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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 b{lspecia]jst 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it will not be published elsewhere without the written consent of the Editor-in-Chief.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 aftached 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 referced (see Telanta, 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

ublication.
P 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 Editor-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 forcign language arc 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.

Hllustrations

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:
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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. 1B,
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.

JYournal-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, I, ¥, 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 language. 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 fir Mitarbeiter sind beim Hauptschriftleiter zu erhalten
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OBITUARY

On 18 September 1965, the death occurred, in a motor car accident, of
the prominent Russian analytical chemist and Corresponding Member of the
U.S.S.R. Academy of Sciences

DMITRY IVANOVICH RYABCHIKOV

Professor Ryabchikov dedicated the 35 years of his research activity to
investigations into the complex chemistry of the noble metals and of the rare
earths. His work on the rare earths became the basis of methods for their
separation and analysis. He paid particular attention to the applications of
ion exchange and paper chromatography in analytical methods. As an
author or coauthor he published more tkan 250 scientific papers and
monographs. An outstanding organiser of research work, Professor
Ryabchikov was one of the founders of the V.I. Vernadsky Institute of
Geochemistry and Analytical Chemistry, U.S.S.R. Academy of Sciences.
He devoted much of his time to the young research chemists who studied
under him.

A good memory will be kept for ever in the hearts of all who knew him.
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ELECTROMETRIC INDICATORS IN THE AMPERO-
METRIC TITRATION OF CATIONS AND ACIDS

WALENTYNA RUSKUL
Department of Inorganic Chemistry, University of Lodz, Poland

(Received 23 April 1965, Accepted 14 October 1965)

Summary—Amperometric titration is carried out at zero potential in
the presence of hydroquinone and p-aminophenol as electrometric
indicators. Solutions of sodium carbonate, sodium arsenite, sodium
tetraborate and potassium cyanide have been used as reagents in
neutralisation, precipitation and complex formation reactions for the
determination of cations separately, the simultaneous determination of
several cations in one sample and of acid and cations present simultan-
eously. After the equivalence point has been reached, hydroxyl ions
appear in the solution as a result of salt hydrolysis and a considerable
increase in the current voltage occurs. The indicator in alkaline
solution induces the depolarisation of the electrode.

INTRODUCTION

THE technique of amperometric titration is based on the measurement of diffusion
currents which arise at an electrode because of oxidation or reduction of substances
at an applied potential depending on the change of concentration of the ion under
examination. In some cases the titration can be performed with no externally applied
e.m.f. at so-called zero potential. This procedure is admissible only in those cases
where the e.m.f. of the cell (consisting of the solution under examination and a reference
electrode) is sufficient for the reduction process to be completed, and when an electro-
active substance is present. This method is, therefore, of restricted application. It can
be applied neither to neutralisation reactions nor to precipitation reactions, where
either an ion to be analysed or an ion precipitant do not undergo reduction at a
cathode or oxidation at an anode.

This paper deals with the possibilities of applying an amperometric titration at zero
potential to the determination of inactive substances and cations in neutralisation
and precipitation reactions as well as to the formation of complex compounds by the
introduction of small quantities of such substances as hydroquinone and p-
aminophenol. These substances act as electrometric indicators. It was found that
hydroquinone, pyrogallol, hydrogen peroxide and dimethylaniline can be used as
electrometric indicators in neutralisation reactions for the determination of acids and
bases by the amperometric method.! The amine and hydroxyl groups influence the
facile oxidation of the benzene ring? particularly in an alkaline solution.

Il\IH2 lI\IH‘-) NH
I
X, 20H- N -2 ‘
’ ~# +2H* ’ =~ t2 tK |
Il\IHz I|\IH“’ IllIH

When oxidised to the quinone form, they become depolarisers of an electrode,
causing an increase in the current voltage.

The indicator reacts with the hydrolysis product of the reagent. Their concentra-
tion does not depend on the concentration of an ion to be titrated and there is no need
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F1c. 1.—Curves for the amperometric titration of Ba%*+, Cd*+ and Zn** jons with a
solution of sodium carbonate in aqueous alcohol in the presence of an electrometric
indicator: (a) 0-1005N Ba®*t, p-aminophenol. (b) 0-0099N Cd2*, p-aminophenol,
(c) 0-01N Ba*t, p-aminophenol, (d) 0-01N Ba*+, hydroquinone, (¢) 0-0099N Zn**,
p-aminophenol.
to select them for the respective reactions as in classical amperometry.#1? Only
minute quantities of these indicators (1-2 drops of a 0-001/ solution) need be used for
each determination.
Salts which readily undergo hydrolysis were used as precipitants, e.g., sodium
carbonate, sodium arsenite, sodium tetraborate and potassium cyanide.
In the course of precipitation the standard electrode is polarised and any change
in diffusion current cannot be observed with the subsequent addition of a titrant.

TABLE 1.—RESULTS OF AMPEROMETRIC TITRATIONS

Amount to be Determined average
determined, Number of (X F st),
mg determinations mg

Cdz+ 72.55 10 7257 + 0-04
Cu®*t 4654 10 4656 4 0-06
Ba*+ 690 9 6-80 4 0-09
Ni+  2-82 9 2-84 + 0-05
Zn*+ 327 10 325 + 005
Cdz+ 56-00} 56-03 + 0-07
Ba*t 69-02 10 69-05 £ 0-10
Zn2+ 320 324 + 0:07
Batt 6-90} 9 6-80 + 012
Ni#+  2:82 2-81 4 0-03
Zn2+ 3-27} 10 328 4+ 0-04
Agt 106-90} 107-00 + 0-19
Cd* 56-00 9 5619 £ 021
HCl 3765 37-59 4+ 0-08
Cd*+ 56-00} 9 56-12 + 0-17
HCl 377 378 4+ 005
Cdz+ 5-60} 10 5-62 4 0:04
Niz+ 2~82} 279 £ 004

HCl 377 10 373 £ 005
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0.8—
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FiG: 2—Simultaneous titration of Ag+ and Cd?*+ ions, nitric acid and Cd*+ ions with a
solution of sodium arsenite in aqueous alcohol in the presence of p-aminophenol as
indicator: (a) HNOy, (a”) 0-01N Cd?+, (a”) sodium arsenite solution; (I) 0-099N Ag*,
(II) 0-996N Cd**, (III) excess sodium arsenite solution.

TABLE ' TL.—RESULTS OF AMPEROMETRIC TITRATIONS OF CATIONS WITH POTASSIUM CYANIDE

SOLUTION
Amount to be Determined average
determined, Number of Number of bound (X & st),
mg determinations CN- groups mg

Ni*+ 28-19 10 4 2821 4 0-08
Nijt+ 2-82 10 4 2:81 + 005
Cd*+ 72:55 9 3 7120 £+ 0:22
Zn2+ 3331 10 2 33-33 £ 009
Cu?t+ 46-22* 9 4 4608 4+ 0-18
Cu?t 462 10 4 463 + 0-63

* In the determination of Cu?* the ratio Cu?*:CN~ is 1:8. Therefore, the number
of ml of potassium cyanide solution to be used should be doubled according to the
reaction: 2Cu(CN), — 2CuCN + (CN),.
The increase in the current voltage can be noticed only after the precipitation is
completed.

Amperometric titration at zero potential of respective cations with a solution of
potassium cyanide causes the formation of complex compounds of varying stability.
Compounds with an increasing number of cyanide groups (Figs. 4 and 5) are formed
with the same central ion. The transformation of one compound into another is
marked by a change in current voltage. This can be seen from the graph as the inter-
section of the horizontal and inclined or of inclined and vertical sectors of the curve.
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Na,CO;, mL

FiG. 3.—Curves for the simultaneous amperometric titration of Cd*+ and hydrochloric
acid with a solution of sodium carbonate in aqueous alcohol: (a) 0-1031N HCI, (a’)
0-0996N Cd?**, (a”) excess sodium carbonate solution; hydroquinone. (b) 0-01N Cl,
(b) 0-01N Cd*+, (b") sodium carbonate solution; hydroquinone. (c) 0-1N HCI,
(c)0-1N Cd*+, (c") excess sodium carbonate solution; p-aminophenol.

The horizontal sector of the curves determines a more stable complex compound than
the inclined one.

When the cyanide ion does not form any stable complex with the cation, it under-
goes hydrolysis, giving an hydroxyl ion and inducing an increase in the current voltage.
This coincides in the graph with the inclined or even vertical sector of the curve.

EXPERIMENTAL

In this study of the determination of cations in precipitation at zero potential and with the use of
electrometric indicators, oxygen has not been removed from the samples.
The titrations were carried out with the following cell:

Pt | Hg | Hg(NO;), || KNO; || the solution | Pt.
The solution was stirred, but not deoxygenated.

The concentration of salts of Agt, Ni**, Zn®+, Cd**, Cu®* and Pb** was determined by means of
electrolysis,!* and of barium chloride with sodium rhodizonate.?
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RESULTS AND DISCUSSION
Solutions containing the ions Ba%*, Ag*, Ni*+, Pb*t, Zn?* and Cd?t in the concen-
tration range 0-1-0-01N have been titrated with sodium carbonate, sodium arsenite
and sodium tetraborate.
On a typical titration curve (Fig. 1) the horizontal part of the curve corresponds to
precipitation and the sloping part to an excess of reagent. In some cases (e.g., barium
carbonate) ethyl alcohol must be added to reduce the absorption of ions on the
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FiG, 5.—Curves for the amperometric titration of Cu?+, Zn?*, Cd?* and Ni2* ions with
potassium cyanide solution in the presence of hydroquinone as indicator: (a) 0-0727N
Cu®*, (b) 0-0998N Zn?*, (c) 0-1291N Cd*+, (E) 0-0960N Ni%+, (D) 0-0072N Cut+,

precipitate; this also has the effect of reducing the solubility of the precipitate and
increasing the sensitivity of the method.

If the difference in solubilities of precipitates are sufficiently great, then several
cations can be titrated (Fig. 2), the extreme case being that of an acid and a cation
(Fig. 3). Complexometric titrations with potassium cyanide may be followed by
measuring the hydroxyl concentration from the hydrolysis of unbound cyanide ions.
Fig. 4 shows the formation of a stable Ni(CN)2~ complex and that the last cyanide
group in Cd(CN),?~ is more loosely bound.

The results of determinations and their precision and accuracy at various concen-
trations are given in Tables I and II. The standard deviation was calculated statisti-

cally, applying the fiducial limits according to R.A. Fisher at the level of probability
0-05.









Electrometric indicators in amperometric titration

Résumé—On effectue des dosages ampérométriques & potentiel nul en
présence d’hydroquinone et de p-aminophénol comme indicateurs
électrométriques. On a utilisé des solutions de carbonate de sodium,
arsénite de sodium, tétraborate de sodium et cyanure de potassium
dans les réactions de neutralisation, précipitation et formation de
complexes pour le dosage individuel des cations, le dosage simultané
de plusieurs cations dans un seul échantillon, et le dosage d’acide et de
cations présents simultanément. Lorsqu’on a atteint le point équiva-
lent, des ions hydroxyle apparaissent dans la solution par suite de
I'hydrolyse du sel et il se produit unaccroissement considérable du
voltage du courant. L’indicateur en solution alcaline provoque la
dépolarisation de Iéctrode.

Zusammenfassung—Es werden amperometrische Titrationen bei
Nullpotential in Gegenwart von Hydrochinon und p-Aminophenol als
elektrometrischen Indikatoren ausgefiihrt. LoOsungen von Natrium-
carbonat, Natriumarsenit, Natriumtetraborat und Kaliumcyanid
wurden als Reagentien bei Neutralisations-, Fallungs- und Komplex-
bildungsreaktionen zur Bestimmung einzelner Kationen, zur gleich-
zeitigen Bestimmung mehrerer Kationen in einer Probe und zur
gleichzeitigen Bestimmung von Siure und Kationen eingesetzt. Nach
Erreichen des Aquivalenzpunktes erscheinen in der Losung infolge
Hydrolyse der Salze Hydroxylionen und die elektrische Leistung steigt
betréichtlich an. Der Indikator bewirkt in alkalischer Losung Depola-
risation der Elektrode.
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DETERMINATION OF POTASSIUM BY TITRIMETRY

TADASHI IWACHIDO
Department of Chemistry, Okayama University, Tsushima, Okayama, Japan

(Received 28 October 1964. Revised 4 October 1965, Accepted 12 October 1965)

Summary—Epp’s method is modified by the addition of solid calcium
hydroxide to the sample solution. This simplified the procedure,
increased the rapidity and lessened the sources of error. With
samples containing various ions except ammonium ion, potassium
(conc. of KCl 0-25 to 1-8 x 10-2M) was determined within 0-4%; of
error, by means of corrections for the existence of a large quantity of
sodium chloride and for the solubility of potassium tetraphenylborate.

ScHALL! developed a titrimetric procedure for the determination of potassium based
on the precipitation of potassium with an excess of sodium tetraphenylborate, followed
by filtration and the back-titration of the filtrate with cetyltrimethylammonium
bromide using Bromophenol Blue as an indicator. Epps and Burden? recommended
Clayton Yellow instead of Bromophenol Blue as the indicator.

Sodium tetraphenylborate is stable in an alkaline medium, but not in an acidic
medium, so the precipitate should be formed in an alkaline medium; however, the
precipitate is so fine that it is difficult to filter. The procedure is improved by adding
solid calcium hydroxide, which makes the solution alkaline without changing the
volume and coarsens the precipitate so that it can be easily filtered. Further, the
alkalinity allows Clayton Yellow to be used. Potassium in a neutral or slightly acidic
solution and in sea water has been successfully determined by this procedure.

EXPERIMENTAL
Reagents

Sodium tetraphenylborate solution. Dissolve 3-4 g of sodium tetraphenylborate (Kalibor, Dojindo
& Co. Ltd.) in 50 ml of 0-10N sodium hydroxide solution and dilute to 500 ml with water to give a
2 x 10-2M solution of sodium tetraphenylborate in 10-2M sodium hydroxide. The solution is stable
for 3 days.

Quat}:zmary ammonium chloride solution. Dissolve 1-8 g of reagent grade Zeph-Cl (Zephiramine =
tetradecyl dimethylbenzylammonium chloride, Dojindo & Co. Ltd.) and make up to 500 ml with
water to give a 1 X 10-2M solution. The reagent adheres to the surfaces of a burette and other glass-
ware, which should be cleaned with fuming nitric acid.

Standard potassium chloride solution. Dissolve 0-7456 g of well-dried reagent-grade potassium
chloride and dilute to 1 1. with water to give a 1-000 x 10—2M solution,

Clayion Yellow solution. A 0-027; aqueous solution is used.

Standardisation of reagents

Sodium tetraphenylborate and Zeph-Cl solutions were standardised relative to the potassium
solution. The sodium tetraphenylborate solution was standardised before use each time an accurate
determination was made because it decomposes slowly.

Recommended procedure

Place 5 ml of sample solution containing between 125 X 10~*and 9-0 x 10~° mole of potassium
into a 10-ml test-tube with a stopper, add sufficient solid calcium hydroxide to ensure that a few mg
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remain undissolved. Add 5 ml of sodium tetraphenylborate solution, shake and allow to stand for
5 min, then filter. Transfer 5 ml of the filtrate and 2 drops of the indicator solution to a 50-ml beaker
and immediately titrate the solution slowly with the Zeph-Cl solution. If the temperature of the
solution is low, warm the solution about 30° in order to obtain a sharp colour change of the indicator.
It helps to exclude carbon dioxide from the solutions.

TABLE I.—DETERMINATION OF POTASSIUM IN AN ACIDIC MEDIUM*

Taken, Found, Recovery, Error,

mg mg % %
3-666 3-650 99-6 0-4
3-212 3:214 100-0 0-0
1-990 1-990 100-0 00
0-9951 09914 99-7 03
0-7961 07957 100-0 0-0
0-3981 0-4059 102:0 2:0

*0-01M HCI

" A positive error results from the solubility of potassium tetraphenylborate, which under the
conditions of the procedure is 2:8 X 10-5 mole/l.*~¢ This salt is also titrated by the Zeph-Cl. (The
recipitate must, of course, be removed from the solution.) If the calculation is carried out on a molar
basis, 0:014 should be subtracted from the volume of Zeph-Cl required. Further corrections may be
needed if a large quantity of sodium chloride is present (Table IV).
Typical results are shown in Table I.

RESULTS AND DISCUSSION
Effect of calcium hydroxide

Solutions which contain no other ions but potassium can be titrated directly with
the Zeph-Cl solution, because the sodium hydroxide in the sodium tetraphenylborate
solutions gives the filtrate a sufficiently high alkalinity. In such a case, the addition of
calcium hydroxide is unneccessary but the precipitate of potassium tetraphenylborate
is so fine that perfect separation can be attained only by the combined methods of
centrifugation and filtration; the addition of calcium hydroxide makes centrifuging
unnecessary. The reagent has the same coagulative ability as aluminium nitrate and
chromium(III) chloride.

TABLE II,—DETERMINATION OF POTASSIUM BY CENTRIFUGATION AND CALCIUM HYDROXIDE METHODS

Centrifugation Ca(OH),
Taken, Conc., Found, Recovery, Found, Recovery,
mg M X 10~2 mg % mg %
1-955 1-000 1-953 999 1-955 100-0
0-9775 0-5000 09767 999 0-9785 100-1
0-4388 0-2500 04884 999 0-4903 100-3
0-3910 0-2000 0-3926 100-4 0-3937 100-7

The results obtained by centrifugation and the addition of calcium hydroxide
are shown in Table 1I.

Basicity of the solution

The working range of pH for the end-point of Clayton Yellow was determined
experimentally. When the solution was acidic or slightly basic, the colour change at
the end-point was not observed. To obtain an exact end-point the pH of the solution
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TasLe III.—EFFecT OF pH

pH 47 92 10-2 10-8 112 117 12-0
a  Zeph-Cl, m/ | no change no change 4745 4720 4:705 4-705 4707
Ca(OH); added, mg 0 10 20 30
b pH 11-4 ~11-8
Zeph-Cl, m! 4:350 4-344 4:346 4-350

must be kept above 11-2 (see Table III). Table III shows that this is readily achieved
by adding calcium hydroxide.

Effect of acidity

It is well known that in an acidic medium the precipitate of potassium tetraphenyl-
borate is coarse and can easily be filtered, whereas TPB ion is unstable and decomposes
into benzene, phenylboric acid and diphenylboric acid.® The rate of decomposition
was investigated (Fig. 1). To the acidified potassium solution (0-25~ 1-8 x 1072
mole in 0-05M hydrochloric acid) an excess of sodium tetraphenylborate was added
and the solution was allowed to stand for a given time. The solution was then filtered,
calcium hydroxide was added and the solution was titrated with Zeph-Cl immediately.
It is clear that 5% of TPB ion decomposes in 40 min and what is worse, the sharp-
ness of the colour change of the indicator is lost with the progress of decomposition.
For these reasons, it is desirable to keep the solution containing sodium tetraphenyl-
botate alkaline all the time.

480}

m{

2eph-CL,

4-60f

1 1 1 !
0 10 20 30 40

min
FiG. 1.—Decomposition of TPB ion on standing
(A = calculated value)



344 TapasHI IwaCHIDO

Effect of diverse ions

The effect of the ions which are present in sea water was examined. Among these
ions, magnesium ion reduces the alkalinity of the solution by reacting with calcium
hydroxide to form magnesium hydroxide, so a larger quantity of calcium hydroxide
was used when the effect of magnesium ion was investigated. If this adjustment to
the procedure is made, no significant effect is observed, provided that the concentra-
tion of these ions is not too high (Table IV). A large quantity of sodium chloride and
sodium sulphate has a slight effect. From the fact that the effect of sodium sulphate
(0-45M) is about twice that of sodium chloride (0-46M), it may be concluded that
the interference is due to the sodium ion. Fluoride and perchlorate ions have an
appreciable effect, but sea water does not contain these ions in concentrations which
cause serious interference.

TaBLE IV.—EFFECT OF DIVERSE IONS

Recovery of potassium, Recovery of potassium,
° o

Salt % Salt %
NaHCO, 100-1 H,;BO; 100-0
NaBr 100-4
NaF 99-1 Sr(NO3)s 1001
Nal 99-5
NaNO,; 100-2 CaSO, 995
NaC,H;0, 999
NaClO, 99-0 MgSO, 100-5
Na,S0, 100-1
Na,SO, (0-45M) 102-1
NaCl (0-46M) 101-4

Conc. of salt: 1-0 X 10M—2
Conc. of KCI: 1-000 x 10M-?2

Sea water

Sea water contains a large quantity of magnesiumion, so that a preliminary experi-
ment is necessary to find out how much calcium hydroxide must be added. Fig. 2
shows that 30 mg of it in 5 ml of sea water is suitable.

Artificial sea water was prepared according to the method of Fleming.? The
recovery of potassium from this solution was 101-5%. This result is satisfactory,

E’ 2-79
Rl
o
f
£ 275
¥
N
L 1 1 i
v 20 40 60 80

Ca(OH),, mg

FiG. 2.—Effect of the amount of Ca(OH), on titration of sea water.
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provided that the effect of the sodium ion (0-46M NaCl) is taken into consideration
(Table IV). Because the composition of sea water does not vary widely and more-
over the effect of sodium ion is relatively small, it may be estimated that the effect of
sodium ion on the determination of potassium is equal for any sea water. Con-
sequently, potassium in sea water may accurately be determined if a constant cor-
rection for the sodium interference is made. The recovery of potassium from sea
water was investigated and the results are shown in Table V.,

TABLE V.—RECOVERY OF ADDED POTASSIUM FROM SEA WATER

Sea water, m/ Potassium added, mg Present, mg Found corr., mg  Difference, mg
5 — 1-845 — —
5 0131 1-976 1-974 0-002
5 0-262 2107 2100 0-007
5 0-393 2-238 2-225 0-013
5 0-524 2:369 2:352 0-017
Errors

Because an error in the final titre, X (i.e., AX) is assumed to be inevitable it is useful
to investigate the behaviour of the relative error in potassium concentration, AC/C,
for some expected AX.

Fig. 3 shows that as the concentration of potassium decreases to nearly zero,
the error increases steeply. Therefore, under a given experimental condition, an
accurately determinable lower limit of the concentration exists. On the other hand,

%o

Relative errors in conc. of KCL,

1 1 I H
0 | 2 3 4 5
20 -6 I-2 08 04 o]

Fic. 3.—Effect of experimental error

(abscissa:— upper: Zeph-Cl, ml; lower: KCI, M x107%)
values of AX a 0020 ml. ¢ 0-008 ml.
b 0015 d 0-004

in a concentrated solution (C == 2 x 102M), the relative error is small, but there is
new trouble, ie., the incomplete precipitation of potassium tetraphenylborate.
This trouble can, however, easily be avoided by diluting previously the original
potassium solution. In this method, a potassium concentration ranging from 0-25 to
1-8 x 10~2M was determined within an error of 0-4 9.

2
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Zusammenfassung—Die Methode von Epp wurde durch Zugabe von
festem Calciumhydroxyd zur Probelsung modifiziert. Dies vereinfacht
und beschleunigt das Verfahren und vermindert die Fehlerquellen.
Mit Proben, die verschiedene Ionen auier Ammonium enthielten, lieB
sich Kalium (KCl-Konzentration 0,25-1,8.10-2) mit 0,49 Fehler
bestimmen, wobei Korrekturen fiir die Anwesenheit groler Mengen
Natriumchlorid sowie fiir die Loslichkeit von Kaliumtetraphenylobo-
rat angebracht wurden.

Résumé—La méthode d’Epp a ét€ modifiée par addition d’hydroxyde
de calcium solide 2 1a prise d’essai. Ceci simplifie la technique, accroit
la rapidité et réduit les sources d’erreur. Dans les prises d’essai
contenant divers ions 4 I’exception de I'ion ammonium, on a dosé le
potassium (conc. en KCl de 0,25 4 1,8 X 10-2M) 4 0,4% prés, en
introduisant des corrections tenant compte de la présence d’une forte
quantité¢ de chlorure de sodium et de la solubilité¢ du tétraphényl-
borate de potassium.
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SPECTROPHOTOMETRIC DETERMINATION
OF CERIUM WITH SULPHANILIC ACID
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Summary—In the presence of other rare earths, cerium(IV) can be
determined spectrophotometrically by its reaction with sulphanilic acid
with which it produces a red colour. Solutions containing 28-210 ppm
of cerium absorb at 495 mu according to Beer’s law. Other rare
earths, except neodymium, and many common ions do not interfere.
Strong oxidising agents and neodymium in greater than fifty times the
concentration of cerium interfere with this method. The precision
depends on the control of pH and time. Cerium alloys have been
analysed by this method and the results are compared with those
obtained by another spectrophotometric method.

INTRODUCTION
A NUMBER of methods have been proposed for the determination of cerium. In a

gravimetric method, Vickery®* suggested reprecipitation and ignition of cerium to
CeO,. A few well-known methods have employed the reaction

Cett 4 Fe?t — Ce¥t  Fe3t
as their basis. One of these methods used a potentiometric end-point to obtain a
high accuracy.5-26

Lingane and Kennedy!? described an excellent coulometric method in which
electrogenerated titanium(IIT) was used to reduce cerium(IV) to cerium(IIl);
however, electrogenerated silver(II) gave ill-defined potential inflections with slow
reaction rates near the end-point.5 Hexacyanoferrate(III) has been used to titrate
cerium(III) in 4M potassium carbonate solution to amperometricl! and to potentio-
metric? end-points. EDTA titration'* has also been proposed, but only as a group
titrant for the entire rare earth family.

Colichman* studied the non-aqueous polarography of cerium and other inorganic
materials using molten ammonium formate. A fluorometric method? for cerium and
other rare earths has also been suggested.

Spectrophotometric methods have utilised the yellow colour of cerium(IV) for
its determination at 350 mu!? and 320 mu.® However, when cerium was oxidised
with persulphate, the excess persulphate interfered with that method at the latter
wavelength. In another method,® cerium was determined by measuring the absorb-
ance of a cerium(III)-potassium carbonate complex at 304 mu. A better method ap-
peared to be that of Gordon and Feibush,® in which cerium was determined by adding
an excess of iron(II) to cerium(I'V), then developing a colour with o-phenanthroline,

Although cerium, like the other members of the rare earth family, exists in the
tervalent state, it is the only rare earth which can exist in aqueous solution in the

* Present address: Department of Chemistry, South Dakota School of Mines and Technology,

Rapid City, South Dakota, U.S.A.
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quadrivalent state. In an acidic solution, cerium is a strong oxidising agent, a character-
istic which differentiates it from the other members of the rare earth family. Sarmal8
used certain reducing agents to identify cerium(IV) in the presence of other rare
earths. In his studies, sulphanilic acid, originally used by Montignie,'* was found to
be fairly specific for cerium. It gave a red colouration with more than 6 ppm of cerium.
Because the reaction between cerium and sulphanilic acid appeared to be free from
interferences of other rare eaths, the present authors studied this reaction as a spectro-
photometric method for the determination of cerium in the presence of other rare

earths.
EXPERIMENTAL
Apparatus

Spectrophotometers. Beckman Models DB and DU.
Recorder. Beckman Model 93500.
PpH Meter, Beckman Expanded Scale Model 76.

Reagents

Sulphanilic acid solution. Ten g of reagent grade p-aminobenzenesulphonic acid (Matheson, Cole-
man and Bell, East Rutherford, New Jersey, U.S.A.) were dissolved in water and diluted to 1 litre.

Standard O-AM cerium(IV) solution. Prepared from analytical reagent grade ammonium hexa-
nitratocerate(IV) (G. F. Smith Chemical Company, Columbus, Ohio, U.S.A.) using the method of
Smith and Fly.?®

Rare Earths. Interferences of other rare earths were studied using 9999 pure Pr;O,;, Nd.O,,
Sm,0;, Eu,04, Gd,0;, TH,04, Dy:03, Ho,04, Ery05, Tm,0y, Yb,y05, Lup0; and Y,0; (American
Potash and Chemical Corporation, West Chicago, Illinois, U.S.A.). The oxides were dissolved in 6M
sulphuric acid, then diluted to 0-1M with water.

TTA. Eleven g of 4,4,4-trifluoro-1-(2-thieny)-1,3-butanedione (Eastman Organic Chemicals,
Rochester, New York, U.S.A.) were dissolved and diluted to 100 ml with xylene.

Ouxdlic acid. 0-05SM and saturated solutions.

2% Silver nitrate solution

20%, Ammonium persulphate solution

All other reagents were of reagent grade.

Procedure

Preparation of calibration curve. Five aliquots, 0-2, 0°5, 1-0, 1-5 and 2-0 ml, of the standard
cerium(IV) solution, containing 2-8, 7-0, 14-0, 21-0 and 28-0 mg of cerium, respectively, were pipetted
into separate 100-ml volumetric flasks. When the aliquot was less than 2ml, 2 —x) ml of 1M
sulphuric acid were added, where X was the number of ml of standard cerium(1V) solution taken.
Twenty ml of sulphanilic acid solution were added to each flask and the mixtures were diluted to vol-
ume with water. Using water as a reference and a wavelength of 495 my, the percentage transmittance
was measured at exactly 3 min after mixing. The pH of the solutions were then measured.

Preparation of samples. The sample size was so selected that when it was dissolved to a total volume
of 100 ml, each aliquot of 10 ml, taken for analysis, gave 10 mg of cerium. The alloys were weighed
to the nearest mg, transferred to a 400-ml beaker and 75 mi of water were added. Concentrated
hydrochloric acid was added in 5-ml portions until the sample was completely dissolved. The solution
was heated to boiling, cooled and filtered through Whatman No. 1 paper. Any residue was ignored.
The filtrate was transferred to a 100-m] volumetric flask and diluted to volume.

A 10-ml aliquot was pipetted into a 50-ml glass centrifuge tube and 5 mi of saturated oxalic acid
solution were added. The sample was digested in a water bath for 3 hr and allowed to stand overnight.

The supernatant liquid was removed by centrifugation and decantation. The oxalate precipitate
was washed first with 5 ml of 0-05M oxalic acid solution and then with 5 ml of water by centrifugation
and decantation. Because the control of pH was critical in this method, 2 ml of 1M sulphuric acid
were added to the oxalate precipitate with a pipette. This was followed by 5 ml of 207, ammonium
persulphate solution and 2 drops of 29 silver nitrate solution. The mixture was heated in boiling
water until the precipitate had dissolved and the cerium had been oxidised to the quadrivalent state.
Heating was continued for an additional 15 min to destroy any excess persulphate.

The solution was cooled to room temperature and transferred to a 100-ml volumetric flask con-
taining 20 ml of sulphanilic acid solution. After diluting to volume with water, the percentage trans-
mittance was measured at exactly 3 min after mixing, using a wavelength of 495 my and water as a
reference.
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After measurement of the percentage transmittance, the pH of the solution was measured. Because
the colour formation was pH dependent, the percentage transmittance had to be corrected whenever
the pH of the solution differed from that of the standard solutions used in preparation of the calibra-
tion curve. This correction was introduced using the equation %Tsia = Y5 Tsample — 0-18(ApH),
where ApH was the difference between the two pH expressed in multiples of 0-01 pH unit. After
calculating the absorbance of the solution, the amount of cerium in the sample was determined using
this absorbance and the calibration curve obtained previously.

With samples containing no interfering agents or coloured ions, the sulphanilic acid method
should be applicable to the determination of cerium without the oxalate precipitation.
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FIG. 1.—Absorption spectra of cerium(IV), sulphanilic acid and the reaction products
of cerium(IV) with sulphanilic acid (reference water):

(A) 1 ml of 0-1M cerium(IV) in 1M sulphuric acid diluted to 100 ml.

(B) 20 ml of 0-052M sulphanilic acid diluted to 100 ml.

(O 1 ml of 0-1M cerium(IV) in 1M sulphuric acid and 20 ml of 0-052M sulphanilic
acid diluted to 100 ml; 3 min after mixing

(D) 1 ml of 0-1M cerium(IV) in 1M sulphuric acid and 20 ml of 0-052M sulphanilic
acid diluted to 100 ml; 30 min after mixing,

RESULTS AND DISCUSSION

Cerium (IV) reacted with sulphanilic acid producing a red colour. The products
gave a broad absorption maximum near 500 my (Fig. 1). Because the interference
from other rare earths was at a minimum, the wavelength of 495 myu was chosen for
measurements. At this wavelength, maximum absorption occurred when 3 or more
mole of sulphanilic acid were added to 1 mole of cerium (Fig. 2). An excess of
sulphanilic acid did not adversely affect the determination.

Attempts to isolate and identify the products by paper chromatography or by
extraction into common organic solvents were unsuccessful. Treatment of the sul-
phanilic acid solution with other strong oxidising agents under the same experimental
conditions produced red solutions, all of which absorbed between 350 and 600 mu
(Fig. 3). Therefore, strong oxidants interfered with this method (Figs. 1 and 3).

To determine the optimum concentration range for this method of determination,
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FI16. 2.—Determination of the optimal ratio of sulphanilic acid to cerium(IV) for max-
imal absorption (reference water).
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FiG. 3.—Absorption spectra of the reaction products of sulphanilic acid with some
strong oxidants (reference water): )
(A) 1 mlof 0:1M potassium bromate and 20 ml of 0-052M sulphanilic acid diluted
to 100 ml.
(B) 1 ml of 0-1M potassium metaperiodate and 20 ml of 0-052M sulphanilic acid
diluted to 100 ml.
(C) 1 ml of 0-1M potassium persulphate and 20 ml of 0-052M sulphanilic acid
diluted to 100 mi.
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percentage absorptances (100-%,T) were plotted against the logarithms of the cerium
concentration (Fig. 4). The region of greatest slope of this curve gave an optimum
concentration range from 28 to 210 ppm of cerium.? Within this range, absorption
followed Beer’s law.

Because the molecular species was unknown, the molar absorptivity of the ab-
sorbing species could not be calculated. However, the sensitivity of the method was
determined by calculating the molar absorptivity of cerium. Within the concentration
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FiG. 4.—Optimal concentration range of cerium(IV) for its determination by the sulph-
anilic acid method (reference water).

range where Beer’s law was followed, the molar absorptivity with respect to cerium
was 6,310.

Effect of pH

The intensity of the colour developed was dependent on the pH. Below pH 1,
the colour development was incomplete. Although the solutions complied with Beer’s
law at these pH, the method lacked sensitivity. The colour intensity increased at
higher pH. However, above pH 2-3, cerium began to precipitate. To increase the
sensitivity of the method, without precipitating cerium, it was desirable to work
slightly below a pH of 2-3. Because no true buffer system operated in that pH region,
the pH was controlled by diluting each sample to 2 ml with 1M sulphuric acid, then
adding 20-0 ml of sulphanilic acid solution in each case. Solutions treated in this
manner had a pH of approximately 1-7 and produced a satisfactory colour without
precipitating cerium.

The percentage transmittance of these coloured solutions decreased linearly with
pH. Within the optimum concentration range various concentrations of cerium gave
straight lines whose slopes were nearly equal. Therefore, within this concentration
range, the observed percentage transmittance at a certain pH could be related to the
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percentage transmittance at another pH by the equation (T, = % Ty — 0-18 (ApH),
where ApH is the difference between the two pH expressed in multiples of 0-01 pH
unit and —0-18 was the slope of the percentage transmittance vs. pH plot. This
equation was investigated within pH 0-5 to 1-80.

Effect of temperature

The percentage transmittance of solutions containing 140 ppm of cerium increased
linearly with temperature over a range of 20 to 40° and had a temperature coefficient
of 0-66 percentage transmittance/°C. This was equivalent to an error of 2-8% of
cerium/degree change in temperature.
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Fic. 5.—Stability of the reaction products of cerium(IV) and sulphanilic acid within
the optimal concentration range (reference water):

(A) 1 ml of 0-1M cerium(IV) in 1M sulphuric acid, 1 ml of 1M sulphuric acid and
20 ml of 0-052M sulphanilic acid diluted to 100 ml.

(B) 0-5 mlof 0-1M cerium(IV) in 1M sulphuric acid, 1-5 ml of 1M sulphuric acid and
20 ml of 0-052M sulphanilic acid diluted to 100 ml.

Colour stability

The stability of the colour was studied at two cerium concentrations (Fig. 5).
The red colour, which was most intense just after mixing, began to fade rapidly from
bright red to dull red-brown in about 30 min (Fig. 1). The rate of fading increased
with increasing cerium concentration. After an apparent induction period of 1-2 min
since mixing, there was a marked decrease in the absorbance of the solution up to
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5min. A second mechanism became dominant after this period of time. The rate
of fading during the second mechanism was less than that in the first mechanism.
Because the absorbing species were unknown, the mechanism of the fading could
not be explained.

The instability of the colour is a disadvantage of this method. However, there
are spectrophotometric methods which are used in spite of the colour instability, e.g.,
in the determination of chlorine by o-tolidine® the colour comparison is made 5 min
after developing the colour. Another well-known example of colour instability is the
determination of iron by the thiocyanate method.*s-2"

In the determination of cerium by sulphanilic acid the colour instability reduces
the sensitivity. However, this method can still be used to determine 28-210 ppm of
cerium (Fig. 4) in aqueous solution with good precision and accuracy (Table I). If

TABLE I.—ANALYSIS OF COMPOSITE SAMPLES WITH
KNOWN AMOUNTS OF CERIUM AND OTHER METALS.

Cerium, pg
Sample
Taken Found* Error, %
Af 56-1 55-8 4 0-38 0-95
Bt 56-1 559 &£ 0-25 0-62
(93]} 56-1 558 + 038 095

* Average of three determinations.
t Simulated misch metal: 509 of Ce, 25% of La, 15% of Nd, 5% of Fe and 5 %; mixture of Pr,
Eu, Gd and Er.

1 Simulated flint: 709; of sample A and 307 of Fe.

€ Simulated aircraft alloy: 6% of sample A and 947; of Mg.
the percentage transmittances are measured exactly at the end of 3 min after developing
the colour and compared with those of standard cerium solutions, the error in the
determination of cerium is less than 19, (Table I). On the other hand, if the percentage
transmittances are measured at any moment within a period of 7-10 min after devel-
oping the colour, the maximum error that can occur is about 59, (Fig. 5). An error
of 5% in spectrophotometric methods of determination is not uncommon.

Effect of interfering ions

The most important alloys of cerium, such as misch metal, flint and magnesium-
base rare earth alloys, contain the other rare earths, iron and magnesium. In addition,
they may also contain lesser amounts of aluminium, calcium, silicon or zinc.'* In
this investigation, the interference studies were limited only to the most probable
constituents of these alloys.

Absorption studies with rare earth sulphate solutions agreed with those of Stewart
and Kato;?® only neodymium(III) absorbed at 495 mu. However, the absorbance
was so small that neodymium could be present in concentrations up to fifty times the
concentration of cerium without causing an interference. Neodymium should not
interfere with this method, because the concentration of cerium in the commonly
encountered samples is much higher than that of neodymium. Also, many metals
like aluminium, calcium, magnesium and zinc do not interfere with this method.
Elements which give rise to coloured ions, such as manganese, chromium, copper,
cobalt-and nickel, must, however, be removed. Iron need not be removed if its amount
is about the same as that of cerium. If the amount of iron is five times that of cerium,
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the sulphanilic acid method will give 109 too high cerium, unless the iron in the
sample solution is reduced in concentration. In most cerium alloys, the iron content
is about equal to or less than that of cerium.

Strong oxidants, like bismuthate, bromate, dichromate, periodate, permanganate,
persulphate and lead dioxide, oxidise sulphanilic acid and thus interfere with this
method of cefium determination (Fig. 3). Iron(III), tin(IV) and the other rare earths
do not develop any colour with sulphanilic acid.

