable improvement. In these experiments, for example, no attempt was made to focus the
light from the discharge lamp or to collect the fluorescence {rom the flame. Both factors would
yield a much lower limit of detection, and enhance the sensitivity of determination.
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TABLE I.—EFFECT OF ORGANIC SOLVENTS

A.F.S. A.AS.
Solvent Difference from Difference from
10% in water 10°M aq. CdI,, 5 X 107°M aq. Cdl,,

% %
Acetone -+16 +7
Acetic acid +24 +9
Methanol +16 +6
Ethanol +18 +9
Isopropanol +33 415
Methyl ethyl ketone +38 +14
Glycerol +3 —6
Dioxan +33 +6

1 1 L { 1 ] 1

-6 - 5 -5 -5 -5 ~4
516° 16° 2.10 410 6.10 810 16

MOLAR CONCENTRATION

FiG. 2.—Atomic-absorption calibration curves:—
(A) Aqueous solution: range 5 10-6-10-4AM Cd**.
(B) Ketone extract: range 5x10-*-10-°M Cd**.
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Determination by atomic-absorption spectrophotometry

At optimum values of 20 psi air-pressure, analysing slit-width of 0-10 mm and a hollow-cathode
lamp current of 8 mA, the acetylene gas-pressure was varied over a wide range while 10~*M cadmium
iodide was sprayed into the flame. As with the atomic-fluorescence measurements, little variation in
signal was observed over the whole range. A gas-pressure was chosen to give a flame which was
just non-luminous. The optimum position for the light-path was the same as before.

A calibration curve over the range 5 x 10-°-10-%A (0-5-10 ppm) was prepared under optimum
conditions and was non-linear [Fig. 2(A)]. The coefficient of variation for 5 X 10~°M cadmium,
obtained from analyses of 11 solutions, was 1-37{.

The effects on A.A.S. of a 100-fold molar excess over 5 x 10-°M cadmium iodide of the same
41 cations and 18 anions were investigated as before for A.F.S., and with similar results. The 5
common reagents (EDTA, etc.) also gave no interference.

The effects on A.A.S. of the 8 solvents were investigated. All but glycerol increased the
response, but the effects were less marked than for atomic-fluorescence. In this instance the effect of
the glycerol was as expected.’* A summary of the results is shown in Table I (A.A.S.).

With a 10-8M solution of cadmium iodide extracted into methyl isobutyl ketone, a scale reading
ca. 3 times greater than that for the aqueous solution was obtained [Fig. 2(B)]. The limits of A.A.S.
detection for cadmium in an aqueous medium were found to be ca. 2'5 X 107°M, and with ketone
extraction, ca. 10—8M.,

DISCUSSION
It is not possible to draw an accurate comparison between the sensitivity and
precision of the atomic-absorption and atomic-fluorescence methods because of the
different factors involved. At low dilutions the fluorescence technique gives a linear
relationship between the analytical signal and the concentration of the ion being
determined, whereas atomic-absorbance follows a law involving the logarithmic ratio

between the incident (f;) and transmitted (I) light signals
logyy I/l = el.c

where &, / and ¢ have the same connotations as in the fluorescence equation. Thismeans
that for trace amounts, the analytical signal approaches log,, 1, i.e., zero, and an
increase in the intensity of the incident light will yicld no benefit. Similarly, increased
amplifier gain does not increase the sensitivity. On the other hand, although the
fluorescence signal also approaches zero for traces, it does so linearly. Moreover, it
can be increased by the use of more sensitive detection devices, and, within the limits
of electrical background noise and the thermal emission of the photomultiplier, by
increased amplifier gain. Yet again, because of the appearance of the I, factor on the
right hand side of the fluorescence equation, it is possible to increase the analytical
signal by increasing the radiant power of the source of excitation.

In this study we have taken a commercial flame emission/absorption spectro-
photometer, and have modified it to the minimum extent by placing a low power
discharge lamp at right-angles to the flame in relation to the entrance slit of the
spectrophotometer. It has been demonstrated that, even with this highly inefficient
means of promoting atomic-fluorescence, the detection limit for cadmium, i.e., the
concentration of solution necessary to produce a detectable signal of ca. 0-002 absorb-
ance unit, has been decreased by three orders of magnitude into the nanogram
range (10~°M compared with 10-8M for absorption). Under the same conditions we
have been able to lower the limit of determination, i.e., the smallest amount which can
be measured with precision on a calibration curve, by one order of magnitude to the
submicrogram range (10-7M compared with 1078M for absorption). This study has
shown that atomic-fluorescence work can be carried out with equipment suited to
atomic-absorption with an increase in sensitivity and with equal freedom from inter-
element interference in the flame.
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The effects of light scattering and Raman emission in flames under irradiation
from ultraviolet sources have not been considered in this study because of the lack of
refinement of the experimental arrangement. These and other factors will be discussed
in subsequent communications from this laboratory, after improvement of the appar-
atus.

Acknowledgements—We are grateful to the British Welding Research Association and to United
Dairies Ltd., London, for financial support and to Mr. W. T. Elwell, I. M. L. Ltd., Birmingham, for
supplying the hollow-cathode lamp used in this work.

Zusammenfassung—Der Umbau eines handelsiiblichen Spektrophoto-
meters zur Messung atomarer Absorption und Flammenemission auf
die Messung der atomaren Fluoreszenz in einer Luft-Acetylen-Flamme
wird beschrieben. Die Bestimmung von Cadmium amselbenInstrument
durch atomare Fluoreszenz und Absorption zeigt, daB man selbst mit
einer recht einfachen und wenig ergiebigen Methode der Fluoreszen-
zanregung und -messung Ergebnisse erhalten kann, nach denen die
Fluoreszenzmethode wesentlich empfindlicher als die atomare
Absorption ist und ebenso frei von Stérungen durch andere Elemente.

Résumé—On décrit 'adaptation d’un spectrophotomeétre d’absorption
atomique/émission de flamme ordinaire au dosage de la fluorescence
atomique dans une flamme air-acétyléne. Le dosage du cadmium sur
le méme instrument par la fluorescence atomique et I'absorption
montre que, méme avec un moyen d’excitation plutét simple et
inefficace, on peut obtenir des résultats indiquant que la technique de
fluorescence est considérablement plus sensible que Pabsorption
atomique et également exempte d’interférence entre éléments.
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L’APPLICATION DES RADIOISOTOPES A LA
CHROMATOGRAPHIE SUR COLONNES DE
CELLULOSES SUBSTITUEES—II:*

LA SEPARATION DU ZINC ET DU CADMIUM D’AVEC LE MERCURE
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Résumé—Le comportement chromatographique des zinc, cadmium et
mercure sur colonnes de cellulose naturelle et de cingq celluloses
substituées a été étudi€ 4 Paide de %5Zn, '°°Cd et 2°3Hg. La rétention de
traces de Zn et Cd dépend des groupes fonctionnels portés par les
celluloses substituées; le mercure n’est pas susceptible d’etre retenu.
Des nanogrammes de Zn, Cd et d’autres métaux ont été séparés de 3
grammes de mercure, sur phosphate de cellulose en éther éthylique.

INTRODUCTION

Les connaissances actuelles sur la rétention de traces métalliques sur les poudres de
celluloses en milieu aqueux ne sont pas trés vastes, comme on peut le constater dans
un rapport récent sur I'utilisation des celluloses.!

La cellulose naturelle a montré que I’adsorption physique s’accompagne d’une
rétention chimique dont les groupes carboxyliques et hydroxylés de la cellulose
seraient responsables. On a constaté également que les résultats obtenus pour la
rétention en milieu aqueux ne s’accordent pas avec les résultats en milieux non-aqueux,
plus particuliérement en éther éthylique. L’éther éthylique, en effet, se place au centre
de la série éluotrope établie pour la chromatographie d’adsorption, qui voit le cyclo-
hexane a un extréme et I’eau a I'autre avec pour celleci la plus grande capacité de
dissolution.? L’cther éthylique est donc susceptible de fournir les résultats les plus
intéressants et variés, et permet d’intervenir dans la chromatographie d’adsorption
avec des solvants & pouvoir éluotrope plus ou moins grand que celui de 1’éther.

Ces considérations sont spécialement valables 13 ou I’effet d’absorbtion est grand
par rapport a la rétention chimique, c’est 4 dire avec les celluloses non substituées.
Par contre avec les celluloses substituées, la rétention par lien chimique pour certains
métaux est extrémement forte.® Les groupes fonctionnels phosphate, diéthylamino-
éthyle, etc., peuvent jouer un role plus important que les groupes de la cellulose
naturelle et c’est pour cela que les cefluloses substituées démontrent que la rétention
chimique se superpose nettement a I’absorption physique, spécialement quand elles
sont dans un milieu organique. Dans ce cas il convient que I’éluant soit une solution,
en tenant compte du pouvoir éluotrope du solvant et de la capacité de complexation
du composé dissous. Pour une méme solution d’élution et pour une méme cellulose,
la compétition entre rétention sur la cellulose et complexation en solution fournit une
mesure relative de la force des liens chimiques cellulose-métal. La nature de ces liens
n’est pas établie, mais I’hypothese de la formation de complexes solides a été avancée
pour ce qui concerne-les milieux aqueux.? Une théorie sur cette question pourra

*I. Talanta, 1966, 13, 193.
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vraisemblablement &tre élaborée quand une grande variété de métaux auront été
étudiés, mais la formation de complexes solides cellulose-métal peut &tre admise aussi
pour les solvants organiques, et, selon toute probabilité, on obtient experimentalement
des liens cellulose-métal extrémement stables.

La possibilité de formation de ces liens est, dans les limites des connaissances
actuelles, imprévisible. Les métaux pris en considération dans cette étude peuvent
former des complexes avec les fonctions aminées, par exemple, mais & priori on ne
peut pas affirmer qu’ils seront retenus sur la diéthylaminoéthylecellulose ou sur
I’aminoéthylcellulose.

Le zinc, le cadmium et le mercure a I’état de traces ont été étudiés avec ’intention
d’en définir le comportement sur les celluloses; et, d’aprés ces résultats, de trouver une
méthode simple pour séparer de petites quantités de 'un d’avec grandes quantités de
lautre.

La purification du mercure prendra de I'importance,’ si I’on considére la situation
du marché de ce métal. En outre, la séparation du mercure est généralement demandée
dans les études de minéralogie, de botanique, en chimie bromatologique, dans la
métallurgie 4 haute pureté, dans I’étude des amalgames et dans la science légale. En
particulier, 1a séparation du mercure d’avec le zinc a été traitée par exemple, en ayant
recours aux agents de complexation tels que le dithizone.®

Le comportement des traces de zinc et de cadmium dans 1’éther sur cellulose
naturelle, a déja été traité,” et on a constaté qu’il est possible de séparer les traces de
zinc d’avec les traces de cadmium, car la bande chromatographique du cadmium
descend plus lentement que celle du zinc en solution diluée de thiocyanate. La
séparation cadmium-zinc a été étudiée aussi en chromatographie sur résines.®-®

Pour cette étude, un mélange éther-acide nitrique 2 94 a été utilisé comme solution
d’adsorption. Il a été signalé déja que P’acide nitrique ne joue pas un role important
dans la chromatographie,® mais il permet la dissolution de trés grandes quantites de
sels dans I’éther.10

PARTIE EXPERIMENTALE
On a utilisé les produits chimiques et les solvants de degré analytique.

Solutions

(a) Ether éthylique anhydre.

(b) Acide nitrique 909, (2 ml) dissous en éther éthylique (98 ml).

(c) Thiocyanate d’ammonium (40 mg) dissous en méthanol (20 ml) plus éther éthylique (80 ml).
(d) Thiocyanate d’ammonium (5 g) dissous en méthanol (20 ml) plus éther éthylique (80 ml).
(e) Acide chlorhydrique 3N.

Celluloses

Cellulose Whatman CF 11, en poudre, non substituée.

Cellulose Whatman DE 11, en poudre, dié¢thylaminoéthyle.

Cellulose Whatman AE 11, en poudre, aminoéthyle.

Cellulose Whatman P 11, en poudre, phosphate.

Cellulose Whatman CM 11, en poudre, carboxyméthyle.

Cellulose Whatman ET 11, en poudre, epichlorohydrine trié¢thanolamine.

Radioisotopes

Le zinc-65, le cadmium-109 et le mercure-203 ont été fournis par New England Nuclear Corp,
Boston, Mass., U.S.A.
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Activité spec. Pureté Concentration, Volume,
mg/ml ml
857n 5,60 Ci/g >999 2,22 0,080
108Cd carrier-free >999% 0,1 0,645
203Hg 1,90 Ci/g >99%; 3,33 0,147

Ces solutions one été diluées a 10 ml avec de I’acide nitrique concentré. Ces solutions finales
contiennent respectiveent 1-10~¢ g de zinc, <6:107° g de cadmium et 4,9-10~% g de mercure par .
Généralement 10 xl de solution ont été utilisés pour chaque expérience.

Mesures de radioactivité

Les fractions d’¢lution ainsi que les poudres de cellulose ont été recueillies en flagons de plastique
de dimensions uniformes. Leur radioactivité a été mesurée a I'aide d’un spectrométre de rayonne-
ments gamma, ND-110 a 128 canaux, couplé électroniquement  un cristal de Nal (T1), et comparée
avec un étalon. La précision était d’environ 1577 incluant toutes les erreurs expérimentales.

Préparation des colonnes de cellulose en éther anhydre et préparation des solutions

Les colonnes (diam. int.: 10 mm; réservoir 4 200 ml; robinet de Teflon) ont été remplies comme
décrit dans la premiére partie de cette étude.®

Préparation des solutions & haute concentration de mercure et de zinc

Le sel de mercure le plus soluble dans I’éther est le chlorure mercurique, qui s’obtient facilement
par traitement du mercure 4 ’eau régale: 100 ml d’éther-acide nitrique peuvent dissoudre facilement
4 g de chlorure mercurique. Cette solution additionnée de 10 ul de 2**Hg de 10 ul de %Zn ou de
15Cd a été utilisée pour étudier la séparation d’une grande quantité de mercure d’avec les traces de
zin¢ et cadmium de I'ordre de 0,1 ppm.

Les solutions de nitrate de zinc et de nitrate de cadmium dans I'éther-acide nitrique ont été
préparées pour étudier la séparation d’une grande quantité de zinc ou de cadmium d’avec 1 ppm de
mercure. Les essais préliminaires de détection de Hg ont été faits avec le sulfure d’ammonium.

DISCUSSION DES RESULTATS

Le zinc et le cadmium en traces sont absorbés sur les celluloses avec des forces
différentes, suivant la nature du groupe fonctionnel de la cellulose substituée. En
réalité, la Fig. 1 montre qu’il est possible d’effectuer Iélution sélective des zinc et
cadmium absorbés sur la cellulose non substituée, & I'aide de thiocyanate dilué,
solution (c). Cette solution est capable d’éluer seulement une fraction des zinc et
cadmium absorbés sur les celluloses CM et ET (Figs. 4 et 6). Une solution saturée de
thiocyanate, solution (d), permet I'élution totale des zinc et cadmium retenus sur ET
et aussi sur DE (Fig. 2), mais elle a un effet limité sur AE et CM (Fig. 3), tandis qu’elle
ne peut pas réaliser I'élution des zinc et cadmium absorbés sur le phosphate de cellulose
(Fig. 5).

Un certain nombre de tentatives d’¢lution & 1’aide d’agents d’extraction du zinc
ont été faites pour forcer le zinc & abandonner le phosphate de cellulose: la dithizone
en chloroforme est sans effet, ainsi que le tributyl phosphate, la thenoyltrifluoroacétone
en solution dans 1’éther, et la tri-n-octylamine. Au contraire, ’acide chlorohydrique
permet Pelution quantitative des zinc et cadmium.

Ce comportement des traces de zinc et cadmium a indiqué que le mercure contenu
dans le zinc ou le cadmium a la concentration de 1 ppm peut &tre facilement séparé &
I'aide d’une colonne de phosphate de cellulose des dimensions indiquées. Avec une
plus grosse colonne on pourrait retenir une quantité plus grande de zinc ou de cadmium.

La cellulose naturelle se confirme étre capable de séparer le zinc du cadmium.

Pour ce qui concerne le mercure, il faut remarquer qu’il n’est retenu sur aucune des
six celluloses étudiées, et que les groupes a grand pouvoir complexant des celluloses
substituées sont sans efficacité.
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T16s. 1-6.—Le comportement chromatographique du zinc (—), cadmium (- - )
et mercure (Hg).

Solutions

(a) Ether éthylique anhydre.

(b) Acide nitrique 90%; (2 ml) dissous en éther éthylique (98 ml).

(c) Thiocyanate d’ammonium (40 mg) dissous en méthanol (20 mi) plus éther éthylique
(80 ml).

(d) Thiocyanate d’ammonium (5 g) dissous en méthanol (20 ml) plus éther éthylique
(80 ml).

(e) Acide chlorhydrique 3N.

Celluloses

Cellulose Whatman CF 11, en poudre, non substituée.

Cellulose Whatman DE 11, en poudre, diéthylaminoéthyle.

Cellulose Whatman AE 11, en poudre, aminoéthyle.

Cellulose Whatman P 11, en poudre, phosphate.

Cellulose Whatman CM 11, en poudre, carboxyméthyle.

Cellulose Whatman ET 11, en poudre, epichlorohydrinetriéthanolamine.

Ce comportement particulier des traces de mercure, laisse prévoir la possibilité de
passer sur les colonnes de cellulose une solution & haute concentration de mercure et
de retenir les impuretés métalliques. L’introduction dans les colonnes de solutions
d’éther anhydre ou éther-acide nitrique saturées de chlorure ou iodure mercurique, a
donné la méme courbe de non-absorption, et a montré que la presence d’anions
différents n’est par significative. Dans ces milieux, les traces de cadmium, zinc, cobalt
et d’autres métaux sont retenues sur les celluloses un peu moins fortement que quand
Péther ne contient pas les sels mercuriques, mais la séparation chromatographique est
réalisable a I'aide de la cellulose qui montre la plus grande rétention pour Pimpureté
métallique. Par exemple, les traces de cobalt® et autres métaux' de I’ordre de 0,1 ppm
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dans le mercure sont retenues sur cellulose DE et ainsi séparées; le zinc et le cadmium
contenus dans le mercure a la méme concentration sont également retenus sur cellulose
DE mais encore mieux sur phosphate de cellulose.

Lacide chlorhydrique 3N permet I’élution de ces traces qui peuvent €tre ainsi ana-
lysées par les différentes méthodes physico-chimiques, ou par activation neutronique.

CONCLUSIONS

Toutes les celluloses prises en considération retiennent le zinc et le cadmium
quantitativement. Le profil des courbes d’élution en correspondance avec les
différentes solutions d’élution indique que le phosphate de cellulose fixe le zinc et le
cadmium trés fortement, et que, en général, les celluloses substituées les fixent mieux
que la cellulose naturelle.

Le mercure n’est pas du tout retenu sur les celluloses et son comportement est
remarquable, car il devrait pouvoir former des liens spécialement avec les groupes
aminés. Une explication de ce phénoméne pourra étre donnée quand le comportement
des éléments tels que 'or, le thallium, le platine, etc., sera connu dans les conditions
type choisies.

Les celluloses se confirment étre intéressantes pour la séparation des traces et la
purification des sels.

Remerciements—L’auteur remercie le Conseil National des Recherches du Canada pour la subvention
accordée.

Summary—The chromatographic behaviour of zinc, cadmium and
mercury on columns of natural cellulose and substituted celluloses is
studied using $Zn, **Cd and 2%*Hg radiotracers. Traces of zinc and
cadmium are strongly retained by the functional groups attached on the
substituted celluloses; on the contrary mercury is not retained to any
extent. Nanogram amounts of zinc, cadmium and other metals are
separated from 3 g of mercury on cellulose phosphate in ethyl ether.

Zusammenfassung—Chromatographischen Ferhalten von Zinc, Kad-
mium und Quecksilber an der Cellulosesdule und modifizierten
Cellulosesiulen wurde untersucht. Als Tracer wurde %Zn, 1°°Cd und
203Hg verwendet, Die Adsorptionstirke der Zn und Cd ist von den
funktionnellen Gruppen an den modifizierten Cellulose bestimmt,
dagegen Hg ist nicht adsorbiert. Nanogrammengen von Zink und
Kadmium und anderen Metallen wurden von 3 Grammen Quecksilber
an einer Phosphatcellulosesdule getrennt.
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ELECTROMETRIC TITRATIONS WITH A SINGLE
POLARISED ELECTRODE

DETERMINATION OF HYDROGEN PEROXIDE AND MANGANESE

MowmiR S. JovANOVIC and DUSANKA M. PETROVIC
Faculty of Tcchnology, Beograd, Institute of Analytical Chemistry,
KarnedZijeva 4/I1, Yugoslavia.

(Received 23 April 1965. Accepted 19 January 1966)

Summary—A simple electrometric method for end-point detection,
based on the lack of response of the indicator electrode in the titrated
irreversible system has been described. The end-point is reached at
the beginning of depolarisation of the electrode, when the equi-
librium in the pre-balanced circuit is destroyed, producing an off-
balance current.