Removal of interfering ions

Smith and Moore* used 4,4,4—triﬂuoro—1-(2—tﬁieny1)-1,3-butanedione (TTA) in
xylene to extract selectively milligram amounts of cerium from fission products.
Cerium formed a xylene-soluble complex with TTA, after being oxidised to the
quadrivalent state by a dichromate-bromate solution. The cerium was stripped back
into the aqueous phase with nitric acid.

Using their technique, a double extraction was found to yield an approximately
quantitative separation of cerium from a sample of known cerium content. Cerium
could be successfully extracted from a 1:1 mixture of chromium(III) and cerium(III);
a 1:1 mixture of manganese(Il) and cerium(III) could not, however, be sepa-
rated because manganese was oxidised to permanganate which in turn reacted with
the extractant.

Controlled potential electrolysis with platinum electrodes was studied for removing
the manganese interference. In a sulphuric acid solution at pH 2, manganese was
precipitated as manganese dioxide at potentials more negative than —0-28 V ws.
S.C.E. At potentials more negative than approximately —1 V vs. S.C.E. some per-
manganate was also formed. At lower pH both permanganate and manganese
dioxide were formed at potentials more negative than —0-32 V vs. S.C.E.

Smith, Frank and Kott® quantitatively oxidised cerium(III) in strongly acidic
media using a single compartment electrolysis cell. In the present investigation,
cerium(IIl) in sulphuric acid solutions below pH 1 was oxidised at potentials more
negative than —0-25V vs. S.C.E. Between pH 1 and 2, oxidation was incomplete,
while above pH 2, no oxidation took place. Because the difference between their
oxidation potentials was small, a separation of cerium and manganese by controlled
potential electrolysis did not appear feasible under these conditions.

Oxalate precipitation®® has been generally accepted as one of the most effective
means of separating the rare earths from other constituents in solution. Nearly all
methods of rare earth analysis begin with this procedure. The oxalate precipitation
appears to be a suitable adjunct to cerium determination by the sulphanilic acid
method, because other rare earths do not interfere with this method. However, the
oxalate separation required a long digestion period for complete separation. Pro-
longed digestion at elevated temperatures and the addition of alcohol! appeared to
have little effect in reducing the digestion period.

Cerium oxidation

When hydrochloric or sulphuric acid was used to dissolve the samples, cerium
existed in the tervalent state in solution. Furthermore, the oxalate ion used for
precipitation would reduce cerium(IV) and cause precipitation as cerfum(III) oxalate.
Simultancous dissolution of the oxalate precipitate and oxidation of cerium(IIT) were
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accomplished with ammonium persulphate using a modification of the Willard and
Young? method.

Analytical results

Analysed samples of misch metal and flint were not available. Therefore, solutions
containing known amounts of cerium, simulating the composition of these materials,
were prepared and analysed by the sulphanilic acid method. The average of three
determinations and the standard deviation of the mean are shown in Table 1.

Magnesium-base cerium alloys were obtained from The Dow Chemical Company.
These alloys were previously analysed by Dow using the following procedure:

The samples were dissolved in hydrochloric acid and the rare earths were precipitated initially as
sebacates and then as oxalates. The oxalates were ignited and weighed as oxides. The oxides were
treated twice with perchloric acid and dried. Finally, the residue was dissolved in perchloric acid and
cerium was determined by uitraviolet photometry at 245 mu.

Three alloys were analysed by the sulphanilic acid method. The first of these
alloys contained 0-70% of neodymium, 1-859; of cerium, 0-23 9 of praseodymium,
0-82% of lanthanum and 0-52% of zirconium by Dow’s analysis. Based on three
determinations, 1-88 -+ 0-008 % of cerium was found by the sulphanilic acid method.
In the other two alloys, this method gave 0-054 and 0-063 9 of cerium. According
to Dow, the second alloy contained 2-43 %, of neodymium, 0-337{ of praseodymium,
0-06 % of cerium, 0-07 % of lanthanum and 0-46 % of zirconium, and the third alloy
contained 3-49% of neodymium, 0-47%; of praseodymium, 0-07 37 of cerium, 0:097;
of lanthanum and 0-56 % of zirconium.

Acknowledgement—The authors thank the Dow Chemical Company, Midland, Michigan, U.S.A., for
supplying the analysed alloys.

Résumé—On peut doser spectrophotométriquement le cérium(IV)
en présence d’autres terres rares au moyen de sa réaction avec I’acide
sulfanilique, avec lequel il développe une coloration rouge. La loi
de Beer est respectée & 495 mu pour des solutions contenant 28-210
p.p-m. de cérium. Les autres terres rares, & I’exception du néodyme,
et de nombreux ions communs n’interférent pas. Les agents oxydants
forts et le néodyme & des concentrations supérieures a cinquante fois
celle du cérium interférent dans cette méthode. La précision dépend
du contrdle du pH et du temps. Par cette méthode, on a analysé
des alliages de cérium et I'on compare les résultats a ceux obtenus par
une autre méthode spectrophotométrique.

Zusammenfassung—Cer(IV) kann in Gegenwart anderer seltener
Erden spektralphotometrisch durch seine Rotfirbung mit Sulfanil-
sdure bestimmt werden. Die Absorption von Losungen mit 28-
210 ppm Cer bei 495 myu folgt dem Beerschen Gesetz. Andere seltene
Erden auBer Neodym und viele hiufig vorkommende Ionen stdren
nicht. Starke Oxydationsmittel und Neodym in mehr als fiinfzig-
fachem Uberschuf storen bei dieser Methode. Die Genauigkeit hangt
von der pH-Einstellung und der Zeit ab. Mit dieser Methode wurden
Cerlegierungen analysiert und die Ergebnisse mit einer anderen
spektralphotometrischen Arbeitsvorschrift verglichen.
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Summary—A direct potentiometric titration of chlorite in the presence
of chlorate, chiorine dioxide and chloride is described. Chlorite is
determined in 0-01-0-0005M sodium chlorite at pH 2-0-3-5 using hypo-
chlorite solution. The course of the reaction is followed potentio-
metrically using saturated calomel and platinum electrodes; the end-
point is indicated by a potential jump of about 230 mV. Under these
conditions no reaction takes place with chlorate, chlorine dioxide or
chloride. Previously, the determination of chlorite in such mixtures was
only possible by difference from several oxidimetric titrations.

INTRODUCTION

THE determination of oxy-chlorine compounds is often difficult because of their
similar chemical properties and redox potentials. Under similar conditions, almost
identical oxidation and reduction reactions are likely to occur. Determinations by
redox titrations are possible if the pH conditions are exactly maintained and parallel
determinations have to be performed very quickly. Results obtained by difference
from several determinations are not very accurate because of the accumulation of
errors. A direct method for the determination of chlorite in the presence of other oxy-
chlorine compounds is so far unknown.

The oldest method for the determination of chlorite, as described by Bray,! is still
used with some modifications, classical as well as instrumental.2%$% Some modifi-
cations, e.g., using arsenious oxide or o-toluidine or corrections in iodometric titration,
as proposed by Lenzi and Rapson,® are limited to part of the analysis, viz. the deter-
mination of chlorine dioxide and chlorine in mixtures thereof.

In admixture with chlorate, chlorine and chlorine dioxide the following titrations
need to be performed in order to determine chlorite:

(1) Chlorine is titrated with arsenite at pH 7-8.

(2) By iodometric titration of another aliquot of the solution at pH 7 chlorine is
reduced to chloride and chlorine dioxide to chlorite.

(3) The solution from (2) is acidified with 2N sulphuric acid and again titrated
iodometrically. Chlorite originally present in solution and that produced from the
chlorine dioxide in the course of titration (2) is now reduced to chloride.
The chlorite content is given by the equation:

Titre (3) — 4[Titre (2) — Titre (1)].
357
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Our work on the decomposition of sodium chlorite with acids and/or chlorine? lead

us to the following observations:

1. The rate of chlorite decomposition with acids depends on the concentration of
hydrogen as well as of chloride ions.

2. The duration of the chlorite decomposition for concentrations <0-1M varies
between a few minutes and several hours, depending on the nature and concentration
of the acid used (Fig. 1).
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Fi1G. 1.—Decomposition curves of 0-1112M sodium chlorite solution at various concen-
trations of hydrochloric acid:
1. 5M, 2.2-5M, 3.125M, 4.0-3M, and S5.0'1M.

3. No chlorine may be detected in the presence of undecomposed chlorite in acidic
solution by classical titrimetric or potentiometric determinations.
4. The reaction of chlorine with chlorite in solution at pH 3-5 is instantaneous, with
quantitive oxidation of chlorite to chlorine dioxide (Fig. 2).
The above observations made it possible to develop a direct method for the deter-
mination of chlorite by potentiometric titration with chlorine (hypochlorite) solution
in the presence of chlorine dioxide, chlorate and chloride.

EXPERIMENTAL
Reagents

Sodium chlorite. Sodium chlorite at least 99-7 % was used to prepare a 0-01M solution. Standardise
by iodometric titration.

0-04M Sodium Hypochlorite. Prepare by absorbing commercial chlorine in c.p. sodium hydroxide
solution to saturation. Remove residual chlorine with air. Standardise by titration against pure
chlorite before each set of measurements.

Procedure

Acidify the sample, containing less than' 0-01M sodium chlorite, with 0-1M hydrochloric acid.
(In hydrochloric acid concentrations greater than 0-001M the hydrolysis of chlorine is completely
reversed.) Titrate potentiometrically with sodium hypochlorite solution using saturated calomel and
compact platinum electrodes. Mix the solutions with a magnetic stirrer. Stable readings are obtained
within a few seconds of the addition of hypochlorite solution. The potentiometric titration curves
obtained are well shaped. A potential jump occurs at about 830 mV and attains a value of about 1100
mV. Ensure that the chloriteand hydrochloric acid concentrations donot exceed 0-01M nor the pH 3-5.
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Fic. 2.—Titration curves for different concentrations of sodium chlorite with chlorine
solution:
(a) The rise of redox potential accompanying the decomposition of sodium chlorite on
addition of chlorine solution.
(b) pH changes corresponding to the redox potential changes during titration with
chlorine solution.

TABLE I.—IODOMETRIC TITRATION OF CHLORITE

Iodometric
determination of
chlorite* (by
difference) in

Todometric admixture with Relative
determination of ClO;-, CIO, deviation
chlorite alone, and CI-,t of results,
mmole|litre mmole/litre %
10-800 11-624 4-7-61
8-644 8-232 —477
6:484 7-032 +8-45
4:320 5011 —1599
2:062 2:174 +542
1-624 1-873 +15-53
0-540 0-532 —1-52
0-111 0094 —1531

* Same concentrations as in column one of table.
+ The solution contains 10 mmole/litre of each of Cl0O;-, ClO,
and Ci-.
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TABLE I1.—POTENTIOMETRIC TITRATION OF CHLORITE (SAME SOLUTIONS AS IN TABLE I WITH CHLORATE,
etc., PRESENT) WITH HYPOCHLORITE AT VARIous pH

pH 35 24 19 14
mmole/ mmole/ mmole/ mmole/
litre % litre % litre % litre %
10-842 +0-39 10-800 +0-02 10-784 —015 10-793 —0-06
8-701 +0-67 8-631 —0-13 8624 —0-23 8-640 —0-05
6-513 +0-44 6479 —0-08 6-451 —0-51 6-441 —067
4-385 +1-51 4-322 +0-04 4-339 +0-49 4-328 +0-19
2078 +0-77 2072 +0-48 2:055 —0-33 2:070 +0-37
1-620 —0-03 1-625 +0-08 1-615 -0-50 1-620 +0-24
0-553 +2:37 0-537 —0-57 0-550 +1-87 0-541 +0-11
0-112 +0-90 0114 —0-54 0-112 +0-80 0-111 —0-55
1200,— 1200 (—
z oo PH=3S 00 pH=2,4
1000 1000
4 900 z 900
800 ui 800
700 700
600 600
| i | ) ] [
10 20 30 40 50 0 20 30 40 50
m{ Na ClO ml Na CLlo
1200 —
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ui
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Fig, 3.—Titration curves of chlorite with hypochlorite at various pH.

At low concentrations chlorite decomposition is very slow in comparison with the very fast reaction
with chlorine or hypochlorite, and its progress during the time of performing the titration is negligible.
Reproducible results, in agreement with those obtained by iodometric titration, are obtained only by
titration in a hydrochloric acid medium. If other strong acids” such as sulphuric or perchloric are
used, then high results are obtained; this is possibly because of the low solubility of chlorine in these
acids.

If it is desired to determine chlorite in an initially alkaline solution, when hypochlorite and chlorite
can co-exist, hypochlorite should be determined before acidification by a suitable procedure, e.g., by
titration with arsenite solution.

RESULTS AND DISCUSSION

By comparison of the results obtained in titrating chlorite solution iodometrically
and potentiometrically with hypochlorite solution (Tables I and II) the following
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reactions may be established for the potentiometric titration:

2C10,~ + CIO- + H* + CI- — 2CI0, + 2CI~ + OH~ (1)
or
ClO,~ -+ 0-5Cl, — ClO, + CI- Q)

The described method of chlorite determination is simple, rapid and precise and it
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FiG. 4.~ Titration curves of chlorite with hypochlorite solution in the presence of 0-01M
chlorine dioxide, chlorate and chloride:

. Titration of undecomposed chlorite in 0-05M hydrochloric acid.

. Titration of chlorite partially decomposed with hydrochloric acid after 10 min,

. As 2, after 30 min.

. As 2, after 60 min.

. As 2, after 105 min.

. As 2, after 165 min.

AR W -

may, therefore, prove useful in kinetic and technological investigations. Some results
of the determination of chlorite during decomposition with hydrochloric acid are given
in Figs. 3 and 4. The corresponding titration results are given in Table II.

Zusammenfassung—FEine direkte potentiometrische Titration von
Chlorit in Gegenwart von Chlorat, Chlordioxyd und Chlorid wird
beschrieben. In 0,01-0,0005 M Natriumchlorit wird Chlorit bei
PH 2,0-3,5 mit Hypochloritldsung bestimmt. Der Reaktionsverlauf
wird potentiometrisch mit gesittigten Kalomel—und Platinelektroden
verfolgt; den Endpunkt zeigt ein Potentialsprung von etwa 230 mV an.
Unter diesen Bedingungen reagieren Chlorat, Chlordioxyd und
Chlorid nicht. Bisher lie8 sich Chlorit in solchen Mischungen nur aus
der Differenz mehrerer oxydimetrischer Titrationen bestimmen.

Résumé—On décrit un dosage potentiométrique direct du chlorite en
présence de chlorate, bioxyde de chlore et chlorure. On dose le
chlorite dans le chlorite de sodium 0,01-0,0005 M a pH 2,0-3,5 en
utilisant une solution d’hypochlorite. La marche de la réaction est
suivie potentiométriquement avec des électrodes de calomel saturé et
de platine; le point de fin de titrage est indiqué par un saut de potentiel
d’environ 230 mV. Dans ces conditions, il ny a pas de réaction avec
le chlorate, le bioxyde de chlore ou le chlorure. Auparavant, le dosage
du chlorite dans de tels mélanges n’était possible que par différence,
a partir de plusieurs titrages oxydimétriques.
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Summary—Calcium, magnesium and iron can be determined by suc-
cessive fluorometric titration without separation. Calcium is titrated
directly with EGTA at a pH > 13; magnesium is determined by a
substitution reaction with copper-EDTA complex at a pH of about 11;
and iron is titrated directly with EDTA in the presence of hydrogen
peroxide at a pH of 105, after destroying its triethanolamine complex.
Calcein Blue serves as an indicator in all of the titrations and as a
fluorescent standard. The end-points are sharp and the accuracy is
good for various proportions of the metal jons. The method is simple,
reproducible and inexpensive. Standard solutions of jons, limestone,
cement and serum samples have been analysed by the proposed method.

INTRODUCTION

CALCIUM, magnesium and iron are associated in nature, e.g., in limestone, salt water
and blood. Their analysis by gravimetric methods has been time consuming. These
components, when present in a mixture, have to be separated from each other by ion
exchange, precipitation, extraction or other means, or their influence may be excluded
by masking agents, in order to determine only one or two of them. Various indicators
and chelating agents are used in titrimetric methods of determining these elements at
varying pH. However, although not very selective, their use in chelometry has
offered much promise.

Schwarzenbach, Biedermann and Bangerter! determined calcium in water using
ammonium purpureate and the sodium salt of EDTA. They observed the titration to
be unaffected by the presence of magnesium. Cheng and Bray? devised a method of
determining calcium in the presence of magnesium by direct titration with EDTA
using Murexide as the indicator for calcium. The method was not satisfactory because
of the fading of the Murexide indicator. A stepwise, visual EDTA titration of calcium
and magnesium was developed by Lott and Cheng? with either Calcon or Zinchrome R
as the calcium indicator at pH 13. Magnesium was subsequently titrated with EDTA
at pH 10-5 with another indicator, Eriochrome Black T.

Malmstadt and Hadjiioannou* determined calcium and magnesium by photo-
metric titration with EDTA using Eriochrome Black T for total calcium and mag-
nesium and using Calcon for calcium alone. Methods for the determination of calcium
in the presence of magnesium using ethyleneglycol-bis(aminoethyl)ether-tetra-
acetic acid, EGTA, as titrant and Zinc-Zincon as visual indicator were developed by
Ringbom, Pensar and Winninen® at pH 10-25 and by Sadek, Schmid and Reilley® at
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pH 9-5. Schmid and Reilley? used the same system but applied a potentiometric
method. Flaschka and Ganchoff® found this Zinc-Zincon system to be sensitive to
changes in ammonia concentration and impractical. They determined calcium by a
photometric titration with EGTA using Murexide as indicator at pH 10. Magnesium
was titrated with EDTA using Eriochrome Black T asindicator. Burgand Conaghan®
developed a stepwise method for the titration of calcium using EGTA and Zinc-
Zincon and titrated the magnesium with EDTA using Eriochrome Black T. However,
they found this end-point not satisfactory so they determined the sum of the calcium
and magnesium in a second aliquot. Lindstrom and Diehl* used Calmagite for the
determination of total calcium and magnesium. Flaschka and Sawyer™ determined
calcium and magnesium in submicrogram quantities, using Calmagite as an indicator.
Using Chelaplex III solution as titrant, Jaeschke!? determined the components of
limestone in separate solutions using the following indicators: Murexide for calcium,
Eriochrome Blue Black R for magnesium and sulphosalicyclic acid for iron. Onishi'?
determined iron spectrophotometrically in aluminium alloy using EDTA in the
presence of hydrogen peroxide. Ringbom, Siitonen and Saxen' studied the reaction of
iron(II)-EDTA and hydrogen peroxide spectrophotometrically at 450 my. Wilkins!®
oxidised iron with hydrogen peroxide and after eluting it from an ion-exchange
column, he added an excess of EDTA which was back-titrated with standard copper
using PAN as an indicator.

Although these metal ions occur naturally in mixtures, there has been no method
by which all three ions can be determined in the same solution and with the same
indicator. The fluorometric detection of end-point has not been employed. This
paper attempts to describe a method of determination of these ions, either singly or
in mixtures, without the need of separation and by using the fluorometer or the ultra-
violet lamp.

The system developed is based on the differences in the conditional stability
constants’$1? of the metal chelates formed with the indicator, the titrants or the
masking agents.

Eriochrome Black T was not used in these experiments because it is not fluorescent
and because Pribil and Kopanica'® stated that its indicator action was destroyed by the
iron(III)-triethanolamine complex in an ammoniacal medium. Moreover, the author’s
unpublished results on the effects of environment on different Calcein-type indicators
showed that Calcein Blue was the best indicator for this system. Itis most fluorescent
at high pH. It, also, was found to be stable. Therefore, Calcein Blue was used as a
fluorescent standard in this experiment. Its indicator action is not affected by the
iron(III)-triethanclamine complex at high pH.

The method is based on the following proposed mechanisms. Calcium reacts with
Calcein Blue indicator (f-methylumbelliferonemethyleneiminodiacetic acid), first pre-
pared by Wilkins,'® forming a rather strong metal-indicator complex, calcium-Calcein
Blue. It has a brilliant blue fluorescence, which is lost on addition of EGTA
[ethyleneglycol-bis(aminoethyl)ether-N,N,N',N'-tetra-acetic acid]. Calcium can be
titrated with EGTA in the presence of magnesium because the logarithm of the stability
constant of calcium-EGTA is much higher than that of magnesium-EGTA, the
values'® being:

log Kgogera = 11:0; log Ky pers = 52; AlogK = 5-8.
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The conditional stability constant of calcium-EGTA, in equimolar solutions (0-001.M/)
of calcium and magnesium when acid dissociation of EGTA can be ignored, and
taking the concentration of magnesium into account, is:

log K'c,_pera = Alog K + pMy, = 5-8 + 3 = 8-8.

At pH 13, log oggrag) Will be zero.® The excess hydroxyl ions present will mask
the magnesium so that it will not be involved in side reactions and will remain in
solution. The value of the log K¢, _gers Will thus be further increased. Because this
value is great, there will be an abrupt decrease in pCa and a good end-point is obtained
so that it is possible to detect the end-point by photometric titration or by the use of
an ultraviolet lamp. The titration curve for calcium is shown in Fig. 1a.
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Fic. 1.—A representative plot of the fluorometric titration of calcium, magnesium
and iron in the same aliquot using Calcein Blue as indicator.

The mixture contains:

a. 2:06 x 10~ g of CaCl,2H,0,
b. 2-06 x 10~2 g of MgCl,-6H.0,
e. 2:05 X 1072 g of Fe.

A known excess of EGTA is added and the pH is adjusted to about 11. The mag-
nesium is demasked from the excess hydroxyl ions, then reacts with the Calcein Blue
indicator. A rather weak fluorescent blue complex is formed. A direct titration of the
magnesium-CB complex with EDTA is possible and was found by the author to be
~ stable. However, a copper-EDTA reagent is preferred if iron, too, is to be determined
because a sharper end-point is obtained. The end-point is again the disappearance of
fluorescence as the magnesium in the magnesium-indicator complex is preferentially
chelated by EDTA. The overall reaction is given by:

mEGTA + nMg + nCu-EDTA — nMg-EDTA + nCu-EGTA 4 (m — n)EGTA.

The titration curve for the magnesium is shown in Fig. 1b.
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Following the ideas introduced by Kinnunen and Merikanto® who first introduced
the principle of demasking of metals in chelometry, and of Schwarzenbach,'? the
author found that iron which was masked with triethanolamine can be demasked
with formaldehyde. The amount used, however, has to be controlled to avoid inter-
ference with the action of hydrogen peroxide, which will subsequently be added. The
iron which is now free is oxidised to the tervalent state with hydrogen peroxide. The
pH is about 10-5. Iron is then titrated with EDTA in the presence of hydrogen
peroxide to form a 1:1:1 complex,® and the end-point is again the disappearance of
the fluorescence of the iron calcein Blue complex:

Fe(I1I) + CB — Fe(II)—CB
Fe(Il)—CB -+ EDTA -+ H,0, — Fe(Il)—EDTA—H,0, + CB.

The titration curve is shown in Fig. lc.
The end-point is therefore the same for each determination in the sequence, but
the sharpness decreases in the order calcium, iron, magnesium.,

EXPERIMENTAL

Reagents

All chemicals used were of the highest purity. Deionised water was used to prepare the solutions.

Standard EDTA solutions. A stock solution of 1M sodium ethylenediaminetetra-acetic acid
(Fisher Scientific Co.) was prepared by dissolving 111-6771 g of the salt and diluting to 31. Aliquot
portions of this solution were taken to prepare 0-001 M, 0-005M and 0-01M solutions. These solutions
were standardised by the method of Diehl and Smith.2*

Standard EGTA solutions. A solution which contained 11-4131 g of ethyleneglycol-bis(amino-
ethyDether-tetra-acetic acid (G. F. Smith Chemical Co.) was mixed with 12 ml of 6M sodium hydrox-
ide. The solution was neutralised with 3M hydrochloric acid. This was diluted to 3 1; the solution was
0-01M. Aliquot portions of this solution were taken to prepare 0-001M and 0-005M solutions. The
EGTA solutions were standardised in the same manner as the EDTA solutions.

Standard copper solutions. A stock solution of copper was prepared by dissolving 12:7074 g of
copper filings in 25 ml of 1 + 1 nitric acid. This was diluted to 2 1. Aliquots of this solution were
taken to prepare more dilute solutions. The solutions were standardised iodometrically.**

Standard calcium solutions. Two solutions were prepared: (1) 3-0018 g of pure calcium carbonate
were dissolved in a little dilute hydrochloric acid and the salt solution was made up to 3 1. This stock
solution contained Ca. 1-00 mg of CaCO,/1-00 ml. Aliquots were taken from this solution to prepare
eg., more dilute solutions, 0-100 mg of calcium carbonate/ml. (2)0-1027 g of pure CaCly2H,0 (Baker
Chemical Co.) was dissolved and the sclution diluted to 100 ml using deionised water.

Standard magnesium solutions. Two solutions were prepared:

(1) 0-7359 g of Grignard-grade magnesium metal turnings (Fisher Laboratory Chemical) was dissolved
in 12 ml of 6M hydrochloric acid and diluted to 3 1. Ten ml of this stock solution were pipetted into
a 500-ml volumetric flask and diluted to the mark with deionised water. This solution contained
5-306 ug of magnesium/ml.

(2) 1-0290 g of MgCly-6H,0O (Merck and Co., Inc.) was dissolved and the solution diluted to 1 1.

Standard iron solution. 1-0253 g of electrolytic iron (Fisher Scientific Co.) was dissolved in 10 ml
of 6M hydrochloric acid and diluted to 11

Standard copper-EDTA. Equal volumes of 0-0106M EDTA and 0-010034 copper solutions were
mixed to form a 0-005M solution.

Calcein Blue indicator, 0-02%,. 0-2054 g of Calcein Blue (G. F. Smith Chemical Co.) was dissolved
in 30 drops of 1M potassium hydroxide and 250 ml of deionised water. This was diluted to 11. and
placed in a polyethylene bottle and kept in a refrigerator. )

Ammoniacal buffer. This solution was prepared by dissolving 67-5 g of ammonium chloride in
570 ml of concentrated aqueous ammonia. This was diluted to 1 1. with deionised water and kept ina
polyethylene bottle.

Fluorescent standards for electrophotofiuorometer. A blank to read zero 7 relative fluorescence
was prepared by taking 100 ml of deionised water and adding 5 drops of 0-23 potassium hydroxide.
Solutions to read up to 100%; fluorescence were prepared by taking 6 ml of deionised water and 4 ml
of 0-029 Calcein Blue indicator or 8 ml of deionised water and 2 ml of 0-027{ Calcein Blue. To these
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solutions 5 drops of either 0-2M potassium hydroxide or 1-0M hydrochloric acid were added. These
fluorescent standards when stoppered can stand for months at room temperature without appreciable
change in fluorescence.

Apparatus

Fluorescence. Readings were made with a Coleman electrophotofluorometer Model 12 C equipped
with a galvanometer Model 22 and Corning filters Cs-5-60 and Cs-3-67. An ultraviolet titration box,
as described by Diehl,*? was used in some titrations. Beakers, cuvettes, as wellas 13 X 17 X 300-mm
combustion tube, Pyrex, glass No. 7740 with one end closed, were used as titration vessels. The
mixtures were stirred by either pure nitrogen or shaken mechanically.

pH. A Beckman Model G pH meter with a fibre-type calomel and Type E glass electrodes were
used. Microburettes and 5- and 10-ml capacity burettes were used.

Sample preparation

Preparation of limestone sample. The limestone sample was dissolved in the same manner as the
procedure adopted by Diehl and Ellingboe.?* 0-3010 g of the argillaceous limestone was dissolved in
two portions of 20 ml of 6M hydrochloric acid and evaporated to dryness. The residue was redissolved
in5mlof 1 + 9 hydrochloric acid, filtered and diluted to 250ml with deionised water. Five- and 10-ml
aliquots of this solution were taken for analysis.

Preparation of cement sample. 0-3009 g of the cement sample was dissolved in 20 ml of 6M
hydrochloric acid and heated to dryness. The residue was taken up with S mlof 1 + 9 hydrochloric
acid, filtered and diluted to 250 ml with deionised water, Five-ml aliquots were used in the analysis.

Preparation of versatol serum sample. Five ml of deionised water were added to each vial of serum
and allowed to stand for 30 min with little shaking. One and 2-ml aliquots were used in the analysis.

Recommended procedure

Calcium. Pipette a 1- to 6-ml aliquot of the sample, containing calcium alone or together with
magnesium and iron, into the titration vessel. Mask the iron, and any aluminum or manganese
which may be present, with 0-5 ml of 209 tricthanolamine. Add 1 ml of 0-029{ Calcein Blue indi-
cator. Adjust the pH to 13 or greater with 2M potassium hydroxide. Usually 1-0 ml of the base is
needed. Stir the mixture and titrate with 0-001M or 0-005M EGTA, adding enough titrant until
100%; past the end-point. Read the 9 relative fluorescence at the same intervals of time with small
increments of the titrant.

1f a direct titration with an uitraviolet lamp is used, take the end-point as that volume which will
produce a sudden decrease or disappearance of the intensely bright blue fluorescence of the indicator.

TABLE I.—FLUOROMETRIC ANALYSIS OF CALCIUM, MAGNESIUM AND IRON WITH
CALCEIN BLUE INDICATOR

Calcium Magnesium Iron
Present, Found, Error, Present, Found, Error, Present, Found, Error,
x10%g x10%g % x10%g x10%g % x10%g x10tg %

CaCl;2H,0
10-27 10-28 0-10
20-54 20-54 0
51-35 51-25 0-19
CaCO,
0-10 0-10 0
25-80 26-40 0-23
MgCl;-6H,0 20-58 20-61 0-15
Fe 20-50 20-48 0-10
1:1 Ca:Mg
20-54 20-56 0-09 20-58 2067 0-44
1:25 Ca:Mg
0-10 0-10 0 2:65 2:60 1-89
1:1 Mg:Fe 20-58 20-40 0-87 20-50 20-66 0-78
1:1:1 Ca:Mg:Fe
20-54 20-56 0-09 20-58 2063 0-24 20-50 20-66 0-78
1:1:100 Ca:Mg:Fe
0-10 0-10 0 011 011 0 10-25 10-33 0-78

1:1:200 Ca:Mg:Fe
0-10 010 0 0-11 0-11 0 20-51 20-39 0-59
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TABLE II,—FLUOROMETRIC ANALYSIS OF STANDARD SAMPLES WITH CALCEIN BLUE
INDICATOR

Sample Present, Found, Deviation, Present, Found, Deviation, Present, Found, Deviation,
aliquot % Ca0 %Ca0 % %MgO Y Mgo % Y Fe,0, Y Fe,04 %

Fluorometric end-point
Limestone, NBS No. la
5ml 41-32  41-39 007 219 2-19 0 1-63 1-64 0-01
10 mi 41-39 0-07 2-18 0-01 1-63 0
Cement No. 2, T. Smith
5 ml 6176 6170 0-06 3-84 3-85 0-01 2:72 271 0-01

Visual end-point
Limestone, NBS No. la
5ml 41-32  41-39 0-07 219 224 0-05 1-63 1-65 0-02

10 ml 41-39 0-07 2-19 0 1-63 0
Ca, mg{100 Mg, mg/100 Fe, mcg/100
Fluorometric end-point
Serum
Lab-Trol

1ml 103 10-3 0 33 33 0 122 123 1

2ml 206 20-6 0 66 66 0 244 244 0
Versatol

1mi 10-5 10-5 0

2 ml 21-0 210 0
Versatol-A

1 ml 69 70 01

2ml 13-8 13-8 0
Versatol-A Alternate

1ml 12-4 124 0

2mi 248 24-8 0

Visual end-point
Serum
Versatol

1ml 10-5 105 0
Versatol-A

1ml 69 68 01
Versatol-A Alternate

1 ml 12-4 124 0

It is best to observe the change of fluorescence from the top of the solution in a dark room.

Magnesium. After titrating the calcium to 100 % beyond the end-point, add 2 ml more of 0-005M
EGTA "and about 0-1 ml of 1M hydrochloric acid to the solution containing the magnesium. In-
troduce 1 ml of 0-02% Calcein Blue, 2 ml of the ammoniacal buffer and 1-0 mi of 0-1M potassium
chloride. The pH should be about 11. The magnesium should be titrated with standard 0-005M
copper-EDTA to 100%; past the end-point,

Iron. To the solution, from the titation of calcium and magnesium, containing iron, add the
following reagents in order: 0-1 mi of 37 % formaldehyde, 0-5 mi of 309 hydrogen peroxide, 2 ml
of 0-02% Calcein Blue and 1 ml of ethyl alcohol. The pH should be about 10-5. Titrate the iron with
0-001M, 0-005M or 0-01M EDTA. It is best to stopper the titration vessel during the determination
of iron.

RESULTS AND DISCUSSION

The Recommended Procedure can be adopted for the analysis of either of the three
ions when alone or in mixtures. In the same aliquot of a mixture, the calcium is
determined first, followed by the titration of magnesium and then iron.

The galvanometer sensitivity and the fluorescent standards used for standardising
the electrophotofluorometer may be varied as the case may be. All readings were
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steady and were taken after the same interval of shaking, stirring, settings, etc. The
complete analysis of all three ions took less than 2 hr.

Table I gives the results of analysis of standard solutions of calcium, magnesium
and iron, in varying ratios, in the same aliquot of sample. Table II gives the results
of analysis of standard samples using the electrophotofluorometer and the ultraviolet
lamp.

CONCLUSION

The stepwise fluorometric titration of calcium, magnesium and iron in the same
aliquot is possible with the use of the same indicator. Calcein Blue provides a very
appropriate indicator for this purpose because it fluoresces at high pH, is stable as a
fluorescent standard and does not have residual fluorescence. An exchange ligand
mechanism with the ions, without varying the pH to a great extent, makes this method
devoid of many side reactions. The results are accurate. The method provides a
means of determining iron in highly alkaline solutions.

The analysis of standard samples proves the feasibility of this method.

Acknowledgmenis—The author wishes to thank the Faxton Hospital for supplying the serum sampies.
Sincere appreciation and gratitude is extended to Dr. Harvey Diehl for his valuable suggestions and
comments.

Zusammenfassung—Calcium, Magnesium und Eisenkénnen nacheinan-
der ohne Trennung durch fluorometrische Titration bestimmt werden.
Calcium wird direkt mit EGTA bei pH > 13 titriert; Magnesium wird
durch Substitutionsreaktion mit dem Kupfer-EDTA-Komplex bei
PH ~ 11 bestimmt und Eisen wird nach Zerstorung seines Tridthanol-
aminkomplexes direkt mit EDTA in Gegenwart von Wasserstoff-
peroxyd bei pH 10,5 titriert. Calceinblau dient bei allen Titrationen
als Indikator und als Fluoreszenzstandard., Die Endpunkte sind
scharf und die Genauigkeit ist bei verschiedenen Verhiltnissen der
Metallionen gut. Die Methode ist einfach, reproduzierbar und billig.
Mit der vorgeschlagenen Methode wurden Standardldsungen der
Tonen, Kalkstein, Zement und Serumproben analysiert.

Résumé—On peut doser le calcium, le magnésium et le fer par titrages
fluorométriques successifs sans séparation. Le calcium est dose
directement au moyen d’EGTA 4 un pH > 13; le magnésium cst dosé
par une réaction de substitution aves le complexe cuivre-EDTA & un
PH d’environ 11; et le fer est dosé directement 4 ’EDTA en présence
d’ean oxygénée a pH 10,5, aprés destruction de son complexe avec la
triéthanolamine. On utilise le Bleu Calcéine comme indicateur dans
tous les dosages, et comme étalon de fluorescence. Les points de fin de
dosage sont nets et la précision est bonne pour diverses proportions
des ions métalliques. La méthode est simple, reproductible et peu
cofiteuse. Par la méthode proposée, on a analysé des solutions étalons
d’ions et des échantillons de calcaire, ciment et sérum.
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A HIGH-TEMPERATURE INERT GAS FUSION
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Summary—A high-temperature inert gas fusion apparatus capable of
operating at crucible temperatures as high as 3100° is described.
While this apparatus has been used primarily for the determination of
oxygen in pyrolytic carbon-coated uranium carbide particles, its
usefulness is not limited to this type of material. It can be generally
applied to the determination of oxygen and nitrogen in metals, alloys
and other materials amenable to analysis by vacuum-fusion techniques.
Analytical results obtained on steel and uranium carbide samples are
presented. The apparatus, in its present form, has been in daily use for
nearly 2 years. Down time during this period has been negligible. A
total of 20 samples can be run in duplicate in an 8-hr shift.

INTRODUCTION

THE development of pyrolytic carbon-coated microspheres of uranium dicarbide and
thorium dicarbide as fuel for high temperature gas-cooled nuclear reactors has
created a need for an analytical method for the determination of oxygen in these
materials.

These pyrolytic carbon coatings have made the vacuum-fusion techniques used at
General Atomic and elsewhere! 2 ineffective for the determination of oxygen in uranium
carbide. A high temperature inert gas fusion apparatus, designed and built
at General Atomic, has proved to be useful in the analysis of these pyrolytic
carbon-coated materials. In this apparatus, the samples are heated in a graphite cru-
cible to temperatures up to 3100°, using induction heating. A 25 kW, 450 kc induction
unitis used in conjunction with a current concentrator to reach these high temperatures
in an uninsulated graphite crucible. The furnace and concentrator used are similar to
those described by Smith ez al> These authors determined oxygen manometrically
after oxidising the evolved carbon monoxide to carbon dioxide. Nitrogen is not deter-
mined by their procedure.

Previous work at this laboratory* had shown that impurities in helium could be
quantitatively collected in a liquid nitrogen-cooled trap before analysis by gas chro-
matography. The use of a gas chromatograph to measure the gases evolved from the
sample makes it possible to determine nitrogen in those materials having nitrides which
decompose to release nitrogen on being heated to high temperatures.

EXPERIMENTAL

The samples are heated in a graphite crucible. Oxygen contained in the sample is rapidly released
as carbon monoxide, while nitrogen is evolving as elemental nitrogen. A stream of purified helium
sweeps these gases from the furnace tube into a silica gel-packed cold trap held at liquid-nitrogen
temperatures. The contents of this cold trap are subsequently analysed on a gas chromatograph
using a 30-60 mesh Type 5A molecular sieve as the column packing material. Separate peaks for
nitrogen and carbon monoxide are obtained. The integrated areas of these peaks are used to calculate
the oxygen and nitrogen contents of the sample.
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FURNACE ASSEMBLY

b
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CHROMATOGRAPH COLD TRAP

FiG. 1—Inert gas fusion apparatus.

Apparatus

Fig. 1 is a drawing of the entire apparatus except for the induction unit. The apparatus can be
conveniently divided into three sections: the helium purification section, the furnace section and
the gas chromatograph.

Helium purification, A bank of gas cylinders on a manifold provides the helium supply used to
purge the furnace tube and sweep the carbon monoxide and nitrogen evolved from the sample into
the cold trap. This gas must be of high purity because about 1000 ml of it passes through the cold
trap during the collection step, and even small amounts of oxygen or nitrogen will lead to excessive
blanks. Oxygen in the purge gas is converted to carbon monoxide on contact with the hot graphite
crucible and, thus, directly interferes with the determination of oxygen in the sample.

Helium from the manifold is passed through hot zirconium chips, then through hot titanium chips.
The metal chips are packed into carbon steel lined, Type 304 stainless steel tubes of 1 in, diameter.
These chips are held at 900° in a glow-bar furnace. Gas lines from the helium manifold to the induction
furnace are made of % in.i.d. stainless steel tubing. From the induction furnace through the
chromatograph, $ in. i.d. stainless steel tubing is used.