INTRODUCTION

Tue idea of the so-called “irreversible potential” was the result of Gaugin’s study of
the problem of polarisation curves of reversible and irreversible systems reported in
1949.1 If an inert electrode was immersed in an irreversible system (e.g., S,0,27/S,04%")
the potential registered did not respond to the changes of concentration of the electro-
active ionic species, as was shown later.®® Coursier? showed that a sharp change in
potential was observed when thiosulphate was titrated with iodine. This was due to
the establishment of the reversible potential of the indicator electrode at the end-point.
Gaugin and co-workers® and Duyckaerts® showed that when redox systems were
titrated potentiometrically with a single polarised electrode, the greater the polarising
current, the greater the potential change, but the deviation from the true end-point
was more striking. At zero current, the change occurred at the true end-point, but
was very small. From the shape of the potential-current curve it can be seen that the
onset of depolarisation is easier to identify by a large change in the current than by a
small change in the potential. It was concluded that at zero current a small, initial
reversible potential at the indicator electrode caused such a depolarisation that with a
bridge circuit an off-balance current could be observed on a sensitive galvanometer. It
was shown that the change produced depended on the choice of the reference electrode
and on the exposed surface of the indicator electrode as well as on the nature of the
titrant and its excess. The rapidity of the change of the unpolarised state of the elec-
trode into the depolarised state depended on the irreversibility of the system titrated.
It is obvious that if a slightly irreversible system is titrated, a slight and permanently
increasing depolarisation will occur from the beginning of the titration to the end-point.
However, if the titration is performed with a completely reversible titrant, the de-
polarisation at the end-point will be still greater. On the other hand, no depolarisation
up to the end-point should be expected in an ideal irreversible system (e.g., N,H,/N, -
4H).
815
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EXPERIMENTAL
Determination of hydrogen peroxide

The oxidation
H;0, = O, + 2H* 4 2¢

is an irreversible system. When it is carried out by means of permanganate in acid solution, the
reaction rate and end-point are concentration-dependent.

If the depolarisation end-point technique is used, no change in current is to be expected until a
small excess of permanganate induces the depolarisation of the indicator electrode. Due to the
presence of the reversible Mn(II)/Mn(VII) system, the balance is destroyed and an off-balance
current is observed.

2y
1||I
1 ’ ]
500n

AN

i 7

Fic. 1.

~

The circuit used is shown in Fig. 1. The galvanometer had a maximum sensitivity of 2 x 10-°
A/mm, and the indicator electrode was a piece of platinum foil 5 X 10 mm in size, while the
reference electrode was an S.C.E.

Reagents

Potassium permanganate (p.a., E. Merck, Darmstadt)
Sodium oxalate (p.a., C. Erba, Milan)
The 5 x 10~ N solution of potassium permanganate was standardised with sodium oxalate.

Procedure

The volume of solution used was approximately 80 ml and was made acid with 6 ml of sul-
phuric acid (1 - 1). After the e.mf. of the platinum-S.C.E. cell had been balanced by the
external e.m.f., the titrant was added dropwise so that the slow reaction was complete between
additions. Each drop produces a current change, which disappears as soon as the titrant is com-
pletely consumed. The end-point is reached when the current change is permanent. A titration
curve is illustrated in Fig. 2. The concentration range determined was 4 X 10> Nto4 x 10~° M.
Results are shown in Table 1.

As was expected, the results obtained using the visual end-point were higher than those using the
depolarisation end-point. It was shown that the technique could be applied to solutions whose
concentrations represented the lower limit for amperometry and potentiometry.
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j“ A
0
ml
Fic. 2.
TasLE 1.
depolarisation e.p. visual e.p.
H,0,, 10-3 M KMnO, 10-¢ M KMnO, 10-3 M KMnO, 10~ M KMnO,
ml ml ml mi ml
20-00 0-590 0-637
20-00 0-605 0-631
20-00 0-595 0-640
200 0-588 —_
2:00 0-595 —
2-00 0-600 —

Determination of manganese

More difficulties were experienced when determining manganese by the method of
Volhard-Wolff.? Miiller® was the first to determine the end-point potentiometrically
by applying the AE/AV method. Brann and Clapp® determined the end-point by the
appearance of a current change when platinum and silver electrodes were connected
to a galvanometer. Lingane and Karplus'® applied Miiller’s technique for the deter-
mination of manganese by permanganate in a pyrophosphate solution. Goffart,
Michel and Pitance™ applied Brann and Clapp’s technique in a solution proposed
by Lingane and Karplus a few years later. Duyckaerts® determined manganese by
permanganate in a pyrophosphate solution, connecting the platinum and saturated
calomel electrodes directly to the galvanometer. He showed that the greater the
polarising current, the higher the potential change recorded, but the deviation from the
true end-point was remarkable. There is no previous work on permanganatometric
determination of small quantities of manganese by means of zero-current technique,
without constructing a titration curve.

It was considered that when applying the depolarisation end-point technique,
slightly soluble manganic acid forming up to the end-point would depolarise the
indicator electrode to a small extent only. The first traces of unreacted Mn(VII)
should depolarise the electrode much more, so that a sudden off-balance current
is to be expected.

Reagent

Zinc oxide (permanganate resistant, C. Erba, Milan)

The solution of Mn(II) to be determined was obtained by dissolving 77-131 mg of potassium
permanganate in a few ml of water and treating the solution with 10 ml of concentrated hydrochloric

4
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acid. The solution was then twice evaporated to dryness in an Erlenmayer flask. Finally the contents
of the flask were diluted to 250 ml to give a manganese(1I) solution containing 0-1073 mg Mn/ml.

The 10-2 N solution of potassium permanganate was standardised by means of sodium oxalate
and contained 0-3150 mg KMnO,/ml.

Procedure

The solution to be determined was diluted to about 80 ml with water and warmed to 80-90°.
The titration can be carried out after a minimum amount of a water suspension of zinc oxide
is added to produce a small but permanent turbidity. After the e.m.f. of the cell has been balanced
by the external e.m.f., the titrant is added drop by drop. Each drop of the titrant produces a
galvanometer-deflection which disappears when the titrant has reacted. However, due to the slight
solubility of zinc manganite, a reversible system consisting of Mn(I) and Mn(IV) is set up and the
light-spot does not return exactly to the previous position. As soon as the first unreacted Mn(VII) is
present in the solution, a iew redox potential corresponding to the ratio Mn(IV)/Mn(VII) isestablished
at the indicator electrode, a permanent depolarisation takes place and the deflection is permanent.
The change in current during the titration is shown qualitatively in Fig. 3.

PA

Fic. 3

Quantities of 1, 0:5 and 0-1 mg of manganese, corresponding to 3 X 10~ N to
3 X 1073 N solutions, were determined. It is interesting to note here that quantities of
1 mg of manganese could be determined visually, but the results obtained were up to
4-59%, higher than with the depolarisation end-point method. The 0-5 mg quantities of
manganese were so small that the visual location of the end-point was rather uncertain.
Quantities below 0-5 mg could not be visually determined at all.

Ferric ions do not interfere with the depolarisation end-point, because the slight
depolarisation caused by these ions in an alkaline solution is constant.

The maximum deviations from the theoretical values of more than sixty deter-
minations are given in Table II.

TaBLE I
Mn KMnO, Mn Difference, Error
taken, mg consumed, mi found, mg mg %
1-073 652 1-071 —0-002 02
0-536 3-320 0-545 +0-009 +1-7
0-107 0-615 0-101 —0-006 —5-6

Although the error is considerable when small quantities of manganese are
determined, the determination of these small quantities is still possible. Treadwell’s
statement? that there is a deviation from the theoretical ratio Mn(VII) : Mn(II) = 2:3
should also be remembered here. The advantage of the method suggested is that there
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is no need to construct a titration curve, or to know any electrochemical data for either
of the systems. It is, on the other hand, known that when titrating to a predetermined
end-point, the greater the uncertainty of the end-point potential, the greater the error.
A disadvantage of the method is that it cannot be applied if both couples are reversible.

Zusammenfassung—Es wird eine einfache elektrometrische Methode
zur Endpunkisanzeige beschrieben, die auf dem Nichtansprechen der
Indikatorelektrode in dem titrierten irreversiblen System beruht. Der
Endpunkt ist erreicht, wenn wegen der beginnenden Depolarisation
der Elektrode das Gleichgewicht in dem vorher stromlosen Kreis
gestOrt wird, was zum FlieBen eines Stromes fiihrt.

Résumé—On décrit une méthode électrométrique simple de détection
du point de fin de titrage, basée sur le manque de réponse de Iélectrode
indicatrice dans le systéme irréversible dosé. Le point de virage est
atteint lorsque, par suite du commencement de dépolarisation de
I’électrode, I'équilibre du circuit pré-équilibré est détruit, produisant
un courant de déséquilibre.
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CHROMOTROPIC ACID AZO DYES OF THE
PYRIDINE SERIES

SPECTROPHOTOMETRIC DETERMINATION OF NICKEL AND
COBALT IN THE PRESENCE OF MANY IONS AND THEIR
SIMULTANEOUS DETERMINATION

A. K. MAJUMDAR and A. B. CHATTERIEE
Department of Inorganic and Analytical Chemistry
Jadavpur University, Calcutta-32, India

(Received 20 September 1965. Accepted 11 January 1966)

Summary—Pyridyl-2-azo-chromotropic acid (disodiumsalt) is proposed
as a new reagent for the determination of nickel and cobalt in the
presence of many ions and for their simultaneous determination in
the absence of cyanide and EDTA. The wavelengths of maximum
absorption for the nickel and cobalt complexes are 570 and 640 mu
respectively. Beer’s law is obeyed by the complex systems from 0-125-
0-8 ppm of nickel and 0-16-1-2 ppm of cobalt. The optimum con-
centration ranges are 0-25-0-8 ppm for nickel and 0-16-1-2 ppm for
cobalt and the relative error is 2:7 ;. The molar absorptivities for the
complexes of nickel and cobalt are 40,720 and 33,600, while the
dissociation constants at pH 7-5 and 22° are of the order of 10-* and
10713, respectively. The metal to reagent ratio is 1:3.

Our investigation of the chromotropic acid azo dyes as reagents,’'2 has shown that
of the three dyes, (pyridyl-2-azo)-chromotropic acid (Na-salt) (Reagent A), D

OH OH
QN—N = N—N
NaO,$ $O,Na NaO,S SO;Na

Ia

OH OH

=
N"—N J— l
——
aO, SO,Na NN
COONa OH OH COONa
NH—
NaO,S \SO Na NaO,S \SO Na

1I1a
(pyridyl-3-azo)-chromotroplc acid (Na-salt) (Reagent B) (II) and (2-carboxy-pyridyl-
3-azo)-chromotropic acid (Na-salt) (Reagent C) (III), reagents A and B react with
821
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nickel and cobalt while Reagent C is inactive towards both the metals; it is presumed
that the presence of a bulky carboxyl group in the 2-position of the pyridine ring
hinders the last reagent from reacting with nickel and cobalt.

Reagent B, which is less sensitive than Reagent A towards both nickel and cobalt,
suffers from the serious drawback that quite a large number of cations and anions
interfere with the determination. The colour systems formed by Reagent B at pH 85
with both the elements have maximum absorption at 580 mu and obey Beer’s law
from 1-0 to 10-0 ppm of nickel and 0-25 to 50 ppm of cobalt. Their optimum
concentration ranges are 20 to 8-0 ppm of nickel and 1-0 to 5-0 ppm of cobalt with
relative errors of 2:7%,. The composition of the complexes as determined by Job’s,
the molar ratio, and the slope ratio methods suggests a metal to reagent ratio of 1:3.
The dissociation constants of the complexes are about 2 X 10712, and the molar
absorptivities are 3932 and 5189 for nickel and cobalt respectively.

Reagent A, with which the rest of this paper is concerned, behaves as a selective
reagent and is almost ten times as sensitive as B. The proposed methods for cobalt and
nickel are more sensitive and selective than other methods, particularly those using
quinoxaline dithiol® and dithio-oxamide.* In these cases, quite a large number of ions
interfere; the tolerance limits for the platinum metals are very low.

That in the cobalt-Reagent A complex the metal is in the tervalent state, whereas
in the cobalt-Reagent B complex it is in the bivalent state, was verified by the reaction
of the reagents with hexammine cobaltic chloride, which forms the same complex,
having maximum absorption at 640 myu, with Reagent A but not with Reagent B.
Hence it is suggested that the cobalt-Reagent A complex is formed through a possible
tautomeric form (Ia)® by the replacement of the hydrogen atoms by cobaltic ion and
co-ordination through azo nitrogen, while the cobalt-Reagent B complex and the
nickel complex with Reagents A and B may be formed with one reagent molecule
acting purely as a bidentate donor and the other two satisfying the primary valencies
by replacing the hydrogen atoms from the acidic imino groups.!

Because Reagent A is a most useful reagent for the determination of nickel and
cobalt in the presence of many other ions and for their simultaneous determination,
only the experimental details for Reagent A are described.

EXPERIMENTAL
Apparatus
Spectrophotometer, Unicam SP 600; pH meter, Cambridge.

Reagents

Chemicals used were of reagent grade and their solutions were prepared in twice-distilled water.

Nickel solution. Prepared from nickel chloride and standardised gravimetrically with dimethylgly-
oxime.® The stock solution contained 3-254 g/l.

Cobalt solution. Prepared from cobalt(I) chloride and standardised by complexometric titration’
and the sulpbate method. The stock solution contained 1-323 g/l.

Reagent A. Prepare by the method described previously* and use a 0-05 % (w/v) solution.

Buffer solution, pH7-5. Adjust the pH of a 5% (w/v) ammonium chloride solution with
ammonia (1 + 2).

Sodium perchlorate solution, 1-25 M.

RESULTS AND DISCUSSION
Spectral transmittancy curve

Aliquots of the standard nickel and cobalt chloride solutions containing 12-5 ug
of nickel or cobalt were placed in 25-ml flasks and to each solution were added 3 ml



Spectrophotometric determination of nickel and cobalt 823

of Reagent A, 0-5ml of 1-25M sodium perchlorate and 2 ml of buffer. The pH of
the mixtures was adjusted, if necessary, to 7-5. The mixtures were then made up to
volume with twice-distilled water. This procedure was repeated in all the experiments
described hereafter. A reagent blank was similarly prepared. The absorbances of
test and reagent solutions against water blanks and those of test solutions against
reagent blanks were measured and plotted (Fig. 1). The curves show that the nickel
complex has maximum absorption at 570 mu and the cobalt complex at 640 mu.

Optical density

! 1 1 l | 1 | 1 I ] L
550 560 570 580 590 600 610 620 630 640 650 660 670

Wavelength, mu

FiG. 1.—Spectral transmittancy curve: (reagent taken as blank)
Curve 1, Ni**—Reagent A
Curve 2, Co**—Reagent A

Effect of pH, reagent and time

The colour intensities of the nickel and cobalt systems were found to increase
with pH up to 7-0, remain constant from pH 7-0 to pH 9-0, and then decrease on
further increase of pH. The absorbances of the nickel and cobalt complexes were,
therefore, measured at pH 7-5.

In a total volume of 25 ml, for the maximum colour development with 12-5 ug of
nickel or cobalt, only 3 ml of the Reagent A solution were required. No adverse
effect on the absorbance of any of the colour systems was observed with the addition
of more reagent, as long as measurements were made against a reagent blank.

At pH 7-5, the nickel system is stable for 20 hr and the cobalt complex for 10 hr.

Beer’s law, optimum range and photometric error

The colour systems obey Beer’s law from 0-125 to 0-8 ppm of nickel and 0-16 to
1-2 ppm of cobalt. Ringbom’s method® shows that the optimum concentration ranges
are from 0-25 to 0-8 ppm of nickel and 0-16 to 1-2 ppm of cobalt. The relative error
is 2:7%; for.both complexes.®

Effect of diverse ions
For the study of the effect of diverse ions, a difference of absorbance of-more
than 0-005 was arbitrarily taken as indicating interference. Under the experimental
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conditions, 0-5 ppm of nickel or cobalt could be determined in the presence of a large
excess of ions such as vanadium(V), arsenic(V), molybdenum(VI), tungsten(VI),
uranium(VI), cerium(IV), palladium(lI), platinum(IV), magnesium(II), and common
anions, such as phosphate, nitrate, nitrite, sulphate, sulphite, thiosulphate, chloride,
bromide, iodide, borate, thiocyanate, perchlorate, citrate, oxalate, tartrate and fluoride.
Those ions which generally form coloured complexes with the reagent were masked by

[e23-]

[o]
o

Optical density

o
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Fic. 2.—Job’s method of composition (equimolar):

Curve 1, Ni?* = Reagent A = 2-0 X 10™M

Curve 2, Ni** = Reagent A = 0-8596 x 10*M

Curve 3, Co** = Reagent A = 3-0 X 10~*M

Curve 4, Co** = Reagent A = 2-0 X 10*M
suitable complexing agents. Thus 15 ml of a mixture of solutions of 5% ammonium
citrate, 59 ammonium oxalate, 159 sodium thiosulphate, 2% sodium fluoride and
5% ammonium thiocyanate mask the effect of 200 ppm of different ions such as man-
ganese(ID), aluminium(IH), titanium(IV), zirconium(IV), zinc(II), tin(IV), copper(II),
cadmium(II), iron(1II) and lanthanum(Ill). Beryllium(ll), however, could only be
tolerated up to 100 ppm. Those ions, e.g., barium(II), strontium(II), bismuth(III),
antimony(Ifl), lead(II) and mercury(II), which form precipitates at pH 7-5 when
present at the level of 200 ppm, can either be removed by filtration or rendered
inactive by complex formation with a mixture of 5 ml of 59/ ammonium citrate and
10 ml of 59 thiourea solutions.
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Composition of the complexes

The composition of the complexes of nickel and cobalt was studied by the modified
Job’s method0-11 (Fig. 2). It is evident that both the metals combine with the Reagent
A in the ratio of 1:3. Examination of the complexes by the molar ratio method!?
and the slope ratio method®® substantiated this result (Figs. 3 and 4). The slopes of
the curves are 1-74/0-584 (nickel) and 0-872/0-277 (cobalt).

0-5

Optical density

0 11 [ Y S
10 2:03.04-05-06-07-0 80 9-010-0
Reagent, ml

Fi16. 3.—Molar ratio method of composition:
Curve 1, Ni** = Reagent A = 2 X 10~%M
Curve 2, Co** = Reagent A = 3 X 10¢M

Molar absorptivity and sensitivity

The molar absorptivities for nickel and cobalt with Reagent A are 40,720 and
33,600, respectively. The sensitivities according to Sandell* are 0-00144 ugfcm? and
0-00174 ugfcm? respectively. The quinoxaline dithiol® and dithio-oxamide? methods
are less sensitive, the values being 0-0034 pg/cm? and 0-0068 pg/cm? for nickel, and
0-0017 pg/cm? and 0-0046 ug/cm? respectively for cobalt.

Degree of dissociation and instability constant

The degrees of dissociation, «, and the dissociation constants, K, were calculated
according to the method of Harvey and Manning!® The values for the dissociation
constants at pH 7-5 are 1-01 X 10712 and 1-07 X 10~8for the nickel and cobalt com-
plexes, while their degrees of dissociation are, respectively, 0-243 and 0-107,

A, — A4 mac)y*(nxc)®

P T I S i il
A, ol — o)

where 4,, = maximum absorbance, 4; = absorbance at the stoichiometric molar

ratio of m metal ions to n reagent molecules, and ¢ is the molar concentration of the

solutions.
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Optical, density

FiG. 4.—Slope ratio method of composition:

Curve 1, Reagent A = 2:0 x 10-M,
Ni%+ = 2:0 x 10M

Curve 2, Reagent A = 2:0 X 107*M,
Ni#+ = 2:0 X 10°M

Curve 3, Reagent A = 1-0 X 10°M,
Co** =10 x 10*M

Curve 4, Reagent A = 1-0 X 10~*M,
Co** =10 x 10°M

Optical density
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FiG. 5.—Job’s method of composition

(non-equimolar):
Curve 1, Niz+ =1 x 10—'M,
Reagent A = 25 X 10—'M
Curve 2, Ni** =1 X 107*M,
Reagent A = 2:0 X 10~*M
Curve 3, Co?t =2 x 107M,
Reagent A = 5-0 X 10~*M
Curve 4, Co?* = 1 X 10*M,
Reagent A = 3-0 X 107*M

The dissociation constants have also been calculated from the absorption data,
when non-equimolar solutions of the metals and the reagent have been used, by

Job’s equation,?

C(m+n—l) .p(n——-l)[(pm + l’l)X —_ n](m+n)

K= PR S VI TS (r — D7Dy — (m + n)x]

where m = number of metal ions in the complex
n = number of reagent molecules in the complex

metal ion, C.

x = mole fraction of reagent at absorption maximum.

Results based on Fig. 5 are given in Table L.

— the ratio of the concentration of the reagent to the concentration of the
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TABLE I —DISSOCIATION CONSTANTS OF METAL COMPLEXES

Fig. 5 Reagent A

curve Metal concn., M concn., M m n P x K{(at 22°C) K(average)
1 Ni-1 x 10~ 2510 1 3 25 07 48x1012 3 x 10712
2 Ni-1 x 10* 20x 10t 1t 3 20 07 13 x1072
3 Co-2 x 104 $x10* 1 3 25 07 39x10
4 Co-1 x 10 3x10% 1 3 30 06 24 x101 3 x 10-18

Simultaneous determination of nickel and cobalt
Place aliquots of standard solutions of nickel and cobalt and their mixtures in separate 25-ml

flasks. Add 4 ml of Reagent A solution and 2 m! of buffer (pH 7:5) to each of them. Adjust the pH,
and dilute the solutions with water to the mark and mix. Measure the absorbances at 570 mg and
640 my, using the reagent as blank. Typical results are given in Table IT; the concentrations of
nickel and cobalt were calculated from the equation,®

Dy, = 1,6:/Cy + 2,6:,Ce

Dy, = 2,6:C; + 2,6:Cs

TABLE II.—RESULTS OF TYPICAL DETERMINATIONS

Absorbance, D

Tons taken, ppm 570 mu (,) 640 mu (4,) Ions found, ppm
Ni 0-70 0-455 0-021 —
Co 0-50 0-145 0-294 —
Ni + Co = 070 + 0-50 0-545 0-300 Ni 0-74, Co 0-53
Ni 0-25 0-172 0-015 —
Co 0-30 0-093 0-180 —
Ni + Co =025 4+ 0-30 0-230 0175 Ni 0-28, Co 0-287
Ni 0-25 0-172 0-015 —_
Co 1:20 0-319 0-680 —
Ni 4+ Co = 025 + 1-20 0-535 0-691 Ni0-28, Co 1-18
Ni 0-80 0-553 0-046 —
Co 0-20 0-052 0-116 —
Ni -+ Co = 0-80 - 0-20 0-703 0-288 Ni 0-90, Co 0-18

Zusammenfassung — Pyridyl-2-azochromotropsidure  (Dinatriumsalz)
wird als neues Reagens zur Bestimmung von Nickel und Kobalt in
Gegenwart vieler Ionen und fiir ihre gleichzeitige Bestimmung in
Abwesenheit von Cyanid und EDTA vorgeschlagen. Die Wellenlingen
der Absorptionsmaxima der Nickel- und Kobaltkomplexe sind 570
bzw. 640 mu. Das Beersche Gesetz gilt fiir die Komplexe zwischen
0,125 und 0,8 ppm Nickel und zwischen 0,16 und 1,2 ppm Kobalt.
Der beste Konzentrationsbereich ist 0,25-0,8 ppm Nickel und 0,16-1,2
ppm Kobalt; der relative Fehler betrdgt 2,7%,. Die molaren Ex-
tinktionskoeffizienten fiir die Nickel und Kobaltkomplexe betragen
40720 bzw. 33600; die Dissoziations-konstanten liegen bei pH 7,5
und 22° um 1072 und 107*%; das Verhéltnis Metall: Reagens ist 1:3.