‘When new helium cylinders are attached to the manifold, the manifold is evacuated with amechan-
ical vacuum pump up to the valve on the gas cylinders. A pressure regulator at the end of the
manifold is used to control the helium flow.

A separate tank of helium supplies the carrier gas for the chromatograph. The purity require-
ments for the chromatograph carrier gas are not as stringent as for the furnace purge gas because
the carrier gas does not pass through the cold trap when the trap is at liquid nitrogen temperatures.
The impurities in the carrier gas are not concentrated in the trap as are the impurities in the furnace

urge gas.
P %urgnace section. Fig. 2 is a cutaway drawing of the furnace tube and current concentrator
showing the graphite crucible in place. The current concentrator is made of OFHC copper. The
centre portion of the current concentrator is water cooled. This part of the concentrator is 14 in.
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F1G. 2—Cutaway view of furnace section showing details of current concentrator.

high with an o0.d. of 13 in. and has a § in. diameter centre hole to accommodate the crucible. Copper
fins 4 in. thick, 1 in. high and 1% in. 0.d. are brazed to the top and bottom of the water cooled section
of the concentrator. A 4 in. slot runs the full length of the concentrator to avoid circumferential
electrical continuity. The slot is cut with a 45° angle at the outer edge of the concentrator to avoid
heating the furnace tube opposite the slot due to radiation from the crucible. The concentrator is
supported on the copper tubing used to bring in the cooling water supply. Separate cooling water
supplies are provided for the furnace coil and the power leads from the induction unit. Cooling
water for the coil flows through the fittings nearest the furnace tube in Fig. 2. The water-cooled
cables from the induction unit are attached to the outer fittings. The two copper tees in each line
are connected by a solid copper plug. A short picce of rubber tubing in the cooling water line for
the induction unit cables eliminates electrical continuity in the cable cooling water line.

In early work with this system, corona discharges formed within the furnace tube. At high power
settings arcing occurred between the current concentrator and the induction coils. Prolonged
arcing produced holes in the furnace tube. However, electrical isolation of the furnace assembly
has eliminated the formation of corona discharges and arcing. This was accomplished by using a
piece of Teflon tubing inserted in the incoming helium line to isolate the furnace from the helium
purification system. Also, a short piece of Pyrex tubing loosely packed with glass wool was inserted
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in the line between the furnace tube and the chromatograph. This electrically isolated the furnace
tube from the chromatograph and acted as a filter to remove any particulate matter in the gas stream
coming from the furnace tube. Short pieces of heavy-walled rubber tubing in the water lines to the
current concentrator isolate that portion of the furnace assembly.

The induction unit used is a Tocotron Model 4EG251 manufactured by the Ohio Crankshaft
Company. This is a thyratron controlled unit capable of producing 25 kW of power at 450 ke.

The furnace tube is made of 2 in. o.d. Pyrex tubing and tapers to 1 in. o.d. at the top. A 2in.
diameter Kovar glass-to-metal seal at the bottom of the furnace tube is brazed to a brass base. A
 in, Kovar seal is used at the top of the furnace tube. A Swagelok fitting with a large knurled nut
was brazed to the Kovar seal. A sight glass is held in place in the knurled nut by an O-ring, which
also serves as a gas-tight seal. A hole was drilled into the side of this fitting below the nut and a
Swagelok connector for } in. tubing brazed into place. Stainless steel tubing leads from this point to
the chromatograph cold trap.

The brass base of the furnace tube is bolted to a brass base plate. An O-ring provides a gas-tight
seal.

Helium sweep gas and cooling water for the current concentrator are brought to the furnace tube
through fittings in the base plate. Crucibles are inserted and removed through a centre hole in the
base plate. The crucibles are supported on a graphite rod } in. in diameter by 4 in. long. The
support rod fits into a hole drilled into the end of a molybdenum rod. The molybdenum rod is
inserted into a § in. diameter polished stainless steel rod which extends through the base plate, where
another Swagelok fitting with an O-ring serves as a gas-tight seal.

The crucible must be centred in the hole in the current concentrator. For this reason, the support
rod assembly must be vertical and have no lateral movement.

The crucible is machined from % in. diameter spectrographic electrode rods (Ultra Carbon
Corporation Grade UF-4-S). This crucible is 13 in. high with a 0-045 in. wall thickness. The
bottom of the crucible has a thickness of } in. A % in. diameter hole is drilled } in. into the bottom
to accept the support rod.

Many different graphite crucibles were tested in this apparatus. Most failed by cracking well
before 3000° was reached. The crucible described above has proved to be the most satisfactory, from
the standpoint of thermal stability, of those that were tested.

Temperature measurements are made with an optical pyrometer through a quartz window at the
top of the furnace tube. Temperatures are corrected for absorption by this window.

Gas-chromatograph. A Loenco Model 15 B chromatograph is used in this apparatus. A Harrison
Laboratory Model 865 B power supply provides direct current for the thermal conduetivity detectors.
The output from the instrument is recorded on a 1-mV Wheelco recorder.

The external sample valve is equipped with a trap made of } in. diameter stainless steel tubing
filled with 60-mesh silica gel. A soap-bubble flow meter is used to measure the fiow in the two legs of
this split stream, carrier gas system.

Gas contents are measured by integration of the areas under the nitrogen and carbon monoxide
peaks. The recorder is equipped with a Disk integrator,

Operating procedure

The helium purification furnace is operated continuously at 900°. The chromatograph also
operates continuously, thus ensuring temperature stability, For this work a carrier gas flow rate of
80 ml/min has been used for the chromatograph.

The furnace and crucible are outgassed using a fast purge (10 litre of helium/min) and the
following heating cycle: 15 min with no heating; 5 min with the crucible heated to 2800° and the
furnace cooling fans off; and finally, 15 min at 2800° with the furnace cooling fans on.

After outgassing, the helium flow rate is reduced to 200 ml/min and the valves are positioned to
carry the helium stream through the cold trap. From the cold trap the helium stream flows through a
rotometer-type flowmeter to the atmosphere. The cold trap is cooled in a dewar of liquid nitrogen.
After 5 min the induction furnace is turned off and the cold trap is removed from the dewar of
liquid nitrogen. The sample is injected into the chromatograph by pushing the sample valve to the
“in” position and immediately immersing the cold trap in a dewar of hot water. The system blank
is determined from the areas under the carbon monoxide and nitrogen peaks.

Blanks obtained by simulating the sample loading step, i.e., opening the cap, inserting the funnel,
efc., are the same as those obtained without going through the simulated sample loading. During
sample loading the fast purge is on. A helium fiow of 10 litre/min is sweeping up around the crucible
and out of the top of the furnace tube. If the helium purge is run at the normal flow rate (200 ml/min)
during loading, the blank obtained is considerably higher than that obtained without the simulated
sample loading, The temperature cycling and gas collection times are identical for blank and sample.

Samples are placed in the crucible by removing the furnace cap and pouring the sample through a
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long stemmed funnel. The fast purge is turned on during the loading step. After the sample is loaded,
the cap is replaced and the crucible is heated to 700° for 1 min while the fast purge remains on. With
the heat still on, the valves are adjusted to give a 200 ml/min flow through the cold trap. The dewar
of liquid nitrogen is placed on the cold trap and the induction unit turned up to give the crucible
temperature desired. The time required to raise the crucible temperature from 700° to operating
temperature is only a few scconds. A 5-min collection time is used. The analysis is carried out in

the same manner as for the blank.
When this apparatus is used for the analysis of metal samples, or when metal baths or fluxes are

used, a graphite lid is placed on the crucible. The lid serves to greatly reduce the problem of metal
vapour fogging the sight glass in the furnace cap. The lid is machined to fit the crucible loosely and
has a } in. Jong stem on the top. A pair of long tweezers is used to place the lid on the crucible in the
furnace tube. The power to the induction coil must be off when handling the crucible lid. After out-
gassing, the lid is not removed from the furnace tube. When loading a sample, the lid is removed
from the crucible and set on the current concentrator. After the sample is loaded, the lid is replaced.

Calibration

The gas chromatograph is calibrated by using standard gas mixtures containing known amounts
of nitrogen and carbon monoxide in helium. A 1-ml sample loop is placed on the sample valve in
place of the cold trap. A sample of a standard gas mixture is taken by purging the sample loop with
the gas mixture. This sample is then analysed on the chromatograph using the same instrumental
conditions, filament current, column temperature and carrier gas flow rate used for the analysis of
sample and blank. The sensitivities are calculated in terms of integrator units/ml of carbon monoxide
and of nitrogen. These sensitivities are then used to calculate the volume of these two gases released

from a sample.
RESULTS AND DISCUSSION
Oxygen

Table I presents data obtained for oxygen on National Bureau of Standards steel
samples using this inert gas fusion apparatus. Also presented are results obtained by
vacuum-fusion analysis.

With the exception of N.B.S.-160a steel, the coefficient of variation is well below
10% for all cases by both methods. The high manganese and silicon content of N.B.S.-
160a steel may cause gettering problems in the analysis of this material. However,
gettering would be expected to be more serious in vacuum fusion than in inert gas
fusion; here the vacuum-fusion result is higher than that obtained by inert gas fusion.

No bath or flux was used for the vacuum-fusion analyses. A 10-min extraction
period with a crucible temperature of 1600° was used for vacuum fusion.

The inert gas fusion results wére obtained using a small amount of tin flux (016 g
of tin in the form of tin capsules) and a crucible temperature of 2200°. The crucible
was covered with the graphite lid.

Table II presents some data on the analysis of uncoated uranium dicarbide by inert
gas fusion and by vacuum fusion. Use of a platinum bath in the inert gas fusion
apparatus did not give oxygen results different from those obtained with no bath.

Inert-gas fusion blanks on the steel analyses reported in Table I varied from less
than 2 ug to 7-9 ug, but variation between blanks for any one set was less than 1 ug.
Blank corrections were, in all cases, less than 2-:5%. For uranium dicarbide, the inert-
gas fusion blanks vary from about 3 to 10 g of oxygen with a variation between
initial and final blanks of about 3 to 5 ug.

Nitrogen

Table III presents the results obtained for nitrogen on three N.B.S. steel samples.
There is quite good agreement between the inert gas and vacuum fusion results except
for the N.B.S.-160a sample. The inert gas fusion results agree quite well with the
N.B.S. values.
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In the case of uranium dicarbide, nitrogen results obtained by either inert gas
fusion or vacuum fusion are unreliable. While the results presented in Table II for
nitrogen in uranium dicarbide show good agreement between the two methods, the
results are quite low. Twenty-seven samples of uranium dicarbide analysed at General
Atomic by inert gas fusion were also analysed by another laboratory using the Dumas
method. The inert gas fusion result for each of the 27 samples was lower than those
obtained using the Dumas method. If we assume the Dumas results to be correct, the
inert gas fusion results were low by from 129 to 809 with an average error
of —42%.

Nitrogen blanks on the inert gas fusion apparatus ranged from 7 to 15 ug of nitro-
gen in the steel analyses. Initial and final blanks varied by 2 to 3 ug. For uranium
dicarbide, nitrogen blanks were much higher, ranging from 10 to 40 ug of nitrogen.
Blanks varied by 10 to 20 ug between the start and finish of a series of analyses.

Pyrolytic carbon-coated uranium dicarbide

The above apparatus has been used primarily for the determination of oxygen in
pyrolytic carbon-coated uranium dicarbide particles. Smith ez al.,3 found that a tem-
perature of 2500° was sufficient to rupture the coatings of the particles used in the
work described in that paper. Since that work pyrolytic carbon-coatings have been
developed that require much higher temperatures to rupture. Smith e al.,® report
that some coatings require temperatures in excess of 2900°. They have described a
sample-handling device which permits the particles to be crushed in the inert atmos-
phere of the furnace before analysis.

In experiments at General Atomic, we have been able to rupture the coatings on
nearly all samples by heating at 3100° for 10-20 sec and finishing the run at 2700°.
For those samples of coated particles that cannot be analysed in this manner, crushing
by some means such as that described by Smith et al.® will be necessary.

Zusammenfassung—Es wird eine Apparatur zur Inertgasschmelze bei
hohenTemperaturen beschrieben, mit der man bei Tiegeltemperaturen
von 3100° arbeiten kann. Wéhrend diese Apparatur primdr zur Sauer-
stoffbe stimmung in pyrolytisch mit Kohlenstoff iiberzogenen Urancar-
bidteilchen diente, ist ihr Nutzen nicht auf diesen Stofftyp beschrinkt.
Sie kann allgemein auf Sauerstoff- und Stickstoffbestimmung in Metal-
len, Legierungen und anderem Material angewandt werden, das der
Analyse durch Vakuumschmelze zugiénglich ist. Analysenergebnisse
von Stahlund Urancarbidproben werden vorgelegt. Die Apparatur war
in ihrer gegenwirtigen Form nahezu 2 Jahre in tiglichem Gebrauch.
Die Ausfallzeit in diesem Zeitraum war geringfiigiz. Insgesamt 20 Pro-
ben konnen in einer 8-Stunden-Schicht mit Duplikat analysiert werden.

Résumé—On décrit un appareil de fusion & haute température sous gaz
inerte, capable d’opérer a des températures de creuset pouvant atteindre
3100°. Bien que cet appareil ait été essentiellement utilis€ pour le
dosage de l'oxygeéne dams des particules pyrolytiques de carbure
d'uranium recouvertes de carbone, son intérét n’est pas limité a ce type
de substance. On peut ’appliquer en général au dosage de I'oxygene
et de l'azote dans les métaux, les alliages et d’autres matériaux sus-
ceptibles d’étre analysés par les techniques de fusion sous vide. On
présente des résultats analytiques obtenus avec des échantillons d’acier
et de carbure d’uranium. L’appareil, dans sa forme actuelle, a été
utilisé quotidiennement pendant prés de deux ans. Les temps d’arrét
durant cette période ont été négligeables. On peut, en 8 h, traiter en
double un total de 20 échantillons.
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Summary—A method is presented for the simultaneous determination
of chromium, iron, cobalt and zinc in samples of uranium concentrates,
oxides and metallic uranium by neutron-activation analysis. The
method involves adequate decontamination of gross fission product
activities by adsorption on silica gel, removal of uranium by solvent
extraction, separation of most carrier-free rare-earth activities by
coprecipitation with aluminium chloride, and, finally, fractional separa-
tion of the elements concerned by ion-exchange chromatography. The
method can assay ppm of such elements in limited quantities of samples
by scintillation p-ray spectrometric analysis with a reproducibility of
10-15%.

INTRODUCTION

REACTOR-GRADE uranium samples are initially analysed for foreign impurities by
microanalytical methods, which are, generally, based on flame photometry or emission
spectroscopy. The use of neutron-activation analysis as a possible method for the
determination of trace elements in uranium samples or concentrates suffers from
substantial limitations because of the increasingly high level of fission-product ac-
tivities accumulated in irradiated targets. In all cases, elaborate methods of chemical
separations are required for the decontamination of the radionuclides concerned.!
Nevertheless, uranium is readily assayed in a variety of cases through one of the
fission products formed in irradiated samples.? This method has been used to evaluate
the power of and extent of burn up in irradiated fuel® Quite recently, Ward and
Foreman,* determined some of the rare earths separated from samples of irradiated
fuel elements using ion-exchange chromatography.

In the present paper, neutron-activation analysis is applied to the determination
of certain metallic impurities in samples of uranium concentrates, oxides and in
metallic uranium foils of different purity. It was initially planned to study the possible
determination of the elements having atomic numbers from Z = 24 to 30 in the sam-
ples investigated. However, because of the comparatively short half-lives of the
radioisotopes Mn, 8Ni and Cu, the determination of manganese, nickel and copper
by the scheme proposed is limited while that of chromium, iron, cobalt and zinc is
carried out. In Table I, a concise summary is given of some useful nuclear data of
the elements concerned and for a number of important radioisotopes produced by
fission which may interfere in the measurements carried out.

381
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TABLE L.—NUCLEAR DATA

Cross-

At. Abund.,*  section,* Isotope Fission
No. Element % 4 formed Half-life yield, % Main gamma,t MeV
24 Chromium 413 159 sCr  27-8d 0-321
25 Manganese 100 13-3 %Mn  2-58h 0-85, 1-81
26 Iron 0-33 1-01 %Fe 45-0d 1-10, 1-29
27 Cobalt 100 20-0 “Co 527a 117, 1-33
28  Nickel 1-08 1-52 85Ni 2:56h 037, 112, 149
29  Copper 69-09 451 %Cu 12:8h 1:34
30 Zinc 48-89 0-47 %Zn  245d 1-12
38 Strontium 82:56 0-005 ®Sr  50-4d 48 —

®08r  28:0a 58 —_
39 - Yttrium 100 126 Y  64-5h 173

oy  580d 58 119
40 Zirconium 17-40 0-076 %Zr  65:0d 64 076, 0-72
41 Niobium “Nb 35-0d 077
44 Ruthenium 31-61 1-44 13Ru - 40-0d 29 0-498

%Ru  1-0a 0-38 —
52 Tellurium 3179 0-015 12smTe  33-0d 1.0 011
53 Todine 131] 805d 29  0-361, 0637
55 Caesium ¥1Cs  30-0a 60 0-662
56 Barium 4°Ba  12-8d 64 054, 0-162 (oths)
57 Lanthanum 99-91 820 4013 40-2h 0-49, 0-33 (oths)
58 Cerium 88-48 031 MiCe  32-5d 58 0-145

4Ce  284d 56  0031,0131
59 Praseodymium Mipr  175m 0-695, 2-18, 1:48
60 Neodymium 1722 1-8 WNd 11-1d 26 0533, 0-322 (oths)

* The values tabulated are for the stable nuclides producing the corresponding radioisotopes by

(n, y) reactions.
t Other energy levels corresponding to gamma rays of less predominance are not included.

EXPERIMENTAL
Chemicals and pile irradiations

Uranium samples analysed. (i) Two representative uranium concentrates, each containing about
75% of U;0; caiculated on a dry basis; both are from Spain and provided by the “Junta de Energia
Nuclear” in Madrid; SPt and SP2; (ii) two uranium trioxide samples, one from ““Aktiebolaget
Atomenergi”, Sweden, sample H632, and the other is from B.D.H. (A.R.) purity; and (iii) a sample
of metallic uranium foil from USSR, 0-16 mm thick.

Standards, carriers, scavengers and in general all chemicals used are of A.R, purity.

Adsorbents. B.D.H. silica gel (50-100 mesh) for chromatography is used, It is digested twice
with 5M nitric acid, washed repeatedly with water and finally activated for 24 hr at 150° directly
before use. The anion exchanger used is the strongly basic quaternary amine polystyrene divinyl
benzene (Dowex 1 X 8, 100~200 mesh) which is freed from particles of smaller size and activated
as described elsewhere.?

Pile irradiations. Irradiations are carried out in the UAR R-1 2MW Research Reactor at Inchass
for 48 hr with a neutron flux of 1-3 x 10*® n.cm=2sec*. Duplicate samples (each about 100 mg) are
separately wrapped in thin aluminium foil and irradiated under identical conditions as the standards
of the elements to be determined. The chemical treatment, however, is not allowed to begin before
cooling the irradiated targets 4 to 5 weeks.

Processing of irradiated targets

The method developed for the separation of the radionuclides concerned from irradiated uranium
and the successive decontamination steps from gross foreign activities formed by fission is represented
in Fig. 1. In a suitably shielded (5 cm of lead) and well ventilated fume hood, separate duplicates of
irradiated samples are dissolved in 10-15 ml of 8 M nitric acid. Known aliquots of chromium, cobalt,
iron and zinc standard carrier solutions are subsequently added and the solution carefully boiled to
allow for the removal of radioactive volatile fission products.

For the separation of main fission product activities, the solution is made 0-04M in nitric acid and
allowed to pass through a column (about 8 mm) containing 20 g of freshly activated silica gel at a flow
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rate of about 0-5 ml/min. The charged column is then washed with about 40 ml of dilute nitric acid
solution, Both effluants and collected washings are evaporated to a small bulk and the solution
transferred to a continuous extractor of the Kutscher-Steudel type for removing uranium by ether
extraction in the presence of nitric acid and with aluminium nitrate as a salting agent.®

The aqueous layer, after being freed from uranium, is treated successively with concentrated
hydrochloric acid and evaporated to expel all fumes of nitric acid. The bulk of concentrated chlorides
is cooled to 0° and is subjected to the prolonged action of dry gaseous hydrogen chloride for the
quantitative separation of aluminium chloride with most of the rare earth carrier-free activities. The
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FiG. 1.—Separation of certain trace impurities from irradiated uranium -— flow sheet.

precipitated chlorides are separated and washed with ice cold concentrated hydrochloric acid. The
collected filtrates and washings, being 11-12M in hydrochloric acid, are allowed to pass through a
column (10 mm) containing 20 g of activated resin (in its chloride form) previously equilibrated with
concentrated hydrochloric acid, at a flow rate of 0-3 ml/min. The charged column is subsequently
eluted with hydrochloric acid or hydrochloric/hydrofiuoric acid mixtures of different concentrations.
and the successive eluates collected separately. The elements concerned in the respective fractions
(chromium in the 12M hydrochloric acid fraction, cobalt in the 4M hydrochloric acid fraction, iron
from the 2M hydrochloric/3M hydrofluoric acid fraction and zinc in the 0-02M hydrochloric acid
fraction) are then subjected to a limited number of further decontamination steps This ensures
removal of remaining foreign activities before the precipitation of each element in a form suitable for
measurements of activity.®

Charged silica is finally washed with two column volumes of concentrated nitric acid. Washings,
together with the organic uranium extracts, aluminium chloride separated by crystallisation as well
as the liquids resulting from regeneration of used resin, and in general all radioactive residues and
washings are allowed to pass to the highly radioactive waste.

Chemical separations

The following procedures are recommended and used for the separation of radionuclides con-
cerned in high radiochemical purity from the eluant fractions collected after the ion exchange
separations carried out.

Chromium (Z = 24). Chromium(IIl) is eluted from the resin in the 12M hydrochloric acid
fraction. It is separated from other cations eluted in this fraction by careful oxidation to chromate
with 309 hydrogen peroxide at pH 5-5. After removing excess hydrogen peroxide, the solution is
acidified with concentrated hydrochloric acid and passed through a second column of the anion
exchanger (Dowex 1), to affect the adsorption of chromium(VI). Most of the remaining cationic
contaminants are removed by successive washings with concentrated hydrochloric acid and water.
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Chromiur is then reduced and eluted from the column before being reoxidised to alkali chromate.’
Further decontamination is carried out by the addition of ferric chloride carrier and the removal of
ferric hydroxide before the separation of chromium as barium chromate in an acetic acid mediurn.

Iron (Z = 26). The collected fraction of 2M hydrochloric/3M hydrofluoric acid eluant is concen-
trated and treated with concentrated aqueous ammonia and ammonium sulphide solutions. The
precipitate is dissolved in concentrated hydrochloric acid and boiled to expel hydrogen sulphide before
the addition of tin and antimony carriers. The sulphides of these elements are readily separable with
hydrogen sulphide and discarded. To the filtrate, saturated tartaric acid is added and iron sulphide
precipitated with ammonium sulphide solution. The purified precipitate is dissolved in concentrated
hydrochloric acid and iron is oxidised with few drops of concentrated nitric acid. It is then extracted
with diethyl ether and freed from non-extractable ions before being washed down the organic layer.
The last traces of ether are removed, iron separated as ferric hydroxide, dried and ignited to ferric
oxide.®

Cobalt (Z = 27). The 4M hydrochloric acid eluant (about 75 ml) contains mainly cobalt and a
limited number of foreign ions. It is readily separable therefrom as described by Meinke.® Both
iron and copper carriers are added and subsequently separated as copper sulphide and ferric hydrox-
ide, respectively, with most foreign activities. Cobalt is then separated from the collected filtrates by
extraction with diethyl ether in the presence of saturated ammonium thiocyanate solution at pH 5-5.
It is washed back from the organic layer with 6 aqueous ammonia, the solution acidified and the
process repeated. Finally, cobalt is precipitated as cobalt(IT) sulphide.

Zine (£ = 30). From the 0-02M hydrochloric acid eluant fraction, zinc is separated as ZnHg-
(CNS),.® Saturated oxalic acid solution (1 ml) is added and the medium made 1M in nitric acid,
cooled and zinc precipitated with mercury(Il)chloride-potassium thiocyanate reagent. The precipitate
is dissolved in 6M nitric acid, boiled and zinc is further precipitated before being dissolved to remove
mercury as mercury(I) sulphide with excess hydrogen sulphide. Bismuth carrier is then added to
the filtrate and bismuth sulphide separated. Finally, the precipitation of ZnHg(CNS), is repeated
and the precipitate washed and dried.

In all cases, the samples separated and the corresponding standards have the same chemical form
and the activity is measured in each under identical geometry. Gamma-ray spectrometric deter~
minations are carried out with a 100-channel pulse height analyser of the Sunvic PHA-3 type with a
printing out facility and a sodium iodide (thallium activated) crystal (1-5” % 1”). Energy calibration
was performed with sources of well known gamma-ray lines.

RESULTS AND DISCUSSION
Experimental approach

The elements with atomic numbers from Z = 24 (chromium) to Z = 30 (zinc)
produce neutron-induced radioactive species which are not formed by uranium fission
nor as decay products therefrom. The determination of these elements in uranium by
neutron-activation analysis necessitates, therefore, proper decontamination from the
fission products formed in irradiated targets. The use of silica gel as a suitable in-
organic exchanger for the removal of most carrier-free foreign activities formed by
fission is now recommended because of its high radiation and temperature resistance,
its chemical stability within a wide range of pH, and the comparatively rapid sorption
and elution properties without any operational difficulties. Under a variety of con-
ditions, %Zr, %Nb as well as #Sr, 137Cs, 140Bg, 103Ru, 1%Ru and *Ce are separable on
silica gel from solutions of irradiated uranium samples.®* Under our experimental
conditions, gross decontamination from most fission products took place and neither
any of the elements concerned nor uranium proved to be appreciably adsorbed.
However, specific details about the radioisotopes separated are not included.

In addition, removal of uranium is readily achieved by the ether extraction in the
presence of aluminium nitrate; the distribution coefficients of uranium and related
actinide complexes (mainly Np and Pu) are high compared with those of most other
elements under these conditions.” Also, the subsequent separation of aluminium
chloride together with a number of the tervalent rare earth chlorides in concentrated
hydrochloric acid,’® gives good decontamination from most remaining foreign activities.
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Nevertheless, further decontamination is carried out by the fractional separation
of the elements concerned with ion-exchange chromatography. The scheme used has
been previously applied in a similar investigation® and the order of decreased hydro-
chloric acid concentrations or the hydrochloric/hydrofluoric acid mixed eluants used,
favours the possibility of sharp and successive separation of chromium, cobalt, iron
and zinc because of obvious differences in their distribution coefficients under such
conditions (cf. Fig. 2).14

o A [0 — HCL*HF mixed eluant
oAQO — HCL eluant

ZINC

LOG DISTRIBUTION COEFFICIENT

| 1
ELUANT CONCENTRATION

Fi16. 2.—Change in the distribution coefficients of cobalt, iron and zinc ions on Dowex 1
with different HCl and HCI/HF eluant concentrations.

RESULTS

"The results of the determinations carried out are summarised in Table II. Iron,
zinc and chromium are common impurities in the uranium concentrates analysed,
while cobalt is present only in concentrations not exceeding 0-0010%;. The analytical
figures are based on the scintillation gamma-ray spectrometric analysis of the char-
acteristic photopeaks corresponding to the high energy gamma-ray lines of 81Cr, 5°Fe,
%Co and %Zn. The radiochemical purity in all cases was checked (not less than 99 %)
by the identity of the spectrum shape from separated samples and reference standards.
Within the accuracy of the measurements carried out, the results obtained, in general
did not differ from those based on the whole gamma-ray spectrum consideration,
or in particular, from those based on the 1-10-MeV and 1-17-MeV photopeak areas of
59Fe and $°Co, respectively, thus giving further evidence on the radiochemical purity
of the samples assayed. Chromium, however, being not adsorbed on the anionite used
from 12M hydrochloric acid, was found to contain foreign activities which necessitated
further purification on a second ion-exchange column. This is of particular impor-

tance because of the comparatively low maximum energy of the rays emitted from
51Cr (Emax 0-321 MeV).
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Precision

In the early stages of the present work, the successive operations carried out
influenced the chemical yield of separated samples which affected the reproducibility
of the data obtained. This source of error was brought to a minimum by careful
operational conditions leading in most cases to not less than 509, recovery of added
carriers. Other errors encountered in the activity measurements are of the normal

TABLE II.—DETERMINATION OF CERTAIN METALLIC IMPURITIES IN URANIUM BY
NEUTRON-ACTIVATION ANALYSIS

Elements determined, ppm

Sample Weight, mg chromium iron cobalt zinc
U-Concentrate SP1 109-5 2395 7621 6-3 252
144-1 389-5 9700 52 271
850 — 11094 68 350
314-5 9471 61 291 mean
U-Concentrate SP2 2891 — 4384 3-8 251
474-8 12:6 6804 22 254
524-9 61 3107 1-8 304
94 4765 2:6 267 mean
4775*% 2007
UO;-H632 68-2 40-6 66 2:0 94
1203 392 61 12 101
399 63 16 97 mean
54-6* <3-0%
UO;-B.DH, (A.R) 1102 14-0 — 25 52
181-0 160 b.d.: 23 32
15-0 b.d.t 24 4-2 mean
U-foil 52:6 71-6 13 08 33
780 781 40 02 32
74-8 2-6 0-5 3-3 mean

* The data reported are obtained from the determination of iron by the 2,2’-dipyridyl chelating
complex method,

t The analysis carried out by emission spectrographic technique.

1 b.d. represents concentrations beyond detection under the specified conditions.

statistical nature, while errors due to neutron flux inhomogeneity are of the expected
order of magnitude. (Standards were wrapped in the same sort of aluminium sheets
used for the samples and were irradiated surrounded by the samples. The results
in Table IT suggest that self-absorption is not serious under the condition of these
experiments.) In most cases, however, duplicate determinations are obtainable within
10-15%; reproducibility; and a further check on some of these results was made by
chemical and emission spectrographic analysis of the uranium concentrate SP2 for both
iron and zinc, respectively.

CONCLUSION

In the light of all the above considerations, the conventional technique of neutron-
activation analysis can be generally applied for the determination of elements pro-
- ducing neutron-induced radioisotopes not formed by uranium fission in the samples
analysed. In one of the uranium concentrates analysed (SP1), hafnium (Z = 72) has
been identified in the 12M hydrochloric-0-5M hydrofluoric acid eluant fraction
through the 42-5d 18:Hf activity (Emax 0-133, 0-346 and 0-482 MeV). Hafnium rep-
resents one of the elements having a high atomic number and can be determined by



Trace impurities in uranium concentrates by activation analysis 387

the scheme worked out. However, the possibility of assaying other elements formed
through uranium fission by the same technique is not totally excluded.

Acknowledgement—We thank Mr. H. Fouad and Mr. T. Z. Bishay for their helpful aid.

Zusammenfassung—Eine Methode zur gleichzeitigen Bestimmung von
Chrom, Eisen, Kobalt und Zink in Proben von Urankonzentraten,
Oxyden und metallischem Uran durch Neutronenaktivierungsanalyse
wird beschrieben. Dabei wird der Hauptteil an Spaltproduktaktivititen
durch Adsorption an Silicagel beseitigt, Uran durch Losungsmittelex-
traktion entfernt, die meisten tréigerfreien Aktivititen von seltenen
Erden durch Mitfdllung mit Aluminiumchlorid abgetrennt und
schlieBlich die gewiinschten Elemente durch Ionenaustauschchromato-
graphie in Fraktionen zerlegt. Mit der Methode kénnen ppm-Konzen-
trationen solcher Elemente in begrenzten Probemengen durch
Szintillations-y-Spektrometrie bestimmt werden. Die Reproduzierbar-
keit betrigt dabei 10-157;.

Résumé—On présente une méthode de dosage simultané du chrome,
du fer, du cobalt et du zinc dans des échantillons de concentrats
d’uranium, d’oxydes et d’'uranium métallique par analyse par activation
de neutrons La méthode comprend une décontamination appropriée
des activités du produit de fission brut par adsorption sur gel de silice,
I’élimination de I'uranium par extraction au moyen de solvant, la
séparation de la majeure partie des activités des terres rares exemptes
d’entraineur par coprécipitation au chlorure d’aluminium et, finalement,
la séparation fractionnée des éléments concernés par chromatographie
d’échange d’ions. On peut utiliser la méthode pour doser des p.p.m.
de tels €léments dans des quantités limitées d’échantillon par analyse
spectrométrique par scintillation de rayons y aves une reproductibilité
de 10-15%.
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Summary—A system developed for the fast neutron-activation analysis
of the oxygen content of metals has been tested comparatively with the
conventional vacuam fusion and carrier-gas fusion techniques. The
tesults of these tests indicate that neutron-activation analysis is much
faster (the total analysis takes only 2 min or less), and more reliable than
vacuum fusion and carrier-gas fusion methods because all oxygen
present is analysed. Samples can be much larger than the 0-2-3 g
commonly used for the fusion methods, Furthermore, the analysis is
non-destructive—the same samples can be re-analysed as often as
desired. The fast neutron-analysis system includes a 14-MeV neutron
generator producing 10'* neutrons/sec, a dual-tube pneumatic transfer
system, a 5 X 5 inch Nal(Tl)crystal, a single-channel analyser, two
scalers, and timers and switch-gear. A sample, in a polyethylene bottle,
and a Lucite reference are irradiated simultaneously, after which the
sample is returned to a detector for counting the **N gammas from the
1%0(n,p)*¢ N reaction. The reference is then counted in a second detec-
tor; theratio of the sample counts to the reference counts is proportion-
al to the oxygen content of the sample. Samples with oxygen contents
from 0-002 to 0-1 % of oxygen have been analysed by neutron activation,
then cut in several pieces for hot extraction analysis of the total sample.

INTRODUCTION

TuE DEMAND for rapid and reliabie oxygen determinations of steel has greatly increased
in recent years. Rapid oxygen determinations are needed for both process and
production control purposes and for quality control. The accurate determination of
oxygen in steel is essential because oxygen-containing compounds, precipitated during
solidification, have significant effects on the properties of some steels.

The conventional hot extraction techniques, vacuum fusion or carrier-gas fusion
techniques, are not completely satisfactory, with the possible exception of some new
and promising approaches such as the Baltzer-Bendix rapid vacuum fusion analyser
and the Leco or RCI rapid inert gas, gas-chromatographic oxygen analysers.

In connection with oxygen analysis, there are three requirements in which the
analytical chemists are mainly interested. The technique must be accurate, fast and
reasonably inexpensive.

Based on these requirements, the various analytical techniques used for the deter-
mination of oxygen in steel were compared and evaluated (Table I). The neutron-
activation technique, based on the **O(n, p)'®N reaction, offered an excellent approach

389
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TABLE I,—--COMPARISON OF ANALYTICAL TECHNIQUES FOR THE DETERMINATION OF
OXYGEN IN STEEL

Time of analysis*- Factor affecting

Unit size  10-g sample, min results
Hot Extraction Techniques
Vacuum fusion (regular) 14g 3545
Rapid vacuum fusion (Baltzers) 1-3g 12-15 Extraction recovery
Rapid inert-gas fusion Standardisation
New Leco, RCI, erc. 1-3g 14-18
D.C. arc extraction -+ Spec. 0-5-1-5¢g 60-90

Direct Techniques

Vacuum spectroscopy 1-2mg — . -
Spec. in controlled atm. 1-3mg _ ggecgo%i{aptl}lc conditions
Neutron activation 7-50g 1-5-2 andardisation

*Including rebuilding time, etc.

for a very rapid determination of oxygen in reasonably large steel samples. However,
previous activation studies’® involved lower sensitivities and/or inadequate auto-
mation compared to the requirements of modern analytical and quality control
laboratories in the steel industry.

Activation analysis is now rapidly branching out from the laboratory into pro-
duction process control applications and the system described here was developed
specifically for rapid, routine analyses of the oxygen content of steel.

On these grounds, a co-operative programme was initiated between the Kaman
Aircraft Corporation’s Nuclear Division at Colorado Springs, Colorado, and the
Jones and Laughlin Steel Corporation’s Research Division at Pittsburgh, Pennsylvania,
to develop a new system and to establish optimum conditions for the analysis of
approximately 10-g, or larger, steel samples by neutron-activation analysis. A large
number of samples were analysed by neutron activation, by conventional vacuum
fusion analysis, and by the new Leco carrier gas fusion oxygen analyser.

Mylar standards with known oxygen contents are used for calibration, The
system gives approximately 2200 counts/mg of oxygen at 10! neutrons/sec output.

SYSTEM DESCRIPTION

A block diagram of the system is shown in Fig. 1. The neutron source is a Kaman A-1001
Cockroft-Walton type accelerator (Fig. 2) operating at 200 kV accelerating voltage and up to 2 mA
beam current. The *H(d, n)*He reaction is used to obtain 1-2 X 10™ neutrons/sec at an energy of
14-2 MeV. This machine is stable enough so that irradiations can be made by turning the ion source
on and off, which eliminates any neutron background during counting.

The transfer system is designed for bottles (“‘rabbits”) up to 05 inch in diameter. The standard
polyethylene bottle is shown in Fig. 3 with the typical steel pin sample, 0-25 inch in diameter by
1-5 inches long. The rabbit is loaded into the transfer system at the console and blown to the
irradiate position along with a Lucite reference in the second tube. A 40 psi air line is used for the
transfer. Fig. 4 shows the irradiation station with the neutron generator moved back (at left) for
clarity. The samples are irradiated parallel to the plane of the target (perpendicular to the deuteron
beam). Both sample and reference are rotated on their own axes during irradiation to eliminate
“‘hot spots.” Recent work has been done with a “double rotator” (Fig. 5) which rotates sample
and reference around an axis parallel to the deuteron beam as well as on their own axes. After
irradiation the sample is blown to the counting station (Fig. 6) and the reference stops at a storage
port outside the lead shield. The stopping block at centre contains a light source at the centre, two
photocell position detectors (bottom photocell removed from its port) and two air-driven stop pins



Fi1G. 2.—Kaman A-1001 neutron gencrator

FI1G. 3.—Carrier bottles and steel pin samples
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F1G. 5.—Double-axis rotator



F1G. 7.—Oxygen analyser console
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Fic. 10.-—Comparison of gamma-ray spectra’ of ¥N with 5 X 5 inch and 3 x 3 inch
Nal crystals

(brass cylinders at top and bottom). - The 5 X 5 inch NaI(Tl) crystal is shown behind the stopping
block and a 4-inch lead shield surrounds the assembly. The sample is counted for 25 sec, then
returned to the loading port. At the same time the reference is blown into the counter for a 25-sec
count. In order to avoid lost time between runs, the sample can be removed from the bottle and
replaced by a new sample while the reference is being counted. The mildly radioactive sample needs
to be handled for only a few seconds, so the radiation dose is negligible. In fact, even a box full of
irradiated samples gives a reading of only a few mrem/hr, which decays to a negligible level in a

few hours.
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The control console for the entire system is shown in Fig. 7. The centre panel, shown in Fig. 8,
is the transfer and counting system control. Fig. 9 shows the scaler readouts and loading port.

The Lucite reference was chosen as a flux monitor to minimise errors from space and time
variations of the neutron flux. Time variations are eliminated by counting a reference whose activity
builds up and decays at the same rate as the sample—ideally the same isotope, although other
techniques are possible. Space variations are eliminated by placing the sample and reference in the
same physical volume during irradiation. Ideally, the sample and reference would be intimately
mixed, but double rotation with a period (~1 sec) that is short compared to the **N half life (7-35 sec)
accomplishes the same purpose. Other methods of flux monitoring (neutron counter feeding scaler
or count ratemeter, counting cooling water activity, activating a foil near the sample, or counting
the iron peak of the sample) fail to account for either the space or time variation of the neutron flux
during irradiation.

Successive counting of sample and reference, rather than simultaneous counting in two separate
counters, was chosen to minimise the effects of drifts in the electronics. The present system can
operate for months at a time without recalibration of the single-channel window because slow drifts
affect the sample and reference counts equally. Separate counters would require frequent checks,
because their drifts might be in opposite directions.

The single-channel analyser was chosen to reduce the effect of dead time. If the total count is
~100,000 in 25 sec, a multi-channel analyser might have as high as 509 dead time loss at the start
of the count. A single-channel system with a dead time of 2 usec or less is needed to keep the loss
below 2% at the start of the count.

The 5 x 5 inch crystal was chosen to increase efficiency and to suppress the second escape peak
from the 6-13-MeV gammas. Fig. 10 shows the spectrum of N gamma rays taken with 5 X 5 inch
and 3 X 3inchecrystals. The 5 X 5 inch crystal is more than twice as efficient as the usual 3 x 3 inch
crystal. Furthermore, the second escape peak at 5-11 MeV is suppressed, thus allowing a cleaner
separation of the nitrogen gammas from the sum peaks of **Mn (3-94 MeV) and #Na (4:12 MeV).
Fig. 11 shows the **N spectrum with the **Mn and **Na spectra, all taken with the 5-inch crystal.
The analyser is set to accept gammas from 4-65 to 7:6 MeV. Any lower setting could allow part of
the sum peak to be counted. This effect is recognised when a steel sample is run several times in
succession, because the *N decays between runs, but the “Mn does not.

Neutron shielding is an annoying, but necessary, part of the activation system. For 10**neutrons/sec
output, a shield of 5-7 feet of concrete is necessary on all sides of the neutron generator. The ceiling
may be 1-2 feet thinner if the area above is unoccupied, but air-scattering (skyshine) prevents a
further reduction. Personnel access is provided by a shielded labyrinth or a motorised shield door.

INTERFERENCES

The energy of the N gammas is high enough so that most interferences are eliminated. However,
a few special kinds of interference still occur. The most serious interference arises from **F(n, o)**N,
because the same isotope is produced. Thus, if fluorine is suspected, a separate check must be made
with the 1F(n, p)**O reaction. Interference from sum peaks from #¥Al(n, 2)**Na and *Fe(n, p)**Mn
has been mentioned above. A few light elements have isotopes which emit high energy betas which
may penetrate into the crystal. Reactions leading to these isotopes, the radiations and their energies
in MeV, and the fraction of disintegrations giving the radiations are listed in Table IT. Trace elements
which activate to the listed isotopes are not very serious, because many of the betas lose enough
energy to be below 4-65 MeV when they enter the crystal. However, major constituents can be
serious interferences. For example, a bottle containing 1 g of boron and a few mg of oxygen was
activated to look at the 'B(n, p)!*Be reaction (half life 13-6 sec, cross section ~3 mbarn). The 'Be
completely obscured the *N in terms of count rate and measured half life. Thus, a reasonable
amount of care is required in analysing oxygen even though the interferences are relatively rare, and
advanced techniques such as spectrum-stripping are seldom necessary.

STANDARDISATION

Before the measurements of the oxygen contents of the steel samples, the instrument is
regularly standardised. The standardisation includes running a background (once a day), the standards
for calibration (only once for a given sample sizc), a small piece of Mylar as a secondary standard
(once an hour), and the empty bottle (once an hour to check for changes in the blank value).
Subsequently, the steel samples in the bottles are analysed. The oxygen content is calculated from

Percentage oxygen (by weight) = %/I (-S%b — B) )
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where C = a calibration factor which includes geometry and counter sensitivities,
M = the sample mass (g),

S = the count on the sample,
b = the background,

R = the count on the Lucite reference (background in comparison to total counts is negligible
and therefore ignored),

and B = the ratio of counts for the empty bottle to reference counts.
Calibration is performed with the aid of five artificial standards, 1-5 inches long, which are made
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FiG. 11.—Gamma-ray spectra from irradiation of oxygen, iron and aluminium with
fast neutrons.
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TaBLE II,—NUCLEAR REACTIONS*

Reaction Half life, sec Radiations, MeV
150(n, p)*N 7-35 p 613 (713%), 7712 (5%); B4-3 (68%), 10:4 26%,)
Direct interference:
19F(n, o)N 7-35 Same
Indirect interference:
uB(n, «)®Li 0-84 B 13-0, 6:0
1B(n, p)''Be 13-6 212 (32%), 6:8 (4%;), 46-8-0; B 11-5(61%), 93 (29%)
12C(n, p)*B 0-019 y4-d; B134(97%), 90 (1%)
15N(n, p)**C or
180(n, ©)'*C 23 753 (32%); B4-51 (68%), 9-81 (32%)

Range of 10-MeV beta in aluminium: ~35000 mg/cm® or 1-85 cm

* John F. Stehn, Table of Radioactive Nuclides in Nucleonics, 1960, 18, 186.

of 1/4 inch discs of iron (1/16 inch thick) alternating with 1/4 inch discs of Mylar which are 0, 1 14,
1/2, 1 or 2 mils thick, respectively, for the five standards. The discs are stacked, one by one, into a
sample bottle which is then heat-sealed to prevent relative motion of the discs during use. The steel
discs are punched from a sheet of C-1095 alloy which contains 0-005%; of oxygen. The artificial
standards can be made in any size, shape and oxygen content; they can be used many times and in
different laboratories, if desired; and they provide an absolute calibration which does not depend
on subsequent chemical analyses of the samples. The range of oxygen covered by these standards
is 1-4-25 mg of oxygen, which corresponds to 0-014-0-25%, of oxygen in 10-g steel samples. The
oxygen content of Mylar (polyethylene terphthalate) is taken as 33-2%; by weight from the formula
(CioHoOpa. The standards are run several times and the ratio (S — b)/R is plotted (Fig. 12) vs. the
oxygen added as Mylar. The slope of the line is then the calibration factor, C, and the negative
x-infercept is the oxygen content of the bottle and steel discs with no oxygen added. The calibration
is absolute and does not depend on the subsequent chemical analyses of stecl samples. The
calibration curve was run several times and found to be linear within 1%. The value of C is about
0-333. Experiments with changes in beam size and neutron-generator position showed a range of
0-270 to 0-350 for C with the single rotator, although C could be held to within 1%/ as long as operating
conditions were not changed. The double rotator reduced the variation in C to 439, for changes
in the generator position (~0-5 inch in any direction).

Typical values of the numbers in equation (1) for a 10-g steel sample containing 0-01%; of
oxygen are:

R = 60,000, S = 3050, b = 50, B = 00167, C = 0-333, and M = 10.

Thus
1 3050 — 50
Percentage oxygen = g=as— 10( 60000 0-0167)
1 0-0333 .
= 3—33 (005 — 00167) = W = 0-01 /,.

The bottle weighs about 2 g and contains about 0-5 mg of oxygen in the polyethylene. Air is
removed by drilling holes in the bottle so that the activated air is blown out and through the counter
before the bottle arrives. This blank value (0-5 mg of oxygen) corresponds to about 0-005 75 of oxygen
in the steel sample, so the lower limit of detection is set by the blank rather than by statistical limi-
tations. Measurements on a 10-g sample can be made down to 0-001 %, but the reproducibility is
only about +30%; for a single run. To improve the precision several runs are required, or else the
blank value must be reduced. For machined samples with controlled dimensions, the carrier bottle
can be replaced by thin polyethylene rings or a small cap on one end, which reduces the blank to
~0-1 mg of oxygen. However, the standard pin samples are quite variable in diameter, cross-sectional
shape, and straightness. Thus, the bottle is necessary unless the cost and time needed for machining
can be tolerated.

Background from natural radioactivity is not a problem, because the induced background in the
bottle (~1000 counts) is much larger than natural background (~50 counts) for the 5 x 5 inch
crystal shielded by 4 inches of lead. Care must be exercised to keep the neutron generator off (or
well shielded) during counting and the reference must be 5 feet or more away from the detector when
counting the sample,
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COMPARISON WITH HOT EXTRACTION ANALYSIS

After the calibration of the system with Mylar standards was completed, steel
samples with a wide range of oxygen contents were used to test the reliability of this
instrument. When necessary, surface oxides were removed by filing, then the samples
were cleaned with ether and weighed. More then 1000 samples have been analysed
and all were run in duplicate or triplicate to obtain reproducibility data. Finally,
220 selected samples covering oxygen levels from 0-002 to 0-19; of oxygen were cut
in three or more pieces fo permit analysis of the same samples by vacuum fusion or
carrier-gas fusion analysis at Jones and Laughlin Steel Corporation Research. In
this work the percentage of oxygen was calculated from the total weight of oxygen
and from the weight of the pin sample. The comparison of the results obtained on
the same samples (Fig. 13) showed that the correlation between neutron activation
and vacuum fusion results was generally good, especially because the activation
system is calibrated on an absolute basis and thus does not use the fusion results
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Fic. 13.—Comparison of activation and vacuum fusion results for oxygen contents of
steel pin samples.

for calibration. The difference between neutron activation and vacuum fusion results
in 65% of the determinations was 0-001 % of oxygen or less at the 0-002 to 0-07%
level of oxygen. In general, the reproducibility (95 %; confidence limit) of the activation
results is much better than the comparison with fusion results—typically 4-29% for
high oxygen samples (>>0-1%;) where statistics are not limiting and +15% in the
0-0059;, range of oxygen.

The correlation between neutron-activation analysis and inert-gas fusion analysis
(using the new Leco carrier-gas fusion oxygen analyser) is shown in Fig. 14, The
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Fic. 14.—Comparison of activation and inert gas fusion (Leco) results for oxygen
content of steel pin samples.

agreement of activation with carrier-gas fusion is somewhat better than with vacuum
fusion, partly because the samples for inert gas fusion were run later in the programme.
Thus, both the activation technique and the sample preparation technique were
improved by the time the samples for inert gas fusion were taken.
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HETEROGENEITY EFFECTS

For reliable chemical or spectroscopic analyses and particularly for the deter-
mination of oxygen, the elements should be uniformly distributed throughout the
samples. Thus, when the sample is homogeneous, both the analytical chemist and
the metallurgist are satisfied with the results. Unfortunately, samples taken from
liquid steel usually are substantially heterogeneous. The various sampling techniques
seldom produce samples with oxygen uniformly distributed.

Past sampling studies and evaluations have shown that the oxygen distribution is
significantly less uniform in molten steel samples than in finished steels. Bomb
samples and pin samples obtained even with refined techniques are still far from
being satisfactory. Often 2- to 6-fold differences were observed on adjacent 2- to 3-g
portions of 1-5 inch long pin samples.

A thorough study of the effect of sample size on the oxygen content demonstrated
that from molten steel, approximately 10-g or larger samples give the best results.
Typical oxygen variations in pin samples taken from liquid steels are shown in
Table II1. This study of the variation in oxygen content vs. sample size showed that

TABLE III.—TYPICAL OXYGEN VARIATIONS IN PIN SAMPLES TAKEN FROM LIQUID STEELS
(Oxygen range 0-01-0-05%,)

Sample size, g Variations = (min. :max.) Average variation

1:15 1:3 1:7

05 1:6 1:5 1:4 1:91
1:9 1:18 1:5
1:7 1:4 1:2

10 1:4 1:9 1:6 1:51
1:5 1:6 1:3
1:2 1:14  1:25

30 1:5 1:1-5 1:1-9 1:2
1:15 none 1:2:2

These results are for nominal 9-g samples which were cut in 3 to 15 pieces for fusion analysis.

the average variation was 9 to 1 for 0-5-g samples, 5 to 1 for 1-g samples and 2 to 1
for 3-g samples. Thus, samples larger than the 0-5- to 3-g samples which are typically
used for fusion analysis are required. Neutron activation can use samples of 100 g
or more, although the problem of drawing or taking good samples larger than the
7- to 10-g pin samples used in this study has not been satisfactorily solved. The
large variations in the oxygen contents of the pin samples are caused by the formation
of oxide inclusions in the pins. The oxygen from oxide inclusions is often not
recovered by hot extraction techniques™ ™! and this could be the main reason for the
deviations seen in Fig. 13 and also to a certain extent in Fig. 14.

The variation in oxygen content also affects the activation measurements, because
the measurements are made with the sample centered on the beam and perpendicular
to the beam axis. Thus, the ends of the sample receive less radiation than the centre,
A flux traverse (Fig. 15) taken in the bottle showed that the flux at the ends was
only about 607 of the flux at the centre. A small variation of oxygen along the steel
pin would introduce only a small error because the rotation tends to average out the
variation; however, extreme variations (such as a concentrated oxide inclusion) could
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introduce substantial error. Inhomogeneity was also found in measurements made
on NBS Standard 1040, although 1044 and 1045 were homogeneous within the pre-
cision of the measurement. These standards are supplied as 1-inch diameter cylinders,
s0 1/4 inch samples were cut from the centre and edge of each standard. Activation
results for these samples are given in Table IV.

TABLE IV,—ACTIVATION ANALYSIS OF NBS 1040 SERIES STANDARDS

Standard number Portion sampled Activation result, %0, Nominal value, %0,
1040 Centre 0-0271 0018
1040 Edge 0-0132 0-018
1044 Centre 0-0090 0-009
1044 Edge 0-0089 0-009
1045 Centre 0-0076 0-007
1045 Edge 0-:0071 0-007

RELIABILITY AND ERROR ANALYSIS

The total system has been rebuilt several times over a period of 11 months as
weaknesses in components and design appeared. System reliability (or availability)
has increased from 30 9/ to 90 9, of the time during this *““shakedown” period. Approxi-
mately 3000 samples have been analysed from many sources—all have included two
runs to prove the reproducibility of the results.

About once per month, a series of 10-15 runs is made on a sample with 20-30 mg
of oxygen, so that both sample and reference have 40,000-60,000 counts, thus reducing
statistical uncertainty to ~0-8 9;. Timer variations introduce about 0-7 9/ uncertainty.
The standard deviation for several runs is calculated from

n
100 z(xi - )-C)z
o) = —p/ 1——
X n—1
where o(x) = the percentage standard deviation,
x = the variable,
and n = the number of runs.
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Values of ¢ have been obtained from 1:0 to 1-99;. Thus, system uncertainties are
mostly in the counting statistics and timer errors. An electronic timer has been
constructed to minimise timing uncertainty, so the system will be limited only by
counting statistics.

CONCLUSIONS

The reproducibility of the neutron-activation technique measured at the 959
confidence limit is 4109 based on a single count and +79; based on the average
of two counts for low oxygen steels (30-300 ppm). On steels with homogeneous
oxygen contents, such as NBS standards and finished steel products, the reproducibility
has been significantly better. For high oxygen content samples for which statistical
variation is low (<<19%), the reproducibility is £-2%.

The correlation between neutron activation and vacuum fusion results is generally
good. The difference between neutron activation and vacuum fusion results in 657;
of all the determinations is 0-001 % of oxygen or less.

There is a tendency towards a slight bias between the vacuum fusion and neutron-
activation results, the neutron-activation results being higher. The bias was found
to be greatest on samples heavily killed with aluminium and, in approximately 20 7]
of the aluminium-killed samples, the difference was greater than 2097,

The correlation between neutron-activation analysis and inert gas fusion analysis
with the new Leco oxygen analyser is somewhat better, the bias being less. This is
in good agreement with the often reported low oxygen recoveries on aluminium-killed
steels by routine-type vacuum fusion techniques.” !

The results of this study indicate that the neutron-activation technique is at least
as reliable as the conventional techniques used for the routine determination of oxygen
in steels. In neutron-activation analysis, large, 7- to 50-g samples can be analysed
accurately in half the time needed for the smaller, 1- to 3-g samples in the other rapid
techniques. A significant advantage of the neutron-activation analysis is that it is a
direct non-destructive technique. The problems and sources of error present in hot
extraction techniques, i.e., incomplete decomposition of stable oxides, mechanical
ejection or creeping of oxides, the gettering effect, efc., which lead to poor, usually
low oxygen results with hot extraction techniques, are eliminated. Moreover, the
sample can be run several times, if necessary.

The neutron-activation analysis is not inexpensive, because the initial costs are
high—$35,000 or more for the analyser, plus $10,000 minimum for the necessary
shielding. However, the actual operation of the neutron-activation oxygen analyser
is less expensive for the same reliability of results than the operation of the other
oxygen analysers.

This evaluation in its entirety has shown that neutron-activation is a practical
approach for the rapid, routine determination of oxygen in steel, especially when
larger samples (such as required from molten steels because of their non-uniform
oxygen distribution) are to be analysed.

Acknowledgements—The contributions of R. E. Jones, S. S. Lewis, H. J. Price, P. L. Jessen and
J. E. Steers to this study are gratefully acknowledged.

Zusammenfassung—Eine Einrichtung zur Aktivierungsanalyse des
Sauerstoffgehaltes von Metallen mit schnellen Neutronen wurde im
Vergleich zu den herkdmmlichen Arbeitsweisen der Vakuumschmelze
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und Trigergasschmelze gepriift. Die Ergebnisse zeigen, da8 die
Neutroncnaktivierungsanalyse viel schneller geht (dic ganze Analyse
dauert 2 Minuten oder weniger) und zuverldssiger ist als die Vakuum-
und Trigergasschmelzmethoden, da aller anwesende Sauerstoff
erfaBt wird. Die Proben konnen viel groSer sein als die 0,2-3 g, die
bei den Schmelzmethoden gewohnlich verwendet werden. Ferner ist
die Analyse zerstdrungsfrei-dieselben Proben k&nnen beliebig oft
nacheinander analysiert werden. Die Apparatur zur Analyse mit
schacllen Neutronen cnthilt einen 14 MeV-Neutronengenerator, der
10** Neutronen pro sec liefert, ein pneumatisches Transportsystem
mit zwei Rohren, einen 5 X 5-Zoll-NaJ(TI)-Kristall, einen Einkanal-
analysator, zwei Zihler, Zeitgeber und ein Schaltgerit. Eine Probe in
ciner Polyithylenflasche und eine Blindprobe aus Lucite (Acrylharz)
werden gleichzeitig bestrahlt, dann wird die Probe vor einen Detektor
gebracht, der die *N-Gammaquanten von der Reaktion *O(n, p}'’N
zihlt. Die Blindprobe wird vor einem zweiten Detektor vermessen;
das Verhiltnis der Impulse von Probe zu Blindprobe ist dem Sauer-
stoffgehalt der Probe proportional. Proben mit Sauerstoffgehalten
von 0,002-0,19; wurden durch Neutronenaktivierung analysiert und
dann in Stlicke zerlegt, um dic ganze Probe durch HeiBextraktion zu
analysieren.

Résumé—Un systéme élaboré pour la détermination de la teneur en
oxygéne des métaux par analyse par activation de neutrons rapides a
€t€ essayé en comparaison avec les techniques usuelles de fusion sous
vide et de fusion avec gaz porteur. Les résultats de ces essais montrent
que P'analyse par activation de neutrons est beaucoup plus rapide
(P'analyse compléte nécessite seulement 2 mn ou moins encore) et plus
exacte que la fusion sous vide et al fusion avec gaz porteur, car tout
I'oxygéne présent est analysé. Les échantillons peuvent €tre beaucoup
plus importants que les 0,2-3 g utilisés habituellement pour les
méthodes de fusion. En outre, ’analyse n’est pas destructive, les
mémes ¢chantillons peuvent étre analysés & nouveau aussi souvent
qu'on désire. Le systeme d’analyse par activation de neutrons rapides
comprend un générateur de neutrons 14 MeV produisant 10'! neutrons/
sec, un systéme de transfert pneumatique 4 double tube, un cristal de
Nal(T1) de 5 x 5 pouces, un analyseur & canal unique, deux échelles
de comptage, et des “‘timers” et un systtme de commutation. Un
échantillon en flacon de polyéthyléne et une réferénce en Lucite sont
irradiés simultanément, aprés quoi I'échantillon est renvoyé a un
détecteur pour le comptage des y**N de la réaction *0(n, p)*N. La
référence est alors soumise au comptage dans un autre détecteur; le
rapport des comptages de Iéchantillon et de la référence est propor-
tionnel 4 la teneur en oxygéne de I’échantillon. Les échantillons &
teneur en oxygéne comprise entre 0,002 et 0,19 ont été analysés par
activation de neutrons, puis coupés en plusieurs morceaux pour
analyse par extraction a4 chaud de I’échantilion total.
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OF URANIUM IN HIGH-PURITY
URANIUM COMPOUNDS

LeoN PszonNicki*
International Atomic Energy Agency, Seibersdorf Laboratory, Vienna, Austria

(Received 19 July 1965. Accepted 25 October 1965)

Summary—A procedure has been developed for the very precise
determination of wuranium in high-purity uranium compounds.
Uranium(V]) is reduced in a strong hydrochloric acid solution with
aluminium in the presence of cadmium ions to uranium(IIl). It is
oxidised to uranium(IV) in the presence of excess orthophosphoric
acid and then quantitatively oxidised to uranium(VI) with potassium
dichromate using a potentiometric end-point detection. The coefficient
of variation based on 20 analyses is F0-003 ).

INTRODUCTION

FoRr preparation of uranium standards, the uranium has to be determined in uranium
metal and compounds such as UzO4 with a very high precision (at least +0-01%).
It is also very desirable that the method should be simple and easily followed in other
laboratories.

A few such methods have been described which approximately meet these demands.
In most cases, uranium(VI) is reduced to a mixture of uranium(III) and uranium(IV)
and then quantitatively converted to uranium(IV) and finally oxidised to uranium(VI)
with potassium dichromate. The instability of uranium(IV) in solution complicates
the procedure because of the spontaneous oxidation of detectable quantities to uran-
fum(VI) and this affects the results appreciably. Voss and Green!used a Jonesreductor
followed by oxidation with potassium dichromate; a nitrogen atmosphere was used
throughout to prevent unwanted oxidation. Two end-points, corresponding to the
oxidation of uranium(III) to uranium(IV) and of uranium(IV) to uranium(VI), were de-
termined potentiometrically. The uranium content was calculated from the difference
between the end-points. Vita, Trivisonno and Walker? modified this method; after
potentiometric determination of the first end-point furanium(IIl)-uranium(IV)], they
added an excess of potassium dichromate and then determined the excess of chromium-
(VI) ions colorimetrically. Lerner and Rodden® used an electrolytic reduction of
uranium and took advantage of the spontaneous oxidation of uranium(Il) by hydro-
gen ions to uranium(IV) while simultaneously controlling the potential and adding an
excess of potassium dichromate when this reached the uranium(II)-uranium(IV)
end-point. The excess dichromate was determined by titration with iron(II).

According to Volkov* solid uranium(IV) phosphate is stable. It is also shown
here that uranous ions are stable in solution in the presence of a corresponding amount
of orthophosphoric acid. Uranous phosphates, however, are soluble only in con-
centrated acids and to convert uranium(VI) to uranium(IV) strong hydrochloric acid
must be used; the oxygen-containing acids interfere with the reduction. The use of
aluminium metal in the presence of cadmium for reduction, as described by Davies,?

* Present address: Institute of Nuclear Research, Dorodna 16, Warsaw, Poland.
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proved to be very suitable under these conditions. On this basis the following pro-
cedure was developed:

1 Uranium(VI) is reduced to uranium(III) in concentrated hydrochloric acid with
aluminium metal in the presence of cadmium ions.

2 Uranium(III) is oxidised spontaneously in the presence of orthophosphoric
acid by hydrogen ions, producing a stable uranium(IV) solution.

3 In order to prevent the precipitation of uranium(IV) phosphate, phosphate ion
is complexed by ferric ion and the sample diluted to a hydrochloric acid concentration
of less than 2N. Solid potassium dichromate is added immediately to oxidise the
major fraction of the uranium(IV) and the remainder is finally titrated with a dilute
potassium dichromate solution using a potentiometric end-point detection.

EXPBRIMENTAL

Equipment

PH Meter. “Radiometer” type PHM 22r equipped with platinum electrode type P 101 and satu-
rated calomel electrode type K 100.

Stirrer. Magnetic stirrer with magnetic stirring bar covered with inert plastic.

Microburette, *‘Metrohm” piston burette, model E 298 or normal microburette graduated.to
002 ml with a long end to dip into the titrating solution.

Splash head. Special glass splash head (see Fig. 1) for 1000-ml conical flasks with normal socket
joint NS 29/32.

é15

140

NS 29/32

o $3
N

Fic. 1.—Splash head.
Reagents

Use only analytical-grade materials and redistilled water.

Hydrochloric acid (sp. gr. 1-19)

Nitric acid (sp. gr. 1-40).

Orthophosphoric acid (sp. gr. 171).

Hydrochloric acid solution, 1 M.

Cadmium chloride solution, 50%,. Dissolve 50 g of CdCl; . H.O in about 50 ml of water and dilute
with water to 100 ml.

Ferric chloride solution, 25 %,. Dissolve 1 kg of FeCl, . 6H,0 in about 2 1. of water and dilute with
water to 4 1.

Aluminium wire. BDH “Analar”, ¢ 0-7 mm.

Potassium dichromate. U.S. National Bureau of Standards, oxidimetric standard No. 136 b.
Effective oxidising power 99-98 2.
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Potassium dichromate solution, 0-05N. Dry solid K,Cr,O, NBS Standard for 1 hr at 110°, weigh
2-45160 g (weight corrected to vacuum) to $:0+01 mg, dissolve in about 500 ml of water and dilute
with water to 1000 ml at 20°. Mix carefully.

Preparation of samples

Preparation of UsOs samples. Heat the sample for 1 hr at 850-880° and allow to cool to
room temperature in a desiccator. Place 5-8 to 5-9 g in a stoppered weighing bottle and weigh with
an accuracy of +0:01 mg. Transfer the sample carefully to a 1000-ml Erlenmeyer flask with a stand-
ard taper neck, using 20-30 ml of distilled water for washing out the weighing bottle; Add 20 ml of
concentrated hydrochloric acid and 1 ml of concentrated nitric acid and stopper the flask with a special
splash head (Fig. 1). _

Warm the flask on a steam bath and swirl occasionally until the sample dissolves. Next transfer
to a hot plate, boil without removing the splash head and evaporate until the formation of the first
traces of a solid phase. Next remove the flask from the hot plate for a short time in order to allow
the condensate in the splash head to be sucked back into the flask. Evaporate once more to remove
nitrate but do not allow the solution to go to dryness. Repeat the evaporation twice more, adding
20 ml of concentrated hydrochloric acid each time through the splash head.

After the third evaporation, remove the flask from the hot plate and dip into cold water, adding
simultaneously 30 m! of concentrated hydrochloric acid to the splash head. This flushes the splash
head and is also sucked into the flask as a strong spray which washes down the walls of the flask.

Preparation of uranium metal samples. Etch about 5 g of uranium metal in 8M nitric acid until the
oxide layer is completely removed, wash with distilled water followed by acetone and dry first in air
and then for 10 min in a desiccator. Weigh the sample to an accuracy of 001 mg, transfer to a 1000-ml
Erlenmeyer flask, add 40 ml of 6M hydrochloric acid and close with the splash head. Dissolve with
occasional agitation. Warm slightly and add 0-5 ml of concentrated nitric acid through the splash
head to ensure solution of the small black residue which is often observed. Evaporate three times
with hydrochloric acid as described for UzOs.

Preparation of UO; or UQ; samples. UO, or UO, samples can be weighed without previous treat-
ment. The dissolution of UO, samples is the same as for U;O; with the difference that 2 ml of con-
centrated nitric acid instead of 1 ml are added. UQ; can be dissolved without the addition of nitric
acid and evaporated only once.

Procedure

Weigh, with an accuracy of +-0-01 mg, an amount of solid potassium dichromate corresponding
to 12 to 15 mg less than the theoretical quantity needed for the oxidation. .

To the sample dissolved in 30 ml of concentrated hydrochloric acid add 1 ml of 5097 cadmium
chloride solution and 0-75 g of aluminium wire cut into 5-cm pieces. Put the flask closed by the splash
head on a steam bath until the solution turns deep red. Wash the splash head with a few ml of 1M
hydrochloric acid and warm until complete solution of the aluminium wire. Remove the flask from the
steam bath,add 15 ml of concentrated orthophosphoric acid through the splash head and boil the solu-
tion on a hot plate for 1 min. Again wash out the splash head with a few ml of 1M hydrochloric acid
and cool the solution to room temperature by dipping the flask into cold water. The solution is now
deep green. Remove the splash head, add 100 m! of 25 % ferric chloride solution, dilute with 100 ml
of 1M hydrochloric acid and mix well. Immediately add the previously weighed solid dichromate,
stir until it completely dissolves and transfer the clear solution to an 800-ml beaker. The volume
should now be about 250 ml. Dip the platinum and calomel electrodes and the tip of the burrette into
the liquid and-introduce the magnetic stirrer. Titrate with 0-05V potassium dichromate using strong
stirring. Near the end-point, add the titrant in 0-02-ml aliquots.

Titrate the blank at the same time.

Calculate the uranium content from the total amount of dichromate used, after subtracting the
blank and correcting the value for the oxidation power of the dichromate.

. Reduce all weighings to vacuum.

Optimum conditions for procedure

Use of splash head. All operations in the flask should be carried out with the splash head (Fig. 1)
fitted. This is especially important in all manipulations involving evolution of gases: the dissolution
of samples, reduction and oxidation of uranium(III) to uranium(IV) after the addition of phosphoric
acid. If the analysis is carried out in open vessels, there is a loss of uranium, which can amount to a
few hundreths of a per cent of the total uranium.

Armount of cadmiumn chloride. The uranium sample ought to be dissolved before the reduction in a
small amount of concentrated hydrochloric acid (normally 5 g of the uranium in 20 ml of hydrochloric
acid), because theconcentration of hydrochloricacid after dilution, i.e., before oxidation with potassium
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dichromate, cannot be higher than 2N. In such a concentrated uranium solution the reduction of
uranium(VI) to uranium(IV) with aluminium metal alone does not proceed completely, even when
using a large excess of aluminium. In the presence of cadmium ion the reduction goes very quickly,
uranium(VI) is reduced to uranium(Ill) (deep red colour of solution) and the consumption of
aluminium metal is not much higher than the theoretically calculated amount (0-113 g of Al/1 g of
U). During the reaction the formation of a black precipitate of metallic cadmium is observed on
the surface of aluminium. The precipitate is dissolved very rapidly in the solution. This observa-
tion suggests the following mechanism of reduction as the most probable:

3Cd2* 4 2A1° — 3Cd° + 241+
Cd® + Ut —>Cd + U
Cd° -+ 2U* — Cd2+ + 2U%

One ml of 5094 cadmium chloride sloution was found experimentally to bring about the reduction in
3-5 min. With insufficient cadmium chloride, the reduction is too slow, while withtoolargean amount,
cadmium sponge is formed. This sponge dissolves with difficulty and its remainder can later reduce
potassium dichromate to give an error in the determination,

Amount of aluminium metal. Aluminium in the form of wire was found to be most convenient.
The optimum quantity is that which gives a stable deep red colour to the uranium solution in a few
minutes. Anexcess is undesirable because of slow dissolution of the metal in the absence of unreduced
uranium.

Amount of orthophosphoric acid. Although only a small quantity of phosphoric acid is needed
to cause the immediate and quantitative oxidation of uranium(JIII) to uranium(IV) by hydrogen ions,
a distinct excess is necessary to keep uranium(IV) stable. On the other hand, too large an excess can
cause an undesirable diminution of the potential difference at the end-point. The quantity given above
ensures stability of the uranium(IV) ions for about 1 hr and has no significant influence on the
titration. By boiling the solution after the addition of phosphoric acid, the titration proceeds in a
better manner.

Amount of ferric chloride. Ferric chloride in large excess entirely prevents the precipitation of
uranous phosphate in the diluted hydrochloric acid solution. A minimum amount, however, is desir-
able to keep any blank correction as small as possible, and the quantity chosen allows only a small
amount of gelatinous precipitate to form which readily dissolves during the oxidation with solid
potassium dichromate. To prevent entirely the formation of the precipitate, at least twice the recom-
mended quantity of ferric chloride would be required.

Titration. There is about 150 mV potential difference at the end-point on the addition of 0-02 ml
of 0-05N potassium dichromate. The stabilisation of the potential in the region of the end-point,
however, is slow and one should allow about 1 min between additions of the titrant and the reading
of the potential change.

DISCUSSION AND RESULTS

It was found that the stability of uranous phosphatein solution depends on the con-
centration of phosphoricacid. Ina 5M solution (15 ml of H;PO,added to the sample),
the rate of spontaneous oxidation of uranium(IV) to uranium(VI) is 0-0015 9; of total
uranium content per hour. This effect can be explained by the influence of phosphoric
acid concentration of the relative values of the formal potential uranium(IV) to
uranium(VI).6 The addition of an excess of ferric chloride to the solution increases
its oxidation rate almost 50 times. For this reason dilution of the sample must be
followed immediately by the oxidation with with solid dichromate.

The reaction:

U(LV) + 2 Fe(III) = U(VI) + 2 Fe(IL)

proceeds very slowly to the right in a strong phosphoric acid medium, and is even
reversed in very high acid concentrations.” When the solution is dilute, however, as in
the last stage of the titration, the rate of the direct reaction is rapid and a considerable
amount of the remaining uranium(IV) is oxidised by iron(III). Because the amount of
ferrous ion produced is equivalent to the uranium(I'V) oxidised, the consumption of
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dichromate is unaffected. The presence of ferrous ion is necessary to obtain a large
potential difference at the end-point.

Applicability of procedure

The method is proposed for the very accurate determination of uranium in pure
preparations such as uranium standards and similar samples, which do not contain
interfering impurities in significant quantities. The elements which could cause
interference are those which are reduced and oxidised under the same conditions as
uranium (copper, vanadium, titanium, iron, molybdenum, tin, ezc.). If their total
concentrations in the sample exceeds 20 ppm, then corresponding amounts should be
added to the blank. The presence of phosphates and perchlorates makes the reduction
to uranium(III) or even quantitative reduction to uranium(IV) impossible. Sulphates
significantly slow the reduction and can give difficulty soluble precipitates with
uranium(IV). Nitrates must be removed before the reduction because their presence
would cause an increased consumption of aluminium and also could give involatile
reduction products which would later reduce dichromate.

Precision and accuracy

Under normal analytical precautions, the method has a precision better than
40-019%,. Thecoefficient of variation calculated from 20 determinations was 4-0-003 %;.
Table I shows two series of the determination of uranium in U;Og in which series 2 was
carried out by an analyst who used the method for the first time. The tri-uranium
octoxide was prepared from very pure UO, by heating to 850°. The total content of
impurities did not exceed 20 ppm.

TABLE I.—ANALYSIS OF U;O; SAMPLES

U:0s, %
First series Second series

99-994 100004

99-995 99-994

99-998 99-999

99-998 99-992

100-002 100-000

99-996 100 001

Average 99-997 99-998

UgO,- Standard 950a from the National Bureau of Standards was analysed in order
to test the accuracy of the method. The certified value of 99-94 4- 0-02%; is to be
compared with the average of results by this method (Table II) of 99-946 %.

TABLE II.—ANALYSIS OF U Oq

N.B.S. Standard sample No. 950a
Us0s, 7%

99-945
99-946
99-945
99-948
99-945
99947

Average 99946
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Zusammenfassung—Es wurde die hochprezise Uranbestimmungs-
methode in reinen Uranpraeparaten bearbeitet. Uran(I1I) wird in einer
stark sauren Salzsaeureloesung mit Aluminium-Metall in Gegenwart
der Kadmium-ionen bis Uran(III) reduziert. Uran(111) wird in Gegen-
wart eines Orto-Phosphorsacureueberschusses mit Wasserstoffion bis
Uran(IV) oxidiert. Quantitative Oxidation bis Uran(VI) wird mit
Kaliumdichromat bei potentiometrischer Endpunktbestimmung durch-
gefuehrt. Variationskoeffizient berechnet auf Grund zwanzig Analysen
betraegt £0,003 ;.

Résumé—On a €laboré une méthode trés précise de dosage d’uranium
dans les composés d’uranium de trés haute pureté. On réduit Puranium
(VI) dans une solution forte & I'acide chlorhydrique par I'aluminium
metallique en présence d’ions de cadmium vers Puranium(III). Aprés
I'oxidation vers 'uranium(IV) en présence d’un excés de l'acide orto-
phosphorique onoxidise quantitativement 'uranium(IV)vers 'uranium
(V]) par le dichromate de potassium en trouvant la fin d’oxidation par
le mode potentiometrique. Le cocfficient de variation calculé d’aprés
20 dosages comporte 0,003 %,.
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Summary—A description is given of the accurate determination of
small quantities of oxygen, carbon and water in inorganic compounds.
Oxygen and carbon are determined by a conductimetric technique and
water by a coulometric technique. The limits of detection of the differ-
ent methods are: 0-1 ug of oxygen, 0-1 ug of carbon and 0-03 ug of
water. This is accomplished by taking special care to obtain a low
blank and by using stable instruments. A suggestion is made for the
simultaneous determination of water and hydrogen.

INTRODUCTION

THE carrier-gas technique has been used frequently for the determination of oxygen,
carbon and water in inorganic materials.-71% Since the introduction of commercial
instruments, this technique has become very popular.

In the work described in this paper both oxygen and carbon are converted to
carbon dioxide which is determined by a conductimetric method.>+%8-1% Water is
absorbed in a thin layer of phosphorus pentoxide and electrolysed to hydrogen and
oxygen. The apparatus used for this determination is the so-called phosphorus
pentoxide cell.’®

Special care has been taken to obtain a high sensitivity. This is necessary for an
accurate determination in small samples and for the determination of very small
quantities in large samples. To obtain this high sensitivity it is in the first place
necessary that in the oxygen determination the concentration of carbon and oxygen
compounds in the carrier gas should be very low; in the case of carbon determination,
the concentration of carbon compounds in the carrier gas should also be very low;
again, in the water determination the carrier gas should be very dry. This has been
achieved by thoroughly purifying the carrier gas and by using a gas-tight apparatus.
Moreover, the conductimetric carbon dioxide determination must be very sensitive
and stable. This has been accomplished by using two identical absorption cells of
the construction described by Still et al.” (placed in a thermostat) for temperature
compensation, by equalising the evaporation of water from the cells and by using a
highly sensitive measuring bridge (and recorder), fed by a stabilised voltage source.
The limit of detection of carbon and oxygen attained is 0-1 ug. A further requirement
is that the furnace tubes and crucibles or boats do not give off carbon dioxide during
heating.

6 409
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The carrier gas used for the determination of oxygen is very pure argon, containing
less than 0-1 ppm of carbon compounds, water and oxygen. The graphite crucible
used for this analysis is placed inside a water-cooled silica tube and is preheated at
2200° by means of a 6-kW high-frequency generator. By suitable matching of coil
and crucible the power input is sufficient to obtain this temperature using an un-
shielded crucible, thus avoiding the use of graphite powder insulation.

The carrier gas used for the determination of carbon is very pure oxygen containing
Iess than 0-1 ppm of carbon compounds. Heating tube and crucibles are manufactured
from silica, recrystallised alumina or gas-tight ceramic material. Samples of non-
conducting material are burned in a platinum-wire resistance furnace; a 500-W high
frequency generator is used for metals requiring a high temperature for burning,

The type of phosphorus pentoxide cell used is the “Beckman electrolytic hygrom-
eter”. Its efficiency was found to be 1009,. Purified argon was also used as a
carrier gas. The limit of detection of water attained is 0-03 ug. The flow rate of the
carrier gas is in all cases about 6 litre/hr. Each determination can be carried out in
about 10-20 min. It is possible to obtain more detailed information by temperature
programming.