Résumé—On propose l'acide pyridyl 2-azo chromotropique (sel
disodique) comme nouveau réactif pour le dosage du nickel et du
cobalt en présence de nombreux ions et pour leur dosage simultané en
Pabsence de cyanure et 'EDTA. Les longueurs d’onde des maximums
d’absorption pour les complexes du nickel et du cobalt sont respec-
tivement de 570 et 640 mu. La loi de Beer est respectée par les
systémes complexes pour 0,125-0,8 ppm de nickel et 0,16-1,2 ppm
de cobalt. Les domaines de concentrations optimales sont 0,25-0,8
ppm pour le nickel et 0,16-1,2 ppm pour le cobalt, et I'erreur
relative est de 2,7%. Les coefficients d’extinction moléculaires des
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complexes du nickel et du cobalt sont 40720 et 33600, cependant que
les constantes de dissociation & pH 7,5 et 22° sont de ’ordre de 10-12
et 1073 respectivement. Le rapport du métal au réactif est de 1:3.
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QUANTITATIVE EVALUATION OF THIN-LAYER
CHROMATOGRAMS*
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Summary—A commercially available scanning photometer, designed
to scan paper electrophoresis strips, has been used to evaluate thin-
layer chromatograms. The chromatogram may be lifted off the glass
plate with cellophane tape which is then cut into strips and scanned, or
the thin-layer chromatogram may be photographed and the photograph
scanned. Newly developed cellulose-backed thin layers of silica or
alumina may also be cut into strips and scanned. The instrument has
also been modified to scan glass plates. A correction is applied for
non-uniformity of the thin layer. Zones containing colourless com-
ponents can be located by means of an auxiliary chromatogram, and
the components present determined by carbon analysis.

INTRODUCTION

THIN-LAYER chromatography (TLC) must compete, as a method of separation and
of qualitative and quantitative analysis, with many other possible analytical techniques.
Though initially expensive, gas-liquid chromatography (GLC) has the frequently
overriding advantages of producing highly efficient separations, and yielding qualita-
tive identification and quantitative analysis. Therefore, thin-layer chromatography
has mainly found application in analyses where GLC has difficulty, such as in separat-
ing either relatively non-volatile or thermally-sensitive mixtures. Qualitative identi-
fication by TLC is mainly accomplished through a comparison of R; values! (relative
migration rates) for mixtures of known and unknown composition; by means of
elution and spectrophotometric identification; by use of chemical sprays producing
characterising chemical reactions. Considerable use has been made of TLC as a
qualitative tool, but less use has been made of the TLC technique for quantitative
work.

Quantitative evaluation of thin-layer chromatogramshasusually been accomplished
by three methods,~3 but other techniques can sometimes be used.

(a) Spot areas provide a semi-quantitative estimation through linear relationships
between functions of the spot area and the amount of substance.%

(b) Photometric measurements made by scanning the-chromatograms® or photo-
graphs of thin-layer chromatograms® can be used to evaluate chromatograms. The
photographs may also be cut into strips and the absorbance measured with a
microphotometer.

(c) The separated compounds can be located non-destructively by their fluores-
cence, or from their R values. A colour reaction or charring by heat or acid may
be used to determine the positions of the separated components on a subsidiary
chromatogram. The appropriate sections of thin-layer are removed by scraping or

* Presented at the 1965 Anachem Conference and Instrument Exhibit, Detroit, Michigan, U.S.A.,
19-21 October 1965.
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by using devices such as the vacuum collector tubes proposed by Millett, Moore
and Saeman.” The components are dissolved out, and are usually measured spectro-
photometrically.

(d) A less commonly used method employs radioactive isotopes and either
autoradiography or a Geiger-Miiller counter.®

(e) The very sensitive heteropoly-blue method can be used for biological mixtures
which contain phosphorus.®

EXPERIMENTAL

A Beckman Spinco Analytrol and a modification of it were used. This instrument was originally
designed for scanning paper strips. A gear drive moves the paper strip across a narrow beam of light
at a uniform rate. The light beam passes through a “‘monochromator” filter, a slit, and the moving
paper strip, and then falls on a photocell. Areas on the strip which contain absorbing material
transmit less light than the clean paper does. Colour filters are used to improve sensitivity, and
appropriate cams to convert the light transmission into a function analogous to absorbance. The
photocell output drives a recorder and an integrator so that peak areas are displayed and measured
simultaneously.

With this equipment several techniques of quantitative evaluation have been compared. In the
photographic technique, the chromatogram of a dye mixture was photographed in black and white.
The photograph was enlarged and cut into strips, which were scanned. Moderately close control of
the photographic process is necessary but small variations are comparatively unimportant because
the results are calculated by the normalised area method. The results in Table I are compared with
those obtained by a direct scanning technique described below.

Of the two methods, direct scanning is generally preferred, because it is quicker and conditions
have to be controlled in the photographic method. The photographic technique is useful if the
chromatogram must be filed for reference or chromatograms from various sources are to be compared
at a central laboratory.

TABLE 1.—COMPARISON OF ANALYSIS BY DIRECT SCAN AND SCAN OF A
PHOTOGRAPH OF A CHROMATOGRAM OF A DYE MIXTURE

Area percentage

Direct Photograph
Sample Component scan scan
) 1 1 2
2 4 2
3 16 14
4 68 74
5 3 2
6 7 4
7 1 2
100 100
) 1 1 2
2 3 4
3 15 15
4 74 76
5 3 1
6 3 2
7 1 <1
100 101
3) 1 5 6
2 6 5
3 44 45
4 21 17
5 21 24
6 3 3

100 100
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In another technique which has most of the advantages of the photographic method, the chromato-
gram is sprayed with a coating material, such as Neatan, to make it more cohesive and is then removed
by means of transparent adhesive tape. The tape is not entirely clear and, even if the spray is used, it
is difficult to remove the chromatogram intact. Furthermore, some chromatograms fade or change
colour during spraying and storage. However, the strips are easily cut for scanning, and can often
be stored indefinitely.

A third technique uses commercially available alumina and silica thin layers on a flexible and
easily cut backing. Some of the separations obtained are comparable to the best on glass plates.

Scanning photometers are commercially available which give direct scanning of thin-layer
chromatograms on glass plates. The Spinco Analytrol was converted into such an instrument by
addition of a constant speed scanning mechanism and modification of the optical path. The light
path was modified so that the light passed through a TLC plate resting on a carriage moving at
constant speed. The light from a tungsten-filament bulb passed through a ““monochromator™ filter
and a collimating lens, was reflected by a prism through a variable slit and passed through the glass
plate and chromatogram on to a photocell. The output of the photocell was used to drive a recorder
and an integrator.

The scanning was done in a light-tight enclosure to prevent a high background from stray light.
The glass plate was held just below the photocell on a carriage which moved across the slit at
constant speed and was constructed so that any position on a 4” x 8” plate could be scanned.

The base line and scale were adjusted in the following way. An unused portion of the TLC plate
was used to set the zero, and then with a standard interference filter between the TLC plate and the
slit, a predetermined displacement (about 10 cm) was made which depended on the waveband
transmitted by the monochromator filter and on the balancing cam used. The scanner was then
calibrated, and the interference filter removed. Mixtures of Magdala Red, p-phenylazoaniline and
Sudan Yellow were chromatographed on silica gel. The manufacturer’s 450-my filter was used for
scanning the Sudan Yellow and p-phenylazoaniline zones, and the 550-my filter for the Magdala Red
zone in accordance with the absorption maxima of these three compounds, at 478, 375, and 570 mu
respectively. Before the mixtures were chromatographed, the plates to be used were scanned, using
the appropriate interference filters, to determine the background absorbance caused by unevenness
of the coating. Next 20 pl of a mixture were transferred to the TLC plate in a long narrow band,
evenly distributed by an applicator consisting of two wires 2” long mounted 1 mm apart in a frame.
The sample was loaded on to the wires with a micropipette, and spread evenly between the wires by
capillary action. The wires were then touched on to the thin layer, and the sample transferred. The
plate was then developed until the solvent front reached a predetermined position. The solvent was
evaporated off and the plates rescanned at the same place that the background was determined and
the recorded peak areas were measured (Fig. 1).

1200

Magdala

Red 1100+

ponse (CM)

T

1000+

Sudan 900+r
Yellow

p-Phenyl-
azoaniline

800+

[ 550 mu Filter 1 & 700¢
=
{ Sudan p-Phenyl- J Z600
Yellow azoaniline o

@

o SO0+
Magdata - <
Red

400 H

300;

Scanner Response (M) Scanner Res

| 450 my Filter 100

Distance from Point of Application {CM)

O 20 40 60 80 00 120 140 160 180 200
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Fic. 2,—Calibration curves:
vV Sudan Yellow,
O p-Phenylazoaniline,
O Magdala Red.

Fi6. 1.—Scan of dye mixture
using different filters.
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The peak areas were related to the amount of dyestuff present by two methods. In the first,
a known amount of each of the dyes was chromatographed under the standard conditions, and the
corresponding peak area was measured. The peak area was related to amount of substance taken,
by assuming that a true absorbance was measured and that Beer’s law applied. This proportionality
constant method gave low results for large amounts of dye, e.g., 20-30 xg, and high results for small
amounts of dye, e.g., 4 ug (Table II).

In the second method, a calibration curve for each component was made by chromatographing
and scanning various weights of the individual components.

The results are shown in Fig. 2. The non-linearity of the curves explains the failure of the pro-
portionality constant method, and shows that a calibration curve is necessary for satisfactory results
to be obtained.

Chromatograms were also prepared using commercial plastic-backed silica (Eastman type
K301R silica gel). Conventional chromatograms were sprayed with Neatan, covered with trans-
parent plastic tape, and then removed from the glass plate. Calibration curves were prepared by the
technique used for the direct scan on the glass plate. The mixture with approximately equal amounts
of the three dyes was analysed. Analyses (Table III) by the Neatan-tape method show good agreement
with the known composition, in view of the difficulty of removing the entire chromatogram from the
glass plate. It was noted that zones were sometimes discoloured by the spray, giving erroneously high
results.

Scanning of the commercial Eastman K301R TLC sheets for background showed they were very
uniform. Little, if any, background correction was needed. Scans of chromatograms prepared on
these commercial sheets gave results generally comparable to those obtained by the Neatan-tape or
direct scanning methods.

Scanning techniques are only applicable if the components sought possess certain properties.
With the recent development of improved, simple, rapid, sensitive micromethods of elemental
analysis, their use for TLC evaluation becomes attractive. For example, the elemental carbon
determination is now sensitive enough for it to be used to measure the amount of separated component
in a zone of a chromatogram. Even if the formula of the component is not known, an estimate may
be made. Even for such widely differing ratios of carbon to hydrogen as those in benzene and methane
the error would be little over 16 %; regardless of which formula was used.

The method requires separation of a sample larger than usual (1 mg of solute), use of a developing
solvent which can be almost completely removed, measurement of a blank, and a means of detecting
the positions of the cormponents resolved.

A mixture of polynuclear aromatic compounds, which separated into three groups, was used.
The compounds fluoresced under ultraviolet illumination, and their position on the chromatogram
could be readily marked with a pencil. If the compounds do not fluoresce and are not coloured, the
broad analytical zone and a spot near an edge are chromatographed simultaneously. The chromato-
gram produced from the spot may be charred, by spraying with sulphuric acid and then heating, to
locate the zones containing the separated components.

A 100-p1 sample of a 1 chloroform solution of the polynuclear aromatic mixture on a TLC plate
consisting of a 0-25-mm layer of Woelm acid alumina was developed with pyridine. When the solvent
front had moved 9 cm the plates were removed from the chromatographic chamber, and were dried
until the pyridine was removed. The zone remaining at the point of application and the one travelling
at the solvent front were scraped off the glass, and analysed for carbon with a Coleman Analyzer
Model 33. A second 100-ul sample was applied to a TLC alumina layer, and this non-chromato-
graphed zone analysed for the total carbon taken. A blank was determined on alumina of the TLC
layer which had been in contact with the pyridine but not the sample, and which had been dried in the
usual manner. The net weights of carbon present in the zones at the solvent front and at the origin
were determined, and the amount in the tailing zone was determined by difference.

Because the mixtures were of ill-defined composition, the repeatability of the procedure was

TABLE [V.—ANALYSIS OF COMPLEX HYDROCARBON MIXTURES USED IN
BLENDS IN TABLE V

A B C
Carbon, mg % Carbon, mg % Carbon, mg %
Zone at origin 0-3293 40-8 0-4130 497 0-0842 7-1
Tailing zone 0-1983 245 0-1978 23-8 0-0000 0-0
Migrating zone
at solvent front 0-2812 34-7 0-2204 26'5 1-0438 929

Total charge 0-8088 — 0-8313 — 1-1243 —

o
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determined by blending analysed mixtures (Table IV) in various ratios and chromatographing the
blends. The results (Table V) show an average deviation of 4-9 9 absolute from the calculated values.

The dye mixtures were analysed by the same method. The relative error (Table VI) was 119,
Duplicate analysis may reduce the relative error to 5%.

CONCLUSION
An expanding variety of techniques for the quantitative evaluation of thin-layer
chromatograms is available to the analyst. The two most common techniques, meas-
urement of the area of spots, or the elution of the separated components individ-
ually from the substrate and spectrophotometric measurement of the amount present,
may be advantageously supplemented by other techniques.

TABLE VI.—~CARBON ANALYSIS OF DYE ZONES

Sample 1, Repeat sample 1,
Component C present, mg  C found, mg C found, mg
Magdala Red 0-24, 029, 0-254
p-Phenylazoaniline 0-23, 0-23, 0-24,
Sudan Yellow 024, 0-14, 0-24,
Total 072, 0-67; 074,

Some new commercial chromatographic materials make the rapid photometric
scanning techniques attractive in instances where the components or their derivatives
are coloured. Sensitive and precise rapid methods of elemental analysis make it
possible to evaluate by chromatograms determination of a key element, such as
carbon, in the zones of substrate that contain the separated components. This
technique should be applicable to all classes of compound, and its main limitation is
the need to take a large enough sample.

Zusammenfassung—Ein handelsiibliches Registrierphotometer zum
Abtasten von Papierelektrophoresestreifen wurde zum Ausmessen von
Diinnschichtchromatogrammen verwendet. Man kann das Chromato-
gramm mit Cellophanfolie von der Glasplatte abheben, in Streifen
schneiden und ausmessen, oder das Diinnschichtchromatogramm
photographieren und die photographische Aufnahme ausmessen. Neu
entwickelte Diinnschichten aus Kieselgel oder Aluminiumoxyd mit
Celluloseunterlage kionnen ebenfalls in Streifen zerschnitten und
ausgemessen werden. Das Instrument wurde auch zur Ausmessung
von Glasplatten umgebaut. Die Inhomogenitit der Diinnschicht wird
in einer Korrektur beriicksichtigt.

Zonen mit farblosen Komponenten konnen mit einem Hilfs-
chromatogramm lokalisiert und die anwesenden Komponenten durch
Kohlenstoffanalyse bestimmt werden.

Résumé—Pour évaleur les chromogrammes en couche mince, on 2
utilisé un photométre d’examen commercial congu pour examiner les
bandes d’électrophorése sur papier. Le chromatogramme peut étre
détaché de la plaque de verre au moyen d’un ruban de cellophane qui
est alors découpé en bandes et examiné, ou les chromatogrammes en
couche mince peuvent étre photographiés et la photographie examinée.
On peut également découper en bandes puis examiner des couches
minces de silice ou d’alumine sur cellulose, récemment élaborées. On
a également modifi¢ I'instrument pour examiner des plaques de verre.
On applique une correction de non-uniformité de la couche mince.

On peut localiser des zones contenant des constituants incolores au
moyen d’un chromatogramme auxiliaire, et doser les constituants
présents par analyse de carbone.
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EXAMINATION OF THE HEXAMETHYLENETETRAMINE
PROCEDURE FOR SEPARATION OF THORIUM FROM
RARE EARTHS AND FOR DETERMINATION
OF THORIUM*

S. S. BerMaN, P. SEMENIUK and D. S. RUSSELL
Division of Applied Chemistry, National Research Council, Ottawa, Canada

(Received 22 December 1965. Accepted 10 January 1966)

Summary—An examination has been made of the efficiency of the
gravimetric reagent hexamethylenetetramine in the separation of
thorium from rare earths and in the determination of thorium. Losses
to the filtrate, beaker and filter paper are evaluated as well as the
extent of rare earth and other contamination of the thorium hydroxide
precipitate. When hydroxylamine is used as the reducing agent to
keep cerium in the tervalent state, excellent separations are obtained.
The efficacy of the reagent is offset by the loss of small amounts of
thorium to the precipitation vessel, the scavenging properties of the
precipitate for silica and the difficulty in evaluating a true reagent
blank.

SINCE 1937, when Ismail and Harwood recommended the use of hexamine (hexa-
methylenetetramine, urotropine, methenamine, formamine) for the separation of
thorium from rare earths,® this reagent has gained universal acceptance for this
purpose. The method appears in standard textbooks and reference works on
thorium.?=® Indeed, Hillebrand er al.# stated “perhaps the simplest method for the
separation of thorium from the rare earths lies in precipitation with hexamethylene-
tetramine”. It is surprising that apart from the original paper! and some work by
Sarma and Gupta,” no serious examination of the procedure appears to have been
made.

In evaluating a gravimetric procedure the usual practice has been to take a
standard solution of a substance, put it through the recommended procedure, and if
the “amount found” is very close to the “amount taken,” to pronounce the method
satisfactory. Often a standard ore or alloy may be analysed as further proof of its
efficacy. It is only too seldom that the examination includes an investigation of
filtrate losses, precipitate contamination, the blank, or other sources of error which
may be inherent in the method, in order to ensure that there is not a fortuitous
cancellation of errors. This type of investigation was not feasible for Ismail and
Harwood because methods for the analysis of traces of thorium or for detection of
traces of rare earths in thoria were almost non-existent in 1937. Such methods are
now available, so it should no longer suffice to compare “amount taken” with “amount
found.”

Over the years there have been some comments on the hexamine procedure.
While examining the silica scavenging properties of the basic thorium formate pre-
cipitate produced by homogeneous precipitation, Willard and Gordon® noted that
the precipitate from the hexamine procedure contained less than 0-1 mg of silica.
Kall and Gordon® found no more than 20 ug of thoria in filtrates from a hexamine

* N.R.C. No. 8985.

837



838 S. S. BErMAN, P. SEmentuk and D. S. RUSSELL

precipitation. Rodden is reported® to have obtained a thorium precipitate (with
hexamine) in which none of the rare earths could be found by a spectrochemical test.

Because of the relative importance of this method and the lack of information
about its efficiency it was felt that further work was needed.

EXPERIMENTAL
Reagents

A solution containing the equivalent of approximately 5 mg of thorium oxide/ml of 1M nitric acid
was prepared from reagent-grade thorium nitrate tetrahydrate. The salt was examined spectro-
graphically and was found to contain negligible quantities of rare earths. The solution was standard-
ised as described below.

A solution of rare earth and yttrium nitrates (99-9 % pure or better) in 1M nitric acid was prepared,
containing 125 mg of La; 0y, 250 mg of CeO,, 25 mg of Pry01,, 75 mg of Nd»Os, 15 mg of Sm,0; and
1 mg of Y;04/10 ml (corresponding to a solution derived from a typical monazite ore).

Concentrated ammonia solution was made by bubbling ammonia gas through cold water.

A 10% w/v solution of ammonium chloride was prepared from reagent-grade hydrochloric acid
and the concentrated ammonia solution.

Other solutions used were: 109 w/v hydroxylamine hydrochloride, 10 % w/v hexamine, 29; w/v
ammonium nitrate, 0-25M thenoyltrifiuoroacetone (TTA) in xylene and 0-17{ Thoron [disodium salt
of 2-(2-hydroxy-3,6-disulpho-1-naphthylazo)-benzenarsonic acid].

All chemicals used were of reagent grade except the hexamine which was of technical grade. All
solutions were filtered and, except for the standard thorium solution, stored in polyethylene bottles.

Apparatus

Spectrophotometric measurements were made with a Beckman Model DU spectrophotometer and
spectrographic measurements with a Jarrell-Ash 3-4 m Ebert spectrograph.

Procedures

Precipitation. The procedure used for the precipitation of thorium was that recommended by
Ismail and Harwood® except that precipitations were carried out at 70-80° instead of 30°, Precipitation
is more rapid at the higher temperature yet the precipitate still retains its desirable properties.” An
aliquot of the standard thorjum solution was transferred to a 250-ml beaker along with 10 ml of the
rare earth solution and 10 ml of the hydroxylamine solution. Concentrated ammonia solution was
added dropwise with vigorous stirring until a permanent turbidity just appeared. A minimum of
hydrochloric acid (1 + 1) was then added dropwise to clear the solution. Ammonium chloride
solution (50 ml) was added, and the solution diluted to 100 ml with water and heated to 70-80°.
Hexamine solution was then added dropwise with constant stirring until precipitation occurred. An
additional 4 ml of the hexamine solution were added, the mixture was stirred, and then allowed to
digest on a steam-bath for 1 hr at 70°. The precipitate was then filtered off on a 9-0-cm Whatman
No. 42 filter paper and washed thoroughly with hot ammonium nitrate solution. The beaker was rinsed
with the wash solution and scrubbed with a rubber policeman. The filter paper was then transferred to
a tared crucible, the paper charred at approximately 600° and the precipitate ignited at 940° for 1 hr
and brought to constant weight.