For a determination of oxygen the blank is 0-2 ug, for carbon and water <0-1 ug.
The blank of a determination of carbon carried out in a high-frequency furnace
cannot be made as low as that, and is determined by burning iron, which has a low
carbon content.

EXPERIMENTAL
Oxygen determination

The apparatus (Fig. 1) consists of the following elements:
1. Argon gas of high purity from a cylinder, connected by means of a glass to copper seal to a
Pyrex glass purification train (2 to 5).

Argon Copper Soda Silica Molecular Bubbler High frequency
wool asbestos gel sieve device furnace
o I \ Anhydrone1
LI A R il S b |
1 i
|
0 o0
000 Conductivity cells

Measuring equipment

Fig. 1.—Apparatus for determination of oxygen.
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Fic. 2.—Silica tube with graphite
crucible (size in mm),

. Two columns of copper wool (the first part of the first column is oxidised) at 400°, oxidising
traces of hydrogen and carbon compounds and eliminating oxygen.

. A coliimn of soda asbestos (8-14 mesh) at room temperature, eliminating acid gases, e.g., carbon
dioxide.

. A column of silica gel (8-14 mesh) at room temperature (regenerated at 300°).

. Two columns of molecular sieve SA at room temperature (regenerated at 300°).

The last three columns serve to eliminate water.

. A bubbler device filled with silicone oil Dow Corning 705 Fluid to give a constant gas

ressure.

. % water-cooled silica tube connected to the purification train by means of a ground glass joint
greased with Apiezon N or L and containing a graphite crucible (content about 2-5 ml)
mounted on a tungsten rod (Fig. 2). The crucible, surrounded by a high-frequency coil on the
outside of the water-cooled tube, is heated by means of a 6-kW high-frequency generator (Philips
PH 1006/13). To obtain a large range of temperatures the power of the generator is regulated
by a variable transformer (0-380 V, 156 kVA). By using a 12-kW generator a temperature as
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high as 2600° can be reached. A prism on top of the silica tube enables the operator to measure

the temperature of the crucible by means of an optical pyrometer.

A Teflon stopcock to introduce samples (maximum size: diameter 7 mm, length 13 mm) into

the crucible without interrupting the gas flow. In this two-way stopcock fits a massive Teflon

plug which has a hole 8 mm in diameter and 15 mm deep. The sample is placed in the hole and

is introduced into the crucible by turning the stopcock through 180° (Fig. 2).

A Pyrex glass tube filled with granulated activated copper oxide, held at 400°, in which carbon

monoxide is converted to carbon dioxide. A plug of silica wool at the entrance of the tube

serves to trap traces of evaporated materials.

10. Two conductivity cells placed in series, filled with 0-025M caustic soda giving a conductivity of
about 10,000 p#mho, and separated by a small column of magnesium perchlorate (anhydrone) to
equalise water loss in both cells. The cells, placed in a water thermostat at 20° (temperature
constancy 0-1°), form two adjacent arms of a Wheatstone bridge which is part of the conductivity
measuring system (Philips PT 1200, Direct Reading Measuring Bridge for strain gauges); the
other arms of the bridge are a 100-Q precision resistor and a four-decade resistance box,
the latter being placed in the circuit in such a way that the conductivity of the first cell (meas-
uring cell) is read on the dials of the resistance box.

11. A recording millivoltmeter (Philips PR 2210A/21 or PR 2400A/02) is connected to the con-
ductivity measuring system.

Calibration. Calibration of the measuring cell is performed by reducing nickel oxide, sintered at
1200° in air. The nickel content was determined and was found to have the theoretical value within
the experimental error (0-29; rel.). The nickel oxide samples (about 1 mg) are weighed on an ultra-
micro balance (Mettler UM 7).

The maximum amount of carbon dioxide which can be absorbed by the cell without loss of
linearity is equivalent to about 2000 ug of oxygen. The following data are representative of the
calibration reproducibility. 100-0 g of oxygen correspond to 83-5, 83:3, 83-7, 83-2, 82-7 and 83-4
pmho.

Samples. Whenever possible a lump of the material to be analysed is used; powders are wrapped
in a weighed piece of metal foil, e.g., iron, tin, copper or platinum; if necessary the foil is reduced by
hydrogen. The oxygen content of the metal foil is determined separately.

Outgassing and blank. In the first place the graphite crucible is heated at a low temperature to
remove large quantitiesof gases (the heating tube not yet being connected to the copper oxide column).
After a while the temperature is raised to 2200°. After outgassing at 2200° for 1 hr the copper oxide
column and the cells are connected to the gas stream.

The conductivity of the measuring cell is registered on the recorder as a function of time. A
determination is started when the rate of decrease of the conductivity has become sufficiently small.

According to the nature of the sample either the graphite crucible as such or a metal bath in the
crucible is used. Metal baths are used, e.g., in the analysis of high melting metals and compounds.?
For a working temperature of 1500° outgassing for about 4-hr of the crucible at 2200° is needed to
reach a blank value of 0-2 zg of oxygen during 10 min, for 2000° about 8 hr at 2200° is needed, for
2200° about 20 hr. The time of outgassing can be reduced by using a temperature of 2600°.

Instead of waiting till the blank is as low as given above, one can evaluate the blank graphically
on the recorder chart. The procedure chosen depends on the amount of oxygen in the sample and
the sensitivity needed. After the blank has reached the required value the metal bath (if necessary)
is prepared by introducing pieces of the metal (total weight 5-10 g) into the crucible via the Teflon
sampling stopcock, followed by heating at the working temperature until the blank has become low
enough. After this the sample can be introduced and its oxygen content measured (Fig. 3).

kel

b

Carbon determination

The apparatus (Fig. 4) consists of the following elements:

1. Oxygen gas of high purity from a cylinder, connected by means of a glass to copper seal to a
Pyrex glass purification train (2 to 4).

2. A column of granulated activated copper oxide at 400°, oxidising traces of carbon
compounds.

3. A column of soda asbestos (8-14 mesh) at room temperature, eliminating acid gases, e.g., carbon
dioxide.

4. A column of Anhydrone to eliminate water.

5. A bubbler device filled with silicone oil to give a constant gas pressure.

6a. A platinum wire resistance furnace, the temperature of which is regulated by means of a thermostat

using the platinum wire as a sensing element. The maximum temperature of the furnace is 1400°,
Up to 1100° a silica tube is used in which a tube of recrystallised alumina serves to protect the
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Fic. 3.—Determination of oxygen in tungsten filaments and calibration with nickel
oxide. In this figure are illustrated the calibration of the conductivity cell by means of
nickel oxide (1-78 mg) and two determinations of oxygen in tungsten filaments
(252-3 mg and 101-4 mg). During a calibration or a determination the conductivity
of the cell is recorded for controlling the process. The distance between two horizontal
lines corresponds to 225 sec. Before and after a calibration or a determination the
conductivity of the cell is determined by balancing the measuring bridge (F; and Fs).
The gas flow rate was 6 litre/hr.

Silica wool
Copper oxide

Resistance furnace

Manganese dioxide

Bubbler
device é

Oxygen Copper
oxide

Soda -
asbestos +
anhydrone

o

High frequency furnace
Fic. 4—Apparatus for determination of carbon.
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Fi6. 5.—Determination of carbon in silicon carbide and calibration with calcium
carbonate (y = ug). In this figure are illustrated two calibrations of the conductivity
cell by means of calcium carbonate (primary standard) (1-663 mg and 1-864 mg) and the
determination of carbon in silicon carbide (powdered crystals) (1-298 mg). During a
calibration or a determination the conductivity of the cell is recorded for controlling
the process. The distance between two horizontal lines corresponds to 225 sec.
Before and after a calibration or a determination the conductivity of the cell is
determined by balancing the measuring bridge (F, and F,). The gas flow rate was 6
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F1G. 6.—Apparatus for determination of water.
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silica. Up to 1400° a gas-tight ceramic tube is used. To the ends of this tube Pyrex glass parts
have been fused and the whole is connected to the gas train by means of a ground glass joint
greased with Apiezon N or L. A bypass enables the operator to introduce samples into the tube
without interrupting the gas flow.

. A 500-W high-frequency generator instead of 6a for burning metals (Philips PH 1095).

. A plug of silica wool to filter the gas stream.

. A column of active manganese dioxide to oxidise and absorb any sulphur dioxide.

. A column of granulated activated copper oxide at 400°, to oxidise traces of carbon
compounds.

10. Two conductivity cells and measuring equipment as described in the section on the determination

of oxygen (Fig. 1).

The furnace tube is about twice as long as the furnace and the latter can be moved along the tube.
In this way a sample can be introduced into the cold part of the tube, after which the furnace is
brought around this part. This is done to ensure that carbon dioxide entering when the sample is
introduced does not disturb the determination.

Calibration. Calibration of the measuring cell is performed by heating analytical-reagent grade
calcium carbonate (preheated at 500°) at 1000°. The calcium carbonate samples (about 1 mg) are
weighed on an ultramicro balance. The following data are representative of the calibration repro-
ducibility. 100-0 ug of carbon correspond to 84-8, 84-6, 84-9, 84-8, 84-8 and 844 umho.

Samples. Samples are burned in either a silica boat or a recrystallised alumina boat with or
without accelerator.® Several materials need an accelerator for complete oxidation, e.g., silicon
carbide powder is oxidised at a temperature of 1050° using lead borate (a melt of 2 g.m.w. of PbO -+
1 g.m.w. of B;0y), according to Wiebke and Braun.** Silica boats are preheated at 1100°, alumina
boats at 1700° (in oxygen in a silicon carbide furnace). Metal turnings are used for burning in the
high-frequency furnace.

Outgassing and blank. The furnace tube is heated at the working temperature in a stream of
oxygen. The outgassing is complete when the rate of decrease of the conductivity has become less
than a value corresponding to 0-1 ug of carbon in 10 min. Usually this is the case after a few hours.
After this the sample can be introduced and its carbon content measured (Fig. 5).

In case the 500-W high-frequency generator is used for burning metals and alloys, calibration is
performed by burning 1 g of a standard sample, e.g., U.S. Bureau of Standards sample 55¢ (0-01074
of carbon). "The following data are representative of the calibration reproducibility. 100-0 ug of
carbon correspond to 89-3, 897, 89-5, 88:8, 89-6 and 89-0 umho.

The ceramic crucibles are preheated for several hours at 1200° immediately before use (Kantal
furnace). The blank is determined by burning a 1-g sample of pure iron turnings having a low and
known carbon content.

[,
O 00 ~g

Water determination

The apparatus (Fig. 6) consists of the following elements:

1 to 5. As used in the section on determination of oxygen.

6. A silica tube for heating samples connected to the purification train by means of a ground glass
joint greased with Apiezon N or L. The tube is heated by a small resistance furnace, the tem-
perature of which is regulated as described in the section on determination of carbon (6a).

7. A phosphorus pentoxide cell as described by Keidel for water determination (Beckman electrolytic
hygrometer cell, cat. no. 76285), connected to glass tubing by means of a glass-metal joint and
built in a Pyrex glass tube for gas-tightness (Fig. 7). The coulometric water determination is
performed in the following way. The electrolytic current through the cell is transformed into a
voltage proportional to this current (using precision resistors); the voltage is amplified by a
mV/mA converter (Philips PR 9603), the output of which is fed into an integrator (Philips 110-832/
01). A miniature recorder (Philips PR 2400A/02) registers either the voltage (water content of the
gas stream) or the integrated voltage (total amount of water).

Control of cell calibration. The efficiency of the system is determined by heating 100-1000 ug
of analytical-reagent grade nickel sulphate heptahydrate (stored above a saturated solution of
nickel sulphate) to 150°. The nickel content of the samples was determined and was found to have
the theoretical value within the experimental error (0-2%; rel.). The samples were weighed on an
ultramicro balance. Using a rate of gas flow of 6 litre/hr and the amount of sample given, the cell
efficiency was found to be 1009 within 1%,

Samples. The material to be analysed was placed in a small platinum boat, preheated at 1000°, or
in a recrystallised alumina boat, preheated at 1700°.

Outgassing and blank. The furnace is heated to a temperature which is somewhat higher than the
working temperature, until the water content of the gas has again fallen to 0-1 ppm (flow rate 6
litre/hr).
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Fi1G. 7.—Phosphorus pentoxide cell in Pyrex glass tube.

After this the sample can be introduced and its water content measured (Fig, 8). After regeneration
of the purification train it takes about 4 days of continuous flow before a level of 0:1 ppm of water
content is reached.

Determination of hydrogen in samples can be carried out by placing a column of granulated
activated copper oxide at 400° behind the phosphorus pentoxide cell, followed by a second cell in the
water determination line and measuring the water in the first cell and the sum of hydrogen and water
in the second cell.

A second possibility for the determination of hydrogen is to place the phosphorus pentoxide cell
in the oxygen determination line between elements 9 and 10.
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Fig. 8.—Determination of water in lead oxide (y = pg). In this figure is illustrated

the determination of water in lead oxide. In this particular experiment the full scale

sensitivity is 0-00725 mg of water. At 200° 0-0052 mg of water is liberated, at 400°

another 00006 mg of water is found. The distance between two horizontal lines
corresponds to 600 sec. The gas flow rate was 6 litre/hr.

RESULTS

In Tables I, II and III a number of examples are given, respectively, of oxygen,
carbon and water determinations in different materials.

[

TABLE I.—OXYGEN DETERMINATION*
(Before the oxygen in a sample is determined it is verified that the corresponding oxide is reduced
quantitatively.)

Weight, Temperature, Oxygen content,
Sample mg Bath °C %

MnSb crystal 100 tin 1500 0-20-0-20-0-20-0-21
\iJ powder 50 iron 1750 1-3-1-4
FeN  powder 20 iron 1750 2:03-2-04
Mo powder 1 iron 1750 0-27-0-27
Ti powder 1 platinum 2000 20-6-20-7
Ti wire 500 platinum 2000 018018
B,O; crystal 05 platinum 2000 69-1-69-2
ZnO  powder 1 platinum 2000 19-6-20-1
NbSn powder 10 platinum 2000 3129
NbZr rod 150 platinum 2000 0-18-0-18-0-20
KCl  crystal 100 — 1500 0-0034-0-0035
Sn foil 100 — 1500 0-020-0-020-0-021
In rod 500 tin 1500 0-022-0-022-0-024
GaAs crystal 500 tin 1500 0-0001-0-0002-0-0002
GaP  crystal 200 tin 1500 0-0005-0-0005
cathode nickel tube 500 — 1750 0-002-0-003
Mo rod 500 iron 1750 0-0029-0-0031
Fe rod 500 — 1750 0-010-0-010
w filaments  100-250 iron 1750 0-0035-0-0040
GeAlln alloy 200 platinum 2000 0-0005-0-0007
v foil 200 platinum 2000 0-071-0-072
Pt foil 100 — 2000 0-021-0-022
Nb wire 150 platinum 2000 0-024-0-025

* Qur sincere thanks are due to Mr. A. v.d. Aalst for carrying out the experiments.
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TABLE III.—WATER DETERMINATION

Weight, Temperature, Water content,
Sample mg Boat °C %

NiSO,-7TH,O crystal 05 platinum 150 44-3-44-7
PbO crystal 20 alumina 950 0-13-0-15
Silicone grease 40 silica 200 0-06-0-07
Silicone grease 40 silica 200 0-011-0-010
CsCol, crystal 2 platinum 400 0-05-0-03
NaJ clear crystal 200 platinum 700 0-0001
NaJ cloudy crystal 200 platinum 700 0-0004

TABLE IV.—INFORMATION ABOUT TEMPERATURES AND BATHS USED IN THE ANALYSIS OF METALS AND
OTHER INORGANIC MATERIALS

Temperature, Temperature,
Metals Oxides Bath °C Other materials  Bath °C
Ag — — 1500 CaF, — 1500
As As,0, Sn 1500 KCl — 1500
Cu CuO — 1500 GaAs Sn 1500
Ga Ga,0, Sn 1500 GaP Sn 1500
Ge GeO, Sn 1500 LigN Sn 1500
In In,O4 Sn 1500 MnSb Sn 1500
Mn MngO, Sn 1500 FeN Fe 1750
Pb PbO Sn 1500 AIN Pt 2000
Sb Sb,0, Sn 1500 BN Pt 2000
Si SiO, Cu or Sn 1500 Be,N, Pt 2150
Sn Sn0O, — 1500 GeAlln Pt 2000
Co — — 1750 NbZr Pt 2000
Fe Fe 0, — 1750 WZr Pt 2000
Mo MoO, Fe 1750
Ni NiO — 1750
w WO, Fe 1750
Al Al O3 Pt 2000
B B,0; Pt 2000
Be BeO Pt 2150
Cd Cdo Pt 2000
Mg MgO Pt 2150
Nb Nb,O; Pt 2000
Pt — — 2000
Ru RuQ, Pt 2000
Ta Ta,O; Pt 2000
Ti TiO, Pt 2000
v V.0, Pt 2000
Zn ZnO Pt 2000
Zr Z10, Pt 2000

Zusammenfassung—Die genaue Bestimmung kleiner Mengen Sauer-
stoff, Kohlenstoff und Wasser in anorganischen Substanzen wird
beschrieben. Sauerstoff und Kohlenstoff werden konduktometrisch,
Wasser coulometrisch bestimmt. Die Nachweisgrenzen der Methoden
sind 0-1 ug Sauerstoff, 0-1 ug Kohlenstoff und 0-03 ug Wasser. Dies
wird erreicht durch besondere Sorgfalt beim herstellen eines moglichst
niedrigen Blindwerts und durch stabile Anzeigeinstrumente. Fiir die
gleichzeitige Bestimmung von Wasser und Wasserstoff wird ein
Vorschlag gemacht.
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Résumé—On décrit le dosage précis de petites quantités d’oxygéne, car-
bone et eau dans les composes inorganiques. On dose I'oxygéne et le
carbone par une technique conductimétrique et 'eau par une technique
coulométrique. Les limites de détection selon les différentes méthodes
sont: 0,1 ug pour Poxygeéne, 0,1 ug pour le carbone et 0,03 ug pour
Pean. Ceci est réalisé en prenant un soin spécial pour Pobtention d’un
témoin faible et en utilisant des instruments stables. On présente une
suggestion pour le dosage simultané de I’eau et de I'hydrogéne.
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Summary—A critical review of the group scparatlon of tervalent lan-
thanides and actinides and of the separation of individual transplu-
tonium elements is presented. The theoretical principles involved are
also discussed.

TRANSPLUTONIUM elements, TP, can be generally produced by two methods: (a) by
irradiation of uranium or plutonium by neutrons in a nuclear reactor or in thermo-
nuclear explosion, (b) by irradiation of uranium, plutonjum or lighter TP by accelerated
ions of helium, carbon, oxygen, neon, ete. Inallthese nuclearreactionsfission products
are formed in great yield as well as the TP. The separation of TP from the majority of
the fission products, with the exception of the lanthanides, can be casily achieved using
common chemical methods. However, the separation of TP from lanthanides and the
separation of adjacent TP is a more complicated task. Because TP are predominantly
tripositive in solution, oxidation and reduction cycles are of limited utility as are most
conventional chemical separations individual TP have a great resemblance. Further,
in many cases the TP are very short lived and are obtained in exceedingly low
yield. For these reasons highly specific and rapid methods are necessary for their
separation.

The aim of the present paper is to give a review of newer methods for separation of
TP, especially ion exchange and solvent extraction. Older methods used for this
purpose are described in detail in the excellent monographs of Seaborg and Katz.34 7

PRECIPITATION

Precipitation methods are generally used for separation of TP from the majority of
fission products. After addition of lanthanum or cerium as carrier for TP (~0-1 mg/ml
of solution) the tervalent actinides can be precipitated by hydrofluoric acid (the equi-
librium concentration of hydrofluoric acid should be approximately 1-3M). Similarly
TP can be coprecipitated withlanthanum oxalate at pH 0-2 (equilibrium concentration
of oxalic acid should be 0-1M) or with bismuth phosphate in the presence of 0-1M
perchloric acid.®+™ If neptunium or plutonium is present it is advantageous to
oxidise these elements using suitable oxidising agents(e.g.,dichromate, permanganate)
before the precipitation of TP.

For isolation of greater amounts of americium from lanthanides and other TP
can be used the oxidation of americium to the quinquevalent state [in a 30%
solution of potassium carbonate Am(IIl) is slowly oxidised by 0-1M sodium

* For reprints of this Review see Publisher’s Announcement at the end of this issue.
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hypochlorite to Am(V), which is precipitated as K;AmO,(CO3),] or to the sexivalent
state [Am(VI)is not precipitated by hydrofluoric acid].3%7

In the past the separation of TP from lanthanides has been achieved by precipi-
tation with fluorosilicic acid in a nitric acid medium.3%" However, this method has
now been replaced by more selective ion-exchange or solvent-extraction methods.

ION EXCHANGE
During the past fifteen years ion exchange has developed into the most powerful
method for separation of TP from lanthanides as well as for separation of adjacent TP.
Using this method it was possible to make the chemical identification of five new TP
(berkelium, californium, einsteinium, fermium and mendelevium).

Cation-exchange resins

The separation of TP on cation-exchange resins involves two major steps: (a)
sorption of the mixture of TP by resin from a solution, (b) sclective desorption of
individual elements by an appropriate eluting solution.

For the sorption of tervalent TP by a cation-exchange resin the reaction may be
written:7®

M3+ + 3NH,R = MR, -+ 3NH,* )

where R is the resin anion.

From the equilibrium constant of this reaction*

_ IMRINH,® _  [NHJ
s~ MIINH,RP" ~ "° [NH,RT

K (2)

it follows, that the distribution coefficient ¢, decreases as the third power of the [ammo-
nium] concentration. For instance, the value ¢y (g.ml™) of americium and curium
between cation exchanger Amberlite IR-120 and aqueous phase is equal to 1-8 X 10%at
ionic strength y = 0-2and 1-0 x 10*at x4 = 0-5.%3 For this reason, the transfer of the
mixture of TP to the resin is best done in a solution of very low ionic strength.

The simplest type of desorption, i.e., the displacement of TP by a sufficiently high
concentration of a cation, such as hydrogen ion, is not applicable because of low
differences in ¢, of adjacent TP.¥ However, in the presence of a complexing agent
H,B which forms with TP neutral or negatively charged complexes of the type MBn,
the distribution ratio ¢ between cation exchanger and aqueous phase will be expressed
by the following equation:

9= [MR,] _ Do
[M] + [MBs] 1 + Ba[B]®

€)

where fn is the stability constant of complex MBn. [B] is the equilibrium concen-
tration of the anion of the complexing agent. From equation (3) it is evident that
the amount of TP in the resin phase decreases with the increase of stability constant
or concentration of the anion B.

* For simplicity in this and following equations the charges will be omitted.
+ From analogy with lanthanides it can be expected that the values ¢, of TP will decrease with
increase of atomic number Z,%¢
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The separation factor, S, ;, of two adjacent TP can be expressed as follows

Pz _ ®o.1 + Bnz1[B]Y)
®ze1 Po.zra(l 4 Buz[BIY)

As it can be seen from equation (4) the separation factor is determined to a first
approximation by the ratio of the stability constants of the separated elements

“4)

z
Sz+l -

(h—N 1 and Bn[B]* > 1) .

Po.z+1

By the elution of a mixture of TP the sorption and desorption processes are repeated
many times. The volume of eluting agent, v, which has passed through the resin bed,
when the concentration of the element investigated in the eluate is a maximum, can be
easily calculated from the equation™

V=W p-+v, (&)

where W is the weight of the ion exchanger in the column and v, = free column vol-
ume. From equation (5) it follows that the value v decreases with the decrease of ¢, i.e.,
with the increase of stability constant fx [equation (3)]. Because the stability of com-
plexes of tervalent TP and lanthanides with complexing agents in general increase with
an increase of their atomic number Z (Table I), the heavier TP or lanthanides will be
eluted from a cation-exchange column faster than the lighter.

Complexing agents for the separation of TP may be inorganic as well as organic
acids and their salts. Street and Seaborg!®#s have found that a group separation of the
TP is possible byelution with 13-3M hydrochloric acid or with a 20 9/ solution of ethanol
saturated by gaseous hydrogen chloride. TP form more stable complexes than lan-
thanides and for this reason all tervalent TP arc eluted from a column of Dowex-50 resin
faster than the heaviest lanthanides. Analogously, the group separation of TP can be
accomplished with a 1-8M solution of ammonium thiocyanate;!®* however, the
separation is not so effective as in the case of hydrochloric acid. The difference
between the stability constants of chloride or thiocyanate complexes of TP is not great
enough to permit easy purification of a complex mixture. The complexing agent which
received the earliest study for the separation of TP was citric acid (~0-2M), partly
neutralised by ammonia.®7-#8-%% Citric acid (HyCit) forms with americium in a slightly
acid medium complexes of the type M(H,Cit);, and in neutral or a slightly alkaline
medium complexes of the type M(Cit);>~.23 Complexes of this type are formed also
with lanthanides?”-* and probably with heavier TP.

The elution position of each TP relative to gadolinium (gadolinium number) and
separation factor between neighbouring TP are given in Table II. Because of the long
time required for the elution of a given element (several hours or days) the citric acid
was replaced by lactic acid,?19-43-% glycolic acid®* and especially a-hydroxyisobutyric
acid (0-1-0-4M)%11-20:45.76 partly neutralised by ammonia. Complexing agents of
this type form with TP complexes of the type MB,.

From Table II, it is evident that TP are eluted simultaneously with the lanthanides
(e.g., americium with promethium, curium with samarium, efc.), which have to be
separated by another method.
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From the stability constants of lanthanides with various e-hydroxycarboxylic acids
it follows that it is not to be expected that they will separate lanthanides or TP more
effectively than «-hydroxyisobutyric acid. However, in organic-aqueous solutions (e.g.,
dioxan-water, acetone-water, efc.) the ratio of stability constants of complexes of

TABLE I.—STABILITY CONSTANTS OF TRANSPLUTONIUM AND RARE EARTH ELEMENTS
WITH VARIOUS COMPLEXING AGENTS

HLact® HBut® H,Tart® H,Oxal? HXe H,Y H,Z¢* H,T»

Element logfs logf, logP, logfs logB, logPh. logp, logfh, logph,
p=05pu=05 u=01 u=01 pu=01 u=01 =01 u=01 p=01

Am 570 61 678 1148 107 1971 1691 1821 232
Cm 575 62 684 121 110 2013 1710 1835 233
Bk G9F  (66) 177y 231
cf 608  (69) 68 125 113 210 179 226
Es 625y (7-05)¢

Fm 636 (731 68

p=02p=02 p=006 u=01 p=01 g=01 =01 p=01 g =01

La 5-00 6:02 1047 1784  15-5 1626 1948
Ce 5-32 539 632 10-70 18-68 1598 1676 20-5
Pr 513 577 1088 1906 1640 1731  21-07
Nd 5-37 616 11-11 1954 1661 1768  21-60
Pm 68 11-8 ~11 1974 1694 1817
Sm 577 644 11-33 2043 1714 1838 2234
Eu 5-83 662 679 12-1 2042 1734 1851 2239
Gd 5-98 679 11-43 2078 17-38 1877 2246
Tb 6-09 7-08 7-06 17-81 1950 2271
Dy 614 734 11-61  21-01 1830 19-69 22:82
Ho 647 7-59 18-74 2278
Er 670 771 18-98  20-68 2274
Tm 675 794 7-53 1932 2096
Yb 693 8-20 12-08 21-13 1951  21-12
Lu 7-16 8-39 12:8/ 1983  21-5t

¢ Lactic acid, see refs. 15 and 18. ¢ 1,2-Diaminocyclohexanetetra-acetic acid, see

¥ a-Hydroxyisobutyric acid, see refs. 15 and 82. refs. 6, 79 and 80.

¢ Tartaric acid, see refs. 40, 41, 79-82. * Diethylenetriaminepenta-acetic acid, see refs.

@ Oxalic acid, see refs. 72, 79, 80 and 82. 46 and 57.

¢ Nitrilotriacetic acid, see refs. 1, 6, 37, 79-82.  Estimated from ion-exchange data.

7 Ethylenediaminetetra-acetic acid, see refs. 6, Tu =10

79-82.

lanthanides (and consequently, the separation factor) increases.®® It can also be
expected that using organic-aqueous solutions of complexing agents the separation of
TP will be more effective than in the case of aqueous solution.

For the separation of americium and curium tartaric acid can be used;** this agent
is not suitable for separation of heavier TP (see Table I). The use of oxalic acid as an
eluting agent is of limited value because of the low solubility of the oxalates of TP.

Theoretically, the highest separation factors can be expected when aminopolyacetic
acids are used as eluting agents (see Table I). Fuger!® used ethylenediaminetetra-acetic
acid (0-001M, pH = 2-35, x4 = 0-1, 80°) for separation of americium (Gd. No.~1-2),
curium (Gd. No. ~1:1), berkelium (Gd. No., ~0-5) and californium (Gd. No.~0-25).
For a highly selective separation of californium from curium hydroxyethylenetriacetic
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TABLE I1.—GADOLINIUM NUMBERS AND SEPARATION FACTORS OF TRANSPLUTONIUM AND RARE EARTH

ELEMENTS ON DOWEX-50 IN THE PRESENCE OF SOME COMPLEXING AGENTS

H,Cit* HLact? HGlyc* HBut?
87° 90° 20° 87° 20°
Element Gd.No. S° Gd.No. S. Gd:No. S. Gd.No. 8. GdNo. 8.
Am 1:80 2:27 1-45 50 63
120 1-21 1-25 1-45 1-4
Cm 1:50 1-87 1-16 345 455
1-63 1-54 2:22 27
Bk 092 1-21 1-63 1-68
142 1-58 225 20
Cf 0-65 0-77 0-543 0-76 0-86
12 1-24 120 1-54 1-46
Es 0-54 0-62 0457 0-49 0-59
12 1-77 1-84
Fm 045 0-35 0-264
118 13 14
Md 038 0-27 0-189
La 11-8 15-45 3410
1-83 1-64 22
Ce 4-0 647 7-93 167 15-5
1-69 173 22 16
Pr 2:37 374 3-60 10-45
118 1-36 137 1-57
Nd 2:0 2:74 2:63 66 10-45
1-09 133 1-83 1-61 20
Pm 1-83 2:06 1-44 410 500
138 132 1-33 1-82 157
Sm 1-32 1:56 1-08 2:25 318
119 1-28 1-08 1-6 2:06
Eu 112 122 1-:00 1-40 1-54
112 122 1-00 14 I-54
Gd 1-00 1-00 1:00 1-00 1-00
1-37 173 1-08 22 1-57
Tb 073 0-572 0-93 049 0-64
1-40 1-56 1-04 1-88 1-84
Dy 0-52 0-366 0-89 0-26 0-346
1:37 1-38 1-23 1-62 1-95
Ho 0-38 0-266 0-725 016 0177
1-58 1-52 1-28 1-23
Er 0-24 0175 0-566 013
1-60 1-47 1-4 1-30
Tm 0-16 0-119 0-405 010 0-10
1-53 1-43 137 1-33 1-37
Yb 0-105 0-083 0295 0075 0-073
1:31 1-31 133 1-36 1-45
Lu 0-08 0-63 0-222 0-055 0-050

a Citric acid, see refs, 8, 71, 88 and 89.
® Lactic acid, see refs, 8, 10 and 69.

¢ Glycolic acid, see refs, 84.

4 a-Hydroxyisobutyric acid, see refs, 8, 11 and
76.

¢ Separation factor.
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acid has been recommended.’ Diethylenetriaminepenta-acetic acid was used for sepa-
ration of gram amounts of promethium from americium5! (the stability constant of the
complex with promethium is ten-times higher than that with americium, Table I). A
high separation factor for TP can also be expected using nitrilotriacetic acid or 1,2-
diaminocyclohexanetetra-acetic acid (Table I). Some disadvantages of using amino-
polyacetic acids lies in the low solubility of these acids in an acidic medium and in the
slow establishment of the chemical equilibrium.

Anion-exchange resins

For the separation of TP on anion-exchange resins it is necessary to convert these
clements into anionic complexes, which after sorption on the resin can be selectively
eluted by a solution of suitable complexing agent. For the sorption of an anionic
complex of type MBy, the following equation can be written:

MB: + RB= RMB; + B (6)
The equilibrium constant of this reaction is
_ [RMB:](B] ~ [RMB.] )
“% " [MBa][RB]  fa[MI[B]*}[RB]

The higher the stability constant fn or equilibrium concentration of anion B, the
greater the amount of anionic complex transferred into the resin phase. The elements
which form, with the complexing agent used, the weakest complexes are eluted from
the anion-exchange column faster than elements forming stronger complexes. For
instance, 13M hydrochloric acid elutes americium and curium before berkelium and
californium, which form more stable chloride complexes than lighter TP.™ This effect
has subsequently been found to be more pronounced in concentrated lithium chloride
solution. Hulet, Gutmacher and Coops® found an excellent lanthanide-actinide sepa-
ration as well as separation of TP (two member groups) using 10M lithium chloride
acidified to 0-1M in hydrochloric acid. Under these conditions lanthanides elute very
quickly, and essentially as a group, while TP are retained by the resin (Table III).

Surls and Choppin® have studied the anion-exchange behaviour of the TP and
lanthanides in thiocyanate solution. The less stable thiocyanate complexes of lantha-
nides can be easily separated from TP (Table III). This method was used for the
separation of gram amounts of americium from large quantities of light rare earths
using Dowex-1 and 5M ammonium thiocyanate.*3

Very interesting results have been obtained in the anion-exchange resin-nitrate
systems. Marcus and Nelson*? have obtained an excellent separation of a complex
mixture of light rare earths; these elements are eluted in order of decreasing atomic
number Z, which is the same sequence shown on cation-exchange column elutions and
the reverse of that with lithium chloride or ammonium thiocyanate anion exchange.
The same order of elution can be expected from distribution ratios of TP in this
system.”® From Table IITit can be seen that using nitrate it is impossible to separate TP
from lanthanides; however, the separation factor for the americium-curium pair is
relatively high (2-15). A still higher separation factor (3-25) for this pair can be
obtained using nitric acid solution in methanol.*®

The use of organic reagents for the separation of TP on an anion-exchange column
has not been investigated.
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TABLE III,—GADOLINIUM NUMBER AND SEPARATION FACTOR OF TRANSPLUTONIUM AND RARE EARTH
ELEMENTS ON DOWEX-1 USING INORGANIC COMPLEXING AGENTS

LiCl, 10M° NH,CNS, 2M*¢
Element 87° LiNOQ;, 4-4M? 20°
Gd. No. S. Gd. No. S. Gd. No. S.
Am 77 4-5 7-2
0-82 2:15 1-16
Cm 91 2-1 62
1-08 0-67
Bk 8-4 9-2
0-35 0-87
Cf 24 1-8 10-5
0-64 10 11
Es 38 18 90
1-05 095 09
Fm 36 19 10-0
La 0-50 12
0-69 171
Ce 0-72 7 0-46
0-80 14
Pr 0-90 5
098 1:66
Nd 092 3
1-5
Pm 2 077
133
Sm 1-3 1-5
10 15
Eu 1-3 10 1-0
1-3 10 1-0
Gd 1-0 1-0 10
0-86 1-0
Tb 1-16 1-0
091 0-88
Dy 1-27 088
1-02 1-0
Ho 1-24 0-88
0-95
Er 1-30
093
Tm 1-38 092
0-85
Yb 1-62
0-98
Lu 1-64 07 1-08
* Ref. 30. ¢ Ref. 87.

® Refs. 42 and 55.
SOLVENT EXTRACTION
The only simple salt of TP extractable by organic solvents is AmO,(NOj;),.3¢
However, the complexes of TP as ion-association complexes or chelates can be readily
extracted into a variety of solvents. Solvent extraction can be used not only for group
separation of lanthanides-actinides but also for selective isolation of adjacent TP using
extraction chromatography.

Extraction of ion-association complexes

One of the oldest reagents used for extractive isolation of TP is tributyl phosphate
(TBP). The extraction of tervalent actinides and lanthanides from nitric acid can be
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described. by the following equation:?®
M3+ + 3NO;~ + 3(TBP), = [M(NO,);(TBP);], ., ®)

where the subscript org denotes the organic phase.
The extraction constant K, can be expressed as follows

[M(N03)3(TBP) 3]0rg (9)
=~ [MJINO,F[TBPE,,

From equation (9) it is evident that for reaching the maximum of extractibility of the
element investigated it is necessary to use a high concentration of nitrate ions in the
aqueous phase (or chloride ions if the metal is extracted as [MCly(TBP);]) and a high
concentration of TBP in the organic phase.

Peppard and coworkers® concluded that the logarithm of the extraction constant
Kex was an increasing linear function of atomic number Z of the lighter rare earths
using 1007, TBP and 15-6M nitric acid. The separation factor between adjacent lan-
thanides was reported as 1-9. Gray and Thompson,? Best et al.® and recently
Brandstetr et al.® compared the data on lanthanides with their measurements on several
TP (Fig. 1). From Fig. 1 it is evident that higher separation factors can be obtained

fog q
\‘“”

Am Cm Bk Cf Es Fm Md
G S S Y S o Y Y S Y B M
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

FiG. 1.—Distribution ratio of tervalent actinides and lanthanides between 100%, TBP
and 13-1M HNO, (1a-lanthanides, 1b-actinides) and between 1009, TBP and 12-0M
HCI (2a-lanthanides, 2b-actinides).

using extraction from hydrochloric acid (12M) than from nitric acid (13-1M). The
great difference between distribution ratios of americium (q = 0-073) and of califor-
nium (q = 0-91) in 12M hydrochloric acid was used for the separation of these
elements by a multiple extraction scheme with scrubbing (batch counter-current
method).*2
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Isaac and coworkers33 have found that the distribution ratio of tervalent actinides
and lanthanides using extraction by TBP in a mixture of polyphenols as the inert
diluent from fused lithium nitrate-potassium nitrate eutectic (150°) are higher by a
factor of 102-103 as compared with concentrated aqueous nitrate solution. The high
separation factor for americium-curium (3-2) suggests a possible application to the
separation of these two elements.

The extraction by a 5% solution of TBP in decane allows a high degree of purifi-
cation of plutonium from americium and curium.®® By extraction from 1-33M nitric
acid-2-5M magnesium nitrate the separation factor becomes 10%.

Recently, the systematic investigation of the extraction of americium and curium by
a number of neutral organophosphoric compounds has been made by Gureev and co-
workers.?® From their results it follows that the introduction of a positive group in the
extractant, e.g., alkyl radical elongation, should intensify the extractibility. However,
when a radical is highly elongated the steric factors acquire more importance, hence
there is an extractibility maximum at a certain carbon radical chain-length. The
highest extraction is observed at R = —C,yH,o. The introduction of a negative group
(e.g., aromatic group) in the extractant sharply reduce the extractibility. The number
of C—O—P bonds greatly influences the extractibility. The extraction of americium
and curium is considerably lowered with the increase of the oxygen bonds, i.e., in the

order
R,PO > ROR,PO > (RO),RPO > (RO),;PO.

Table IV shows the extraction constants of americium and curium extrapolated to
zero ionic strength.

For the separation of adjacent lanthanides and tervalent TP the extraction chroma-
tography (reversed-phase partition chromatography) can be used. In this method the
extractant is adsorbed on a column bed of inert hydrophobic particles. The solvent

TABLE IV.—EXTRACTION CONSTANTS OF AMERICIUM AND CURIUM
WITH NEUTRAL ORGANOPHOSPHORIC COMPOUNDS

Kex
Reagent®
Am Cm

(C;H,,0);PO 03 0-25
(iCeH,,0),PO 02 0-2
(iC4gH,,0).(CH,CH,)PO 0-02 0-02
(iCgH;,0)(CH CH ,0)(CH,)PO 13 1-85
(iC,H,0),(CsH;,)PO 26 2:6
(CsH,70).(CH,CHPO 42 28
(iCH,0).(C,H,,)PO 5-4 54
(iC,Hy0)y(C, H.1)PO 27 27
(iC.H,;0),(C:H;)PO 0-08 0-08
(CsH;,)(CH;)(CG1,0)PO 1200 1200
(C,H,):(C,H,0)PO 1800 1100
(CH,).(C;H,,0)PO 2060 2200
(C,H,).(iC;H,,0)PO 2500 2900
(CH,)(CH)CH,0)PO 45 38
(C.H,)(C:H,,).PO 1600 1800
(C4H1;)o(CsH,,0)PO 580 506
(CsH,,)sPO 3000 3000
(iC:H,,)PO 100 100

¢ Solvent-n-decane.
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extraction processes—extracting and back-extracting—are carried out by a flowing
aqueous solution through the bed. By this means the solute of concern is allowed to
partition many times between the stationary organic phase and mobile aqueous phase.
Elements having lower distribution ratio are eluted faster than those with higher
distribution ratio [equation (5)].

Siekierski and Fidelis7 obtained excellent separation of light rare earths with TBP
sorbed on kieselguhr treated with dichlordimethylsilane as stationary phase and nitric
acid as the mobile phase. A similar method has been used for isolation of heavy TP
(Cf, Fm, Md);® however, the separation is not so effective as that using cation-exchange
chromatography (in12-3M hydrochloricacid the separation factor for the pair fermium-
californium equals 1-45, and for mendelevium-fermium 1-4). Also, the separation
factors of TP in systems which employ a mixture of tetrabutylhypophosphate-tetra-
butylpyrophosphate-nitric or perchloric acid do not allow the effective separation of
adjacent TP#+44 (in 6-5M perchloric acid the separation factor for fermium-americium
is 1-54).

-For extractive isolation of tervalent actinides and lanthanides alkylamines can also
be used. The separation factor of adjacent lanthanides using the primary amine primene
IM—T (H,NCRR'R”: R 4 R’ + R” = 17-23 carbon atoms) equals 1-4; however,
reagents of this type do not allow the group separation of tervalent actinides-lantha-
nides.5” Tertiary amines such as Alamine-336 (mixture of trioctyl- and tridecylamine),5
tri-iso-octylamine,*® efc., were recommended for isolation of TP from lanthanides from
highly concentrated chloride solutions. Extraction of tervalent TP can be described by
the following reaction:

MCI* + 2H* + 2(R3N),,, = [(RyNH,),MCly),, (10)

As was mentioned above, TP form more stable chloride complexes than do lan-
thanides and for this reason they can be extracted more effectively than lanthanides.
The group separation factor in the system 309, Alamine 336 in xylene-11M lithium
chloride acidified with hydrochloric acid (0-02-0-2M) is higher than 100 (Fig. 2). This
method has been used for separating weighable amounts of TP from lanthanides
after long irradiation of 10 kg of 23Py,%3

For isolation of curium from europium the extraction by a 0-2M solution of tri-
decylamine in xylene from 11-2M lithium chloride can be recommended (distribution
ratio of curium and europium is equal 1-0 and 0-004, respectively; separation factor
250).%

Recently, Moore?? proposed, for the extractive isolation of TP, a 302 solution of
Aliquat 336-NCS (tricaprylmethyl-ammonium thiocyanate) in xylene. Values of the
distribution ratios of individual TP and lanthanides are summarised in Fig. 2 (aqueous
phase 6M ammonium thiocyanate). The composition of the extractable complex is
probably R, NM(NCS),. The group separation factor using the extraction from 0-5M
sodium bicarbonate or 6N aluminium nitrate is much smaller than in the case of 6,
ammonium thiocyanate.5?

Extraction of chelates

Extraction of TP with chelating agents of the type HA can beexpressed by the
following equation:
M3 + 3(HA),,, = (MA),,, -+ 3H* (11)
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FiG. 2.—Distribution ratio of tervalent actinides and lanthanides in
1. 309 Alamine 336 in xylene-llM LiCl (1a-actinides, 1b-lanthanides),
2. 30% Aliquat 336-NCS in xylene-6M NH,NCS (2a-actinides, 2b-lanthanides).

The equilibrium constant of the above reaction (extraction constant) is defined by

. [MAN]org[H]N [H]N
ex — (12)
IM]HAJ; [HAL,
where q is the distribution ratio of metal.

From the known value of the extraction constant it is possible to calculate the
distribution of TP for every value of pH and [HA],,,, provided the metal ion in the
aqueous phase is predominately uncomplexed. As can be seen from equation (12)
the value of the distribution ratio q decreases with the increase of concentration of
hydrogen ion (for extraction of TP in the form of ion-association complexes the

reverse is often true).
Separation factors of adjacent TP can be easily calculated from the equilibrium

constants according to the following equation

org

Z. K
S:'*’l = Gr1 = exzil 13
qz Kex,z ( )
In the presence of a masking agent H B, forming non-extractable complexes of
type MB, the separation factor can be calculated as follows

K (1 + B,,[BT")
§z+1 — ex,z+1 1,z 14
Roxs (1 F Bz s BI) 9
where f3, , and §, ,,, are the stability constants of the complexes M, B, and M, ;Bn,

respectively.
A widely used reagent for the extraction of TP is a f-diketone, the thenoyltrifluor-
acetone (HTTA). The values of extraction constants of TP and lanthanides using
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various organic solvents are summarised in Table V (organic phase 0-2-0-5M HTTA
in solvert, aqueous phase ~0-1M NaClO,).%-7%8-82

With toluene as the organic solvent the values of the extraction constants of TP
are diminished;??-3® however, with oxygen-containing solvents the values of the
extraction constants are higher than in the case of toluene.®*

HTTA has found its greatest application for separation of TP from uranium,
neptunium, plutonium or fission products.3478

Another chelating agent 5,7-dichloro-8-hydroxyquinoline can be used for separa-
tion of americium from europium (the separation factor is 10 if chloroform is used as
solvent).”®

Recently, the widespread use of dialkylphosphoric or dialkylphosphonic acids has
been made for group separation of lanthanides and actinides as well as for separation
of individual TP. Reagents of this type are present in organic solutions as dimers and
the extraction of tervalent TP can be described by the following equation

M3+ + 3(H2A2)org = (M(HAz):’.)org + 3H+ (1 5)
with the extraction constant
_ MEA)HP_ HP -
= IMIHARR, [HA I

Peppard and coworkers®® using di-(2-ethylhexyl)phosphoric acid in toluene in
their complete work, report a linear relationship between log K, and atomic number
of lanthanides with a separation factor between adjacent lanthanides of approximately
2:5 [in the presence of mono-(2-ethylhexyl)phosphoric acid as contaminant the
separation factors are decreased].

The values of extraction constants of TP and lanthanides with dibutylphosphoric
acid (dibutyl ether-0-1M perchloric acid), di-(2-ethylhexyl)phosphoric acid (toluene-1M
perchloric acid for lanthanides, toluene-1 M hydrochloric acid for TP) and 2-ethylhexyl-
phenylphosphoric acid-diethylbenzene-2M hydrochloric acid, are summarised in Table
V. From the values of extraction constants of TP with dialkylphosphoric and dialkyl-
phosphonic acids it is evident that reagents of this type have a marked advantage in
that they can extract TP at much higher acidities than HTTA, thus avoiding many
difficulties with hydrolysis. From the separation factors of TP with di-(2-ethylhexyl)
phosphoric acid or 2-ethylhexylphenylphosphonic acid it is evident that these acids
are more selective reagents for separation of TP than «-hydroxyisobutyric acid.

The extraction of TP by reagents of this type strongly depends on the nature of the
solvent used. For instance, the extractibility of americium and californium by 2-
ethylhexylphenylphosphonic acid in various solvents decreases in the following
order:54-5% heptane (2-55; 0-47), decane (2-22; 0-20), cyclohexane (2-18; 0-10), di-
ethylbenzene (1-85; —0-15), carbon tetrachloride (18; —0-2), xylene (1:5; —0-54)
and toluene (1-4; —0-65). In brackets are given the values of the logarithm of
the extraction constants of californium and americium, respectively.

The extraction constants of lanthanides are much higher than those of TP. Inthe pres-
ence of the pentasodium salt of diethylenetriaminepenta-acetic acid (0-05M, pH ~ 3)
and glycolic acid* (1M) as masking agents for TP (Table I) it is possible to separate

* Glycolic acid can be successfully replaced by lactic acid, a-hydroxy-isobutyric acid, ezc.*®
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TABLE V.—EXTRACTION CONSTANTS AND SEPARATION FACTORS OF TRANSPLUTONIUM AND RARE
EARTH ELEMENTS WITH VARIOUS CHELATING AGENTS

HTTA® HDBP* HDEHP¢ HEHg$P:.
(benzene) (dibutylether) (toluene) (diethylbenzene)
Element log Kex S log Kex S log Kex S log Kex S
Am —7-48 19 —1-67 —01
1-48 1-0 1-74 1-25
Cm -731 1-9 —1-43 0-0
2-5 10-8 32
Bk (—69)° —0-4 1-5
20 17 2-5
Cf —66 35 —0-17 1-9
1-0 0-63 1-25
Es (—6:6)° 33 2:0
25
Fm —63 0-49 24
2:0
Md 0-8
La —10-51 1-3 —2-24 —~0-15
12 4 2:96
Ce —9-43 19 —1-77
9 12 2:05
Pr —848 2:0 —1-46
1-38
Nd —857 ~1-32
33 2-19
Pm —805 24 —0-98
23 2 302
Sm —7-68 27 —0-50
1-05 25 1-91
Eu —7-66 31 —0-22 17
12 1-6 1-45
Gd -7-58 33 —0-06
12 63 4-9
Tb —-7-51 41 063 25
3 2:09
Dy -~7-03 0-95
1-95
Ho —7-25 49 1-24 33
2-24
Er 1-59
2-5
Tm —696 59 1-99 4-0
1-7 31
Yb —672 2-48
1-86
Lu —647 6-8 275 4-9
¢ Thenoyltrifluorocetone, refs. 68 and 78-82. ¢ 2-Ethylhexylphenylphosphoric acid, ref. 52.
® Di-(n-butyl)phosphoric acid, ref. 17. ¢ Estimated from ref. 39.
¢ Di-(2-ethylhexylphosphoric acid, refs. 22,
66 and 67.

lanthanides from TP using 0-1M 2-ethylhexylphenylphosphonic acid in diethylbenzene
(qL;; 26’ qu = 16’ un = 9’ qu = 20’ qu =170 qu = 009’ qu = 0119 qu =
1-6).

For selective separation of quadrivalent berkelium from tervalent actinides and lan-
thanides the extraction by 0-1M di-(2-ethylhexyl)phosphoric acid in toluene from
hydrochloric acid containing potassium bromate has been recommended.®! A 1M
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Solution of 2-ethylhexylphenylphosphonic acid in diethylbenzene was used for sepa-
ration of lighter TP (Am, Cm) from heavy TP (Bk, Cf, Es, Fm) in a counter-current
extraction column.5?

Separation of individual TP can be achieved by extraction chromatography. Di-
(2-ethylhexyl)phosphoric acid as stationary phase and 0-5M hydrochloric acid as
mobile phase have been used for the separation of americium and curium (v = 2vo)
from berkelium (v = 6v,) and from californium (v = 12v,).3® An extraction column
filled with a silica bed supporting 0-2M di-(2-cthylhexyl)phosphoric acid in heptane
was used for isolation of sexivalent americium from curium (mobile phase 01 nitric
acid) or quadrivalent berkelium from other tervalent TP (mobile phase 10M nitricacid).
Excellent separation of heavy TP has been obtained on a column containing 1-5M di-
(2-ethylhexyl)phosphoric acid in toluene. Using 1-02M hydrochloric acid as mobile
phase californium (v = 2-7v,), can be separated from fermium (v = 4-3v,) and from
mendelevium (v = 10-12v;).22 The lighter TP or lanthanides?%5-75 are eluted faster
than the heavier (the extraction constants of tervalent actinides and lanthanides, in
general, increase with an increase of their atomic number, Table V).

A great advantage of extraction chromatography compared with ion-exchange
chromatography lies in the fact that in the separated fraction of TP is not present an
excess of organic complexing agent which has to be destroyed before subsequent
chemical operations or before measurement of the radioactivity.

For group separation of lanthanides and tervalent actinides monoalkylphosphoric
acids, which are highly polymerised, in common organic solvents can also be used.®
For instance, a 0-48M solution of mono-(2-cthylhexyl)phosphoric acid in xylene
predominantly extracts lanthanides from 100/ lithium chloride acidified by 0-5M hydro-
chloricacid.? A 0-35M solution of this acid in toluene can be used for the isolation of
promethium (q = 1-55) from americium (q = 0-074) when the aqueous phase is 141
hydrochloric acid.83:%5

ELECTROPHORESIS

The difference between the mobilities in an electric field of tervalent cations of TP is
not high enough to permit their separation. However, in the presence of complexing
agents the total mobility G of TP can be expressed as follows:14

uy[M] + uyg[MB] _ uy + uypfi(B]
[M] + [MB] 1 + B,[B]

where uy is the mobility of the free cation M3+

and Uyrg is the mobility of the complex MB.

The separation factor of two adjacent TP can be calculated according to
the following equation:

g7+l — (Umg,, + Ung,,B1z01[B]) (1 + Bu[B])
‘ (uy, + un,pbh,ABD( + Br21a[BD

Comparing equation (18) with equation (4) it can be stated that the separations of TP by
electrophoresis are not so effective as those by ion exchange using the same complexing
reagent. However, a great advantage of electrophoresis lies in the possibility of very
rapid separation of TP, even using continual methods. Knobloch deduced from theo-
retical considerations, and experimentally verified, that in the presence of aminopoly-
acetic acid it is possible to separate the lighter lanthanides in a matter of minutes.35-3¢

=

(17)

(18)
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For rapid separation of americium and curium (8 min) nitrilotriacetic acid (0-002M,
pH ~3-6,310 V/cm) was used as complexing agent. Under these conditions complexes
of type MB,* are formed. Similarly, it is possible to separate californium from amer-
icium and curium.3? The optimum concentration of the anion of the complexing agent
can be found from the equation®5-37

[B] = (ﬂl,zﬁl.z+1)1/2 (19)

where f, , and 8, ,, are the stability constants of complexes MB of adjacent TP.
Using complexing agents, which form with TP less stable complexes than amino-
polyacetic acids, the separation of TP is much smaller.'?

CONCLUSION

From the review of methods used for separation of TP it is evident that precipi-
tation can be used for the separation of TP from a majority of fission products, but
not the lanthanides. Ion exchange and solvent extraction are excellent methods not
only for group separation of tervalent actinides and lanthanides but also for the selec-
tive isolation of adjacent TP. In some respects extraction chromatography using dialkyl-
phosphoric and dialkylphosphonic acids as stationary phases has some advantage over
ion-exchange chromatography. An attractive method for the rapid separation of TP
seems to be electrophoresis.

Résumé—On présente une revue critique sur la séparation par groupes
des lanthanides trivalents et des actinides et sur la séparation indivi-
duelle des éléments transplutoniens. On discute aussi des principes
théoriques mis en jeu.

Zusammenfassung—Es wird eine kritische Ubersicht iiber dic Gruppen-
trennung dreiwertiger Lanthaniden und Actiniden sowie iiber die
Trennung einzelner Transplutoniumelemente gegeben. Die zugrunde-
liegenden theoretischen Prinzipien werden ebenfalls diskutiert.

REFERENCES

* G. Anderegg, Helv. Chim. Acta, 1960, 43, 825.

¢ L. B. Asprey, S. E. Stephanou and R. A. Penneman, J. Am. Chem. Soc., 1950, 72, 1425.

* R. D. Baybarz and R. E. Leuze, Nucl. Sci. Eng., 1961, 11, 90,

+ H, Beranové and V. PetrZila, Collection Czech. Chem. Commun., 1964, 29, 500.

5 G. F. Best, E. Hesford and H. A. C. McKay, J. Inorg. Nucl. Chem., 1959, 12, 136.

¢ J. Bjerrum, G. Schwarzenbach and L. G. Sillén, Stability constants, Parts I and IT. The Chemical
Society, London, 1956 and 1957. .

* J. Bosholm and H. Gosse-Ruyken, J. Prakt. Chem., 1964, 26, 83.

& J, Branditetr, T. Zvarova, M. Kfivinek and J. Maly, Preprint JINR, 1962, No. 908.

® J. Brandstetr, Wang Tung-Seng, K. A. Gavrilov, E. Gwoéidz, J. Maly and M. Taube, Radiokhimiya,
1964, 6, 26.

i¢ G. Choppin, B. Harvey and S. Thompson, J. Inorg. Nucl. Chem., 1956, 2, 66.

11 G, Choppin and R. Silva, ibid., 1956, 3, 153.

12 F, Clanet, J. Chromatogr., 1964, 13, 440,

1s 3, S. Coleman, R. A. Penneman, T. K. Keenan, L. E. La Mar, D. E. Armstrong and L. B. Asprey,
J. Inorg. Nucl. Chem., 1956, 3, 327.

14 R, Consden, A. H. Gordon and H. J. P. Martin, Biochem. J., 1946, 40, 33.

15 H, Deckstra and F. Verbeek, Anal. Chim. Acta, 1964, 31, 251.

1¢ R, M. Diamond, K. Street and G. T. Seaborg, J. Am. Chem. Soc., 1954, 76, 1461.

17 G, Duyckaerts and Ph. Dreze, Bull. Soc. Chim. Belges, 1962, 71, 306.

18 V. Ermakov and J. Stary, Preprint JINR, 1965, No. 2224.

e J, Fuger, J. Inorg. Nucl. Chem., 1961, 18, 263.

20 R, C. Gatti, L. Phillips, T. Sikkeland, M. L. Muga and S. G. Thompson, ibid., 1959, 11, 251,

21 K, A, Gavrilov, V. Knobloch and J. Mikulski, Preprint JINR, 1964, No. 1569.



436 J. STARY

2 K. A, Gavrilov, E. Gvuzdz, J. Stary and Wang Tung Seng, Talanta, 1965, 13, 471.

# A. D. Gelman, A. I. Moskvin, L. M. Zaicev and M. P. Mefodyeva, Kompleksnye soedineniya
transuranovych ele tov. Academy of Sciences, USSR, Moscow, 1961.

24 R. A. Glass, J. Am. Chem. Soc., 1955, ‘7, 807.

2 P. R, Gray and S. G. Thompson, UCRL-2069, 1952.

26 E. S. Gureev, V. B. Dedov, S. M. Karpacheva, L. A. Lebedev, 1. K. Shvetsov, G. N. Yakoviev, M.
N. Ryzhov and P. 8. Trukchlayev, Third Internat. Conference Peaceful Uses of Atomic Energy, 1964,
P-348.

27 B. A. Gvozdev and Ju. T. Tsiburkov, Preprint JINR, 1964, No. 1759.

28 E, Hesford, E. E. Jackson and H. A. C. McKay, J. Inorg. Nucl. Chem., 1959, 9, 279.

% J. Hines, M. Wahlgreen and F. Lawless, Proc. 61h. Symp. Anal. Chem. in Nucl. Reactor Technol.,
Gatlinburg, Tenn., 1962.

3 E. K. Hulet, R. G. Gutmacher and M. S. Coops, J. Inorg. Nucl. Chem., 1961, 17, 350.

31 E, K. Hulet, ibid., 1964, 26, 1721.

32 N. M. Isaac, J. W. Wilkins and P. R. Fields, ibid., 1960, 15, 151.

32 N. M. Isaac, P. R. Fields and D. M. Gruen, ibid., 1961, 21, 152,

3¢ J. J. Katz and G. T. Seaborg, The Chemistry of Actinide Flements. Wiley, New York, 1957.

3 V. Knobloch and Rhen Te-Hou, Preprint JINR, 1962, No. 995.

38 V. Knobloch, ibid., 1963, No. 1174,

8 Idem, ibid., 1964, No. 1680.

38 J. Kooi, R. Boden and J. Wijkstra, J. Inorg. Nucl. Chem., 1964, 26, 2300,

% 1. B. Magnusson and M. L. Anderson, J. Am. Chem. Soc., 1954, 76, 6207.

4 P. G. Manning, Can. J. Chem., 1963, 41, 2557.

41 Idem, ibid., 1963, 41, 2566.

42Y., Marcus and F. Nelson, J. Phys. Chem., 1959, 63, 77.

4% S. W. Mayer and E. C. Freiling, J. Am. Chem. Soc., 1953, 75, 5647.

44 J. Mikulski, K. A. Gavrilov and V. Knobloch, Nucleonika, 1965, 10, 81.

4 L. Milsted and A. B. Bedle, J. Inorg. Nucl. Chem., 1956, 3, 248.

46 T. Moeller and L. C. Thompson, ibid., 24, 499.

7 F. L. Moore, Anal. Chem., 1964, 36, 2158.

48 ORNL-2993, 1960. :

4% ORNL-3153, 1961.

50 ORNL-3185, 1961.

5t ORNL-3271, 1961.

52 ORNL-3273, 1962.

58 ORNL-3296, 1962.

8¢ ORNL-3452, 1963.

58 ORNL-3482, 1963.

%8 ORNL-3558, 1964.

87 ORNL-3651, 1964.

#8 D, F. Peppard, J. P. Faris, P. R. Gray and G. W. Mason, J. Phys. Chem., 1953, 57, 294,

# D. F. Peppard, P. R. Gray and M. M. Marcus, J. Am. Chem. Soc., 1953, 75, 6063.

“ D, F. Peppard, G. W. Mason, J. L. Maier and W. J. Driscoll, J. Inorg. Nucl. Chem., 1957, 4, 33

¢ D. F. Peppard, S. W. Moline and G. W. Mason, ibid., 1957, 4, 344. :

82 D, F. Peppard, G. W. Mason, W. J. Driscoll and R. J. Sironen, ibid., 1958, 7, 276.

8 D. F. Peppard, G. W. Mason, W. J. Driscoll and S. McCarty, ibid., 1959, 12, 141.

¢4 D, F. Peppard, G. W. Mason and I. Hucher, ibid., 1961, 18, 245.

* D, F. Peppard, G. W. Mason and C. M. Andrejasich, ibid., 1963, 25, 1175.

8¢ T. B. Pierce and P. F. Peck, Nature, 1962, 195, 597.

7 T. B. Pierce and P. F. Peck, Analyst, 1963, 88, 217.

8 A. M. Poskanzer and B. M. Foreman, J. Inorg. Nucl. Chem., 1961, 16, 323.

@ B. K. Preobrazhenski, A. B. Kalyamin and O. M. Lilova, Radiokhimiya, 1960, 2, 239.

" O. Samuelson, Ion-Exchange Separation in Analytical Chemistry. Almquist and Wiksells, Uppsala,
1963.

"t G. T. Seaborg and J. J. Katz, The Actinide Elements. McGraw-Hill, N.Y., 1954.

"2 T, Sekine, J. fnorg. Nucl. Chem., 1964, 26, 1463,

"8 T. Sekine and D. Dyrssen, Talanta, 1964, 11, 867.

74 8. Siekierski and I. Fidelis, J. Chromatogr., 1960, 4, 160.

76 8. Siekierski and R. J. Sochacka, ibid., 1964, 16, 376.

"$ H. L. Smith and D. C. Hoffman, J. Inorg. Nucl. Chem., 1956, 3, 343.

"7 F. H. Spedding and J. E. Powell, J. Am. Chem. Soc., 1954, 76, 2500.

8 J. Stary, The Solvent Extraction of Metal Chelates. Pergamon, Oxford, 1964.

® Idem, Preprint JINR, 1965, No. 2000.




Separation of transplutonium elements 437

8 Jdem, Preprint JINR, 1965, No. 2001.

81 J, Stary and R. Caletka, Chem. Listy, in press.

82 J. Stary, unpublished results.

2 P, S. Stevenson and W. E. Nervik, The Radiochemistry of the Rare Earths, Scandium, Yurium and
Actinium. NAS-NS 3020, Washington.

84 D, Stewart, First Intern. Conf. Peaceful Uses Atomic Energy, 1955, P-729.

8 K. Street and G. T. Seaborg, J. Am. Chem. Soc., 1950, 72, 2790.

8 J. P. Surls and G. R. Choppin, ibid., 1957, 79, 855.

& Idem, J. Inorg. Nicl. Chem., 1957, 4, 62.
¢ S. G. Thompson, B. B. Cunningham and G. T. Seaborg, J. Am. Chem. Soc., 1950, 72, 2798,

# S. G. Thompson, B. G. Harvey, G. R. Choppin and G. T. Seaborg, ibid., 1954, 76, 6229.

# E. R. Tompkins and S. W. Mayer, ibid., 1947, 69, 2859.

1 V. M. Vdovenko, A. S. Krivochatskij, M. P. Kovalskaya, E. A. Smirnova, S. M. Kulikov, N. A.
Alekseeva and L. M. Bjelov, Third Internat. Conf. Peaceful Uses Atomic Energy, 1964, P-345.

92 Q. Vojtéch and V. 1. Spicin, Dokl. Akad. Nauk SSSR, 1961, 136, 339.

°3 M. Ward and G. A. Welch, J. Inorg. Nucl. Chem., 1956, 2, 395.

9 L. Wish, E. C. Freiling and L. R. Bunney, J. 4m. Chem. Soc., 1954, 76, 3444,






Talanta, 1966, Vol. 13, pp. 439 t0 443. Pergamon Press Ltd. Printed in Northern Ireland

AMPEROMETRY WITH TWO POLARISABLE
ELECTRODES—VII*

CHELOMETRIC DETERMINATION OF INDIUM
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Summary—Optimum conditions have been found for the chelometric
determination of indium by biamperometric titration with EDTA.
Two stationary platinum electrodes (Pt-Pt) or two graphite electrodes
(C-C) may be used to indicate the end-point of the titration. At pH
1-1-5 the determination is highly selective. The applied potential only
influences the absolute value of the current; the accuracy of the deter-
minations remains constant over a wide interval of applied potential.
At a potential of 1-0-17 V the change of current during a titration with
0-05M EDTA solution is of the order of 10 #A. Analytical applications
of the method are discussed.

IN a previous paper in this series the universal nature of biamperometry for indication
of chelometric or all complexometric titrations has been shown.! In the present
paper are summarised the empirical results of a study of the biamperometric
determination of indium by titration with EDTA. The course of the titration curves
is of the same nature as those curves obtained for the titration of thorium with EDTA .2
Up to the equivalence point there is no change of current, but then a minimum excess
of EDTA causes an increase of current because of the electrode reaction of free EDTA
(probably its anodic oxidation). An exact evaluation of the titration curves will be
presented subsequently.
EXPERIMENTAL
Reagents

0-05M EDTA solution. Prepared by dissolving 37-5 g of the reagent (Chelaton 3, Lachema,
Prague, Czechoslovakia) and diluting to 2000 ml. The titre of this solution (0-048 M) was determined
against standard lead nitrate solution using Xylenol Orange as indicator.

0-02M Indium solution. Prepared by dissolving 5-738 g of metallic indium (99-99 %) in perchloric
acid and diluting to 1000 ml.

Buffer solutions (pH range 1-4-5). Prepared from 1M solutions of trichloroacetic, monochloro-
acetic and acetic acids by neutralisation with aqueous ammonia under potentiometric control using a
glass electrode.

All other solutions were prepared from analytical reagent grade chemicals.

Apparatus
For indication of the end-point identical apparatus was used to that described previously.* Two
platinum plates (7 X 5 X 0:2 mm) or two graphite rods (99-99 % C) impregnated with Ceresinet were
* Part VI: Talanta, 1965, 12, 671.
1 Mixture of solid saturated hydrocarbons with higher m.p. than paraffin.
439
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used as indicator electrodes. pH was measured with an electronic pH meter (Multoscop V, Lab.
potieby, Prague, Czechoslovakia) and a glass electrode. Titrations were carried out with an auto-
matic burette (motor-driven hypodermic syringe) reading to 4-0-005 ml.

Procedure

To a known amount of standard 0:02M indium solution were added 10 ml of buffer solution (or a
chosen amount of 7-2M nitric acid.) When the selectivity was being studied, the appropriate solution
of metal salt was added followed by dilution to about 100 ml. The resulting solution was titrated
with 0-05M EDTA solution 3 min after inserting the electrodes and applying the potential. During
titration the solution was stirred with a propellor (1500 rpm) at room temperature. After each addi-
tion of titrant the value of the current was read, stabilisation of the current being practically instan-
taneous. Quantitative evaluation of the titrations was carried out graphically. All results presented
in this paper are an arithmetical mean of three determinations.

RESULTS AND DISCUSSION
Influence of pH
Indium forms a stable complex with EDTA (pK = 24-9). This fact enables its
chelometric determination to be made even in a relatively acidic solution.
Figure 1 illustrates the course of the titration of indium in dilute nitric acid with an
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Fi16. 1.—Influence of pH on titration of indium (Pt electrodes):

1. 0-35M HNOs, 3. pH 1-35,
2. 0-11M HNO,, 4. pH 195,
5. pH 32

[2-5 ml of 0-05M In(ClO,);; HNO; or 10 ml of 1M buffer solution; applied potential:
1-5V; total volume: 100 ml]

indicator system of two platinum electrodes. Satisfactory detection of the end-point
with an error under 0-2 % rel. is possible in 0-1M nitric acid and at pH 1-3-3-5. Above
pH 3-5 the titration curves are deformed and stabilisation of the current takes much
longer.

Similar results to those with platinum electrodes have been found with the use of
two graphite electrodes. These latter electrodes are more convenient in a strongly
acidic medium (see curves 1 and 2, Fig. 2), in which the current at the beginning of the
titration is relatively smaller but the equivalence point is more pronounced. When
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using graphite electrodes for analysis there is no need to make a graphical extrapola-
tion of the equivelence point.

Influence of applied potential

As in the chelometric titration of other metals the applied potential has practically
no influence on the biamperometric titration of indium, which means that the accuracy
of the determination is unaffected by the applied potential. At an applied potential
<1 V the current changes are, however, smaller. By using a sufficiently sensitive
indicator instrument (ammeter, galvanometer) the described technique can be success-
fully applied.# It is, of course, more convenient to use an applied potential >1 V.
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FiG. 2.—Influence of pH on titration of indium (C electrodes):

1. 0-35M HNO,, 3. pH 15,
2. 0-075M HNO,, 4. pH 34,
5. pH 48

[2 ml of 0-05M In(ClO,),; HNO, or 10 ml of 1M buffer solution; applied potential:
1-3V; total volume: 100 ml]

Influence of temperature

Fig. 3 shows titration curves obtained at different temperatures and illustrates the
influence of temperature on the absolute value of the current (curves 2 and 3). Even
under these conditions detection of the end-point is accurate enough, and the error is
not greater than --0-29 rel.

Passivation of electrodes

After repeated chelometric titrations of indium with platinum or graphite electrodes
no accumulation of the reaction products occurs on the surface of the electrodes.
Therefore, it is quite sufficient to wash the electrodes with water after each titration.
When the electrodes are not in use they should be immersed in distilled water.

When the potential is applied and the solution intensively stirred, stabilisation of
the current occurs after 3 min.

Accuracy and concentration range

Using the described procedure it is possible to determine 2:5-50 mg of indium with
a mean error of 0-3% rel. The determination of lesser amounts of indium using more
dilute EDTA solutions will be described in a further paper.

8
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Selectivity

By the described biamperometric method it is possible to determine indium in a
strongly acidic medium (0-1M nitric acid—about pH 3-5). Under these conditions
several metals do not form complexes with EDTA or only weak complexes are formed.

pA ' 2
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FiG. 3.—Influence of temperature on titration of indium:
1. 25°, 2. 50°, 3. 80°
{25 ml of 0-05M In(ClO,);; pH 1-5; applied potential: 1-5V; Pt electrodes; total
volume : 100 ml]

— +

20

10

o 1 2‘ 3' »l
0,05M-EDTA

FiG. 4. —Influence of cobalt and nickel on titration of indium:
1. 250 mg of Co, 2. 177 mg of Ni
[2ml of 0-05M In(ClO,),; pH 1-5; applied potential: 1-5V; C electrodes; total
volume : 100 ml]

Thus, practically all bivalent metals (with the exception of copper) do not interfere
with the determination of indium.

Experiments have shown that 6-9 mg of indium can be determined at pH 1-1-3in
the presence of an excess of Mg, Sr, Ba, Ca, Be, Ag, U, Al, Ti, Zn, Cd, Pb and Co,
with a maximum error of 0-39 rel. More than 200 mg of nickel and 10 mg of cobalt
interfere with the determination. Fig. 4 illustrates the influence of nickel and cobalt
on the determination of indium (under identical conditions).

Small amounts of Fe(IIl), Bi, Ga, Th, Zr and rare earths also interfere with the
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determination of indium. Because the determination of indium can be carried out in
the presence of fluoride ions it is possible to mask some metals (thorium and rare
earths) with an excess of fluoride ions.

Practical applications

Practical utilisation of the described method has been verified by the determination
of indiumin solid solutions with antimony and zinc or cadmium. By means of repeated
evaporations with hydrobromic acid antimony was separated. Zinc and cadmium,
even when present in large concentrations, do not interfere with the described deter-
mination of indium.

Procedure. 0-5 g of the powdered alloy was dissolved with a mixture of 3 ml of sulphuric acid
(1 + 9) and 5 ml of 40 7 hydrobromic acid in a porcelain basin placed on a sand bath. Subsequently,
the solution was evaporated with 10 ml of hydrobromic acid and this operation repeated five times.
The residue from these evaporations was then taken to dryness with 5 ml of hydrochloric acid (1 + 1)
when the final residue should be white. This residue was dissolved in 5 ml of ca. 1 M nitric acid and
after dilution to 50 ml the indium determined by biamperometric titration with 0-05M EDTA solution
at an applied potential of 1-5 V.,

In Table I the results obtained by the above procedure (Method B) are compared
with those from an EDTA titration of indium in an alkaline medium carried out after
partial separation of zinc or cadmium using an ion-exchange technique (Method A).%

TasLE 1
Indium found,* %
Alloy Method A Method B
Cd-Sb-In 1-00 1-03
Zn-Sb-In 065 0-64

* Average of 3 determinations.

Acknowledgment—The authors wish to express their thanks to the Institute of Solid State Physics,
Czechoslovak Academy of Sciences, for kindly providing the samples of indium alloys.

Zusammenfassung—Die besten Arbeitsbedingungen zur chelometris-
chen Bestimmung von Indium durch biamperometrische Titration mit
EDTA wurden ermittelt. Zwei feststehende Platinelektroden (Pt—Pt)
oder zwei Graphitelektroden (C—C) konnen zur Anzeige des Titra-
tionsendpunktes verwendet werden. Bei pH 1-1,5 ist die Bestimmung
hochselektiv. Die angelegte Spannung beeinflut nur den Absolutwert
des Stromes; die Genauigkeit der Bestimmungen bleibt iiber einen
weiten Bereich angelegter Spannungen konstant. Bei einer Spannung
von 1,0-1,7 V liegen die Stromédnderungen wihrend einer Titration
mit 0,05M EDTA-Ldsung in der GroBenordnung von 10 #A. Analy-
tische Anwendungen der Methode werden diskutiert.

Résumé—On a frouvé les conditions optimales de dosage chélato-
métrique de l'indium par titrage biampérométrique & TEDTA. On
peut utiliser deux électrodes stationnaires en platine (Pt—Pt) ou deux
¢lectrodes en graphite (C—C) pour indiquer le point de fin de dosage.
A pH 1-1,5, le dosage est hautement selectif. Le potentiel appliqué
n’influence que la valeur absolue de l'intensité du courant; la précision
des dosages reste constante dans un large intervalle de potentiel
appliqué. Pour un potentiel de 1,0-1,7V, les variations d’intensité
durant un dosage au moyen d’une solution ’EDTA 0,05M sont de
Pordre de 10 A. On discute des applications analytiques de la
méthode.
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Summary—Gas chromatography has been utilised in the analysis of
two National Bureau of Standard alloys for quantitative determination
of aluminium, iron and copper. In the analysis of N.B.S. 162a the
relative mean errors were 3-13 % for aluminium, 2-06 % for iron and
—1-72%; for copper and for N.B.S. 164a the relative mean errors were
—1-39%, —0-19% and —0-89%, for aluminium, iron and copper,
respectively. The procedure for analysis involves solution of the alloy,
conversion of the metal ions to trifluoroacetylacetonates by solvent
extraction and, finally, complete separation of the metal chelates and
quantitative determination by gas chromatography using a column
containing Gas Pack F coated with Tissuemat E, a polyethylene wax.
Other metals present in the N.B.S. samples did not interfere with the
determination of aluminium, iron and copper.

INTRODUCTION

Frowm a previous study?! it was concluded that gas chromatography could be used as a
reliable and accurate detecting system for metal chelates in analytical procedures
where quantitative conversion of samples to volatile, stable species could be accom-
plished. Recently, a solvent-extraction method was developed® which permits the
simultaneous quantitative formation of the aluminium, iron and copper trifluoroacetyl-
acetonates (tfa’s) through the use of a trifluoroacetylacetone-chloroform extraction
from an aqueous solution of the three metals. This was the first extraction procedure
to include several metal tfa’s applicable for quantitative gas chromatography.

From the standpoint of stability and volatility a gas chromatographic study using
the tfa’s of aluminium, iron and copper appeared to be promising. Aluminium tfa
has been reported® to exhibit sufficient thermal stability and volatility. Injection-port
studies® revealed that the copper chelate was thermally stable but the iron chelate left a
residue in the injection port at a port temperature of 135°.

Previously, gas chromatographic conditions were found for the partial resolution
of the iron and copper tfa’s as well as their separation from aluminium tfa.*

This study was undertaken to establish gas chromatographic conditions for the
complete separation of the aluminium, iron and copper tfa’s, to investigate the thermal
stability of the iron and copper complexes, to adapt the new extraction method for a
procedure to include separation of the three metal chelates by gas chromatography
and finally, to integrate these phases into an analytical scheme for determination of
aluminium, iron and copper in alloys.

EXPERIMENTAL
Apparatus
The gas chromatograph used was an F & M model 500 with a thermal conductivity detector con-
taining W-2 tungsten filaments. The injection port was modified by installing a borosilicate glass

445
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insert.® The peak areas were mcasured with a disc-chart integrator on the recorder. Helium was
the carrier gas. Chelate solutions were injected with a 10-x1 Hamilton syringe. A Thomas Capillary
Melting Point Apparatus was employed for determination of melting points. Differential thermal
analyses and thermal gravimetric analyses were run on a Dupont model 900 Differential Thermal
Analyser. A dummy glass injection port apparatus® was used in studies to test chelate stability.
Measurements of pH were taken on the Beckman Zeromatic pH Meter. Ultraviolet spectra were run
on a Cary Recording Spectrophotometer model 14 and infrared spectra on a Perkin-Elmer Infracord.

Reagents

All chemicals were of reagent grade unless specified otherwise.

0-25M Trifluoroacetylacetone solution. 19-25 g of trifluoroacetylacetone (Peninsular Chem.
Research, Inc., Gainesville, Florida, U.S.A.; the product was double distilled and the 106° fraction
used) were diluted to 500 ml with alcohol-free chioroform. The solution was placed in a dark
coloured vessel and stored in a refrigerator.

N.B.S. 162a solution.® Prepared by dissolving 2-5061 g of alloy in 18 m! of concentrated hydro-
chloric acid and 6 ml of concentrated nitric acid and heating to remove most of the nitric acid. The
solution was diluted with about 100 mi of water, allowed to cool to room temperature, then filtered
to remove the silica. The filtrate was diluted to the mark with water in a 250-ml volumetric flask
with a ground-glass stopper. The pH was 1'4.