For double precipitation the precipitate was dissolved from the filter paper with 100 ml of hot
hydrochloric acid (1 ++ 1) and washed back into the original beaker. The solution was evaporated to
dryness and the residue redissolved in approximately 10 mi of 1M nitric acid. Precipitation and igni-
tion to constant weight were carried out as described above.

Thorium in filtrate. The filtrate was evaporated to approximately 50 ml, cooled to room tempera-
ture, adjusted to pH 10 with nitric acid solution (1 + 1), transferred to a separatory funnel and
shaken for 5 min with 50 ml of TTA solution. The aqueous layer was then discarded. The filtrate
beaker was washed with a 50-m] portion of 0-1M nitric acid, the washings were transferred to the same
separatory funnel, the extraction was repeated and the aqueous layer again discarded. The organic
layer was then shaken with 50 ml of 2-0M nitric acid for 5 min and the acid layer transferred to a
150-ml beaker. The pH of the solution was adjusted to 0-8 with ammonia solution (1 + 1), the
solution transferred to a 100-ml volumetric flask and diluted to about 70 ml with 0-16/ nitric acid
(pH 0-8). Thoron solution (10 ml) was added and the solution diluted to the mark and mixed. The
absorbance was measured in 5-cm cells at 545 mu. The spectrophotometric determination is essenti-
ally that proposed by Thomason et al.*’

Thorium in beaker. Approximately 70 ml of 0-16M nitric acid (pH 0-8) were added to the original
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beaker. The solution was heated to about 50° and the beaker swirled in order to wash the sides thor-
oughly. The solution was cooled, transferred to a 100-ml volumetric flask and the thorium content
determined with Thoron as described above.

Thorium in filter paper. When a double precipitation was made, the filter paper from which the
precipitate had been dissolved was transferred to a 150-ml beaker containing 30 m! of hydrochloric
acid (1 + 1) The paper was mashed with a stirring rod, the pH adjusted to 0-8 and the solution
diluted to approximately 70 ml with 0-16M nitric acid. Thoron solution (10 ml) was added and the
mixture filtered and washed with water into a 100-ml volumetric flask. The thorium was determined as

described above.

Precipitate contamination. The thoria, after ignition and weighing, was examined spectrographi-
cally for contaminants. Rare earth and yttrium oxides were determined quantitatively by a carrier
distillation technique employing silver chloride as the spectroscopic carrier.!* Iron and silica were
determined by a modification of this procedure, in which 10-0 mg of thoria were mixed with 2-0 mg of
silver chloride and 3-0 mg of graphite. The sample was excited in a d.c. arc for 12 sec at 12 A and the
spectrum photographed at a dispersion of 1-1 A/mm. A qualitative examination for other elements

was made on the same photographic plate.
All experiments were carried out in triplicate and a reagent blank was determined with each set.

All the procedures used for the determination of thorium, including the separation of traces of
thorium from the large quantities of rare earths in the filtrate, were checked with simulated samples

and found to be satisfactory.
RESULTS AND DISCUSSION

Thorium losses

Preliminary experiments with thorium solutions (without rare earths and yttrium)
indicated that losses of thoria to the filtrate were usually quite small, varying from
0 to 80 ug. Results of any one set of three precipitations were usually self-consistent
and losses were often less than 10 ug. The major source of loss appeared to be to
the Pyrex beakers, which retained 35-340 ug of thoria from a 50-mg precipitate.

A number of experiments were carried out to study the effect of temperature,
solution acidity and digestion time on these losses. The results are summarised in
Tables I, IT and III. Apparently, altering these conditions has little or no effect on

TABLE I.—EFFECT OF TEMPERATURE OF THE THORIUM SOLUTION ON LOSSES

ThO., ug
Temperature, °C In filtrate Adsorbed on beaker
23° 48 125
63 135
65 920
55° 20 73
25 35
24 65
90° 18 113
16 159
25 177

Test solution contained equivalent of 48-55 mg of ThO,

the losses or on the texture of the precipitate. At temperatures lower than 70°
precipitation is slow and a larger amount of hexamine is needed (about 20 ml instead
of 10 ml). The neutralisation step results in a solution of about pH 3 or 0-001N in
acid. The pH of the mixture during precipitation is 5-4-5-6.

The losses to the Pyrex beakers were larger than expected but not nearly so great
as those occurring in the homogeneous precipitation of basic thorium formate where
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2-3 mg are deposited on the vessel.® The deposit was not visible and could not be re-
moved by scrubbing, but gentle warming with 0-1.M nitric acid dissolved it completely.

TaBLE II,—EFFECT OF ACIDITY OF THE THORIUM SOLUTION

ON LOSSES
ThO,, pg
HNO,;, M In filtrate Adsorbed on beaker

0-001 11 120

0 95

0 336

0-01 53 130
60 118

78 138

0-10 13 100

6 65

13 90

Test solution contained equivalent of 48:55 mg of ThO,

In the hope of reducing the losses to the beaker a number of precipitations were
carried out in polyethylene beakers at 55° (it proved difficult to heat a solution to 70°
in a polyethylene beaker on a steam-bath). The losses were on average over 100 ug
greater in polyethylene than in Pyrex (e.g., 231, 290 and 225 ug of ThO,). Small
amounts of thoria were sometimes found in the filter paper after the dissolution of
the precipitate in a double precipitation. When 25, 50, 75 and 100 ml of hydrochloric
acid (1 + 2) were used to dissolve the precipitate, 500, 40, 20 and <10 ug, respectively,
of thoria were left on the paper. The minimum volume of acid to be used was
therefore set at 100 ml.

TABLE III.—EFFECT OF DIGESTION TIME ON LOSSES

ThO,, ug
Digestion time,
hr In filtrate Adsorbed on beaker
0-5 3 87
6 95
4 85
1-0 3 100
0 145
0 80
16:0 0 100
6 82
4 103

Test solution contained equivalent of 48:55 mg of ThO,

Reducing agent

Asatisfactoryseparation of thorium from cerium is only achieved when theceriumis
tervalent, so a reductant must be added. Four reducing agents (sodium metabisulphite,
potassium iodide, hydrazine hydrochloride and hydroxylamine hydrochloride) were
tested. From the results in Table IV hydroxylamine is the best reagent. The total
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rare earth and yttrium oxide retained was less than 1% when 50 mg of thoria were
precipitated in the presence of hydroxylamine. With the other reducing agents
contamination ranged as high as 159;. It is interesting to note that the higher the
cerium contamination, the higher the contamination with the other rare earths.

Also shown in Table IV are the results of double precipitations in the presence
of sodium metabisulphite and hydroxylamine. The efficacy of the latter reagent is
again apparent from the residual impurity of less than 0-03 7.

TABLE IV.—EFFICACY OF VARIOUS REDUCING AGENTS

Rare earths in precipitate, 9

Reducing agent La, 0, CeO, Pr0,4 Nd,0,; Sm,0;4 Y.O03
Single precipitation

Metabisulphite* 0-56 4-8

Todide 0-37 9-5 0-59 2.7 15 0-27

Hydrazine 0-30 51 048 22 12 0-14

Hydroxylamine 0-05 0-29 0-10 0-21 0-13 0-02
Double precipitation

Metabisulphite 0-005 0-08 0-02 0-10 0-08 0-006

Hydroxylamine 0-002 0-007 <001 0-007 0-005 <0-001

Test solution contained the equivalent of 48-55 mg of ThO,, 125 mg of La,0;, 250 mg of CeO,,
25 mg of Pr¢Oy,, 75 mg of Nd;O3, 15 mg of Sm,0; and 1 mg of Y,0s.
* Test solution contained La,0, and CeO, only.

Iron and silica contamination

During the spectrographic examination of the thoria for rare earths and yttrium
it became evident that the precipitates were also contaminated with significant quan-
tities (>10 ug) of iron and silica. The filter paper ash contained less than 0-02 mg
of iron and 0-01 mg of silica. However, 50 mg of precipitated thoria contained
0-04 mg of iron and 0-15-0-2 mg of silica. Spectrographic analysis of the thorium
nitrate (ignited to thorium oxide) showed 0-03%; of iron and <0-01% of silica, so
that the total contamination from this source was less than 0-02 mg for a 50-mg
sample.

A set of precipitations was carried out in polyethylene beakers to determine
whether the precipitate scavenged silica from the Pyrex beakers. The iron and silica
contamination was substantially reduced, the iron to 0-02 mg and the silica to 0-07 mg,
confirming this supposition. The hexamine precipitate does not scavenge silica to
nearly the same extent as the basic formate precipitate, as reported by Willard and
Gordon,? although the total contamination is somewhat greater than that reported
by them for the hexamine procedure.

So far the 10% ammonium chloride solution used had been prepared from
reagent-grade solid, but because such a large quantity of ammonium chloride (5 g)
was used in each precipitation even very minor impurities in it could have been
significant. A set of precipitations was carried out in polyethylene beakers using an
ammonium chloride solution prepared from redistilled ammonia and reagent grade
hydrochloric acid solution. As indicated in Table V the iron and silica contents
were again reduced, but not dramatically.

An attempt to reduce contamination further by using hexamine prepared in the
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laboratory from reagent-grade chemicals was not successful. It appeared, however,
that the iron content had been reduced to a low enough level considering the amount
of iron in the filter paper ash and the thorium nitrate solution. The silica content,
on the other hand, could be reduced by ignition of the precipitate in a platinum
crucible followed by treatment with hydrofluoric acid, but, other difficulties arose
when this was attempted.

TABLE V.-—IRON AND SILICA CONTAMINATION

Conditions Fe,0;, mg SiO,, mg

Pyrex 0-04 0-18
Polyethylene 0-02 0-07
Polyethylene with purified

NH,C1 0-01, 0-05
Polyethylene with

purified NH,Cl1 and hexamine 0-01 0-06
Pyrex and HF treatment 0-01 0-01

Test solution contained equivalent of 48:55 mg of ThO,

A set of precipitates was ignited to constant weight in platinum crucibles. Con-
centrated sulphuric acid (1 ml) and concentrated hydrofluoric acid (2 ml) were added.
The mixture was stirred and heated to remove first the hydrofluoric acid and then
the sulphuric acid, and Wwas finally heated at 940° to constant weight. Although the
silica content was greatly reduced (see Table V) the precipitates invariably gained
about 0-1 mgin weight. This was presumed to arise from formation of a little thorjum
sulphate, which is not converted into the oxide at temperatures below 1200°.> When
the crucibles and precipitates were heated at 1200° a continual loss in weight ensued,
even in the blank, possibly because of formation and volatilisation of platinum oxide
from the crucibles.!? Treatment of the precipitates with hydrofluoric and nitric acids
also removed the silica but the weights of precipitate became low and very erratic.
Platinum was found in the precipitates, and volatilisation of platinum oxide (formed
from the decomposition of platinum nitrate) was again suspected.

Standardisation of thorium solution

The scavenging of silica by the precipitate and the possibility of coprecipitation
of cations, such as iron(IIl), titanium, zirconium, tin(II), aluminium, zinc, copper
and uranium, continued to cast doubt on the validity of the gravimetric blanks.
These substances would not be precipitated in the blank if they were present only in
trace quantities and the blank value would presumably be low.

It was decided to standardise the solution by precipitation in polyethylene beakers
at three different concentrations of thorium, and calculation of the best straight line
for a graph plotting “amount found” against “volume taken.,” The slope, b =
(nZxy — ZxZy)/[nXx? — (2x)?], is the concentration of the solution, where y is the
sum of the precipitate weight (including the filter paper ash) and the weight of thoria
found in the beaker and in the filtrate, x is the volume of solution taken, and #» the
total number of determinations. The true blank @ may then be calculated from the
relationship @ = j — b%. In this manner the solution concentration was found to be
4-855 mg of ThO,/ml, and the blank to be 0-24 mg, which was 0-08 mg greater than
the average measured blank of 0-16 mg. The discrepancy is not surprising, because



Hexamethylenetetramine procedure for separation of thorium from rare carths 843

the presence in the ammonium chloride of only 16 ppm of some of the contaminants
mentioned could yield this difference.

As seen in Table VI the losses to the filtrate are usually insignificant (<5 ug) but
the losses to the beaker cannot be ignored. The “total ThO,” is the precipitate

TABLE VI,-—STANDARDISATION OF THORIUM SOLUTION

Sample ThO,, mg Corrected
volume, SiQ,;, Fe,0;, Blank measured, total ThO,,
mi Precipitate Beaker Filtrate mg mg mg mg
5-00 24-36 012 0-03 0-05 0-03 0-15 24-27
24-15 0-27 0-00 0-06 0-03 24-18
24-25 0-20 0-01 005 0-02 24-22
10-00 48-75 012 0-00 0-05 0-02 017 4863
48-68 021 0-00 0-04 0-02 48-65
48-72 017 0-00 0-05 0-02 48-65
15-00 72-68 0-23 0-00 007 0-03 015 7267
72:82 0-24 0-00 0-05 0-05 72-82
72-82 0-23 0-00 0-05 0-02 72-81

Solution concentration (b) = 4855 mg of ThO,/ml. Calculated blank (a) = 0-24 mg.

weight (including the filter paper ash) plus the thoria found in the beaker and in the
filtrate, minus the calculated blank (i.e., y — @). The amounts of iron and silica
found in the precipitates are included in the table for the sake of completeness but
do not enter into the calculations. The blanks shown in the body of the table are
the measured blanks, one for each set.

Separation of thorium from rare earths and yttrium

Two series of separations by double precipitation were carried out, one in poly-
ethylene and the other in Pyrex beakers. The separations were made at three levels
of thorium concentration, as described above, in order to establish a valid blank and
determine whether the rare earth contamination of the precipitate was a function of
the concentration ratio of the rare earth and thorium. The ratios examined covered
the range commonly found in monazite ores.

Tables VII and VIII summarise the results of these experiments. Thorium was
sought in the two filtrates, the original filter paper, and the beaker. The blanks were
calculated to be 0-35 mg and 0-47 mg for polyethylene and Pyrex beakers, respectively.
The difference of 0-12 mg between them was almost exactly the average difference in
silica content of the two series of precipitates. The blank in polyethylene is higher
than in the thorium standardisation because of impurities in the rare earths and
yttrium. The measured blanks were erratic and would lead to erroneous results if
used.

Solubility losses were usually very low, indicating that the rare earths in the
filtrate were quite free from thorium. Losses to the polyethylene beakers were rather
high but must be balanced against the increased silica contamination of the pre-
cipitates obtained in Pyrex beakers. The lost thorium may be easily reclaimed
whereas removing the silica is rather a problem. Working in polyethylene is less
convenient than in Pyrex; solutions take longer to heat, and precipitates are not
nearly so visible. Examination of the beakers for adsorbed rare earths indicated
their complete absence in both cases.
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TABLE VII.—SEPARATION OF THORIUM FROM RARE EARTHS AND YTTRIUM BY

DOUBLE PRECIPITATION

(125 mg of La,0;, 250 mg of CeO,, 25 mg of PryO,;, 75 mg of Nd,O4, 15 mg of Sm,0,,
1 mg of Y.0;)

ThO, found, mg

ThO, taken,
mg Filtrates Total
Precipitate  Beaker Paper I 1I Blank ThO, Difference
Polyethylene:
2427 24-18 0-38 0-00 0-00 0-07 0-11 24-28 +0-01
23-96 0-45 0-00 001 008 24-15 —0-12
24-22 0-35 0-00 0-01 004 24-27 0-00
48-55 48-68 0-19 000 .000 000 0-36 48-52 —0-03
48-81 017 0-00 000 000 4863 +0-08
48-71 018 0-00 000 0-00 48-54 —0-01
72-82 71-63 0-37 0-02 003 090 0-20 72-60 —0-22
72-39 0-71 0-03 0:00 003 72-81 —0-01
72 58 039 0-00 001 021 72:84 +0-02
Pyrex:
24-27 24-68 0-04 0-01 0-00 000 0-32 24-26 —0-01
24-65 0-06 0-01 000 000 24-25 —0-02
24-64 0-07 0-01 0-00 0-00 24-25 —0-02
48-55 48-90 0-03 0-01 0:00 000 022 48-47 —0-08
48-99 0-06 0-00 001  0-00 48-59 +0-04
48-89 0-08 0-01 001 000 48-52 —0-03
72:82 73-10 0-05 0-00 002 002 033 72:72 —0-10
73-14 0-08 0-00 0-:00 000 72-75 —0-07
73-26 0-07 0-00 0-00 000 72-86 +0-06

Calculated blank, polyethylene (2) = 0-35 mg. Calculated blank, Pyrex (a) = 0-47 mg,

TABLE VIII.—CONTAMINATION OF THORIA—DOUBLE PRECIPITATION IN PYREX

Contaminant, ppm

Contaminant, mg

ThO, taken, Total rare
mg La,0, CeO,; PrO;; NdO; Sm,0, Y,0, earth oxides SiO, Fe,O,
24-27 80 420 150 350 160 20 0-03 020 0-03
70 280 110 230 90 <10 0-02 025 0-02
80 420 170 350 160 20 0-63 020 0-02
4855 30 170 70 170 70 <10 0-02 012 0-02
30 180 70 160 70 <10 0-02 0-17 0-02
50 280 100 250 120 10 0-04 022 0-02
72-82 20 120 40 120 50 <10 0-03 0-17 0-02
10 70 30 80 30 <10 0-02 034 0-02
10 80 30 80 40 <10 0-02 0-36  0-02
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The extent of contamination of the thoria with rare earths was almost the same
in both series, and the results of the precipitations in the Pyrex beakers are given in
Table VIII. The total rare earth oxide impurity appears to be independent of the
ratio of rare earth to thorium in the original solution and is well under 0-19; for a
50-mg sample of thoria.

CONCLUSIONS

Hexamine is an efficient reagent for the gravimetric separation of thorium from
rare earths. After double precipitation from a solution containing 0-5 g of rare earth
oxides a 50-mg sample of thoria contains less than 0-17 of these oxides. After a
single precipitation the rare earths are free from thorium with usually less than
10 ppm of thoria remaining. The hexamine procedure may be used to standardise
a thorium solution provided allowances are made for possible losses of thorium,
principally to the beaker, and a reliable blank is calculated. The determination of
thorium after separation from rare earths is more difficult. A reagent blank cannot
be calculated as described above because the amount of impurity will be proportional
to the amount of sample taken. A double oxalate precipitation would probably
reduce the amount of coprecipitable impurity sufficiently for the measured blank to
suffice for most purposes, provided the precipitations were carried out in polyethylene
beakers to minimise contamination with silica.

Above all, this work points out the inadequacy of gravimetric studies where
“amount taken” is compared to “amount found” as the measure of the efficacy of a
method. The thorium lost to a Pyrex beaker is, in this case, approximately compen-
sated for by the silica scavenged by the precipitate, leading to a fortuitous cancellation
of errors. Itis interesting to speculate how many similar cancellations go unrecorded
in the literature.

Zusammenfassung—Die Wirksamkeit des gravimetrischen Reagens
Hexamin bei der Abtrennung von Thorium neben seltenen Erden und
bei der Bestimmung von Thorium wurde gepriift. Die Verluste an das
Filtrat, das Gefd8 und das Filtrierpapier wurden ermittelt sowie das
AusmaB der Verunreinigung des Thoriumhydroxydniederschlags
mit seltenen Erden und anderen Fremdstoffen. Mit Hydroxylamin als
Reduktionsmittel, um Cer im dreiwertigen Zustand zu erhalten,
wurden ausgezeichnete Trennergebnisse erhalten. Die Wirksamkeit
des Reagens wird beeintrichtigt durch den Verlust geringer Thorium-
mengen an das Fallungsgefdl, den Einschlu8 von Kieselsdure im

Niederschlag und durch die Schwierigkeit, einen verlafilichen Blindwert
fiir das Reagens zu ermitteln.

Résumé—On a examiné Pefficacité du réactif gravimétrique hexamine
dans la séparation du thorium des terres rares et dans le dosage
du thorium. On a évalué les pertes dans le filtrat, le bécher et le
papier filtre ainsi que Pimportance de la contamination du précipité
d’hydroxyde de thorium par les terres rares et autres contaminants.
On a obtenu d’excellentes séparations en utilisant ’hydroxylamine
comme agent réducteur pour maintenir le cérium a I’état trivalent.
Lefficacité du réactif est compensée par la perte de petites quantités
de thorium dans le récipient de précipitation, les propriétés absorbantes
du précipité vis-a-vis de la silice, et la difficulté dans I’évaluation d’'un
véritable essai 4 blanc du réactif.
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Summary—Isotopic exchange has been used to develop a simple and
rapid procedure for radiochemical separation of antimony. A number
of variables which affect the yield were studied and optimised, and
antimony yields of 969, were obtained at 30°. Acids and alkalies
decrease this yield considerably because they dissolve part of the
precipitate. The mode of preparation of the antimony oxide precipitate
and the temperature also affect the isotopic exchange. Studies made
with radioactive tracers of 14 different elements show contamination
of < 1% for most elements. The high contamination with #5Zr—95Nb
can be reduced considerably by adding carrier. The simple procedure
can be carried out in about 13 min and does not require any special
equipment.

THE rapid methods used for the isolation of minute quantities of antimony are dis-
tillation of antimony tribromide,! volatilisation of stibine followed by 8-hydroxy-
quinoline precipitation,? and bromide extraction followed by precipitation.? Recently
RuZitka et al.* have reported the extraction of the cupferron complex of antimony for
the substoichiometric determination of traces of antimony by activation analysis.
These methods either involve a number of steps or give low chemical yields.

The technique of isotopic exchange was used by Sunderman and Meinke® to de-
velop a rapid selective single-step procedure for the separation of minute quantities
of radioactive silver from solution containing other radionuclides. This technique
was also applied to the preparation of f-ray sources from silver® and to the separation
of radioactive iodine.” Recently the technique has been successfully applied in this
laboratory® to develop a rapid and simple separation procedure of radioactive cobalt.
In the present study it has been extended to the rapid radiochemical separation of
antimony.

When freshly precipitated antimony trioxide is agitated in a solution containing
traces of radioactive antimony, a high percentage of radioactive atoms exchange with
the inactive atoms in the precipitate in a very short time. For high exchange it is
necessary that the precipitate should have low solubility and that the concentration
of inactive atoms should be much greater in the precipitate than in the solution. Under
these conditions a very favourable ratio exists at equilibrium between the antimony
atoms in the precipitate and its ions in the solution. This fact has been utilised to
develop a rapid single-step separation procedure. Assuming that no hydrolytic species
are present, the exchange reaction may be represented by

Sb,0; + *Sb3+ = *Sb,0, + Sb3+

where the asterisk denotes the radioisotope of antimony.
Because isotopic exchangeinvolves minimal mass transfer and the exchange reaction
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is specific, it may afford good decontamination. Undesirable elements may cause
contamination, however, if they form sparingly soluble compounds with one of the ions

present in the solid phase.

EXPERIMENTAL
Apparatus

Bottles. One-ounce, flint glass, square-bottomed narrow-mouthed bottles with polyethylene screw
caps were used to contain the precipitate during separation, and were agitated in a mechanical wrist-
action shaker to which a 9-inch extension arm was connected to give additional radial action. For
high temperature studies the bottles were agitated in a thermostatically controlled tank.

Counters. The y-ray measurements were made with a Baird Atomic Model 810 scintillation well-
counter. The B-activity was measured with a Tracerlab Geiger tube TGC-1.

Reaqgents

All non-radioactive chemicals used in this work were of C.P. or analysed grade.

All radioisotopes used as tracers were obtained from the Radiochemical Centre, Amersham,
England, and from the Union Carbide Nuclear Company, Oak Ridge, Tenn., U.S.A.

The bismuth-210 was separated from accompanying lead-210 and polonium-210 activities with
Dowex-1 resin.®

Preparation of antimony trioxide

Dissolve 8 g of antimony trichloride in 10 ml of concentrated hydrochloric acid. Add this
solution in small portions to 450 ml of boiling water and stir. Allow the precipitate to stand in the
mother liquor for 5 min. Decant the supernatant liquid and then wash the precipitate thoroughly
with hot deionised water. Filter it off and dry it in an oven at 60° for about an hour.

Isotopic exchange procedure

Take 5 ml of 0-5M sodium nitrate solution in a bottle, and add antimony-124 tracer (10*-10° cpm).
Shake well to ensure thorough mixing. For contamination studies, add radioactive tracers (105-
10° cpm) of contaminating ions together with 1 ug of antimony carrier. Use radioactive antimony
and non-radioactive interfering substances for yield determinations. Remove a 500-ul aliquot for
counting, Add 200 mg of freshly precipitated antimony oxide and agitate mechanically for 10 min.
Transfer the precipitate to a 15-ml centrifuge cone and centrifuge at top speed for about 30 sec.
Remove the supernatant liquid, transfer the precipitate to another cone and wash it twice with water.
Count in the scintillation well-counter to determine the chemical yield. (For f-radioactivity measure-
ments transfer the precipitate, after centrifuging and washing, to a filter paper and count with a
Geiger counter).

DISCUSSION AND RESULTS

Several preliminary experiments were performed to develop an optimum separa-
tion procedure to be used for yield determination and decontamination studies. In
these experiments a number of variables such as the exchange media, the agitation
time, the temperature, the concentration of antimony in the aqueous and solid phases
and the mode of preparation and aging of the precipitate were studied.

To select a suitable exchange medium, an insoluble compound of antimony, e.g.,
antimony(ITT) oxide, was agitated for 10 min at 26° in different exchange media con-
taining radioactive tracer of antimony. The results are shown in Table I. Low yields
were obtained in acid media, as part of the precipitate dissolved, increasing the concen-
tration of antimony in the aqueous phase. Sodium hydroxide gave high yields but was
poorly selective, probably because of partial dissolution of the precipitate with forma-
tion of NaSb0,.3H,0. Zinc and cerium give high contamination; the lack of selectivity
with sodium hydroxide may be due to coprecipitation. An aqueous solution of
sodium nitrate was therefore chosen as the exchange medium. Studies were then made
to investigate the effect of the concentration of exchange medium on the exchange.
At 30° the yield increased slightly with increasing concentration of sodium nitrate
solution. A 0-5M solution was chosen for further work (96 %, yield.)
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TABLE 1.—IDEPENDENCE OF ANTIMONY YIELD ON EXCHANGE
MEDIUM, AT 26°

Concentration,

Substance M Exchange, %
H,O 89-1
H,SO, 01 562
HCI 01 62-1
NaOH 01 97-3
NacCl 0-1 74-5
NaNO; 01 91-8

*NaNO; 0-01 93-3
*NaNO, 01 95-5
*NaNO, 05 96-3
*NaNO, 1-0 96-5

* At 30°,

When 100 mg of powdered antimony metal (52-100 mesh) were agitated for 10 min
in water or 0-01M hydrochloric acid, containing radioactive antimony tracer, no
exchange was observed.

The dependence of exchange yield on the duration of agitation was studied. The
exchange gradually increases with time, then begins to level off at about 10 min and
reaches equilibrium after agitation for 20 min. An agitation time of 10 min was used
in the optimum procedure.

It was observed that at high temperatures the exchange reactions proceed faster
and a much shorter time is required to attain equilibrium. At 20° more than 1 hr is
required to attain equilibrium, whereas at 35° 10 min suffice.

The ratio of the concentrations of antimony in the aqueous and solid phase also
affects the exchange. In anideal case, when the number of inactive ions of the element
is much greater in the solid than in the aqueous phase rapid isotopic exchange will
take place and most of the activity will be transferred to the solid phase in a short
time. If the number of atoms of the element is increased in the aqueous phase,
without a proportionate increase in the solid phase, a relatively longer time would be
required to attain maximum transfer. The limiting practical concentrations were
determined by varying the amount of antimony in both phases. With a fixed aqueous
content of 0-01 ug of antimony, exchange yields in agitation for 10 min at 30° increased
with increasing weight of precipitate, reaching a constant level for more than 200 mg
of precipitate. When the precipitate weight was fixed at 200 mg and the aqueous
concentration of antimony was varied, it was found that the exchange yield rapidly
decreased as the antimony content of the aqueous phase increased above 1 ug. When
the amount of antimony in solution was increased to 10 ug, 96% yield was
obtained with 2 g of precipitate, showing that for higher concentrations of antimony
in the aqueous phase, the amount of antimony oxide precipitate should be proportion-
ately increased to get maximum exchange. (When more than 800 mg are used,
consideration should be given to the counting geometry if the sample is counted in a
scintillation well-counter.)

Similar studies were made in which the agitation time was varied while the concen-
tration of antimony was kept constant in both the phases and showed that longer
agitation is required to get maximum transfer, if the concentration of antimony in the

6
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TABLE II.—EFFECT OF ACIDS AND SALTS ON ANTIMONY YIELD
AT 30°

Concentration, Yield of *2*Sb,

Substance M %
HCI o001 752
HCI 01 239
HNO, 001 937
HNO, 01 472
H,SO, 001 812
H,S0, 01 464
CH,COOH 01 960
CH,COOH 05 4.8
COOH
Soom 001 213
COOH
doon 01 164
CH(OH)COOH
CHOH)COOH 001 67
CH(OH)COOH o1 "
CH(OH)COOH
COONa
doona o1 960
Na,PO, 01 954
Na.SO, 001 958
Na,SO, 01 210
NaCl 01 950
NaCl 05 95.9
NH,CI 01 95-8
NH,CI 05 953

Maximum yield in neutral solution under these conditions
is 96%.

aqueous phase is high. In order to get maximum exchange either the amount of
precipitate should be increased or a longer agitation time should be used. Because
in radiochemical work speed is more important so long as sufficient yield is obtained,
it is advantageous to increase the amount of precipitate rather than the agitation time.
For a maximum yield of 969 the optimum amount of the precipitate is found to be
200,000 times the amount of antimony in the aqueous phase over the range 200-
2000 mg of precipitate.

In an attempt to accelerate the isotopic exchange reaction by intensive shaking,
an ultrasonic vibrator was used. Although 969, exchange was obtained in about
4 min, an additional 2 min were required to transfer completely all the precipitate
which adhered to the sides of the glass bottle because of the violent agitation.
During agitation, the temperature rose to 50°. The rapid exchange may be a result
of the combined effect of high temperature and intensive agitation.

The mode of preparing the antimony oxide precipitates also affects the isotopic
exchange, probably because of the difference in surface area of the precipitates. An
alternative method of preparation was used. Antimony metal was digested in aqua
regia and water. This solution was then poured into cold water. The precipitate so
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obtained gave a yield of only 349,. When the precipitate was aged in the mother
liquor, an increase in the yield was observed, rising to 94 %; after aging for 4 hr.

Aging of the precipitates prepared by the original method shows no significant
change in the yield. Thermal aging of these precipitates at 200° for 5 hr has no effect
on the exchange either.

Interferences

Because antimony(III) oxide is amphoteric, it is attacked by alkalies and mineral
acids which therefore considerably decrease the exchange yield, even at concentrations
of 0-1M. Hence, it is necessary to neutralise these reagents to get the best yield.
Salts such as sulphates, phosphates, chlorides and oxalates up to a concentration of
0-5M do not affect the yield but tartrates and sulphites seriously interfere in the sepa-
ration. Some results of interference studies are given in Table II. The necessity to
work in neutral solution is a drawback of the method. Any other element present
which would precipitate during the neutralisation must be removed first.

Decontamination

The selectivity of the procedure was tested by making decontamination studies.
Radioactive tracers (with their daughters) of 14 different elements, representative of
all parts of the Periodic Table were used in these studies. The results are summarised
in Table III. Most of the elements tested show contamination of less than 1%.
Carrier-free ¥Zr-*Nb shows high contamination, probably because of adsorption
on the precipitate. When 1mg of zirconium carrier was added to the exchange
medium, this contamination was significantly reduced. Addition of another milligram
of zirconium carrier further reduced this contamination. The antimony yield is not

TABLE III.—SEPARATION OF ANTIMONY AND CONTAMINANTS
IN ISOTOPIC EXCHANGE PROCEDURE AT 30°°

Weight, *

Tracer ug Separated 94T
8Co 0-03 0-08
204T] 0-5 008
85Sr 14 01
144Ce-14Pr 500 03
85Zn C.F. 035
131y 11 052
137Cg 21 057
192 02 07
Cd 51 079
23Hg 454 098
114 50 098
20g; C.F. 13
Ra DEF 03 21
857r—%Nb C.F. 57-5
9Zr—Nb 1000 11-2
#Zr—*Nb 2000 4-1
124Sh 0-01 96-2 4 1-8

* Weight of inactive element present before separation;
C.F. means carrier-free.

1 Average of triplicate runs. Antimony is the average
of seven runs, and the error quoted is the standard
deviation.
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affected by the addition of the carrier, which probably acts as a hold-back carrier and
reduces the adsorption of active zirconium ions. Similarly, the selectivity may be
further improved by addition of milligram amounts of the corresponding carriers of
the contaminating ions.

The isotopic exchange technique for the separation of radioantimony is simple and
rapid. It is fairly selective and gives high chemical recovery. The yield can be further
increased by either increasing the agitation time or performing the exchange reaction
at higher temperatures. Selectivity can be improved by using a pulse height analyser
to increase discrimination in the measurements. This method appears to be suitable
for the separation of short-lived isotopes of antimony.
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Zusammenfassung—Zur radiochemischen Abtrennung von Antimon
wurde eine einfache und schnelle Methode durch Isotopenaustausch
entwickelt, Eine Anzahl von Variablen, die die Ausbeute beeinflussen,
wurde untersucht und optimiert; es wurden Antimonausbeuten von
969 bei 30° erhalten. Sduren und Alkalien setzen diese Ausbeute
betrichtlich herab, da sie einen Teil des Niederschlages aufidsen. Die
Methode der Herstellung des Antimonoxydniederschlags und die
Temperatur beeinflussen den Isotopenaustausch ebenfalls. Unter-
suchungen mit radioaktiven Tracern von 14 Elementen zeigen eine
Verunreinigung unter 19, fir die meisten Elemente. Die starke
Kontamination mit *Zr—**Nb kann durch Tragerzugabe stark vermin-
dert werden. Die einfache Arbeitsvorschrift kann in etwa 13 Minuten
durchgefiihrt werden und bedarf keiner besonderen Ausriistung.

Résumé—On a utilisé ’échange isotopique pour élaborer une méthode
simple et rapide de séparation radiochimique de I'antimoine. On a
étudié et rendu optimales un certain nombre de variables qui affectent
le rendement et, & 30°, on a obtenu des rendements en antimoine de
96%. Les acides et les alcalis abaissent considérablement ce rendement
car ils dissolvent une partie du précipité. Le mode de préparation du
précipité d’oxyde d’antimoine et la température affectent également
Péchange isotopique. Des études effectuées avec les traceurs radioactifs
de 14 éléments différents montrent une contamination < 1% pour la
majeure partie des éléments. On peut réduire considérablement la
contamination élevée par **Zr—**Nb par addition d’entraineur. On
peut exécuter la technique simple en 13 mn environ, et elle ne nécessite
pas d’équipement spécial.
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SHORT COMMUNICATIONS

The separation of niobium from tantalum by extraction with tributyl phosphate
and determination of niobium as the thiocyanate complex

(Received 13 December 1965. Accepted 17 January 1966)

IN THIS laboratory tributyl phosphate, (TBP),? has been investigated for the extraction of
iron (III), vanadium(V) and tungsten(VI); these studies have now been extended to niobium(V). A
method is proposed for the separation of niobium from tantalum by extraction with TBP, the analysis
being concluded spectrophotometrically via the thiocyanate complex.

Quantitative extraction of the niobium-thiocyanate complex after reduction with stannous chloride
is well known.? Extraction of niobium partly or completely with TBP from nitric acid, hydrofluoric-
nitric acid, hydrofluoric-sulphuric acid and also from hydrochloric acid has been reported*~? but in no
case has the complete separation of tantalum from niobium been recorded. The solvent extraction
methods for niobium have been reviewed.?

EXPERIMENTAL
Apparatus
Spectrophotometer. A Unicam SP 600 spectrophotometer with matched 1-cm glass cells.

Reagents

Tributyl phosphate. The reagent (Matheson, Coleman and Bell, Cincinnati, Ohio, U.S.A)).,
b.p. 143-145° at 5 mm, was purified according to the method of Peppard et al., viz:, wash first with
8M hydrochloric acid, then with 5 % sodium carbonate solution and finally with water. Distill under
reduced pressure before use.

Niobium solution. Two g of niobium pentoxide (Johnson Matthey and Co., London) were fused
with 20 g of potassium bisulphate, extracted with 59 tartaric-17; sulphuric acid solution and the
volume made up to 500 ml. The solution, standardised by the N-benzoyl-N-phenylhydroxylamine
method,? contained 2-57 mg of niobium(V)/ml. Test solutions for extraction purposes were prepared
by dilution of the stock solution so as to contain 51-30 ug of niobium/ml.

Tantalum solution. ~ Tantalum pentoxide (2-5 g, Johnson Matthey and Co., London) were fused
with 25 g of potassium bisulphate, extracted with 10 2} tartaric acid-2 9 sulphuric acid and the volume
made up to 200 ml. A 50-ml aliquot of this solution was diluted to 1000 ml with 1097 tartaric acid-2 7;
sulphuric acid. The solution, standardised by the N-benzoyl-N-phenylhydroxylamine method,?
contained 0-41 mg of tantalum/ml.

Potassium thiocyanate solution, 20%;. Freshly prepared from E. Merck reagent.

Tin(II) chloride solution, 15%; (in 4N-hydrochloric-1M-tartaric acid). Freshly prepared from
E. Merck reagent.

9M-Hydrochloric acid-1M-tartaric acid: Prepared from E. Merck reagents.

General procedure

A 5-ml aliquot of niobium solution, 51-30 xg/ml, was mixed with the requisite volumes of hydro-
chloric acid and distilled water to give an acid concentration of 7-7M in a total volume of 30 ml.
To study the effect of acid concentration, different volumes of concentrated hydrochloric acid were
used. For the study of diversé ions, the solution containing the foreign ions under investigation was
introduced before the addition of acid.

Then 5 ml of acid-saturated TBP were added and the mixture was shaken for 5 min. The two
layers were allowed to separate. The aqueous phase was transferred to a 100-ml separatory funnel
and was shaken for 2 min with 2 mi of 100 %5 TBP to remove any residual organic extract. The two
layers were allowed to separate. The aqueous phase was retained for measurement of acidity and also
for detection of any residual niobium in duplicate runs. The combined organic extracts were placed
in a 250-ml separatory funnel and shaken well with the reagents added in the following order: 5 ml
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of the potassium thiocyanate solution; 2 ml of the tin(II) chloride solution; 5 ml of the hydrochloric-.
tartaric acid solution. The funnel was shaken for 2 min and the two layers were allowed to separate.
The aqueous layer was discarded; the organic layer was freed from traces of water by filtering
through anhydrous sodium sulphate, collected in a 25-ml volumetric flask and diluted to the mark
with acetophenone. The absorbance of the orange-yetlow coloured solution was measured at 430 my
against a reagent blank prepared under identical conditions,

RESULTS AND DISCUSSION

All absorbance measurements were carried out at 430 mu. The molar absorptivity at 430 my,
calculated on the basis of niobium content, is 6230 4 70. This is somewhat less than that obtained
by the normal thiocyanate procedure (7250 at 430 mu; 31000 at 385 mu). The region from 385 to
420 mu was avoided because of strong absorption by the reagent. The colour is quite stable for at
least 72 hr. Although measurements were made on the slope of the absorption curve (Amax = 385 mpu)
it was observed that the readings were fairly reproducible (within £0-5%7) on measuring at the
wavelength setting of 430 my. This reproducibility was checked by changing the wavelength setting
between readings several times. Typical readings with a niobium solution (Nb = 2052 ug) under the
proposed conditions were 0-550, 0-548, 0-548, 0-550, 0-553.

The optimum concentration of TBP is 1009, (3:66M). The extractable species is probably
H,NbOCI;.3TBP or HNbOCI,.3TBP analogous to the species in fluoride-sulphuric acid medium,
H,NbOF;.3 TBP or HNbOF,.3 TBP as reported by Giganov and Ponomarev.® The optimum period
of extraction is 5 min (complete extraction within 2 mins). Niobium is quantitatively extracted
(>99%) from 7-7 to 9:4M (final 7-6 to 9-0M)hydrochloric acid (Table I). The niobium thiocyanatein
TBP-acetophenone obeys Beer’s law at 430 myu over the concentration range of 0-8 to 9-0 pg of
niobium/ml.

TABLE I.—EFFECT OF ACIDITY

Hydrochloric acid, M Distribution
(equilibrium) Extracted,* % ratio
2-8 1660 1-19
3-0 381 3-69
3-8 784 21-8
56 936 87-2
65 965 165-0
76 100 —
90 100 —
10-4 93-5 85-7

* Niobium = 2565 ug

The normal thiocyanate procedure appears to be considerably improved by the proposed modifica-
tions. The colourcd system is unaffected by increase in the concentrations of tartrate, stannous
chloride and thiocyanate. Thus the absorbance readings were almost constant even on increasing the
reagent concentrations up to five times those of the recommended amounts. The amount of tartrate
should be enough to keep niobium in solution, and that of thiocyanate in adequate excess for colour
formation. Lower readings were obtained when the thiocyanate concentration was decreased from
that recommended. The function of stannous chloride is to prevent interference due to iron(III)
which may accompany niobium in a sample and further to keep potassium thiocyanate (if present in
large excess) in solution in hydrochloric acid medium. The same colour intensity is observed even in
absence of stannous chloride.

The colour formation is complete within 2 min compared to 30 min in the normal thiocyanate
method, and the colour is stable for up to 72 hr compared with only a few hr in the normal thiocyanate
method.

Diverse ions

Twenty representative ions were carried through the procedure and examined for interference.
Among them twelve ions do not interfere in the extraction of niobium(V). The tolerance limit for
each represents that concentration of the foreign ion in the presence of which niobium(V) can be
extracted and determined spectrophotometrically to within +£2%,. Titanium and zirconium, which
usually associate with niobium in minerals do not interfere in the extraction of niobium, even when
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they are present in 50-fold excess. It is evident that the niobium-thiocyanate in TBP-acetophenone
can tolerate caesium, strontium, barium, aluminium, thiocyanate, oxalate (10-mg level), cerium(IV)
and fluoride (1-mg level). Palladium(ID), iron(III), platinum(IV), molybdenum(VI), tungsten(VI),
uranium(V]) and rhenium (VII) give colour reactions with thiocyanate. If present, they have to be
removed first. Mercury(IT) gives a precipitate with stannous chloride in the system.

The non-interference of oxalate and fluoride (10 to 50-fold excess) represent a remarkable feature
of this method since these complexing agents bleach the colour of the niobium-thiocyanate system
in the normal procedure.

Determination of niobium(V) in niobium(V)-tantalum(V) mixture

A known volume of tantalum sulphate solution (evaporated, if necessary, to a small volume
(about 5 ml) on the water bath) was mixed with a known amount of niobium (sulphate solution) in a
250-ml separatory funnel. The requisite volumes of hydrochloric acid and distilled water were added
so as to make a final acid concentration of 7-7M in a total volume of 30 mi, followed by 5 m! of acid-
saturated TBP. The resultant mixture was shaken for 5 min and niobium estimated as before.
Tantalum does not interfere.

Several mixtures were tried and niobium estimated in presence of 100-fold excess of tantalum
(Table II).