N.B.S. 164a solution.* A weight of 2-1169 g of alloy was treated with 15 ml of concentrated hydro-
chloric acid and 5 ml of concentrated nitric acid until solution occurred, then most of the nitric acid
was evaporated by heating. After the solution cooled to room temperature it was diluted to 500 ml
with water in a volumetric flask with a ground-glass stopper. The pH was 0-6.

1M Sodium acetate solution

0-05M Ethylenediaminetetra-acetic acid disodium salt solution

Preparation of metal chelates

Metal chelates were prepared by solvent extraction. An aqueous solution of each metal was
shaken with a chloroform solution containing twice the stoichiometric amount of the double distilled
H(tfa). The pH of the aluminium solution was adjusted to about 4-5 with sodium acetate before
extraction. The two phases were mixed for several minutes. The organic layer was isolated and
evaporated to dryness. The residue was washed with generous portions of hexane, then recrystallised
from hexane with the aid of heating. A vacuum desiccator was used for drying the metal chelates.
The tris(1,1,1-trifluoro-2,4-pentandiono)aluminium(IIl) and iron(Il) complexes melted at 120-1°
and 114-5°, respectively. Bis(1,1,1-triflucro-2,4-pentandiono) copper(ID) melted at 197-8°. The uncor-
rected melting points of the iron and copper chelates were confirmed by differential thermal analysis.
Infrared spectra of the iron and copper tfa’s indicated that formation of a metal complex with H(tfa)
had occurred. Ultraviolet spectra of these two chelates were in agreement with those given in the
literature.® The carbon, hydrogen, fluorine and metal analyses of all three metal tfa’s were in good
agreement with calculated values.

Chelate mixture solutions

Calibration solution. 10, 30 and 40 mg amounts of the aluminium, iron and copper tfa’s, respec-
tively, were weighed in a 2:0-ml volumetric flask and diluted to volume with chloroform. Solution
was achieved by mixing for 1 min. The contents were then placed in a 1-dram bottle equipped with
an injection cap (described below) to prevent evaporation of chloroform.

Standard solution. 2 ml of the chloroform solution contained approximately 12, 35 and 35 mg of
the aluminium, iron and copper chelates, respectively. After mixing for 1 min, the solution was
stored in a 1-dram bottle with an injection cap. The composition of this solution is adjusted to the
approximate concentration of chelates in the sample.

Materials

Injection cap. Theplastic screw cap from a 1-dram bottlewasmodified by drilling a 1/32in.-1/16 in.
hole through the centre to permit entry of the needle from a 10-u1 Hamilton syringe. The paper
backing was replaced first by a 13 mm diam. silicone rubber injection port septum from an F & M 810
gas chromatograph, cut to one third thickness, followed by a thin Teflon disc cut from a Teflon sheet
(E. 1. DuPont de Nemours & Co., Inc., Wilmington, Delaware, U.S.A.)

Chromatographic columns. The coating of solid supports and packing of columns was carried out
in the usual manner.® All columns were fabricated from borosilicate glass tubing.

Column A—This was 46 cm in length by 3 mm i.d. It was packed with 80-120 mesh Gas Pack F
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(Matronic Instrument Co., Newark, Delaware, U.S.A.) which was coated 12 %; by weight with Tissue-
mat E (Fischer Scientific Co., Chicago, Illinois, U.S.A.). A total of 2-5953 g of packing was used.
Conditioning the column for 72 hr at 120° in the instrument with the carrier gas flowing is recommen-
ded before use.

Column B—This was a 30-cm column with a 4 mm i.d. and contained 109 710 Silicone oil (Dow
Corning, Midland, Michigan, U.S.A.) on 60-80 mesh Chromosorb W (Applied Science Laboratorics,
Inc., State College, Pennsylvania, U.S.A.).

Column C—The dimensions of this column were 61 cm by 4 mm i.d. The packing consisted of
10Y; paraffin wax (Grade A, Type I, Esso Standard Qil Co., Bayonne, New Jersey, U.S.A.) on Gas
Chrom Z (Applied Science Laboratories, Inc.).

Column D—This column was similar to Column B except that 109, Dow Corning High Vacuum
Silicone Grease was used.

Column E—This column was similar to Column B except for using 1097 Apiezon L (Apiezon
Products Limited, England) as the substrate.

Column F—Column F was similar to Column C except that 1077 Tissuemat E was substituted
for the paraffin wax.

Column G—This was a 102 cm by 4 mm i.d. column coated 0-5 97 with Tissuemat E on glass beads
(Applied Science Laboratories, Inc.).

Column H—Column H was similar to Column A except that 109, Alathon 7040 (F & M Scientific
Corp., Avondale, Pennsylvania, U.S.A.) was used as the liquid phase.

Gas chromatographic conditions for alloy analyses
The following conditions were used for all gas chromatographic analyses except where noted.

Column A.

Carrier gas flow rate: 46 ml/min at a column temperature of 105°
Reference flow rate: 25 ml/min

Injection port temperature: 135°

Block heater temperature: 190°

Actual block temperature: 135°

Attenuator setting: 1X

W-2 Tungsten detector filaments

Chart speed: 0-5 inch/min

Composition of N.B.S. Alloys

164a (provisional

162a certificate)

63-95% Ni 82-25% Cu

30-61% Cu 9-599%; Al
2:19% Fe 4-05%, Fe
1-609%; Mn 3-729% Ni
093 % Si. 0-229; Mn
0-509%; Al 0-07% Zn
0076 %; Co 0-04% Pb
0-042% Cr 0-04 % Sn
0-005% Ti

RESULTS AND DISCUSSION

Thermal stability of the metal chelates

Although the three metal tfa’s have been included in other gas chromatographic
studies,>* additional information concerning their thermal stability was obtained
from injection port studies and collection of eluted chelates.

Aluminium tfa was found to be stable under the full range of conditions used for
investigation of its thermal stability. Lack of residue in the glass injector-port insert
indicated that the chelate was completely vaporised at 135°. The melting point of
the eluted chelate was the same as the pure starting material, so that no destructive
interaction was taking place in the gas chromatograph.
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Iron tfa exhibited good stability; only a trace of residue was detected in the glass
insert when the injection-port temperature was 135°. Apparently the residue was not
caused directly by thermal instability, but from incomplete vaporisation which was a
function of residence time in the injection port, because iron tfa vaporised completely
at 175°. Differential thermal analyses (D.T.A.) furnished further evidence for the
thermal stability of the complex at 135°. The reason for the difference in evaluation
of the stability or degree of vaporisation between an earlier report® and the above
findings, stems from the degree of purity of the iron complex and possibly the con-
centration of solutions used. It was observed in the course of these studies that recently
purified materials must be used. Recrystallisation of a two month old iron tfa pre-
paration caused a significant reduction in the amount of residue remaining in the
injection port insert and removal of a shallow endotherm which appeared in the
thermogram from its D.T.A. For a true test of thermal stability it is recommended
not only that pure compounds be used but that chelate solutions be about the same con-
centration as those used in analyses.

The eluted iron tfa melted at the same temperature as the material in the sample
injected.

The quantitative data obtained for iron tfa at an injection port temperature of 135°
(Table I) suggested that the amount of residue observed had no bearing on accuracy of
determination.

Copper tfa was completely vaporised at injection port temperatures ranging from
135 to 175°. The D.T.A. implied that the complex is stable to at least 197-8°.

Collection of effluents of several injections of copper tfa revealed the presence of
two differently coloured species. Besides the blue copper tfa material, a red solid band
of higher volatility was obtained and verified as iron tfa. A thorough study proved
that copper tfa reacted with the metal parts of the gas circuit to a slight degree forming
iron tfa. This reaction was minimised by operating the detector block at 135°.

Separation of the metal ifa’s

One of the important criteria on which the development of a quantitative analytical
procedure depended was the separation of the iron and copper tfa’s by gas chromatog-
raphy. At the time this study was initiated a partial separation had been reported*
using an SE-30 substrate which also made possible their complete separation from
aluminium tfa. Therefore, a survey was undertaken to find a column which would
resolve the complexes of aluminium, iron and copper efficiently and expediently and
thus be useful for quantitative studies.

The first column tested (Column D) contained Silicone grease and provided the
same degree of resolution as the SE-30 column. Using Column B with 710 Silicone
oil permitted a somewhat better separation but the interesting point noted in this case
was a reversal in the order of elution so that the iron tfa was eluted before copper tfa.
This order of elution was maintained by all columns in the discussion to follow. The
Apiezon L substrate (Column E) caused an improvement in the separation from the
standpoint of difference in retention times but peaks were also broader. A complete
separation was first obtained for the iron and copper tfa’s with Column C which
contained paraffin wax. Although this column showed promise for application to
quantitative investigations, the liquid phase bled from the column at 95° causing
erratic helium flow and its use was discontinued. Tissuemat E, a polyethylene wax
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(Column F) was then tried. With this column a complete separation of the three
metal chelates was achieved and the rate of bleeding was slower than with Column C
even when used above 100°.

The next step in the column survey involved the screening of solid supports. Using
Tissuemat E, various solid supports were evaluated with the goal of finding a column
that could successfully separate all three metal tfa’s in a single isothermal run. Analy-
sis of chelate mixtures on Column F (Gas Chrom Z solid support) necessitated an
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Fic. 1.—A complete separation of the aluminium, iron and copper tfa’s by gas chroma-
tography using an isothermal analysis (see Gas Chromatographic Conditions for Alloy
Analyses).

increase in column temperature following elution of aluminium tfa to reduce the
retention times for the iron and copper complexes due to their wide separation from
the aluminium tfa peak. Using a glass bead support (Column G) chelate separations
adequate for quantitative analysis were obtained only by making two runs at different
column temperatures. The next support investigated, Gas Pack F (Column A), pro-
vided a marked improvement in the distribution of peak retention times enabling all
three chelates to be separated with an isothermal analysis (Fig. 1).

Column A showed a tendency to bleed when the column temperature was 120° or
higher during the first 2 or 3 days of use and before proceeding to the quantitative
phase of this work a more stable polyethylene was briefly tried. Alathon 7040 (Column
H), stable up to 240°, showed an improvement over Tissuemat E in rate of bleeding
but retention data indicated that chelate solubility was too low. Therefore, Column A
was chosen as the most suitable for use in the alloy analyses and the final conditions
established for use in the quantitative determination of aluminium, iron and copper
are listed in Gas Chromatographic Conditions for Alloy Analyses.
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Development of Analytical Procedure

Modification of extraction procedure

The procedure of Scribner et al.? was modified mainly in the area of increasing
chelate concentrations in the chloroform phase from extraction in order that volumes
from a 10-ul syringe could be used for chromatographic analyses. This was easily
done by employing a larger aliquot of the alloy stock solutions and a larger volume of
a more highly concentrated H(tfa)-chloroform stock solution. The resultingincreasein
volume of extract also offered the advantage of reducing the percentage volume lost
by evaporation of chloroform throughout the various phases of sample preparation
for gas chromatography.

Although gas chromatographic conditions had been found for the complete
separation of all three chelates, the percentage composition of the two alloys was such
that no single volume of extract could be used for their simultaneous analysis regard-
less of the type of detector used unless the attenuation was changed during the course
of the analysis.

Increasing the concentration of extracts presented a problem with respect to in-
solubility of copper tfa in chloroform. However, by removing a sufficient amount of
copper from the extract with the disodium salt of EDTA before the concentration step,
complete solution was achieved.? A gas chromatographic study to establish what
effect the EDTA treatment has on the aluminium and iron tfa’s showed that the former
chelate was not removed while the effect on the latter depends on the degree to which
copper is removed. When a solution of all three chelates in chloroform was treated
with an aqueous solution containing a stoichiometric amount of the disodium salt
with respect to copper, all the copper was removed (no chromatographic peak) along
with 8% of the iron. In a second treatment of this solution (copper previously
removed) with the same volume of the EDTA solution no iron was removed. The
iron also remained completely complexed with tfa when only one half the stoichio-
metric amount of EDTA was used for the copper present. During analysis of the N.B.S
162a alloy up to 889, of the total copper was removed leaving about 15 mg, without
affecting the determination of iron. Therefore, the important factor to be noted is
that treatment with EDTA should not result in complete removal of copper when the
concentrate is to be analysed for iron.

Preliminary investigation

Before a sample can be analysed, itis necessary to know the approximate percentage
of aluminium, iron and copper present. When little or no information of this nature is
available it is recommended that a trial extraction be made and that the extract be
tested on the gas chromatograph. This investigation yields valuable information
concerning procedural requirements for proper regulation of chelate concentration in
extracts, the presence of interferences, adjustment of the pH of the alloy solution and
when required, the conditions for the EDTA back-washing procedure.

The recommended procedure for the preliminary investigation is outlined as
follows. The first step to be taken is the running of a calibration curve (refer to that
section under Quantitative Aspects). Next, the sample stock solution is prepared. It
is best to start with a solution of rather high concentration. Take an aliquot of the
sample stock to be used for the trial run and determine the amount of 1M sodium
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acetate to give an equilibrium pH of 4-5. Run a trial extraction by the procedure
given in the succeeding section or a modification thereof. The extract is examined by
gas chromatography to determineif an adjustment in chelate concentration is necessary.
To do this, find the volume (or volumes) of extract that produces a peak area for each
metal chelate which falls within that portion of the linear range of its calibration curve
representing areas large enough to make calculations reliable. For example, when the
extract from N.B.S. 162a was injected, 50 gl produced peak areas of suitable magnitude
for the aluminium and iron tfa’s whereas 6 ul was needed for copper tfa. By com-
paring the area to volume ratios for chelates in the sample with those in the calibration
solution for similar sized peaks; sample concentration can be adjusted. Concentra-
tions and injected volumes of the calibration and sample solutions should be similar
because area to microgram ratios for the iron and copper tfa’s are concentration
dependent.

Having made a trail analysis of the extract, this information can be used to prepare
a standard solution with roughly the same chelate concentrations. This solution is
prepared and run on the gas chromatograph before analysis each day to supply a
corrected value for the intercept in the equation derived from the original calibration
curve. Otherwise, intercept values were often found to change enough from day to day
to affect the accuracy of analyses.

The test analysis of the extract also yields information concerning the presence of
chromatographic peaks which might interfere in the analysis of aluminium, iron or
copper. The trial extraction can also reveal the presence of an interfering component
via precipitation of its tfa complex in the organic phase as was actually the case with
nickel in the N.B.S. 162a sample when the equilibrium pH was somewhat higher than
4-5 using the extraction procedure similar to that detailed in the following section.

Another detail that can be learned from a preliminary investigation concerns the
conditions for removal of copper before concentration of an extract. Test injections
are used to establish whether concentration is necessary and preparation of the con-
centrate will reveal whether the solubility limit of copper tfa in chloroform has been
exceeded. Information in sections entitled Modification of extraction procedure and
Procedure for alloy analyses, may be used as a guide for choosing the EDTA treatment
required to remove copper before concentration of the extract.

Procedure for alloy analysis

After the preliminary investigation has been made and the details of the sample preparation are
worked out, the alloy analysis is attempted using the same alloy solution which was adjusted to the
proper concentration. The data from the calibration curve is used again for the alloy analysis.

Preconditioning of column. When a chromatographic column has been idle for several hours
(overnight) it will produce smaller peaks from the first sample injected once operation is resumed.
Repetitive sample injections and chromatograms are required until duplicate peak areas are obtained.
We find this type of column behaviour much more prominent for metal chelates than for purely
organic materials. The fourth and subsequent injections give reproducible results. When the nature
of the metal chelate sample is changed during the course of active use of the column for a day, the
first injection of the new sample may produce a smaller peak and this result is rejected. A second
injection of this new sample produces a reliable peak for quantitative work. This technique was
applied in the determination of iron in the concentrated sample after having used the column for
copper determination in the dilute sample.

Extraction of metal chelates. While the column was being preconditioned there was ample time
to prepare the first of two samples for analysis by extraction as follows. Accurately measured volumes
of 25-0 ml each of the alloy stock solution and the H(tfa) stock solution were pipetted into a 125-ml
separatory funnel fitted with a Teflon stopcock and a rubber stopper protected by a thin sheet of
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Fic. 2.—Analysis of N.B.S. 162a: A chromatogram representing the analysis of the
chloroform extract for the determination of copper (see Gas chromatographic conditions
Jfor alloy analyses).
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FiG. 3.—Analysis of N.B.S. 162a: A chromatogram representing the analysis of the
concentrated chloroform extract for the determination of aluminium and iron (see Gas
chromatographic conditions for alloy analyses). The copper tfa peak represents the
amount remaining after EDTA treatment of the extract before concentration. The
baseline was adjusted mannally at 6 min to keep the chromatogram on scale.

polyethylene. The contents were mixed for 10 min, then 20-0 ml of 1 M sodium acetate were added.
This mixture was shaken for 10 min and allowed to stand for another 10 min.

Treatment of organic phase from extraction of N.B.S. 162a stock solution. Take 2-3 ml of the
chloroform phase and place in a 1-dram bottle with an injection cap. This solation was saved for the
gas chromatographic determination of copper (Fig. 2). The remainder of the extract was transferred
to another 125-m! separatory funnel which contained about 20 ml of the EDTA stock solution. The
mixture was shaken slowly for 10 sec and another 30 sec were allowed for phase separation. The
organic phase was transferred to a small beaker. Then 16-0 m! of the solution were pipetted into
another small beaker and evaporated to dryness by placing under a bell jar fitted with a packed drying
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FIG. 4.—Analysis of N.B.S. 164a: A chromatogram representing the analysis of the

chloroform extract for the determination of aluminium and copper (see Gas chromato-

graphic conditions for alloy analyses). The baseline was adjusted manually at 6 min to
keep the chromatogram on scale.

tube and applying suction with a water aspirator. Care should be exercised in adjusting the flow of
dry air to prevent splattering of the solution and loss of the dried solid. Evaporation required about
2 br. The residue was carefully placed in a 2:0-ml volumetric flask by means of a small spatula and
chloroform rinses and the contents were diluted to the mark with the solvent. Solution was obtained
by mixing for 1 min and the contents were stored in a 1-dram bottle with an injection cap. The
concentrate was subsequently used for determination of iron and aluminium (Fig. 3).

Following column preconditioning, four replicate runs were made with the standard solution,
whose chelate concentrations approximated that of the sample solutions used for analysis. At this
time both the extract and the concentrate had been prepared and were ready to be analysed. Three
injections of the extract were followed by four injections of the concentrate. The first run on the
concentrate was used to ensure that the column had been preconditioned for iron tfa.

Treatment of organic phase from extraction of N.B.S. 164a stock solution. The procedure for
preparation of the extract for analysis is the same as that used for N.B.S. 162a. The extract was used
for the determination of aluminium and copper (Fig. 4). The EDTA treatment on the remainder of
the extract was similar to that used for N.B.S. 162a. The mixing lasted 40 sec (for the higher copper
content), then 20-0 ml of the organic phase were evaporated to dryness, The last three of four runs
were made on the 2-0 ml concentrate for the determination of iron (Fig. 5).

Eight hr were required to obtain quantitative data for each alloy. This includes 5-5 hr for column
preconditioning and running the standard. It does not include time for the calibration study or a
preliminary investigation if the latter becomes necessary.

Quantitative Aspects

Calibration curve

The technique for injection of solutions is that described in reference 1, page 1220,
with the following exception. Immediately uponemptying thesyringe it was withdrawn
from the injection port and the remaining solution removed from the hot needle by
withdrawing the plunger to the original sample volume while the barrel was positioned
vertically with the needle up. This residual volume was subtracted from the sum of the
barrel and needle volumes to give the actual volume injected.

Specially fabricated injection caps were used to reduce the rate of evaporation of
chloroform. In addition to their usefulness for storage of solutions, they were also
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FIG. 5.—Analysis of N.B.S. 164a: A chromatogram representing the analysis of the

concentrated chloroform extract for the determination of iron (see Gas chromatographic

conditions for alloy analyses). The aluminium tfa peak is attenuated 8 X and the

copper tfa peak represents the amount remaining after EDTA treatment of the extract

before concentration. The baseline was adjusted manually at 6 min to keep the chromato-
gram on scale.

convenient for sampling because removal of the cap was not necessary for introduction
of the syringe needle and the silicone rubber disc permitted a tight seal after removal.

The calibration study began with four injections of a chelate mixture to precondi-
tion the column. The calibration curve was composed of four points and four repli-
cate runs were used to determine each point. Volumes of the calibration solution
injected were chosen so that most of the data represented amounts of each chelate
greater than the lower limit of detectability and smaller than that which produced
overloading. The concentration of each chelate was adjusted so that each of the four
volumes injected yielded peaks whose height fell within the 0-3-1-0 mV recorder range
using a 1X attenuation.

Calculation of quantitative results

Peak areas were measured with a disc-chart integrator. A line was drawn across
the base of the peak tangent to the curve. This was called the adjusted base line. The
total area under the curve between the two points of tangency was determined. The
true area of the curve was the difference between the total area and the area below the
adjusted base line.

Using data from the test analyses on the extract (see Preliminary investigation) the
optimum range of the three calibration curves was chosen for calculating quantitative
results by comparing the peak area of the chelate in the sample to pertinent points on
the curve representing nearly the same peak area for that chelate in the calibration
solution. Two adjacent points on each curve were employed for computation of slopes
when the area per microgram ratio varied significantly over the full range of the curve.
Values of the slopes calculated in this manner were 111-7,67-5and 51-2 for the alumin-
ium, iron and copper curves, respectively, used to compute results of the N.B.S. 162a
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analysis and 113-6, 729 and 42-1 for the curves used in the analysis of N.B.S. 164a.
The difference in slopes for the two copper curves resulted from using different copper
tfa concentrations in each of the calibration solutions to compensate for the percentage
of copper in the alloys so that curves would cover an appropriate area-microgram
range. The slope values were incorporated in the equation for calculating the amounts
of each metal determined. A corrected intercept value for this equation was derived
from a second equation composed of terms from the calibration study and the injection
of the standard solution. The terms obtained from replicate runs of the standard
solution were the average peak area for each metal, As, and the average weight of metal
in micrograms, Ws. The corrected intercept, be, was calculated from Ag — Wsm = by,
where m is the slope of a calibration curve. Thus, the equation used for calculation of
quantitative results was y = mx + be, using y for peak area values and solving for x,
the number of micrograms of metal found.

Results of alloy analyses

Three aliquots of each alloy stock solution were taken for analysis. The aliquots
used for N.B.S. 162a analysis were run on separate days along with freshly prepared
standard solutions and the calibration curve was run the day before the first analysis.
Results of this analysis are summarised in Table I. The data tabulated were calculated
from the equation y = mx + be, where b is the value for the corrected intercept.
(Refer to Calculation of quantitative results for derivation of the equation.) A single
standard solution and three aliquots of the N.B.S. 164a stock solution used for analysis
were run on the same day. The calibration curve was run 5 days before the analysis.
Table I also lists the results for the N.B.S. 164a analysis,

TaBLe I.—N.B.S. ALLoy No. 162a

Aluminium, % Iron, %,  Copper, %

Present 0-50 219 30-61
Found 0-52 224 30-08
Relative mean error 313 2-06 —1-72
Relative deviation 1-83 199 1-32

N.B.S. ArrLoy No. 164a

Aluminium, 9% Iron, % Copper, %

Present 9-59 4-05 82:25
Found 9-46 4:04 81-52
Relative mean error —1-39 —0-19 —0-89
Relative deviation 1-08 0-84 2-55

The relative mean error and relative deviation data were calculated from the relative
percentage error for each chromatographic run. A result was rejected when the sus-
pected value differed from its nearest neighbour by 50 % of the range for the series
when composed of six or more values.”

Interferences

Chromatograms representing the analyses of alloys were similar to those from
synthetic chelate solutions when compared from the standpoint of examination for the
presence of interfering peaks or irregular baselines. Calculations show that very small
amounts of the secondary metals were present in volumes of extracts and concentrates
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injected for the determination of aluminium, iron and copper. Of the secondary
metals present in the two alloys, only the tfa’s of manganese(III), chromium(III) and
zinc(IT) are known to produce gas chromatographic peaks and they were present in
concentrations too small to be detected with the thermal conductivity detector.

CONCLUSION

An analytical procedure is given for the quantitative determination of aluminium,
iron and copper in N.B.S. alloys which utilises a new extraction method for efficient
conversion of the three metal ions to metal trifluoroacetylacetonates and gas chromato-
graphic conditions which permit their complete separation.

Samples which are unknown or vary significantly in percentage composition from
the N.B.S. alloys used in this study may also be analysed after a preliminary investiga-
tion to determine the proper adjustment of chelate concentrations in extracts.

Acknowledgement—The authors wish to thank D, R. Gere for helpful discussions concerningevaluation
of quantitative data and K. J. Eisentraut for running samples on the Differential Thermal Analyser.

Zusammenfassung—In zwei Legierungen des National Bureau of
Standards wurden Aluminium, Eisen und Kupfer gaschromato-
graphisch bestimmt. Bei der Analyse von N.B.S. 162a waren die
mittleren relativen Fehler 3,13 % fiir Aluminium, 2,06 % fiir Eisen und
—1,72% fiir Kupfer; bei N.B.S. 164a waren die mittleren relativen
Fehler —1,39%, —0,19% und —0,89%. In der Analysenvorschrift
sind enthalten Losen der Legierung, Uberfiihrung der Metallionen in
Trifluoroacetylacetonate durch Losungsmittelextraktion und zuletzt
vollkommené Trennung der Metallchelate und jhre quantitative
Bestimmung durch Gaschromatographie an einer Siule aus GasPack
F, das mit dem Polydthylenwachs Tissuemat E impragniert ist. Die
anderen Metalle in den” N.B.S.-Proben storten bet der Bestimmung
von Aluminium, Eisen und Kupfer nicht.

Résumé—On a utilisé la chromatographie en phase gazeuse pour le
dosage de aluminium, du fer et du cuivre lors de I'analyse de deux
alliages du “National Bureau of Standards”. Dans T'analyse du
N.B.S. 162a, les erreurs relatives moyennes ont été de 3,137, pour
I'aluminium, 2,06% pour le fer et —1,72%; pour le cuivre; pour le
N.B.S. 164a, les erreurs relatives moyennes ont été de -1,39%,
—0,19% et —0,89 %, pour I'aluminium, le fer et le cuivre, respective-
ment. La technique d’analyse comprend la mise en solution de
P'alliage, la conversion des ions métalliques en trifluoroacétylacétonates
par extraction au moyen de solvant et, finalement, la séparation
compléte des chélates métalliques et le dosage par chromatographie en
phase gazeuse, en utilisant une colonne contenant du Gas Pack F
recouvert de Tissuemat E, une cire de polyéthyléne. Les autres
métaux présents dans les échantillons du N.B.S. n’ont pas interféré
dans le dosage de I’aluminium, du fer et du cuivre.
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Summary—A simple and rapid method for the substoichiometric
determination of traces of manganese in various materials by neutron-
activation analysis has been developed. After dissolution of the
irradiated test sample, manganese(1l) carrier is added and subsequently
oxidised by peroxodisulphate to the heptavalent state. The per-
manganate thus formed is finally extracted into chloroform as tetra-
phenylarsonium permanganate using a substoichiometric amount of
tetraphenylarsonium chloride. This single separation step isolates
radiochemically pure manganese-56 in the analysis of a relatively simple
material in which interfering elements (gold, rhenium, efc.) are absent.
When this is not true, a preliminary separation of manganese from the
irradiated sample, based on the extraction of manganese diethyldithio-
carbamate into chloroform and followed by stripping of the manganese
with dilute sulphuric acid, must be used. A simultaneously irradiated
standard containing manganese must be treated in exactly the same way
as a test sample. In the materials analysed by the new method 10~° to
10-2% of manganesc has been determined.

INTRODUCTION

DURING the last few years a number of procedures? for the substoichiometric deter-
mination of traces of various metals by neutron-activation analysis have been developed
but, until recently, development of a procedure suitable for manganese seemed to be
impossible. The reason was that the common chelating agents form with manganese
much less stable chelates than with most other metals. Therefore, a separation
procedure based on the use of chelating reagents would be unselective and the repro-
ducibility of a substoichiometric separation would probably be poor.

TasLe I—NUCLEAR DATA FOR THERMAL NEUTRON ACTIVATION OF MANGANESE’

Isotopic
Natural activation Product on Mode of decay
abundance, cross section, thermal neutron  Half-life, and energy
Stable isotope % barns irradiation hr (MeV)
Mn 100 13-3 Mn 2:58 f-:2:86; 1-05; 075

v :0-85;1:81;2:12

On the other hand, the nuclear properties of maganese (see Table I) are suitable for
a very sensitive determination of this element by neutron-activation analysis. Theoret-
ically, amounts of 10-10 g of manganese can be determined using a thermal neutron flux

of 102 neutrons. cm—2, sec™t.

9 457
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In the past year we have been concerned with the possibilities of using ion-asso-
ciation extraction systems for substoichiometric separation. From a theoretical
consideration,! based on the extraction data of Bock and Beilstein,? it follows that the
substoichiometric determination of several elements will probably be possible in this
way. Also, the work of Alimarin and Perezhogin? on the substoichiometric determina-
tion of gold by neutron-activation analysis, published recently, further stimulated our
efforts in this field. The substoichiometric determination of manganese by neutron-
activation analysis using tetraphenylarsonium chloride has now been successfully

completed.
EXPERIMENTAL
Apparatus

Scintillation counter. Well-type with NaI(TI) crystal.
pH meter. phM-2, Radiometer, Copenhagen, Denmark.
Separatory funnels. 150-ml volume.

Reagents

Manganese(1) Carrier solution. 1-8 x'10-2M aqueous solution of manganese(II) sulphate.

Labelled carrier solutions. Manganese(I1) carrier solution labelled with carrier-free *Mn, and
0-01M potassium permanganate solution labelled with carrier-free Mn.

Tetraphenylarsonium chloride solution. 2 x 10~ M aqueous solution of the reagent.

Chloroform, Twice distilied.

Irradiation

The samples of chalk, analytical-reagent grade calcium carbonate and analytical-reagent grade
potassium hydroxide were sealed in polyethylene ampoules and irradiated in a nuclear reactor in a
neutron flux of 101 to 102 neutrons . cm~2, sec~*. for 20 hr. Standard samples containing 100 and
60 pg of manganese(Il) sulphate were prepared by evaporating to dryness in polythene ampoules
0-1 and 006 ml of manganese(Il) carrier solution, and irradiated simultaneously.

Development of Method
Influence of pH

It has been found that the substoichiometric extraction of tetraphenylarsomium permanganate is
practically independent of the pH of the extracted solution, except for very acid or very alkaline
media when destruction of the reagent or reduction of the permanganate takes place. This fact is in
good agreement with our theoretical considerations." Henceforth, a pH of 8-9 was used for all
substoichiometric extractions (see Selectivity).

Reproducibility

The reproducibility of the substoichiometric extraction has been investigated in a manner
previously described;® to increasing amounts of labelled 0-01M potassium permanganate carrier
solution, placed in a series of separatory funnels, 2-0 ml of tetraphenylarsonium chloride solution
were added and the ion-association complex formed extracted with 5-0 ml of chloroform for 3 min.
The activities of 3-0 ml of the organic extracts were measured and plotted vs. the amount of manganese
present in the extracted solution. From Fig. 1 it can be seen that, after reaching the equivalence
point, very good reproducibility of the substoichiometric extraction was obtained; also, the time of
3 min for reaching extraction equilibrium is confirmed as being satisfactory.

Selectivity

From the known values of distribution ratios* and extraction constants,® various anions, e.g.,
perrhenate, molybdate, pertechnate, nitrate, perchlorate, thiocyanate, bichromate, etc., will be
simultaneously extracted with permanganate. For this reason sulphuric acid is the only convenient
acid for the dissolution of test samples because the sulphate anion is practically not extracted with
tetraphenylarsonium chloride. (If other acids must be used for dissolution of a test sample, a pre-
liminary separation of manganese, as described below, must be carried out.) The interfering in-
fluence of molybdenum(VI) can be eliminated if the extraction is performed at a pH higher than 8;
from this solution neither molybdenum(VI) nor chromium(VI) is extracted.®~® In the presence of
chloride ions some metals (mercury, gold, iron, tin, palladium, etc.) the anionic chloro complexes of
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Fi6. 1.—Reproducibility of the substoichiometric extraction into chloroform of
manganese with tetraphenylarsonium chloride.

which are extractable with the tetraphenylarsonium cation, may also interfere. From our experiments
it follows that the small amount of chloride ions present in the extracted solution as a result of using
tetraphenylarsonium chloride can only give rise to interference from gold.® Large amounts of chloride
ions must, of course, be avoided not only because other metals forming chloro-complexes would be
extracted, but also because the dissociation of tetraphenylarsonium chloride itself would be decreased.
If the latter does occur, then the reproducibility of the substoichiometric separation will be affected.

To avoid the above-mentioned interferences, a preliminary separation of manganese can be
carried out as follows. The test sample is dissolved in the presence of manganese(II) carrier solution
and the pH adjusted to about 8 with aqueous ammonia. An aqueous solution of sodium diethyl-
dithiocarbamate is then added (in 5- to 10-fold excess) and the precipitate of manganese diethyi-
dithiocarbamate® formed extracted with about 10 ml of chloroform. The manganese is then stripped
from the separated organic phase by shaking with a 1- to 2-fold excess of zinc sulphate dissolved in
10~ M to 10~ M suiphuric acid until the organic phase is almost colourless. Subsequently, the
separated aqueous phase is oxidised and extracted as described under Procedure.

‘When relatively simple materials were analysed it was found, from the decay measurements, that
no interfering elements (gold, rhenium and technetium*) are present in detectable amounts and the
preliminary separation step was, therefore, unnecessary.

Procedure

The irradiated samples of chalk or calcium carbonate were dissolved by boiling in 10 ml of 1N
sulphuric acid; the irradiated sample of potassium hydroxide was dissolved in 10 ml of water.

To all dissolved test samples were added 0-60 ml of manganese(II) carrier solution, 2 drops of
concentrated phosphoric acid, 50 ml of water, 1 ml of concentrated sulphuric acid, 1 m] of 17 silver
nitrate solution and 1 g of ammonium peroxodisulphate. The solution was then heated to oxidise
manganese(Il) to the heptavalent state, excess of peroxodisulphate subsequently being destroyed by
boiling. After cooling, the pH was adjusted to 8-9 with aqueous ammonia and the solution transferred
to a separatory funnel, 2:00 ml of tetraphenylarsonium chloride solution and 5-00 ml of chloroform
were added and the contents of the funnel shaken for 3 min. For measurement of the activity, 3-00
ml of the organic extract were evaporated to dryness in a glass counting jar and the residue dissolved
in 2 ml of hot, concentrated hydrochloric acid. (When the activity of the organic extract is measured,
a dark precipitate which appears on standing, affects the efficiency of counting during the decay
measurements.)

8
* 99™MTe can be expected as a result of the nuclear reaction *Mo(n. y)**Mo —— #2 Ty, if traces
of molybdenum are present in a sample. 66hr
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A simultaneously irradiated mangancse standard-sample was dissolved in approximately 10~ M
sulphuric acid and diluted to 250 ml. A suitable aliquot of this solution was treated in exactly the
same way as described above for the test sample.

The amount of manganese in the test sample (y) is calculated from the relationship®

a
)’=ys;s

where y, is the amount of manganese in the aliquot of the solution derived from the irradiated
standard sample, and a and a, are the activities obtained from the test sample and from the aliquot
of solution derived from the irradiated standard sample, respectively.

RESULTS

Some results from the application of the method to the analysis of various materials
are presented in Table II. Because of the single determination the analysis of the

TABLE II.—SUBSTOICHIOMETRIC DETERMINATION OF MANGANESE.

Potassium
Material anatysed Chalk Calcium carbonate hydroxide
Weight of sample, mg
Amount (y,) of Mn in 98-1* 116-4% 86-5% 011 101-61% 106-87 59-2%
irradiated standard
sample, ug 12 0-80 0-30 0-80 0:80 1-2
ActivityY obtained from
standard sample (a,) 4224 6063 6063 6063 6063 4224
Activity] obtained from
test sample (a) 31261 84211 62065 902 910 190
Amount of manganese
found,
ne 8-89 1111 8:19 0-119 0-120 0-054
% 9:06 X 103 9-99 x 10=% 946 x 103 1-17 x 10~* 1-12 x 10* 9-77 x 10~®

* Sample irradiated simultaneously with 100 ug of manganese standard.

+ Sample irradiated simultaneously with 60-ug manganese standard using a slightly higher neutron flux
and shorter cooling period than in the previous case.

1 Diethyldithiocarbamate preliminary separation step applied.

9] Expressed in counts/100 sec and corrected for background and decay.

potassium hydroxide is not very reliable; however, the possibility of determining a
very low content of manganese is illustrated. The results for the other two samples
show the reproducibility of this type of analysis (the two samples differ considerably,
of course, in the type and amount of trace impurities).

The radiochemical purity of the tetraphenylarsonium permanganate extracts has
been checked by measurement of decay curves (Fig. 2). It follows from the decay
measurements as well as from Table 11 (no differences found between samples analysed
with and without the preliminary separation) that neither the chalk nor calcium
carbonate contained interfering elements. The use of a multichannel analyser would
probably avoid the necessity of using the preliminary separation step even in the
analysis of more complicated materials.

CONCLUSION
A simple substoichiometric determination of manganese by neutron-activation
analysis has been developed and previous theoretical considerations! are, therefore,
confirmed. Consequently, it can be expected that it will definitely be possible in the
same way to determine the other elements mentioned in the previous paper,! indeed,
the work on one of them, thenium, has just been successfully completed.®
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FI1G. 2.—Typical decay curves of tetraphenylarsonium permanganate extracts:
(a) chalk,
(b) standard manganese sample.
In both cases the observed half-life was 26 hr.
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Zusammenfassung—FEine einfache und schnelle Methode zur unter-
stbchiometrischen Bestimmung von Manganspuren in verschiedenen
Materialien durch Neutronenaktivierungsanalyse wurde entwickelt.
Nach Auflosung der bestrahlten Probe wird Mangan(II)-Trager
zugegeben und mit Peroxodisulfat zur siebenwertigen Stufe oxydiert.
Das gebildete Permanganat wird als Tetraphenylarsoniumpermanganat
in Chloroform extrahiert, wobei Tetraphenylarsoniumchlorid in
unterstdchiometrischer Menge angewandt wird. Bei der Analyse
relativ einfachen Materials, das keine Stdrelemente (Gold, Rhenium
usw.) enthdlt, liefert diese einfache Abtrennung radiochemisch reines
Mangan-56. Ist dies nicht der Fall, mu Mangan zuerst aus der
bestrahlten Probe abgetrennt werden durch Extraktion von Mangan-
didthyldithiocarbamat in Chloroform und nachfolgende Riickextrak-
tion in verdiinnte Schwefelsiure. Ein gleichzeitig bestrahlter Mangan-
standard muf genau so wie die Probe behandelt werden. In den mit
der neuen Methode analysierten Stoffen wurden 1073 bis 107%%;
Mangan bestimmt.