TABLE II.—ANALYSIS OF NIOBIUM IN NIOBIUM—-TANTALUM MIXTURES

Taken, ug o

Niobium Tantalum Niobium found, ug
205 200 203
205 2000 205
103 5000 101
103 10000 104

Recommended procedure:

Take an aqueous solution containing 50-0 to 250-0 ug of niobium(V) in a 250-ml separatory
funnel, then add concentrated hydrochloric acid and distilled water to give a final acid concentration
of 7°7M in a total volume of 30 ml. Shake the resultant aqueous phase with 5 ml of acid-saturated
(7-7M hydrochloric acid) TBP for 5 min and allow the phases to separate. Proceed as described under
General procedure and measure the absorbance of the orange-yellow coloured solution at 430 mu
against the reagent blank.

From 10 such runs with 205-2 ug of niobium(V) the absorbance was 0-550 4 0-007.

Department of Chemistry, AnmL K. DE
Jadavpur University, AsIT K. SEN
Calcutta-32,

India.

Summary—A method is proposed for the rapid extraction and separ-
ation of microgram amounts of niobium(V). The niobium is extracted
quantitatively by 1009, TBP from 7-7-9-4 M (initial) hydrochloric acid
and determined spectrophotometrically as the thiocyanate in TBP-
acetophenone solution. Beer’s Law is obeyed at 430 mu over the range
0-8-9-0 ug/ml. The system is stable for 72 hr. Caesium, calcium, stron-
tium, barium, aluminium, titanium(IV), zirconium@V), cerium(IV),
fluoride, thiocyanate and oxalate do not interfere (1 mg). Niobium(V)
can be determined in a niobium(V)-tantalum(V) mixture. The method
is accurate and reproducible to within 2%

Résumé—On propose une méthode pour I'extraction et la séparation
rapides de quantités de niobium (V) de I'ordre du microgramme. On
extrait quantitativement le niobium au moyen de TBP a 100% a
partir d’acide chlorhydrique 7,7-9,5 M (initial) et le dose spectrophoto-
métriquement & I'état de thiocyanate en solution TBP-acétophénone.
La loi de Beer est respectée a 430 my entre 0,8 et 9,0 ug/ml. Le systéme
est stable pendant 72 h. Les césium, calcium, strontium, baryum,
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aluminium, titane (IV), zirconium (IV), cérium (IV), fluorure, thio-
cyanate et oxalate (jusqu’a 1 mg) n’interferent pas. On peut doser le
niobium (V) dans un mélange niobium (V)-tantale (V). La méthode
est précise et reproductible a +29%.

Zusammenfassung—Fine Methode zur schnellen Extraktion und
Abtrennung von Mikrogrammengen Niob (V) wird beschrieben. Niob
wird quantitativ durch 1007 TBP aus 7,7-9,5 M (am Anfang) Salzsdure
extrahiert und spektralphotometrisch als Rhodanid in TBP-Accto-
phenonlésung bestimmt. Das Beersche Gesetz gilt bei 430 mu von
0,8 bis 9,0 ug/ml. Das System ist 72 Stunden stabil. Caesium, Calcium,
Strontium, Barium, Aluminium, Titan (IV), Zirkon (IV), Cer (IV),
Fluorid, Rhodanid und Oxalat bis 1 mg storen nicht. Niob (V) kann
in einer Mischung von Niob (V) und Tantal (V) bestimmt werden.
Die Methode ist auf +2% genau und reproduzierbar.
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Anwendung eines Plasmastrahlerzeugers zur spektrometrischen
Siliciumbestimmung

(Eingegangen am 6. Dezember 1965. Angenommen am 19. Januar 1966)

Der Plasmastrahlerzeuger liefert gegeniiber chemischen Flammen eine wesentlich hohere Anregungs-
energie. Deshalb ist er besonders geeignet zur Analyse von schwer verdampfbaren oder schwer
anregbaren Elementen. Als deren typischer Vertreter ist das Element Silicium anzufiihren, das
auBerdem noch erhebliche Schwierigkeiten bei der Préaparation geloster Proben bereitet. Aus diesen
Griinden findet man nur verhiltnismaBig wenige Arbeiten, die sich mit der 16sungsspektrographi-
schen'—® oder l6sungsspektrometrischen® Bestimmung dieses Elementes befassen. Im folgenden
soll gezeigt werden, wie unter Anwendung des Plasmastrahlerzeugers verschiedenartige Proben von
niedrigen und mittleren Siliciumgehalten 1Gsungsspektrometrisch analysiert werden kdnnen.

Probenvorbereitung

Zur Herstellung von Silicatldsungen kdnnen grundsitzlich drei Wege beschritten werden:

(a) Man benutzt eine stark alkalische Losung, in der das Silicium als Polysilikatanion vorliegt.

(b) Man verwendet Losungen des [SiF¢]*~ lons.

(c) Man sieht stark saure Losungen von kolloidaler Kieselsaure vor.

Zum Bereiten der alkalischen Polysilikatldsungen werden unterschiedliche Mengen (0,0270,5 2
gefillter und gegliihter Kieselsdure mit stets 4,0 g Kaliiimhydroxid aufgeschlossen. Die Schmelze
wird ausgelangt und im MeBkolben auf 100 ml aufgefillt. In analoger Weise werden die Analysen-
proben behandelt. Es lassen sich jedoch nur solche Proben verarbeiten, bei denen im alkalischen
Gebiet keine Hydroxide ausfallen, da diese die Kieselsiure sehr stark adsorbieren.
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Im zweiten Falle verwandten wir Magnesiumhexafluorosilikat als Eichsubstanz. Die Analysen-
proben miissen passend aufgeschlossen werden, nach dem Auslaugen versetzt man sie mit einem
Gemisch aus Salzsdure und FluBsidure.

Fiir die sauren Scheinlosungen von Kieselsiure werden die Proben wie fiir (a) beschrieben aufge-
schlossen und ausgelaugt. Mit Salzsidure bringt man die alkalische Losung unter Kiihlen rasch auf pH
3-4, dann wird bis zur volligen Kldrung kurz aufgekocht. Nach Abkiihlen fiillt man auf 250 ml auf;
sorgfaltig hergestellte Losungen sind {iber mehrere Wochen hinweg haltbar.

Apparatur

Zur Anregung diente ein Plasmastrahlerzeuger in der von Kranz’ beschriebenen Konstruktion.
Der Brenner wurde bei einer Treibspannung von 500 V und einer Stromstérke von 16 A mit Reinst-
stickstoff als Arbeitsgas (200 1./h) betrieben. Die Proben wurden als Aerosol (Triagergas Schwei3-
argon, 250 1./h mit NebenschluB) durch eine radiale Einblasoffnung im Mittelstiick des Brenners in
die Plasmaflamme eingefithrt. Unter diesen Bedingungen wurde an dem Linienpaar Mg I 285,2/
Mg [ 277,9 nm uberschligig eine Plasmatemperatur von 5500° K gemessen. Der benutzte Plasma-
strahlerzeuger zeigt eine sehr gute Anregungskonstanz, so daB eine lichtelektrische Direktmessung
mdoglich war. Hierzu wurde ein Quarzspektrograph Q 24 (Spaltbreite 0,03 mm) mit einem lichtelektri-
schen Adapter verwandt. Der vom Photomultiplier gelieferte Strom wurde mit einem Skalengalvano-
meter (R; = 1000 Q) gemessen. Fiir die Analyse wurde die Linie Si 251,6 nm benutzt. Sie liegt im
untergrundfreien Gebiet des Plasmastrahlerzeugers und besitzt gegeniiber anderen Linien die hochste
Intensitiat. Abbildung I zeigt, daB fiir alle drei Arten von Lésungen zwischen den Logarithmen der
vorgegebenen Konzentrationen und den gemessenen Intensititen ein linearer Zusammanhang besteht.
In der Mitte des Konzentrationsbereiches ergibt sich aus der Regressionsrechnung eine Standard-
abweichung von 27, (rel.), falls fiir die Analyse drei Parallelbestimmungen vorgesehen sind. Fir die
Analyse reiner Silicatldsungen sind die drei Prédparationsverfahren als gleichwertig anzusehen.
Jedoch lassen sich die Hexafluorosilikatldsungen unbequem handhaben. Da auBlerdem diese Ver-
bindung toxisch wirkt, wird im weiteren diese Art der Probenvorbereitung ausgeschlossen.

Einflu8 von Storelementen

Bei Verwenden alkalischer Polysilikatldsungen kann von den {iblichen Elementen nur Aluminium
in die Losung gelangen. Es zeigt sich, da3 Aluminium bereits betrdchtlich stdrt, wenn es nur 25 7 des
vorhandenen Siliciums ausmacht. Die Stdrung ist stark von dem Verhiltnis Silicium zu Aluminium
abhiingig, so daB fiir jede Probenart spezielle Eichkurven vorzusehen wéren. In den sauren Losungen
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TABELLE I.—ANALYSENWERTE BEI DER SPEKTROMETRISCHEN

SILICTUMBESTIMMUNG
Schiefer Kalkstein
Gegeben ~60 % SiO, 8,5% SiO,
Gefunden, % 59,4 8.7
59,2 8,0
60,2 8,2
59,2
58,5

konnen nahezu alfle Kationen enthalten sein. Die Kationenstdrungen sind infolge der hohen Plasma-
temperatur der Anregungsquelle deshalb noch weit mannigfaltiger. Man kann diese Storungen jedoch
universell vermeiden, indem man nach Chalisowa und Mitarbeitern® alle Kationen einschlieBlich der
Alkaliionen mittels Ionenaustauscher entfernt und dann diese reine Scheinidsung von Kieselsdure zur
Analyse benutzt. Fiir unsere Untersuchungen setzten wir eine Sdule mit dem Kationenaustauscher
KPS 200 (VEB Farbenfabrik Wolfen, Kornung 0-1 mm, Siulendimensionen 40 X 2 cm) in der
H*— Form ein. Bei pH 3-4 ist die Austauschkapazitit dieser Sdule geniigend gro8, um alle Kationen
einschlieBlich der Alkaliionen zu binden. Von den in das Eluat gelangenden Anionen stort Chlorid
nicht, Sulfat erst, wenn es in mehr als sechsfachem Uberschull gegeniiber Silicium vorliegt.

Analysenvorschrift

Man schmilzt eine geniigend groBe Menge an Kaliumbydroxid ein und 148t die Schmelze erstarren.
Hierauf wird die Analysenprobe eingewogen. Die Einwaage wird derart bemessen, da8 der MeBwert
etwa in der Mitte des Konzentrationsbereiches liegt. Nach Beendigung des Aufschlusses (etwa 15
Min.) 148t man erkalten und Jaugt mit destilliertem Wasser aus. Man 16st unter Kiihlen in Siure,
reguliert auf pH 34, kocht kurz auf und fiillt im MaBkolben auf 250 ml auf. Diese LOsung 148t man
iiber die Austauschersiule laufen. Die ersten 50 ml des Eluats werden verworfen, anschlieBend nimmt
man eine kleine Fraktion, die zur Analyse verwendet wird. Einige erhaltene Resultate zeigt Tabelle 1.

In analoger Form lassen sich auch andersartig zusammengesetzte silikatische Proben oder auch
Legierungen untersuchen.

Institut fiir analytische Chemie K. DOERFFEL
der Technischen Hochschule fiir Chemie Yu Koe-HUE
“Carl Schorlemmer’ Leuna-Merseburg

Geusaer Strasse 42, Merseburg

Deutsche Demokratische Republik

Summary—The high temperature and good excitation constant of the
plasma jet make possible the spectrometric determination of silicon,
The sample is introduced as a colloidal solution, and interference in the
excitation is avoided by removing all cations by ion exchange. The
sample may contain 0-2-5 g SiO./l, and in the middle of the range
the coefficient of variation is 2%,. The method is suitable for the
analysis of samples with a low to medium silicon content.

Zusammenfassung—Infolge der hohen Plasmatemperatur und der
guten Anregungskonstanz ermoglicht der Plasmastrahlerzeuger eine
spektrometrische Siliciumbestimmung. Die Proben liegen als kolloi-
dale Scheinlosungen vor, durch Entfernen aller Kationen am Ionen-
austauscher werden dic Storeffekte bei der Anregung vermicden.
Die Gehalte der Proben liegen zwischen 0,2 g und 5 g SiOg/l, in der
Mitte des Bereiches betrigt die Standardabweichung 29{ (rel.). Die
Methode ist glinstig einsetzbar fiir die Analyse von Proben niedrigen
und mittleren Siliciumgehaltes.

Résumé—JLa haute température ct la bonne constante d’excitation du
jet de plasma rendent possible le dosage spectrométique du silicium.
On introduit ’échantillon 4 1’état de solution colloidale, et 'on évite des
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interférences dans I’excitation en €liminant dans les cations par échange
d’ions. L’échantillon peut contenir 0,2-5 g de SiO, par litre, et au
milieu de cet intervalle, le coefficient de variation est de 2%,. La
méthode convient a 'analyse d’échantillons & teneur en silicium faible a

moyenne.
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Vanadium compounds in reductimetric titrations—III:* Applications
of vanadium(IT)

(Received 21 December 1965. Accepted 26 January 1966)

ErpEY and Mazor® observed that vanadium(II) could be oxidised to vanadium(III) by titration with
iodate, bromate, ceriun(IV), chromium(VI) and iron(Ill), with potentiometric or visual detection
of the end-point. Ellis and Vogel® added excess of iodate to the vanadium(II) and determined the
excess iodometrically; in this reaction vanadium(IV) is produced. A similar method has been used
with bromate.® Recently, iodine monochloride has been titrated potentiometrically with bi-, ter-,
and quadrivalent vanadium.*

We have extended the range of application of vanadium(II) as a reductimetric titrant, by investi-
gating its reactions with hypohalites, chloramine-T, iodine and bromine monochlorides, bromate and
iodate. Several indicators were tested for visual detection of the end-point. The vanadium(IT) was
usually the titrand and the oxidant the titrant, but vanadium(II) could be used as titrant for iodine
monochioride if the titration was performed rapidly at the beginning to prevent loss of the iodine
initially formed. The titres obtained with visual detection of the end-point were checked potentio-
metrically. It was necessary to perform all the titrations with the vanadium(II) protected from
aerial oxidation.

One-electron oxidation of vanadium(II) was observed in direct titrations, two-electron oxidation
when the Andrews method was used, and three-electron oxidation when an excess of oxidant was
added and the excess back-titrated.

In the potentiometric titrations, when vanadium(II) was used as the titrant a platinum electrode
was used as indicator electrode with a saturated calomel electrode as reference electrode, but when
the vanadium(II) was the titrand a tungsten electrode was used as indicator electrode® to avoid the
reaction of vanadium(II) with protons, which is catalysed at the platinum surface and causes erroneous
results if a platinum electrode is used.?

EXPERIMENTAL

Reagents

Approximately 0-05M solutions of vanadium(ID),* sodium hypochlorite and hypobromite,’
chloramine-T, iodine monochloride,® and iodine monobromide® were prepared as directed in the
literature, and standardised, the oxidants iodometrically and the vanadium(II) as previously described.®

Potassium iodate (0-25M), potassium bromate (0-16M), and arsenic(III) oxide (0-25M) solutions
were prepared from analytical-grade reagents.

Indicators were prepared as already described.®10,11

Apparatus
The equipment was the same as that used before?® and the titration mixture was stirred by magnetic
stirrer in the potentiometric titrations.

* Part 11: Talanta, 1966, 13, 545.
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TABLE 1.—VISUAL AND POTENTIOMETRIC TITRATIONS WITH VANADIUM(II) SULPHATE SOLUTION

Vanadium(II), mmole

Taken Found
Oxidising Indicators used Change Potentio-
agent noted Visually  metrically
Hypochlorite o-Dianisidine, VIii—yil 0-2925 0-2917 0-2937
Benzidine, 0-2775 0-2790 0-2761
Diphenylbenzidine, 0-2975 0-2968 —_
Methylene Blue, 0-5555 0-5557 —
Thionine, or
Variamine Blue.
Methyl Red VI VvV 0-3047 0-3045 —
0:3657 0-3650 —
0-3724 03703 —
Hypobromite o-Dianisidine, VI — VIII 0-3085 03084 0-3063
Benzidine, 0-6024 0-6014 0-6045
Diphenylbenzidine, 0-3125 0-3135 —
Methylene Blue, 0-6259 06250 —
Thionine, or
Variamine Blue.
Methyl Red Vi VYV 0-2222 02222 —
02717 02721 —
0-2775 0-2771 —
Chloramine-T o-Dianisidine, Vi yII 0-2907 0-2891 0-2891
Benzidine, 0-2807 0-2797 0-2815
Diphenylbenzidine, 0-5680 0-5641 —
Methylene Blue, 0-5815 0-5840 —
Thionine, or
Variamine Blue.
Iodine Neutral Red, VI YIIT 0-5815 0-5824 0-5788
monochloride Phenosafranine, 0-2907 0-2912 0-2912
(as titrant) Safranine-T,
Methylene Blue,
Thionine, or
Variamine Blue.
Todine Neutral Red, Vi Y1 0-3635 0-3640 —
monochloride Phenosafranine, 0-1890 0-1878 —
(as titrand) or Safranine-T. VII - I 0-3657 — 03640
0-5486 — 0-5450
VIiI ViV 0-2708 — 0-2725
0-1357 — 0-1362
Bromine o-Dianisidine, VII » YII 0-5680 0-5667 0-5667
monochloride Benzidine, 0-2840 0-2833 0-2833
Diphenylbenzidine, 0-3067 0-3062 —
Methylene Blue, 0-2777 0-2787 —
Thionine, or
Variamine Blue.
Potassium Carbon tetrachloride VIl VIV 0-3125 0-3121 —
iodate 0-1250 01241 —
Potassium o-Dianisidine, VIl VI 0-2940 0-2937 —
bromate a-Naphthoflavone, 0-2840 0-2831 —
p-Ethoxychrysodine, 0-2775 0-2780 —

or Benzopurpurin-4B.
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Procedures

Direct titration of vanadium(II). Place 5 ml of 6M hydrochloric acid in the titration vessel and
add about 1 g of potassium bromide. Bubble carbon dioxide or nitrogen through the solution for
about 10 min. Add 1-2 drops of indicator and 5-10 ml of vanadium(lI) solution and titrate slowly
until the oxidised form of the indicator persists for a few (about 15) seconds. The indicator will
revert to the reduced form as it is slowly reduced by vanadium(III). Suitable indicators are given in
Table I. The bromide should be omitted for potentiometric titrations and for titrations with
chioramine-T or potassium bromate. 1f x-naphthoflavone or p-ethoxychrysodine is used as indicator,
the 5 ml of 6M hydrochloric acid should be replaced by 15 ml of 6M sulphuric acid or 100 ml of
1M hydrochloric acid, respectively. Vanadium(ll) is oxidised to vanadium(III).

Titration of iodine monochloride with vanadium(II). Place 2-5 ml of iodine monochloride solution,
5 ml of concentrated hydrochloric acid and 2-3 drops of indicator in the titration vessel, with the
tip of the inlet tube for inert gas well above the surface of the liquid. Titrate rapidly with vanadium(II).
Alternatively, take 2-5 ml of iodine monochloride solution and 10 ml of 6M hydrochloric acid in
the titration vessel and pass carbon dioxide or nitrogen through it for 10 min. Add an excess of
potassium iodide (2 g) to minimise loss of iodine by volatilisation, and titrate with vanadium(II)
slowly, with the tip of the inlet tube for inert gas raised well above the surface of the liquid. Detect
the end-point potentiometrically. Vanadium(ll) is oxidised to vanadium(lII).

Andrews method. Place 5 ml of concentrated hydrochloric acid, 15 ml of water and 5 ml of carbon
tetrachloride in the titration vessel and deaerate for about 10 min. Add 2-5 ml of vanadium(Il)
solution and titrate slowly with potassium iodate by the Andrews method. The vanadium(Il) is
oxidised to vanadium(LV).

Potentiometric titration of iodine monochloride. Place 5-10 ml of iodine monochloride solution
in the titration vessel and add 10 ml of water. Decacrate the solution for 10 min and titrate slowly
with vanadium(II) potentiometrically. The first point of inflection corresponds to reduction of iodine
monochloride to iodine and oxidation of vanadium(II) to vanadium(IV). The titration can be
continued to the second inflection corresponding to reduction of iodine to iodide, but low results are
obtained because of loss of some iodine by volatilisation.

Indirect titration of hypohalite. Place 12-15 ml of hypochlorite or hypobromite solution in the
titration vessel and pass nitrogen through it for 10 min. Add 4-7 ml of vanadium(Il) solution and
ensure that the solution is slightly alkaline to prevent decomposition of the excess of hypohalite
(which occurs in an acidic medium). After 2-3 min, when the solution has become almost colourless,
add 5-10 ml of arsenic(III) solution and then 10 ml of 4M hydrochloric acid and 5 ml of 1%
potassium bromide solution. Titrate the excess of arsenic(IIT) with hypochlorite or hypobromite in
the presence of Methyl Red as indicator till the colour changes from pink to yellow. The vanadium(II)
is oxidised to vanadium(V).

RESULTS

Typical results obtained by the various procedures are given in Table I, which also lists the
indicators found suitable for each method. The results are good, the relative error being 4-0-7%.

Acknowledgements—The authors wish to express their thanks to Prof. R. C. Mehrotra, Head of the
Chemistry Department, for his keen interest in the work and for providing all the laboratory facilities.
Thanks are also due to the Council of Scientific and Industrial Research, New Delhi, for the award of
a Junior Research Fellowship to one of the authors (K. L. C.).

Department of Chemistry K. L. CHAWLA
University of Rajasthan J. P. TANDON
Jaipur, India

Summary—Vanadium(II) sulphate is a versatile reductant; it can
change its oxidation number by one, two, or three units, depending on
the oxidation potential of the half-cell with which it reacts and on the
mode of titration. The end-point of many of the reactions can be
detected by means of indicators. A back-titration method is usually
needed for the three-electron oxidation of vanadium(II).

Zusammenfassung—Vanadium(ID)-sulfat ist ein vielseitiges Reduktions-
mittel; eskann seine Oxydationsstufe um eine, zwei oder drei Einheiten
dndern, je nach Oxydationspotential der Halbzelle, mit der es reagiert,
und der Titrationsart. Der Endpunkt vieler Reaktionen kann durch
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Indikatoren festgestellt werden. Bei der Drei-Elektronen-Oxydation
von Vanadium(II) muf normalerweise zuriicktitriert werden.

Résumé—Le sulfate de vanadium (IT) est un réducteur d’emploi trés
général; il peut changer son degré d’oxydation d’une, deux ou trois
unités selon le potentiel d’oxydation de la demi-cellule avec laquelle
il réagit et le mode de dosage. On peut détecter le point de virage de
nombre de réactions au moyen d’indicateurs. Une méthode de dosage
en retour est habituellement nécessaire pour I’oxydation a trois
¢électrons du vanadium (II).
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New titrimetric methods for palladium and platinum

(Received 5 October 1965. Accepted 23 February 1966)

PALLADIUM(III) can be reduced to the metal by boiling it with a reducing sugar in alkaline medium.
The metal can be filtered off, washed, and dissolved in iron(I1I) chloride solution according to the
reaction

Pd + 2Fe*+ = Pd* 4 2Fe?t,

The palladium(IT) forms a chloro-complex. The iron(II) equivalent to the palladium dissolved can
then be titrated with a standard oxidant.

Platinum can be determined by adding to its solution a measured excessive volume of ferrocyanide
solution and titrating the excess of ferrocyanide oxidimetrically. The reaction between platinum(IV)
and ferrocyanide occurs in 1:1 mole ratio, and pH and potentiometric measurements imply that the
reaction is redox resulting in a complex containing mixed oxidation states of platinum:

2H,PtCl, + 2Fe(CN)g4~ = PtUPtIV[Fe(CN)gl, + 4H* + 12CI~,

EXPERIMENTAL
Palladium

To a solution of palladium(I1I) chloride add an excess of D-glucose, p-fructose, or L-sorbose, and
make the solution alkaline with sodium hydroxide. Boil the mixture for 5 min, filter off the palladium
metal, wash it thoroughly, shake it with iron(IIT) chloride solution for 10-15 min to dissolve the metal,
and titrate with standard cerium(IV) solution the iron(II) produced, using N-phenylanthranilic acid as
indicator. The end-point is shown by the appearance of a red-brown colour. The results are precise
and concordant, the maximum deviation observed being 0-2 mg in the range 5-4 to 81-6 mg of
palladium.
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Platinum

To a solution of platinum(IV) chloride add a measured excessive volume of potassium ferro-
cyanide solution and titrate the excess with standard cerium(IV) sulphate in 4V sulphuric acid, using
N-phenylanthranilic acid as indicator. The end-point is shown by a red-brown colour. The results are
correct within 0-2 mg over the range 2-4-49-2 mg of platinum.

Interfering elements

It has been found that Ni, Zn, Mg, Sn(II), Rh, Zr, Cl, NO;, CO,, and SO, do not interfere in the
palladium determination but Co, Pb, Hg(II), Cu, Cd, Bi, Sb(Ill), Au, Th, Te(IV), Se(IV), Ag, and
TI(I) do (charges have been omitted in listing the ions). In the platinum determination Na, K, NH,,
Ca, Ba, Sr, Hg(Il), Pb, Cd, Zn, Be, Zr, Th, Cl, NOg, CO,, and SO, do not interfere, but Ag, TI(D),
Co, Ni, Cu, Rh, Ru, Pd(II), Au, Br, I, and F do.

O. C. SAXENA
Chemical Laboratories
University of Allahabad
Allahabad, India

Summary—Palladium(IIT) is reduced to the metal by a reducing sugar
in alkaline medium, and the metal is then dissolved in a solution of
iron(IIT). The iron(11) produced is titrated oxidimetrically. Platinum
is determined by precipitating it with ferrocyanide and titrating the
excess of ferrocyanide added. Halides and the platinum and coinage
metals interfere.

Résumé—On réduit le palladium(IV) & I’état métallique par un sucre
réducteur en milieu alcalin et dissout ensuite le métal dans une solution
de fer(II). Le fer(II) formé est dosé par oxydimetrie. On dose le
platine par précipitation au moyen de ferrocyanure et titrage de I’excés
de ferrocyanure ajouté. Les halogénures et les métaux de la mine du
platine et des pi¢ces de monnaie interférent.

Zusammenfassung—Palladium(IV) wird in alkalischem Medium mit
einem reduzierenden Zucker zum Metall reduziert und dieses in einer
Eisen(IT1)-Losung geldst. Das gebildete Eisen(IT) wird oxydimetrisch
titriert. Platin wird durch Fallung mit Ferrocyanid und Titration des
iberschiissigen Ferrocyanids bestimmt. Halogene und Platin-sowie
Minzmetalle storen.
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PRELIMINARY COMMUNICATION

Amperometric complex-formation titration of traces of cations
(Received 22 January 1966. Accepted 23 February 1966)

CampBeLL and Reilley” have described the amperometric titration of milligram amounts of metal ions
with chelating agents such as EDTA and Trien, the end-point being detected by means of the anodic
wave from the chelating agent. In this way the amperometric method is extended to cover metals
which do not give a well-defined reduction wave. There is also the practical advantage that oxygen
need not be removed from the solution. Campbell and Reilley used a dropping mercury electrode as
indicator electrode, but expressed the belief that rotating mercury anodes would give a higher sen-
sitivity. Such an increase in sensitivity would be necessary if anodic amperometry were to be used to
determine traces of metals.
The titration of a cation M with a ligand Y by the reaction

M+Y=MY

can still be very sharp in the microgram range; that is to say, the degree of titration, 4, expressed as a
function of the free ligand concentration [Y], shows a sharp break at the equivalence point.

The necessary conditions can be derived simply. If the total amounts of metal and ligand present
in the system are denoted by Cy and Cy respectively, then

Cy = [Y] + [MY] and Cy = [M] + [MYL

Combining these equations with

_ MY}
K=
we obtain
1= Cr _ Y1+ IMY] _ Y] MY}
Cx Cx Cx [M]+ [MY]
_ ¥l KIMI[Y]
Cx  [M] + K[M](Y]
_vl, K1y
Cx 1+ K[Y]
= d¢ + &,
which simplifies to
_ ¥l
A= Fom +1

for a sharp titration after the equivalence point. The titration curve, 4 as a function of [Y], can be
derived by adding the two terms Ag (dependent only on Cy) and Ax (dependent only on X). For a
sharp titration there will be a linear rise in [Y] after the equivalence point, and hence a linear rise in
the anodic current.
As a measure of sharpness in complexometric titrations, Tanaka and Nakagawa® suggested the
equality
CM = CM
[Mleq  [Yleq

7 865

= vVKCy .
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If we agree to call a cathodic amperometric titration sharp if
[Yleq = [M]eq < 0:01 Cy,

then the corresponding condition in anodic amperometry is that the current at 4 = 1 shall be less
than 1/100th of the current at 2 = 2, and the criterion of sharpness is that

VKCy > 10,

As a consequence of the high values of K in complexometric methods, any method of end-point
detection dependent on a parameter that varies linearly with concentration (amperometry,
spectrophotometry, linear potentiometry, etc.) can be used for very low concentrations, provided that
the measurements can be made sufficiently accurately.

In our work we used a rotating mercury electrode (600 rpm) made from a platinum electrode
plated successively with gold and mercury. When not in use the electrode was kept in distilled water.
The coating needed to be renewed regularly. A Metrohm Polarecord polarograph was used, and the
titrations were performed in one compartment of an H-cell, the other compartment being used for a
potassium nitrate salt bridge to the reference electrode. This arrangement was chosen to avoid
introduction of impurity from the salt bridge into the titration solution. A 1-m! microburette was
used for the titrant. With this equipment we repeated part of the work of Campbell and Reilley,
diluting the cation and titrant solutions stepwise. We found it feasible to titrate amounts of about
1 ug of copper in 50 mi of solution with 10~4M Trien, with an error of about 2%, and 2 pg of mag-
nesium with 10~¢M EDTA with an error of 2%.

It is generally necessary to pre-titrate impurities present in the water, buffer, and base electrolyte
used; the method can, of course, be used for the determination of impurities in reagents.

Laboratorium voor Analytische F. FREESE
Scheikunde der Universiteit G. DEN BOEF
Nieuwe Achtergracht 125, Amsterdam—C

Netherlands

Summary—The amperometric titration of cations with chelating agents
can be extended to the microgram range by using a rotating mercury
anode.

Zusammenfassung—Die Komplexometrie von Metallionen mit amper-
ometrischer Endpunktsanzeige kann verwendet werden fiir Titrationen
von Mikrogramm-Mengen bei Verwendung einer rotierenden Queck-
silber anode.

Résumé—J e dosage complexométrique des ions métalliques avec
indication ampéroméirique peut &tre utilisé jusqu'au région des
microgrammes en utilisant une anode de mercure tournante
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SUMMARIES FOR CARD INDEXES

A critical review of gravimetric methods for determination of the noble
metals—II: F. E. Beamisd, Talanta, 1966, 13, 773. (Department of
Chemistry, University of Toronto, Toronto 5, Canada.)

Summary—Gravimetric methods for palladium, platinum, rhodium,
iridium, ruthenium, osmium and gold are critically reviewed up to the
end of 1964. Previous reviews covered the literature to mid-1957 for
the six platinum metals and to mid-1960 for gold. Associated with the
descriptions of each metal there is included a table which identifies
reagents recorded before the present review together with pertinent
references.

Determination of cadmium by atomic-fluorescence and atomic-absorption
spectrophotometry: R. M. DacNarLr, T. S. West and P. Young,
Talanta, 1966, 13, 803 (Department of Chemistry, Imperial College,
London S.W.7, England.)

Summary—The adaptation of a conventional atomic-absorption/flame-
emission spectrophotometer to the measurement of atomic-fluorescence
in an air-acetylene flame is described. The determination of cadmium
on the same instrument by both atomic-fluorescence and absorption
shows that, even with a rather simple and inefficient means of exciting
and measuring fluorescence, results can be obtained which indicate
that the fluorescence technique is considerably more sensitive than
atomic-absorbance and is equally free from inter-element interference.

Application of radioisotopes to column chromatography on substituted
celluloses—II: Separation of zinc, cadmium and mercury: R.A.A.
MuzzaRreLLl, Talanta, 1966, 13, 809 (Department of Chemistry,
Faculty of Science, Sherbrooke University, Sherbrooke, P.Q., Canada.)

Summary—The chromatographic behaviour of zinc, cadmium and
mercury on columns of natural cellulose and substituted celluloses is
studied using #Zn, '*Cd and ***Hg radiotracers. Traces of zinc and
cadmium are strongly retained by the functional groups attached on the
substituted celluloses; on the contrary mercury is not retained to any
extent. Nanogram amounts of zinc, cadmium and other metals are
separated from 3 g of mercury on cellulose phosphate in ethyl ether.

vii
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AwHoTanuum crartei

KPUTUYECKNIN OB30OP BECOBBIX METOIOB IJA
OIIPEAEJEHNA BJATOPOOHBIX METAJIJIOB:

F. E. BeamisH, Talanta, 1966, 13, 773.

Pesiome—HKpurnuecku o6CYH{IEHEl BECOBBIE METOAB. IJIA IAJ-
Janus, NIaTHHE, POAUA, HPUINSA, PYTeHUA, OCMUA U 30JI0TA BCe
O KoHIA 1964 r. Panpiue omy6auKoBaHHbe 0630PH 0XBATLIBAIOT
JNTEPATYPY HAO cepefuHbB 1957 r. AJA INECTh NIATHHOBHIX
METaJN0B, a HO cepeguHnl 1960 r. gua 3omora. Onucanue
KQKIOTO MeTAJlJIa BHIIOYAET TAGHUIY PEareHTOB 3aTMCAHHBIX
nepef, HacTOAImuM 0030pOM, BMECTE € IOAXOMAINUMY CCHIIKAMU
HA JUTEPATypY.

OIIPEJEJEHUE KAIMUA METOOAMU ATOMHON
OJIYOPECHUEHTHON CIEKTPOCKONIMM ¥ ATOMHON
ABCOPBIIMOHHOI CIIEKTPOCHOIIUW:

R. M. DaGgNaLL, T. S. WEsT and P. YouNg, Talanta, 1966, 13, 803.

Pesiome—Omnmcaro IpucrnocobIeHne NPORAMHOTO CueKrpodoTo-
MeTpa Mis aToMHO a6copONUOHHON CIEeKTPOCKONMY K IIJaMeH-
HOHi CIIEKTPOCKONMH JJIA OUpefelleHNA aToMHON (ayopecnenuyun
B IJIAMEHM BO3OyX-aneTmieH. OnpefeseHue KagMus HA 3TOM
npubope MeToHaMu AarToMHON QUIyOpeCHeHTHOM U  ATOMHOMK
a6CcOpPOIMOHHOM CHEKTPOCKOIMH IIOKABHBAEeT YTO Jlame Ha
CPaBHMTEIBHO IPOCTOM Ipubope AJis BO3OYHISHNA M M3MEPEHUA
QIIyOpecmeHIMH MOKHO IHOJYYHTH DesyIbTATHl, CBHUAEILCT-
BYIOIME YTO MeTON, GIryopecleHIINY BHAYNTEAbHO 6oMee UyBCTBH-
TeseH deM Merof, abcopbuuu. OnHAKO, BINAHNE MEKAY 3IEMEH-
TaMU He CYIIeCcTBYeT.

NCIIOJIB3OBAHNE PAJMOMN3O0TOIIOB B
XPOMATOI'PAQUM HA KOJOHKE 3AMEIEHHBIX
HEJJIIONO3—I1: PA3OEJEHUE IITMHHKA, RAOIMUA

" PTYTA:

R. A. A. MuzzareLLy, Talanta, 1966, 13, 809.

Pesrone—Ilsyyena xpomarorpadnsa NUHKA, KAAMHSA U PTYTH HA
KOJIOHKAX HATYPAJbHON HEILIIJIOBE U 2aMeINeHHBIX IOJLIII03,
NOJNb3YyACk paguomHgumaropamu °Zn, '"Cd u 2*Hg, Caemu
IUHKa N KagMUA CHIBHO afcopCHUPOBAHEl (YHKIMOHATbLHLIMUA
TPYUIAMH, TPHCYTCTBYIOUIMMEI B B3aMEIIEHHHX IeJLI0A03aX;
Hao60pOT, PTYTh He afcopbupyercA. Hamorpammoshie KoJam-
YecTBa IUMHKA, KaAMMA U JPYTHX MeTaJNioB ObIAM OTHENIeHE OT
3 r pryTn Ha Pocdare HeATIOTO3H R BTUIIOROU 3Pupe.



Summaries for card indexes

Electromagnetic titrations with a single polarised electrode. Determina-
tion of hydrogen peroxide and manganese: MomMIr S. Jovanovi¢ and
DusaNkA M. Petrovi¢, Talanta, 1966, 13, 815 (Faculty of Tech-
nology, Beograd, Institute of Analytical Chemistry, KarnedZijeva 4/11,
Yugoslavia.)

Summary—A simple electrometric method for end-point detection,
based on the lack of response of the indicator electrode in the titrated
irreversible system has been described. The end-point is reached at
the beginning of depolarisation of electrode, when the equilibrium
in the pre-balanced circuit is destroyed, producing an off-balance

current.

Chromotropic acid azo dyes of the pyridine series: Spectrophotometric
determination of nickel and cobalt in the presence of many icrs and their
simultaneous determination. A, K. MAJUMDAR and A. B. CHATTERIJEE,
Talanta, 1966, 13, 821 (Department of Inorganic and Analytical
Chemistry, Jadavpur University, Calcutta-32, India.)

Summary—Pyridyl-2-azo-chromotropic acid (disodium salt)is proposed
as a new reagent for the determination of nickel and cobalt in the
presence of many ions and for their simultaneous determination in
the absence of cyanide and EDTA. The wavelengths of maximum
absorption for the nickel and cobalt complexes are 570 and 640 myu
respectively. Beer’s law is obeyed by the complex systems from 0-125-
0-8 ppm of nickel and 0-16-1-2 ppm of cobalt. The optimum con-
centration ranges are 0-25-0-8 ppm for nickel and 0-16-1-2 ppm for
cobalt and the relative error is 2:7%. The molar absorptivities for the
complexes of nickel and cobalt are 40,720 and 33,600, while the
dissociation constants at pH 7-5 and 22° are of the order of 10-'? and
1013, respectively. The metal to reagent ratio is 1:3.

Quantitative evaluation of thin-layer chromatograms: D. A. KEYWORTH
and R. F. SWENSEN, Talanta, 1966, 13, 829 (Universal Oil Products
Company, Des Plaines, Illinois, U.S.A.)

Summary—A commercially z‘wailable scanning photometer, designed
to scan paper electrophoresis strips, has been used to evaluate thin-
layer chromatograms. The chromatogram may be lifted off the glass
plate with cellophane tape which is then cut into strips and scanned, or
the thin-layer chromatogram may be photographed and the photograph
scanned. Newly developed cellulose-backed thin layers of silica or
alumina may also be cut into strips and scanned. The instrument has
also been modified to scan glass plates. A correction is applied for
non-uniformity of the thin layer. Zones containing colourless com-
ponents can be located by means of an auxiliary chromatogram, and
the components present determined by carbon analysis.



AnHOTanuu crareii

BIIEKTPOMATHUTHELIE TUTPAIIMM C OQHBIM
NOJAPU30BAHHLIM DJIEKTPONOM: OIPEIEJEHUE
HEPEKNCYU BOJOPOMNA U MAPTAHIA:

Mowmmr S. Jovanovi¢ and DusaNkA M. Petrovié, Talanta, 1966, 13
815.

>

Pesome—Onmucan HECHOMKHbBIL BIEKTPOMETPUYECKIH MeTOT HIA
OOHAPYMHEHUA KOHNA TUTPOBAHUSA, OCHOBHBAIOIIUICA HA OTCYT-
CTBUM OTBETA MH[UKATOPHOTO 3JEKTPONA B TUTPYEMOil HeoGpaTH-
Moit cucreme. HoHen THTPOBAHMS AOCTUTHYT KOITA, BCIETCTBUE
HAYMHAOIEHA [eNONADPU3ANUHA BJIEKTPOLA, HAPYUIAeTCH pasB-
HOBECUE B IpeBAPUTENbHO YPABHOBRILIEHHO! IeNH 1 MOSIBIACTCA
TOK.

A3ORPACUTEJIN HA OCHOBE XPOMOTPOIIOBOI
HUCJIOTHI N3 CEPUU TIUPUIUHA:
CIIEKTPOOOTOMETPUYECKOE OIIPEREJEHUE
HUHKEJIA U KOBAJBTA B IIPUCYTCTBUU MHOI'MX
NOHOB M UX OJHOBPEMEHHOE OIIPEIEJEHWE:

A. K. Masyumpar and A. B. CHATTERIEE, Talanta, 1966, 13, 821.

Peatome—IInpuana-2-a30-XpOMOTPOIIOBAA KUCIOTA (TUHATPUEBAS
COJIb) IIPEAJIOHEeHA B KAYECTBE HOBOT'O PEAreHTa [UIA ONpeAeIeHUs
HUKeIHd W Ko0anbTa B NPUCYTCTBUM MHOTUX HMOHOB K IS HX
OJHOBPEMEHHOTO OOPENCIEHNUA B OTCYTCTBAM Iuanuga u DJTA.
MaxrcuMalbHOE CBeTOLOMNIONICHNE KOMIIISKCOB HIKEJIA M KOGalb-
Ta BaXopuresa npu 570 u 640 MMIt, COOTBETCBTEHHO. 3axoH Bepa
cobumogaerca B obaacra 0,125-0,8 mr/a nukens u 0,16-1,2 Mmr/x
Ko6ansTa. OnNTHMANbHEE IIPEeIIsl rougenrpauuu 0,25-0,8 mr/n
Aan auxens u 0,16-1,2 mr/n pas KoGambra, a OTHOCHTEILHAA
omubra pasHA 2,7%. MonApHEeE NOrIOMEHUS KOMIJIEKCOB
HuKeNA u koGasbTa 40,720 1 33,600, a NIOCTOAHHEBIE AUCCONMAIIM
npu pH 7,5 n 22° HaxopATca B o6aactu 1012 u 10-13, cooTBercr-
BeHHO. OTHOIIEHMe MCTANIA U peareHTa pasHo 1:3.

HROJUYECTBEHHAS OIEHKA TOHKOCJHONHBIX
XPOMATOI'PAMM:

D. A. KeyworTH and R. F. SwenseN, Talanta, 1966, 13, 829.

Pesiome—Mmetonuiica B npofaske cHeKTPOHOTOMETD KOHCTPYH-
POBaHHEI JIA WCCHeMOBAHUA OYMayKHEIX 3JeKTpodeporpamm
MCMOIB30BAH AJIA OLEHKN TOHKOCJOWHEIX XpOMAaTorpamMm. Xpo-
MaTOrpaMMy MOMHO CHATL € CTEKIAHHON NIACTAHKH IIelio-
¢amoBOIt JIeHTOlN, KOTOPYIO TTOTOM PEMYT B IIOIOCH I HCCIGLYIOT
WM TOHKOCJIOHHYI0O Xpomarorpammy gororpadupyior u ¢oror-
paguio uccaenyioT. HoBble CIIOM CHUIUKATENA WMIH OKUCH
ANIOMUBYA HA HEJIIOII03HON IIIACTHHEE TOHE MOTYT OHTH Pe3aHbt
HA TOJIOCH U Hcciemoradsl. IlpuGop mepemenad jjiA ucciemo-
BaHUA CTEKIAHHBIX HJACTHHOK. IIpuMeHeHa NONpABRA JJis
HEPABHOMEPHOCTH TOHKOTO cliof. Ilodochr comep:aromme Gecn-
BE€THBEIE HOMIIOHEHTHI 06Hapy}i(I(IBaIOTCH C HCHOJIb30BAHMEM
BCIIOMOTQTeJIbHOM XpOMAaTOIPAMMBl ¥ NPHCYTCTBYIOIIAE KOM-
MOHEHTH! ONPeNeNsIoT aHATMBUPOBAHNEM YIIIepOfa.



Summaries for card indexes

Examination of the hexamethylenetetramine procedure for separation of
thorium from rare earths and determination of therium: S.S. BERMAN,
P. SemMENIUK and D. S. RusseLL, Talanta, 1966, 13, 837. (Division of
Applied Chemistry, National Research Council, Ottawa, Canada.)

Summary—An examination has been made of the efficiency of the
gravimetric reagent hexamethylenetetramine in the separation of
thorium from rare earths and in the determination of thorium. Losses
to the filtrate, beaker and filter paper are evaluated as well as the
extent of rare earth and other contamination of the thorium hydroxide
precipitate. When hydroxylamine is used as the reducing agent to
keep cerium in the tervalent state, excellent separations are obtained.
The efficacy of the reagent is offset by the loss of small amounts of
thorium to the precipitation vesscl, the scavenging properties of the
precipitate for silica and the difficulty in evaluating a true reagent
blank

Radiochemical separation of antimony by isotopic exchange: IgparL H.
QuresHl and MUHAMMAD SHABBIR, Talanta, 1966, 13, 847 (Atomic
Energy Centre, Ferozepur Road, Lahore, Pakistan.)

Summary—Isotopic exchange has been used to develop a simple and
rapid procedure for radiochemical separation of antimony. A number
of variables which affect the yield were studied and optimised, and
antimony yields of 969, were obtained at 30°. Acids and alkalies
decrease this yield considerably because they dissolve part of the
precipitate. The mode of preparation of the antimony oxide precipitate
and the temperature also affect the isotopic exchange. Studies made
with radioactive tracers of 14 different elements show contamination
of < 1% for most elements. The high contamination with *Zr-*Nb
can be reduced considerably by adding carrier. The simple procedure
can be carried out in about 13 min and does not require any special
equipment.

The separation of niobium from tantalum by extraction with tributyl
phosphate and determination of niobium as the thiocyanate complex:
AniL K. De and Asit K. SEN, Talanta, 1966, 13, 853 (Department of
Chemistry, Jadavpur University, Calcutta-32, India.)

Summary—A method is proposed for the rapid extraction and separa-
tion of microgram amounts of niobium(V). "The niobium is extracted
quantitatively by 1009, TBP from 7-7-9-4 M (initial) hydrochloric acid
and determined spectrophotometrically as the thiocyanate in TBP-
acctophenone solution. Beer’s Law is obeyed at 430 mpu over the range
0-8-9-0 ug/ml. The system is stable for 72 hr. Caesium, calcium, stron-
tium, barium, aluminfum, titanium(IV), zirconium(IV), cerium(IV),
fluoride, thiocyanate and oxalate do not interfere (1 mg). Niobium(V)
can be determined in a niobium(V)-tantalum(V) mixture. The method
is accurate and reproducible to within 42 %,



xii

Ammoranuu crarei

UCCIEDOBAHUE TEKCAMETWJIEHTETPAMUIHOBON
NMPOUEOVPHL IJA OTAEJEHUA TOPUA OT
PEOHO3EMEJIBHBIX 2JIEMEHTOB W OJIA

ONPEJEJEHNAA TOPUA:

S. S. BerMAN, P. SEMENIUK and D. S. RUSSELL, Talanta, 1966, 13, 837.

Peztome—3yuena fesTeNbHOCTS BECOBOI'0 PEATeHTA T'eKCAMMHA
B OTJ[EIeHUH TOPHUA OT PCRKO3EMEJILHHX BJIEMEHTOB U B Olpefe-
steHuy Topus. VICOHITAHBL IOTepH B PUILTPaTe, B CTAKAHE M HA
dunpTpoBanbHOil GyMare, TaK e W 3arpA3HEHHWE OCAJKa THI-
POOKHCH TODHSA PEIKO3EMEIBLHEIMH H JAPYTHMM B3IeMeHTaMI.
OuyeHb Xopomue pasfelleHHA NOIYYeHH NIPH I0IE30BAHNM
PUOPOKCUIIAMUHA B KAUecTBE BOCCTAHOBUTENA 4TOOH clepedn
Iepuii B TpexBAJXeHTHOM cocTogHmu. Iloie3HoCTh peareHTa
YMEHBIIAETCH BCIENCTBHE IOTepH HeGONbIIMX KOJIWYECTB TOPUA
B COCYNle B KOTOPOM IPOBOANTCS OCAKREHNE, eliCTBUA OCARKA HA
HpeMumlt ¥ BQTPYSHEHMA B ONPEJeJIeHMH CJelolt mpolwr s
peareHTa.

PAIVOXVMUYECKOE BLBIIEJIEHUWE CYPBMbI
METOJOM M3O0TOIIOBOI'O OBMEHA:

IoBAL H. QURESHI and MUHAMMAD SHABBIR, Talanta, 1966, 13, 847.

Peswye-—ABTOPHI H0JIH30BATICH UBOTOMHEIM OOMEHOM IIPU paspa-
G0oTKe HECIHOKHOI U GEICTPOi NPONeNyPHI A PATUOXIMHUUECKOTO
BLIJICJIEHN A CYPbMEL. I/I3yqu P nepeMednbiX BEJIAYHUH BAWUHAIO-
INUX HA BLIXOJ ¥ ITOJIY4eH BEIXOX CypbMH 96 % npu 30°. KucioTet
¥ IHeJI0YN 3HAYNUTEIbHO BMEHLINAKT 3TOT BEIXO0A, HOTOMY UTO OHHN
YaCTUYHO PACTBOPAIOT 0cafoK. CIoco6 IPUrOTOBICHUA OCAKA
OKUCHM CYPbMEI M TEMIIEPATypa TaKake BJIMAT HA UBOTOIHBIN
obmen. HCCJIBJIOB&HP[H NIpOBEAEeHHEIE C palIHoaKTIlBHLIMI/I HHOH-
KaTopaMm 14 pasnuuHslX 3JSMEHTOB MOKAa3aluW B3arpssHEHNe
< 1% B caydae GOILUIMHCTBA 3IeMEeHTOB. bBoJabinoe sarpssHenne
¢ %Zr-Nb MOKHO BSHAUMTEJILPHO YMEHLINATH HoOaBIEHHEM
Hocuress. HecnomHy0 IpOmeaypy MOMKEHO NIPOBECTH B 13 MuMH.
Ge3 MCHONBIOBAHUA CIEINAILHOrO Opubopa.

OTAEJEHNE HMOBUA OT TAHTAJIA
HSKCTPATUPOBAHUEM TPUBYTUIDOCOATOM U
ONPENEJEHNE HIOBUA B ®OPME
PONAHUAOBOTO HOMILIEHCA:

AnIL K. DE and Asit K. SEN, Talanta, 1966, 13, 853.

Peszone——IIpeniomen MeTor A GRICTPOr0 SKCTPArMPOBAHMA ¥
BBIJICACHEA MUKPOIPAMMOBHIX KosmuecTB Huobua(V). Hwuobmit
BKCTPArupyT KojaudecrseEno ¢ 1009, TB® ms 7.7-9,5 M
CONMAHOM HKHUCIOTH U ONpefelNsdioT CHeKTPOPOTOMETPHYECKH B
dopme ponanuna B pacreope TB® m aneroperona. 3axoH Bepa
cofmonaercs npu 430 MMk B o6zacru 0,8 9,0 mxr/ma. Cmcrema
ycToiiuuBa B TeueHMH 72 vacos. Ilesuii, Karapmuii, crpoHmuii,
Gapuii, anomurnii, Tutan(IV), nupkonui(IV), nepuii(IV) ¢ropun,
POJAHHE B OKCANAT He MeIaloT ompefeienmio(l mr). Touxocrs
MeToma ayuiie 4eM +2%.



Summaries for card indexes

Use of a plasma jet in spectrometric determination of silicon: K.
DorerrreL and YU Koe-HUE, Talanta, 1966, 13, 856 (Institut fiir
analytische Chemie der Technischen Hochschule fiir Chemie ““Carl
Schorlemmer” Leuna-Merseburg, 42 Merseburg, Deutsche Demo-

kratische Republik.)

Summary—The high temperature and good excitation constant of the
plasma jet make possible the spectrometric determination of silicon.
The sample is introduced as a colloidal solution, and interference in the
excitation is avoided by removing all cations by ion exchange. The
sample may contain 0-2-5 g Si0,/l, and in the middle of the range
the coefficient of variation is 29;. The method is suitable for the
analysis of samples with a low to medium silicon content.

Vanadium compounds in reductimetric titrations—III: Applications of
vanadium(I): K.L.CuawLA and J. P. TANDON, Talanta, 1966, 13, 859
(Department of Chemistry, University of Rajasthan, Jaipur, India.)

Summary—Vanadium(IT) sulphate is a versatile reductant; it can
change its oxidation number by one, two, or three units, depending on
the oxidation potential of the half-cell with which it reacts and on the
mode of titration. The end-point of many of the reactions can be
detected by means of indicators. A back-titration method is usually
needed for the three-electron oxidation of vanadium(II).

New titrimetric methods for palladium and platinum: O. C. SAXENA,
Talanta, 1966, 13, 862. (Chemical Laboratories, University of Alla-
habad, Allahabad, India.)

Summary—Palladium(I1I) is reduced to the metal by a reducing sugar
in alkaline medium, and the metal is then dissolved in a solution of
iron(I11). The iron(Il) produced is titrated oxidimetrically. Platinum
is determined by precipitating it with ferrocyanide and titrating the
excess of ferrocyanide added. Halides and the platinum and coinage
metals interfere:

Amperometric complex-formation titration of traces of cations: F.
FRrEeEsE and G. pEN BoreF, Talanta, 1966, 13, 865. (Laboratorium voor
Analytische Scheikunde der Universiteit, Nieuwe Achtergracht 125,
Amsterdam-C, Netherlands.)

Summary—The amperometric titration of cations with chelating agents
can be extended to the microgram range by using a rotating mercury
anode.
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AyxHoTauMu crarei

VCIIOJBE30BAHHUE CTPVU IIJTABMEL B
CIHEKTPOMETPUYECKOM ONPEJIEJEHUN
HKPEMHWSA:

K. DoerrreL and YU Kok HUE, Talanta, 1966, 13, 856.

Pesrone—DBricoxan TeMueparypa U CXOHA OCTOAHNAA BO30Y -
AeHVUA CTPYU TLIASME HO3BOJNAIT CIEKTPOMETPMYECKOE OTIpeNe-
aenne KpemHuA. OOGpasern BBofuTcA B YOpMe KOIIOMAAIBHOIO
PAacTBOpPAa, a4 NOMeXHU IpH Bo30yxneHuN u30erHyTH OTCTPAHEHUEM
BCEX KATHOHOB METOROM NoHHOro ofmena. Ofpaserm MomkeT
cofmepuBark 0,2-5 r Si0; B muTpe, a B cepeAmHe 3Tol obiacTu
kroadummenT Bapranun pased 29%,. MeToq CIy:RUT AJIA aHAIN3A
00pasles ¢ HUBKAM HIH YMEPEHHBIM CONEP/HaHNeM KPEMHNUA.

COEIMHEHUSA BAHAIIMA B
PEIYVHKTOMETPUYECKUX TUTPAIMAX—III:
NIPUMEHEHUA BAHAJUS(II):

K. L. CeAwWLA and J. P. TANDON, Talanta, 1966, 13, 859.

Pesiome—Banajuii(Il) ciuymur B KavecrBe MHOIOCTOPOHHOIO
BOCCTAHOBUTEIS; ero OKUCIEHHOCTb MOMET MEeHSATHCA 33 OTHY,

© ABE WM TPH €AUHNNN, B 3aBHCHUMOCTH OT ORMCJIUTEJBHOI'0 Hall-

PAXKeHMA IIONYKJETKM ¢ KOTOPO} pearnpyer M oT cmocofa
THTPOBaHWA. J{OHEI] MHOTUX peaknuii MomeT 00HAPYKUTbCA
wHAKKaTOpamMu. OOGHKHOBEHHO IPY OKUCIEHUIO TPEX BIEKTPOHOB

paHaguA(ll) wymEO DOMB3OBATBCA OTTHTpPOBAHHEM HM3GHITKA
pearesTa.

HOBBLIE TUTPUMETPUYECHUE METOOBI IJIA
ONPEAEJEHUA INAJTJIAINA WU IIVIATUHBI:

0. C. SAXENA, Talanta, 1966, 13, 862.

Pesrome—Ianaaauii(I111) BoccTaHaBINBAIOT X0 METAILIIA C MCHOME-
30BaHMEM BOCCTRHABIMBAIOLIErO €axapa B INEeJOuHol cpeme, a
MeTAJI 3aTeM PacTBOPANT B pactBope xemesa(lll). Obpasyio-
meecst  kemeso(Il) TUTPYIOT OKCHMAMMETPHYECKMM METONOM.
TlsnaTuHay OIpefeNsioT OCATeHNMeM PEpPOnUaHUIOM U OTTATPO-
BhIBaHWeM us0nTKa (epponumannpga. [ajgoupm, nAaTHHA U
HEKOTOpbIE CILIABHI MEIUAIOT OIpPefielIeHIIO.

AMIOEPOMETPUYECHOE TUTPOBAHUWE CGIEOOB
KATHOHOB C OBPA3OBAHUEM KOMIIJIIEKCOB:

F. Freese and G. DEN Bogr, Talanta, 1966, 13, 865.

Pe3ioMe—AMIepoMeTpHIECKOE TUTPOBAHIE KATHOHOB C YICIOJIb-
30BAHKMEM KOMIJIEKCOOGPASYIOIMX ATEHTOB MOMHO IPOBECTH C
MMKPOTPAMMOBEIMU KOJIMYECTBAMM KATHOHOB NONB3YACh BpAIIa-
JOLIMMCA PTYTHBIM S8ICKTPOKOM.
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Reagents, see also Indicators

—, Azo-dyestuffs for photometric determination of niobium

—, N-Benzoyl-N-phenylhydroxylamine, Solvent extraction of protactxmum

- Blsmuthlol 11, Extraction and spectrophotometric determination of tellurium

—, Bromopyrogallol Red, Spectrophotometric determination of antimony

—, Cupferron, Precipitation of copper from homogeneous solution

—, —, — — titanium — — —

—, Dianthrimide, Spectrophotome’mc determination of boron

—, Di-(2-ethylhexyl)orthophosphoric acid for extraction of amer1c1um cahformum cunum, fermium
and mendelevium . . . . . . . .

~—, Dipivaloylmethane, Solvent extraction of lithium |

—, Dithiocarbaminoacetic acid as masking reagent in complexometry .

—, Heterocycliccompounds with substituted or modified 4-(2 pyrldylazo)resorcmol orl- (2—pyr1dylazo)-
2-naphthol structure, Survey

—, Hydroxamic acids as colorrmetrrc, Survey .

—, 0-(2-Hydroxy-3,6-disulpho-1 -naphthylazo)benzene arsonic acrd Thoron, Spectrophotometrrc

determination of lithium
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— Rose Bengaland 2,9-dimethyl-1,10-phenanthroline, Spectrophotomemcdetermmatron of copper(II)

—, Salicylidene-o-aminophenol, Spectroﬁuorrmetrlc determination of aluminium

—, Sodium salts, Thermoanalytical properties .

~—, Sulphanilic ac1d Spectrophotometric determination of cerium.

—_ Tetramethyldlprcrylamme Preparation and use in chemical microscopy

—, Thenoyltrifluoroacetone for solvent extraction of manganese .

— 4 (2-Thiazolylazo)resorcinol, Complex formation with copper(II), lead zmc, cadmrum and blsmuth

—, Triphenyltetrazolium chloride as titrant for zinc . . .

—, Xylenol Orange on a micelle, Spectrophotometric determination of lanthanum .

Rcv1ew Differential spectrophotometry . .

—, Gravimetric methods for the determination of the noble metals

—, Photometric determination of niobium with azo dyestuffs

—, Separation of transplutonium elements

Rhodlum Gravimetric determination, Review .

Ring oven for qualitative analysis of gold and silver a]loys .

Rubidium, Chemical microscopy, Detection with tetramethyldlplcrylamme

Ruthemurn Gravimetric determination, Review . . . . . . .

Ryabchrkov, Dmitry Ivanovich, Obrtuary . . . . . . . . facing

Selectivity index .

Selenium(1V), Iodometric determmatxon followmg extraction

—, Solvent extraction with aliphatic monoketones .

Separatlon see also Chromatography and Precipitation

—, Chromatography, Column, Separation of cadmium and zinc from mercury
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A case for analysts

SEEN
SPOT-TEST OUTFIT

Analysts engaged in inorganic spot-tests will find this outfit a most
useful addition to their equipment. Its instructional value in school,
college and university laboratories is well established, while in its
redesigned form it has a wide range of applications in research and
control laboratories for the detection of trace amounts of metals
and radicals.

The range of 30 reagents included is in accord, as far as is practic-
able, with recommendations in the Fifth Report of the Commission
on Analytical Reactions, Analytical Chemistry Division of the
International Union of Applied Chemistry (Pure and Applied
Chemistry, 1964, Vol. 8, No. 1) and in Feigl's “Spot Tests in
Inorganic Analysis”, Elsevier, 1958, 5th edition.

The B.D.H. Spot-Test Outfit, with handbook, £8.10s. 0d.

Weite for descriptive literature:

For detection of the following
metals and radicals :

Aluminium
Antimony
Barium
Beryllium
Bismuth
Borate
Cadmium
Calcium
Chromium
Cobait
Copper
Gallium
Germanium
Gold
Indium
lodide

Iron

Lead
Magnesium

THE BRITISH DRUG HOUSES LTD. B.D.H. Laboratory Chemicals Division g POOLE DORSET

Manganese
Mercury
Nickel
Nitrate
Palladium
Potassium
Ruthenium
Selenite
Silver
Strontium
Thallium
Thorium
Tin
Titanium
Tungstate
Uranium
Vanadium
Zinc
Zirconium



v TALANTA

VOLUME 13. NO. 6 JUNE 1966
CONTENTS
Heyrovsky Honour Issue of Talanta - = = — = Frontispiece
F. E. Beamisu: Talanta Review: A critical review of grawmetrlc methods for determination
of the noble metals—II — — - - - - - - - - - - 773
R. M. DaGNaLL, T. S. WesT and P. YounG: Determination of cadmium by atomic-fluores-
cence and atomic-absorption spectrophotometry = = = = = = - 803
R. A. A. MuzzarerLLr: L’application des radioisotopes a la chromatographie sur colonnes
de celluloses substituées—II: La séparation du zinc et du cadmium d’avec le mercure — 809
Momir S. Jovanovi¢ and DusaNkKa M. PeTroviC: Electrometric titrations with a single
polarised electrode: Determination of hydrogen peroxide and manganese - - - 815
A. K. Majumpar and A. B. CHATTERJEE: Chromotropic acid azo dyes of the pyridine
series: Spectrophotometric determination of nickel and cobalt in the presence of many
ions and their simultaneous determination - - - - - - - - 821
D. A. KeyworTH and R. F. SWeNseN: Quantitative evaluation of thin-layer chromatograms 829
S. S. BErMaN, P. SemeniUK and D. S. RusseLL: Examination of the hexamethylenetetramine
procedure for separation of thorium from rare earths and for determination of thorium — 837
IoBaL H. QurEesHl and MUHAMMAD SHABBIR: Radiochemical separation of antimony by
isotopic exchange - - - - - - - - - - - - - 847
Short Communications
ANIL K. DE and Asit K. SEN: The separation of niobium from tantalum by extraction with
tributyl phosphate and determination of niobium as the thiocyanate complex - - 853
K. DoerrreL and Yu Koe-HUE: Anwendung eines Plasmastrahlerzeugers zur spekiro-
metrischen Siliciumbestimmung - - - 856
K. L. CHAwLA and J. P. TANDON: Vanadium compounds in reductimetric tltratlons—lll
Applications of vanadium(II) - - - - - - - - - - 859
O. C. Saxena: New titrimetric methods for palladium and platinum - - - - 862
Preliminary Communication
F. Freese and G. DeN Boer: Amperometric complex-formation titration of traces of
cations - ~ - ~ - - - - - - - - - 865
Papers Received - - - - - - - - - - - - - i
Publications Received = : = = = = — = - - — — il
Publisher’s Announcement — - - - - - - - - - - - v
Summaries for Card Indexes - —~ - ~ - - - - - - - vii

Talanta Annual Subscription Rates

(including postage)

£3.10. (8$10)—Bona fide students
£5.5. (815)—Private individuals

£26 (S75)—Libraries, Government Establishments, Research Institutions,
Manufacturing Houses

PRINTED IN NORTHERN IRELAND AT THE UNIVERSITIES PRESS, BELFAST



	TALANTA Vol.13 No.6 jun 1966
	NOTES FOR AUTHORS
	TALANTA REVIEW
	DETERMINATION OF CADMIUM BY ATOMIC FLUORESCENCE AND ATOMIC-ABSORPTION SPECTROPHOTOMETRY
	L'APPLICATION DES RADIOISOTOPES A LA CHROMATOGRAPHIE SUR COLONNES DE CELLULOSES SUBSTITUEES-II
	ELECTROMETRIC TITRATIONS WITH A SINGLE POLARISED ELECTRODE
	CHROMOTROPIC ACID AZO DYES OF THE PYRIDINE SERIES
	QUANTITATIVE EVALUATION OF THIN-LAYER CHROMATOGRAMS
	EXAMINATION OF THE HEXAMETHYLENETETRAMINE PROCEDURE FOR   SEPARATION OF THORIUM FROM RARE EARTHS AND FOR DETERMINATION OF THORIUM
	RADIOCHEMICAL SEPARATION OF ANTIMONY BY ISOTOPIC EXCHANGE
	SHORT COMMUNICATIONS
	PRELIMINARY COMMUNICATION
	PAPERS RECEIVED
	PUBLICATIONS RECEIVED
	PUBLISHER'S ANNOUNCEMENT
	SUMMARIES FOR CARD INDEXES
	SUBJECT INDEX
	AUTHOR INDEX
	CONTENTS