Résumé—On a élaboré une méthode simple et rapide pour le dosage
substoechiométrique de traces de manganése dans diverses substances
au moyen de Panalyse par activation de neutrons. Aprés dissolution
de la prise d’essai irradiée, on ajoute le manganése(I1) entraineur puis
oxyde a Iétat heptavalent par le perdisulfate. Le permanganate ainsi
formé est enfin extrait en chloroforme a Pétat de permanganate de
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tétraphénylarsonium, en utilisant une quantité substoechiométrique
de chlorure de tétraphénylarsonium. Cet unique stade de séparation
isole le manganése-56 radiochimiquement pur 2 partir d’une substance
relativement simple, ol les éléments interférents (or, rhénium, etc . ..)
sont absents. Lorsque ce n'est pas le cas, il faut procéder a une
séparation préliminaire du manganése de I'échantillon irradi¢, basce
sur Dextraction en chloroforme du diéthyldithiocarbamate de man-

anése suivie d’un lavage du manganése 4 I’acide sulfurique dilué. Un

talon contenant du manganése, et irradié simultanément, doit €tre
traité exactement de méme maniére que la prise d’essai. Dans les
substances analysées selon la nouvelle méthode, ona dosé 1033 10727
de manganése.
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Summary—The acid and base dissociation constants of luminol are
determined at various ionic strengths. The transition interval occurs
at pH 7-7-9-0, therefore luminol is a fluorescent indicator for the
titration of strong and weak acids and strong bases. Tts value as an
indicator is established by titrating milk, red wine and cherry juice.

THE intensive blue chemiluminescent and fluorescent light of luminol (3-amino-
phthalic hydrazide) stimulated many research workers to find analytical applications
of the phenomenon. Chemiluminescence of luminol was used first for detection of
heavy metal ions,*# hydrogen peroxide®® and hemine®® and, later, for the end-point
detection of acid-base titrations®-1!

Erdey and his coworkers developed, with the aid of luminol, many oxidation-
reduction determinations which were previously impossible because of the dark colour
of the solution to be titrated or of the reaction products.’?=** It has been advanta-
geously used recently also as a chelometric indicator.!®

In an alkaline medium in the presence of oxidising agents luminol emits a chemi-
luminescent light which ceases in an acidic medium; it intensively fluoresces when
irradiated with ultraviolet light in an acidic medium. This fluorescent light suddenly
disappears in an alkaline medium, demonstrating that luminol has properties charac-
teristic of fluorescent acid-base indicators. This is mentioned also by Birner and
Perrottet!® who measured the ultraviolet absorption of luminol as a function of pH
when studying properties of luminol.

Fluorescent indicators, as is well known, are generally organic molecules whose =
electrons are excited by ultraviolet light. Electrons of the excited molecules, being in
the triplet state, fall into the singlet state by spin compensation while fluorescent
light is emitted.

This process, however, depends on the state of acid dissociation of the molecule.
There are substances whose ionic form emits fluorescent light, while others, like
luminol, emit fluorescent light only in the undissociated state. A linear relationship
between the fraction dissociated and intensity of the fluorescent light is found. In
dilute solutions which absorb fluorescent light only to a negligible extent, the intensity
of fluorescence changes linearly with the concentration of the fluorescent substance.
This relation was used for determination of the dissociation constants of luminol.

EXPERIMENTAL

Apparatus
Fluorimeter. Pulfrich photometer with fluorescence attachment. An 13 filter and a D comparison
standard colour were used.
pH meter. Polimetrom 42B.
463
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Reagents
Luminol solution, 0-01%;. An aqueous solution is stable for a long time.

Procedure

Transfer an aliquot of the strong or weak acid into a 200-ml titration flask, add 0-5 ml of 0-019;
luminol solution and titrate the solution with sodium hydroxide (0-1N, 0-01N or 0-001N) under
ultraviolet light until the disappearance of the blue fluorescent light. The end-point of the titration
of strong bases is indicated by the sudden appearance of the fluorescent light. The variation of
intensity of fluorescence with concentration is shown in Fig. 1. It can be seen that in the concentration
range between 1 x 10-% and 1-5 X 10-*M the intensity of fluorescence increases linearly with in-
creasing luminol concentration; for higher concentration values, however, after a maximum the
intensity decreases. In subsequent experiments, therefore, a luminol solution of 10-¢M was used.

5. -4
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6001 /
500|- * ,

4001

x X
W 300 ~/
X,
~

int

2005

100

| L1 ! | | { | | ! !
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5x107% [-5x107%
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FiGg. 1.—Fluorescence intensity of luminol as a function of luminol concentration.

For the determination of dissociation constants Britton-Robinson buffer mixtures were used. It
was established that these solutions and solutions of sodium chloride and sulphate do not influence
the fluorescence of luminol.

The intensities of fluorescence of 10~*M luminol solutions at various pH and ionic strengths are
shown in Fig. 2, which shows that intensity of fluorescence goes through a maximum with increasing
pH. Dissociation constants of luminol were calculated from the experimental data.

DISCUSSION

Because of the amphoteric character of luminol, the following equilibria must be
considered:

at low pH.:

+ 0 O
NH, | NH. |
C | C

A7 NH 7 SNH

| | +OH —= |+ HO (o))

C C
i I
o O

Luminol hydrochloride cation, Luminol neutral

does not fluoresce. molecule, fluoresces.
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at higher pH (but pH < 10):

(¢ O‘
Tl‘IHz |
< \NH
H
O
Neutral molecule, Anion of luminol, does
fluoresces. not fluoresce.
1
600

500

400

300

200

100

Fic. 2.—Fluorescence intensity of luminol as a function of pH at various ionic strengths.

Because only the neutral form fluoresces, the maximum intensity of fluorescence
of luminol is at the pH corresponding to the greatest concentration of neutral luminol.
The dissociation constant K, of an indicator acid HI can be expressed as

_ ]
* o HI]
where [I7] is concentration of the indicator anion, [HI] that of the undissociated

indicator. If the total concentration of acid is [H*], and the degree of dissociation
is «, then

K, =
1l —a

=1, ie., o = 05, then K, = [H*].
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Because the intensity of fluorescence is proportional to the concentration of the
undissociated form, the pH value at which the intensity of fluorescence falls to half
of its maximal value equals pKa.

At lower pH, where equilibrium (1) is valid, the neutral molecule taking part in the
equilibrium behaves as a base. The corresponding equilibrium constant is given at
half neutralisation by

K . . .
Ky, = ==, where K, is the dissociation constant of water,
7] °

and from this, at 25°
pK, = —log K, = 14 — pH.

After the evaluation of curves plotted at variousionic strengths, the values presented
in Table I were obtained. As can be seen and as was also to be expected, the values of

TABLE 1.—DISSOCIATION CONSTANTS OBTAINED AT DIFFERENT IONIC STRENGTHS

Ionic strength pKs Ks pK» K»
0-004 633 47 x 1077 —_ —
0-01 6-26 55 x 107 12:00 1-0 x 10-'2
0-07 6-23 59 x 107 11-90 13 x 1012
01 6:20 63 X 1077 11-85 14 x 1072
0-5 6-12 76 x 1077 11-80 16 x 1012

pK, and pK, decrease slightly with increasing ionic strength. Our results are nearly
identical with the values of Weber obtained by fluorometric techniques,’” whereas those
of Babko and Lukovskaya,'® obtained by a spectrophotometer, differ by about one
order of magnitude. The reason for the deviation can possibly be found in the difference
between the two methods of measurement.

Although the transition pH values of an indicator may be deduced from the acid
and base dissociation constants, in the case of single coloured indicators the value of
the transition interval is also given because concentration and solubility of the
indicator affects the width of the transition interval.

For the purpose of approximate determination of this interval 0-01 hydrochloric
acid was titrated potentiometrically with 0-01M carbonate-free sodium hydroxide,
and meanwhile the intensity of fluorescence was observed. Fig. 3 shows the titration
curve obtained and it is to be seen that at higher indicator concentration the transition
pH interval is 7-5-8-2, and at lower indicator concentration it is 7-1-8-1.

For more precise determination of the transition interval a buffer series was made
the pH of which increased by 0-1 pH unit. To this luminol solutions of known and
increasing concentrations were added and the fluorescence of the solutions observed in
ultraviolet light. In Table II the pH at which fluorescence suddenly decreased or
ceased are presented. It is to be seen that the fluorescence changes between pH
7-2-7-8 and pH 8-3-90 between 1 X 107 and 2-5-10°M concentrations,
respectively. In practice 0-5 ml of 0-01 % indicator solution was used for one titration
and the volume at the end of the titration was 10-60 ml, i.e., luminol is 25 X 1078~
5 x 10~8M. Therefore, luminol can be used as a fluorescent indicator for the titra-
tion of strong and weak acids and strong bases.
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Fic. 3.——Determination of transition interval of luminol at various indicator concen-
trations.

TABLE II.—TRANSITION RANGE OF LUMINOL
AS A FUNCTION OF INDICATOR CONCENTRATION

Luminol conc.,, M Range, pH
1-0 x 10-¢ 72-7-8
25 x 10-* 76-8-2
50 x 10-¢ 7-7-8:3
7-5 x 10— 8-0-8'6
1-0 x 10-5 82-88
25 x 10~® 8:3-90

TABLE III.—TITRATION OF VARIOUS ACIDS WITH NaOH IN THE PRESENCE OF LUMINOL
AS INDICATOR

467

Deviation from

Standard deviation,

Acids Concentration, N real value, % ml %
1-0 +0-0 +0-01 +0-06
HCl 01 —010 +0-02 +0-08
0-01 +0-0 +40-02 +4-0-10
0001 +24 +0-07 +0-36
1-0 +00 +0-01 +0-07
CH,COOH 01 +0-05 +0-01 +0-06
0-01 +015 +0-02 +0-10
0-001 +1-4 +0-13 40-63
10 —0-20 +0-02 +0-08
H.S0, 01 —0:35 +0-02 +0-08
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TaBLE IV.—TITRATION OF NaOH WITH VARIOUS ACIDS IN THE PRESENCE OF
LUMINOL AS INDICATOR
Deviation from Standard deviation
Acid Concentration, N real value, % mi %

1-0 +0-05 +0-02 +0-08
HCl 0-1 —0-05 +0-01 +0-07
0-01 —0-30 -0-03 —013
0-001 —17 —0-10 +0-58
1-0 +0-20 +001 +0-07
CH;COOH 01 +-0-05 +0-02 +0-09
0-01 —025 +0-03 4+0-16
0-001 —0-88 4-0-13 -+0-64
1-0 +0-05 +0-01 4-0-06
H,S0, 01 —015 £002 1009

TABLE V.—PRACTICAL USE OF LUMINOL

0-1N NaOH required, m/

by 20-00 ml of milk by 20-00 ml of red wine by 20-00 ml of cherry juice
In presence of  In presence Potentio- In presence Potentio-  In presence Potentio-
phenolphthalein ~ of luminol metrically  of luminol metrically  of luminol  metrically
313 2-40 250 1675 16-71 22-45 2244
321 2:47 2-46 16-67 16-70 22-36 22:42
317 2-46 1673 22-38
317 244 248 1672 16-71 22-40 2243

Table III gives data about the errors of titration of strong and weak acids of various
concentration. It is to be seen that the deviation from the real value is permissible
even at 0-001N concentration.

Table IV shows results of the titration of sodium hydroxide with strong and weak
acids. Both the standard deviation and deviation from the real value are small.

The advantage of fluorescent indicators over the usual dye indicators is that they
can be used in the titration of dark, coloured and turbid solutions. We checked the
practical value of luminol by determining the acid content of milk, red wine and
cherry juice. In Table V are shown results obtained in titrations in the presence of
luminol and in potentiometric titrations. It is clear that the two methods give practi-
cally the same results.

Zusammenfassung—Die Sidure- und Basendissoziationskonstanten
von Luminol wurden bei verschiedenen Ionenstirken ermittelt. Der
Umschlagsbereich liegt bei pH 7-7-9-0, daher ist Luminol ein Fluores-
zenzindikator zur Titration starker und schwacher Siuren und starker
Basen. Seine Anwendbarkeit wurde durch Titration von Milch,
Rotwein und Kirschsaft bestitigt.

Résumé—On a déterminé les constantes de dissociation acide et
basique du luminol pour diverses forces ioniques. Le domaine de
transition se situe & pH 7-7-9:0; par conséquent le luminol est un
indicateur fluorescent pour le dosage des acides forts et faibles et des
bases fortes. On établit ses possibilités d’application en dosant le lait,
le vin rouge et le jus de cerises.
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INVESTIGATION OF THE SOLVENT EXTRACTION OF
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(Received 6 August 1965, Accepted 29 Sepiember 1965)

Summary—The extraction constants for the systems di-(2-ethylhexyl)-
orthophosphoric acid/toluene/hydrochloric acid and americium, curium
californium and fermium have been determined. They have been used
to select the best conditions for the separation of californium, fermium
and mendelevium by extraction chromatography. The separation
factors arc much higher than the corresponding ion-exchange methods.

Previous work by Siekierski and Fidelis'% on the separation of rare earths by means
of extraction chromatography using tributyl phosphate has shown that this method can
also be applicable for the separation of tervalent transuranic elements. The results of
other investigations®? confirmed the advantage of extraction chromatography,
especially for separation of heavy transplutonic elements whose quantities are still very
scarce.

Recently, work on the use of alkylphosphoric acids for the separation of lanthanides
and light transuranic elements by means of extraction chromatography5-% has been
reported. The interest in these acids is because they bring about the separation of
lanthanides and actinides more effectively than organic reagents used in conjunction
with an ion-exchange resin. One, in particular, which has found widespread use for
the separation of tervalent metals by extraction is di-(2-ethylhexyl)orthophosphoric
acid (HDEHP).1?

The present paper deals with the static and dynamic extraction of californium,
fermium and mendelevium in the system di-(2-ethylhexyl)orthophosphoric acid-hydro-
chloric acid with a view to determining extraction constants and to finding conditions

for their separation.
THEORETICAL

Di-(2-ethylhexyl)orthophosphoric acid is present in organic solvents in the dimeric
form.! The extraction of lanthanides and tervalent actinides in trace quantities is
based on the following reaction:

M3+ + 3(H2A2)org = M(HAz)aorg + 3H+ (1)
The equilibrium constant of this reaction (the extraction constant) is
H A H+ 3 H+ 3
K - MEADJ IR _ [P @
[M ][H2A2]org [H2A2]org

where q is the distribution of the metal investigated.

The extraction constant can be determined readily by determining values of q at
different hydrogen-ion coneentrations and substituting into equation (2). The sepa-
ration factor of different transuranic elements is determined by the ratio of their
extraction constants.

47
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The multiple repetition of extraction runs in extraction chromatography permits
selective separation of transplutonic elements in quantities of several tens or hundreds
of atoms. When such quantities of an element are present in the solvent (<107'* M),
the ability to concentrate the element studied into the smallest volume without any
contamination becomes very significant.

At the same time extraction chromotography makes it possible to determine the
distribution ratios of such elements as mendelevium by the position of the elution
peaks; such an identification is impossible under the conditions of static extraction.

EXPERIMENTAL
Transplutonium elements

The synthesis of *¢Cf, **Fm and **°Md isotopes was performed in the 300-cm heavy-ion
accelerator of the Laboratory of Nuclear Reactions (JINR) by means of the following reactions:

(D 8U(4N, 6n) *¢Es 7;01'“ $218Cf %

as5.7hr
(Iy #8UC*0, 4n) **Fm——>

(L) =3U(**Ne, adn) »Fm—" >
(IV) =U(*Ne, p3n) **Md " >*Fm —>

The cross-sections for reactions (I) and (III) are ~107%° cm® and ~2 x 10-3! cm?, respectively.
The cross-section for reaction (IV) is very small (2 x 1073 cm?).}* The irradiation of UsOy deposited
on a copper backing with internal water-cooling was performed in the internal beam of the accelerator.
The energy of N, O and Ne ions was equal to about 110, 128 and 140 MeV, respectively. To increase
the yield of 2*Md a 75-85 %, enrichment of *Ne was used. About 10° atoms of ***Cf, 10° atoms of
252Fm and 102 atoms of ***Md were obtained per cycle.

The processing of the irradiated targets and the separation of transplutonic elements were per-
formed by methods previously described.’s.1¢

Static extraction

Experiments on static extraction were performed as follows.

The mixture of transplutonic elements was dissolved in hydrochloric acid (of known concentration)
in a quartz test-tube. One ml of the solution was transferred to a quartz test-tube (fitted with a
ground stopper), then 0-5 mi of toluene and 0-5 ml of di-(2-ethylhexyl)phosphoric acid were added.
The tube was shaken for 1-4 hr (extraction equilibrium is reached in several minutes) and 0-8 ml of
aqueous phase was taken and deposited on a rhodium backing,

The deposition of the solution was performed by small portions to obtain a thin uniform layer.
After drying and annealing of the backing at about 300°, the alpha-activity of the sample was measured.
Because of difficulties connected with decomposition of the organic phase the transuranic elements
after 5-fold dilution of the extract with toluene were quantitatively re-extracted in 1-00 ml of 3-4M
hydrochloric acid and 0-90 ml of the re-extract was processed for activity measurements as above.
The distribution coefficients for different transuranic elements were determined by the alpha-
spectrum of the aqueous phase and the re-extract. By carrying out the experiment in this way it is
possible not only to determine the extraction constants of several transplutonium e¢lements per
experiment, but fo determine exactly the separation factors of these elements.

Extraction chromatography

The experiments on the separation of transplutonic elements were performed in a glass column,
2-5 mm in diameter, with a ground stopper. Hyflo-Super Cell silica gel, rendered hydrophobic by
treatment with dimethyldichlorosilane, was packed into the column to give a column-height 0f100mm;
the grain size was 12-18 u. The silica-gel was saturated with a solution of di-(2-ethylhexyl)ortho-
phosphoric acid in toluene (1 -+ 1) which was passed through the column; the amount of the extract-
ant in the column was about 15% of the weight of the silica gel.

The mixture of transplutonic elements together with rare-earth tracers and 1*Cs was dissolved in
3-4 drops of hydrochloric acid of certain concentration. This mixture was placed on the top of the
column and elution with hydrochloric acid (saturated with working solution of the extractant) of the
required concentration was performed. The speed of the elution was 1 drop per 25 sec at 64°. The
high speed of elution was chosen because of the short half-life of 256Md, though under these conditions
the peaks of separate elements are not so sharp as those obtained at lower speeds of elution. Separate
drops were collected on glass backings, dried, and the beta-activity of the rare earths and **"Cs (as an
indicator of a free volume of the column) measured by means of an end-window Geiger-Miiller
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counter. The alpha-activity of #¢Cf and *Fm was measured by an ionisation chamber with 27-
geometry and a 100-channel amplitude analyser (“Rainbow™).

258Md was detected by the daughter nuclei of **°Fm with a half-lifc of spontaneous fission equal to
2-7 hr. Fission fragments of **Fm were detected directly on glass backings as described previously.t*®

RESULTS AND DISCUSSION

The dependence of the distribution ratios for californjum and fermium together

with americium, curium, promethium, europium, gadolinium and terbium on the con-

centration of hydrochloric acid is shown in Fig. 1.
It is shown that the distribution ratio of all the studied elements is inversely

proportional to the cube of the concentration of hydrochloric acid, i.e., the extraction

of these elements proceeds according to equation (1).
The results of the determination of extraction constants for californium and fermium

are given in Table I. The mean value of the logarithm of the extraction constant is

I2] 1LO2N HCL
| | |
B 0.93N HCL
.‘g'
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2 1 |
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!
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Fic. 1.—Separation of Cf, Fm and Md by means of extraction chromatography.
(Hydrochloric acid concentration is equal to 0-74-1-02M )
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equal to —0-17 for californium and to +0-49 for fermium, i.e., the separation. factor
(F) of these elements is about 4-5. This value much exceeds the separation factor of the
californium-fermium pair when the selective complexing agents in ion-exchange chro-
matography are used (for «-hydroxyisobutyric acid with F = 3-2).1% It also exceeds
the separation factor of the extraction by means of tributyl phosphate (F = 1-45),3
thenoyltrifluoroacetone (F = 2-0)}? and di-2-ethylhexylphenylphosphonic acid (F =
31).18

TABLE I.-—DETERMINATION OF EXTRACTION CONSTANTS OF Cf AND Fm

WITH DI(2-ETHYLHEXYL)ORTHOPHOSPHORIC ACID (TOLUENE AS A

SOLVENT)
Element Cf Fm
log[HCI] log q log K log q log K
0-18 —1-03 —0-13 —042 0-49
0-09 —0-83 —0-19 —0-11 0-53
0-06 —0-67 —0-12 —0-08 0-47
—0-01 —0-55 —0-22 0-12 0-48
—0-09 —0-19 —0-09 0-38 048
—0-10 —0-26 —0-20
—0-13 —0-14 —0-17
—0-24 026 —0-10
—0-32 044 —0-16
aver. —0-17 aver, —0-49

The extraction constant of californium determined in the present paper is in good
agreement with the data of Peppard et al.'® (log K = 0-0).

The extraction constant of fermium has not been determined previously.

The values of the extraction constant of americium (log K = —1-67; according to
Peppard et al.2° log K = —1-53) and of curinm (fog K = —1-43; according to Peppard
et al'® log K = —1-4) indicate that it is feasible to separate californium and heavier
transplutonic elements from americium and curium by means of di-(2-ethylhexyl)ortho-
phosphoric acid [the separation factor (F) is above 20, whereas F = 4'5 if these
elements are separated by means of ion-exchange chromatography with «-hydroxy-
isobutyric acid€].

The results of the separation of the californium, fermium and mendelevium by
means of extraction chromatography are given in Table II, where the positions of the
peaks of the separated elements expressed in free volumes of the column at different
concentrations of hydrochloric acid are shown. As the concentration of hydrochloric
acid decreases, the values of the distribution ratio increase, which results in later elution

TaBLE II.—PosrtioNs oF PEAKS OF Eu, Tb, Cf, Fm AND Md AS A FUNCTION
OF CONCENTRATION OF HYDROCHLORIC ACID*

HCl, M Eu Tb Cf Fm Md
1-15 22 6 —_ 39 —_
1-02 27 80 27 43 10-13
0-93 33 11 40 77 —
0-86 37 15 — 78 17-19
0-79 52 19 7 — —
0-74 57 22 8 12 —

* Expressed as free volumes of column.
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of separate clements and increase of the total time of separation. Hence, the optimum
concentration of hydrochloric acid for the separation of a californium-fermium pair is
equal to 0-7-0-9M and for the separation of a fermium-mendelevium pair is 0-9-1-044
(Fig. 2). At this concentration of hydrochloric acid the separation factor for fermium-
mendelevium is equal to 2-5-3, which is much higher than in ion-exchange chromatog-
raphy. Some disagreements between separation factors obtained under static and

log q

log [HCL]

Fic. 2.—Distribution ratios (q) of transplutonium elements as functions of hydro-
chloric acid concentration:
Am(og K = —1-67), Cm(logK = —142), Cf(logK = —015), Fm(logK =
0-49), Pm(log K = —1-05), Eu(log K = —0-36), Gd(log K = —0-03) and Tb(log =
+0-74).
dynamic conditions are the result of difficulties in the exact determination of the free
volume in small columns and a partial elution of the extractant by hydrochloric acid.
The use of extraction chromatography permits the separation of transplutonic
elements in a hydrochloric acid medium without contamination from organic com-
plexing agents.
CONCLUSION
1. The extraction constants of americium, californium, curium and fermium in the
system of di-(2-ethylhexyl)orthophosphoric acid/toluene/hydrochloric acid have been

determined.
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(2) The conditions for selective separation of californium, fermium and mendele-
vium by means of extraction chromatography have been found. The separation factors
in this system are much higher than in the ion-exchange method.

Acknowledgements—The authors express their gratitude to Corresponding Member, U.S.S.R.
Academy of Sciences, Professor G. N. Flerov for his permanent attention and interest, to A. N.
Filipson for the operation of the accelerator and to V. P. Perelygin and S. P. Tretiakova for scanning
the glass detectors.

Zusammenfassung—Die Extraktionskonstanten fur die Systeme Di-
(2-4thylhexyl-)orthophosphorsiure/Toluol/Salzsdure und Americium,
Curium, Californium und Fermium wurden bestimmt. Sie wurden
verwendet, um die besten Bedingungen zur Trennung von Californium,
Fermium und Mendelevium durch Extraktionschromatographie zu
ermitteln. Die Trennfaktoren sind viel groBer als bei den entsprechen-
den Ionenaustauschmethoden.

Résumé—On a déterminé les constantes d’extraction pour les systémes
acide di-(2-éthylhexylyorthophosphorique/toluéne/acide chlorhydrique
et américium, curium, californium et fermium. Elles ont été
utilisées pour sélectionner les meilleures conditions de séparation du
californium, du fermium et du mendelevium par chromatographie
extraction. Les facteurs de séparation sont beaucoup plus €levés que
pour les méthodes correspondantes par échange d’ions.
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Summary—A simple and rapid method is described for the routine
determination of plutonium with a coefficient of variation of better
than 0-2%. It is directly applicable to nitrate solutions containing a
large amount of uranium; moderate amounts of iron; molybdenum,
fluoride and phosphate do not interfere. Chromium, cerium and man-
ganese interfere quantitatively, and the procedure may also prove
convenient for the determination of these elements. The plutonium is
oxidised to the sexivalent state with argentic oxide in nitric acid solution,
and the excess of oxidant is destroyed by reaction with sulphamic acid.
A weighed small excess of iron(IT) solution is then added, and the excess
is titrated potentiometrically with standard potassium dichromate
solution using polarised gold indicator electrodes. The whole deter-
mination is performed in one vessel at room temperature, and takes
about 20 min.

INTRODUCTION

METz and Waterbury,! reviewing the analytical methods for plutonium determination
published before 1962, recommended the following procedures for macro amounts of
the element:—
(a) Reduce with zinc amalgam and titrate from plutonium(III) to plutonium(IV)
with cerium(IV) using a potentiometric end-point.?
(b) As (a), but reduce with titanium(III).?
(c) As (a), but reduce with chromium(II).*
(d) Oxidise with perchloric acid, reduce from plutonium(VI) to plutonium(IV)
with an excess of iron(Il), and titrate the excess with cerium(I'V) again using
a potentiometric end-point.?
(e) Titrate plutonium(VI) by constant current coulometry with electrogenerated
iron(IL).8
(f) Titrate by controlled potential coulometry.”
() Oxidise with argentic oxide, and titrate plutonium(VI) to plutonium(IV)
amperometrically with iron(IT).8-9
(h) Titrate solutions of plutonium metal from plutonium(III) to plutonium (IV)
with cerium(IV) to a spectrophotometric end-point.1®
Jones,'! in a more recent review, also selected most of these methods and reported
the experimental procedures in detail.
Since Metz and Waterbury compiled their review, Corpel and Regnaud!? have
reported a simple method for determination of plutonium, uranium, or iron by
reduction with an excess of titanium(11I) in the presence of nitric acid, which destroys
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the excess reducing agent, followed by titration with cerium(IV). Also, Brown®®
has described a complexometric method for plutonium by titration with EDTA.
Another relevant method, not included in Metz and Waterbury’s recommended
procedures, was the precise determination of plutonium reported by Pietri and Baglio'*
by titration from plutonium(lIl) to plutonium(IV) with dichromate, using polarised
gold electrodes to detect the end-point.

At the Dounreay Experimental Reactor Establishment, precise methods were
required for the analysis of plutonium/uranium ceramic fucls under development for
the fast reactor, and of intermediates in the production of these materials from nitric
acid solutions of the elements. Fuel materials which have been examined so far
have included sintered mixed oxides and carbides containing from 10 to 50 % of pluto-
nium. They have normally been prepared for analysis by dissolution in nitric acid
containing a small amount of hydrofluoric acid. Two general approaches were
possible for the determination of plutonium in such solutions. Either the plutonium
could be separated from the uranium before determination, e.g., by the ion-exchange
method reported by Kressin,® or the plutonium could be determined directly by a
specific method. If a simple method suitable for routine use could be found, the latter
approach was obviously preferable, because separation procedures are usually
tedious and must contribute to the imprecision and bias of the whole method.

Many of Metz and Waterbury’s recommended methods have been used with very
high precision, but only under ideal conditions and usually only on relatively large
samples of pure plutonium metal. The analysis of mixed oxides presents more
formidable problems, and many of the methods cannot be used. Uranium interferes
seriously with most procedures requiring reduction to plutonium(IIl), and when
uranium is present as a major component it is almost essential to use the reduction of
plutonium(VI) to plutonium(IV) as the fundamental reaction of the titration.

Further study of the methods listed above suggested that a hybrid, combining
selected stages from several procedures, might be more generally applicable than any
of the originals. Thus, comparing the oxidation stages of the two chemical methods
using the plutonium(VI) to plutonium(IV) reaction, Waterbury® used fuming per-
chloric acid, and Seils® used argentic oxide. The former method appears to have two
drawbacks. Fuming perchloric acid is a potentially hazardous reagent, particularly
ina glovebox, and, in common with many workers on the determination of chromium,®
Seils® found that errors could be introduced if the correct conditions for dilution of the
fuming acid were not followed strictly. Because oxidation with argentic oxide was
simple to perform and the excess reagent was readily destroyed by gentle heating,
the argentic oxide method appeared preferable.

Comparing the reduction stages, Waterbury® added an excess of iron(II) and
back-titrated the excess, whereas Seils® titrated with iron(II) directly to an ampero-
metric end-point. In the latter procedure, the slow reaction between plutonium(VI)
and iron(Il) complicated the measurement of residual current just before the end-
point. Seils® assumed that the residual current did not change during the whole
titration, whereas Bergstresser® measured the residual current after adding 98 % of the
theoretical amount of iron (II) to a separate portion of sample. Such approximations
may be justified in the case of pure plutonium metal samples; but there is more danger
of error when analysing, routinely, samples of varying history. Reduction by adding
an excess of iron(II) and back-titrating the excess therefore seemed preferable.



Potentiometric determination of plutonium 479

Comparison of procedures for titration of either the excess of iron(II) or of
plutonium(III) to plutonium(IV) showed that all workers used cerium(IV) as titrant,
except Pietri** who used dichromate. The advantage of using a primary oxidimetric
standard are obvious, providing that the end-point is sufficiently sharp and robust.
Pietri claimed that the potentiometric end-point using gold electrodes, polarised by
passing a small constant current, satisfied these conditions.

The development of a method for plutonium determination based on the above
considerations is described in this report. A direct and specific method for uranium
in similar solutions has already been published.’”

EXPERIMENTAL

Reagents

The following reagents were used, prepared from analytical-grade materials where available.

Argentic oxide. “Silver peroxide”, 99 % pure (Johnson Matthey and Co. Ltd., London, England).

Standard potassium dichromate solution (1 g = 10-000 mg of plutonium). Weigh a clean, dry 2-1.
volumetric flask to 4 0-01 g. Weigh out about 8-20 g of dried potassium dichromate to + 0-1 mg (4 g).
(Use the 99-99% pure National Bureau of Standards sample No. 136a, and correct the weight for
buoyandy, if maximum accuracy is required.) Dissolve the dichromate in water in the weighed flask
and dilute to about 1990 ml. Weigh the flask plus solution, and add water from a weight burette until
the weight of the solution is (243-82 x A) g (i.e., for plutonium of typical isotopic composition, of
Relative Atomic Weight = 239-10 on the 12-carbon scale). Shake the solution thoroughly.

0:5M Ammonium iron(Il) sulphate. Dissolve 392 g of ammonium iron(IT) sulphate in 2N sul-
phuric acid and dilute to 2 1. with the 2N acid. Remove dissolved air by sparging with nitrogen, and
store the solution under xylene in an aspirator. To standardise, weigh out accurately about 4 g of the
standard potassium dichromate solution (D g) into a 5-ml polythene sample tube, add 0-5-1 ml of
concentrated nitric acid to simulate the acidity of a normal sample, and follow the experimental
procedure using this solution in -place of the sample, but adding about (D/F -+ 0-075) g of iron(II)
solution (G g). Assume F = 5 for the first attempt. If the dichromate titration obtained is Z Agla
units (see Apparatus) then the iron factor (f) is given by:

D+ 0022
f=—%—":

Standardise each batch daily until a graph of iron factor (f) vs. time can be constructed, then check
as required. Read the daily iron factor (£) used in the plutonium determination from the smoothed
curve.

1-5 M Sulphamic acid. Dissolve about 150 g of sulphamic acid in 1 1. of cold water. The solution
is almost saturated.

2:5 M Nitric acid

2 N Sulphuric acid

Plutonium nitrate standard solution. Prepare a pure solution of plutonium(IV) nitrate, and assay
for plutonium by evaporation with sulphuric acid and ignition to plutonium dioxide (PuQj.ee0) in air
at 1250°.18

Apparatus

The following special apparatus was used.

Agla micro-burette (Burroughs Wellcome and Co., London, England). 0-5-ml capacity, graduated
in 25-00 Agla units, subdivided to 0-01 Agla unit. If maximum accuracy is required, calibrate the
Agla burette with standard dichromate solution by weighing the amount delivered. For most pur-
poses, it is sufficient to assume that 1-00 Agla unit = 0-02 g of dichromate solution.

Millivoltmeter. Any direct-reading pH and millivoltmeter is suitable.

Magnetic-stirrer.

Gold electrodes. Make a pair of identical electrodes from 0-25 mm thick 99-6 %; pure gold sheet,
1-3c¢m x 0-8 cm, flame-welded to a gold wire for making electrical connection. Rinse the electrodes
after each titration with 2N sulphuric acid and water, and leave them in air.

Polarising circuit. Connect a 50 to 60-V dry battery in series with a 22-M(Q resistor across the
electrodes to pass a constant current of 2 to 3 uA through the titration cell. Measure the potential
difference between the electrodes with the millivoltmeter.
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Weight burettes. Prepare from 5 to 10-ml capacity polythene vials by drawing out the necks to a
fine jet over a small flame.

Sample preparation

The procedure is written for the determination of plutonium in nitric acid solutions of plutonium/
uranium ceramic fuels. For example, weigh out accurately from 1to 2 gof a 159 plutonium/uranium
oxide specimen, and dissolve under reflux in 5 ml of 16M nitric acid containing 0-1 ml of 2 9; hydro-
fluoric acid. Dilute to about 20 ml and weigh the solution.

Recommended procedure

The following procedure is recommended for sample aliquots containing between 20 and 80 mg
of plutonium. If the weight of plutonium is not known to within +2 mg (to enable the correct excess
of iron(II) solution to be added), carry out a preliminary titration.

Weigh out a suitable portion of the sample solution (W g) into a 5-ml polythene tube for transfer
to the titration glove-box. Wash the sample into a squat 100-ml conical flask with 2-5M nitric acid,
to give a total volume of about 20-ml and an acidity between 2-5 and SN. Cover with a watch glass
and place on the magnetic stirrer. Add small portions of solid argentic oxide from a micro spatula
until the solution is dark brown; about 100 mg is normally adequate. Allow to stir for 5 min, after
which the solution should still be brown. Meanwhile, weigh out accurately from a weight burette into
a 5-ml polythene tube about (P/10F + 0-075) g of iron(II) solution, where P mg is the estimated
weight of plutonium taken and F is the iron factor. Let this weight of solution be Hg. Rinse the
watch-glass with 2N sulphuric acid into the titration flask, add about 1 ml of 1-5M sulphamic acid,
and wash down the walls of the flask with 2V sulphuric acid to give a total volume of about 40 ml.
Quantitatively transfer the weighed iron(II) solution into the sample solution with 2N sulphuric acid
washes to give a total volume of 50-60 ml. Dip the spades of the electrodes into the solution and stir
smoothly. Fill the Agla burette with standard potassium dichromate solution, and adjust to the
25-00 mark. Dip the burette tip into the solution and slowly titrate the excess of iron(lII), waiting
5 sec between additions. Add only 01 Agla unit increments when the potential reading begins to rise.
At the end-point, there is a steady increase in potential of several hundred millivolts over a period of
about 3 min without adding any further titrant. As excess titrant is added the potential reaches a
maximum, then falls slowly. Subtract the Agla burette reading at the end-point from 25-00 to obtain
the dichromate titration (Y Agla units). If this titration is less than 5 Agla units, add another portion
of iron(II) sulphate and repeat the titration (see Results and Discussion).

Calculate the plutonium concentration in the sample solution from the expression:

10(FH — 0-02 Y) mg/g

Pu = W

where F = daily iron(II) factor,
H = weight of iron(II) solution in g,
Y = dichromate titration in Agla units,
and W = weight in g of the portion of sample taken for the determination.

RESULTS AND DISCUSSION
Preparation of plutonium(VI)

Oxidation with argentic oxide. In early experiments the oxidation procedure used
was similar to that of Seils,? using several small additions of argentic oxide in a dilute
sulphuric medium, after removing any nitric acid by evaporation with sulphuric acid.
However, the black solid which formed when an excess of argentic oxide* was added to
dilute sulphuric acid solutions was sometimes slow to redissolve on heating, and
caused erroneous titration results. Because Lingane and Davis!® had used argentic
oxide as the oxidimetric reagent for chromium and other elements in 2-5M nitric acid
solutions, in which the excess reagent was readily soluble, similar conditions were
tried for plutonium. The oxidation proceeded smoothly, and the dark brown colour
of the argentic ion in nitric acid stronger than 2:5M conveniently indicated when an

* The argentic oxide used for these early experiments was prepared by the method of J. C. Bailar,
Inorganic Syntheses, Vol. IV, p. 12. McGraw-Hill, New York, 1953.
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excess of reagent had been added, and the fading of the colour on heating showed that
destruction of the excess was complete. Occasionally the brown colour faded within
1 min at room temperature, and plutonium results were low, showing that oxidation
was incomplete. If the brown colour was maintained for a few minutes by adding more
argentic oxide, such errors were avoided. No adverse effects have been noted on
leaving plutonium(VI) solutions to stand for several hours in the presence of an
excess of silver(ID).

A theoretical study reported by Lloyd and Pickering,2? since the bulk of this work
was completed, confirms that the use of a nitric acid medium has many advantages
for oxidations with argentic oxide.

Destruction of argentic nitrate with sulphamic acid. The usual procedure for
removal of excess argentic oxide involves heating to about 80°, but the addition of a
reagent of suitable redox potential was considered to be preferable in many ways.

Brasted®! has reported that sulphamic acid reacts with strong oxidising agents,
such as potassium chlorate, with evolution of nitrogen. It was found that a few drops
of saturated sulphamic acid solution rapidly decolourised a typical excess of argentic
oxide in nitric acid solution at room temperature. However, no effervescence was
observed, and a brief study of the stoichiometry of the reaction suggested that the
sulphamic acid was oxidised to sulphuric and nitric acids. Because the presence of
sulphamic acid was required in later stages of the method, the addition of 1 ml of the
saturated solution was adopted to ensure complete destruction of the silver(II) ions.
The exact amount added was not critical. This modification enabled the whole
oxidation, reduction and titration to be completed in a single vessel without heating
and without any transfer operations other than the addition of solid and liquid
reagents,

Stability of plutonium(VI). The stability of plutonium(VI) in this medium was
tested by allowing solutions prepared by the recommended procedure to stand for up
to 90 min after adding the sulphamic acid, but before adding the iron(II) solution.
The results in Table I show that no errors were introduced on standing for up to 15 min,
but for safety it was concluded that samples should not stand for more than 10 min
after destroying the excess silver(I).

TABLE I.—PLUTONTUM(VI) STABILITY

Time of standing, Plutonium recovery,
min %
0-5 100-02
4 100-07
5 100-10
15 99-88
30 99-24
65 99-42
90 99-53

Reduction to plutonium(IV)

Reduction with iron(II). Seils® and Bergstresser® found that the reaction between
plutonium(VI) and iron(IT) was slow in dilute sulphuric acid solution. The reaction
did not go to completion in the nitric-sulphuric acid solution used in this work. For
example, when only 99 7 of the theoretical amount of iron(II) was added to a 40-mg
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sample of plutonium(VI) and the solution was titrated after 2 min in the usual way,
the titration proceeded to an apparently normal end-point, requiring 0-017 ml of the
standard dichromate solution. Thus, a small amount of iron(If) remained unoxidised
even though a greater amount of plutonium(VI) was still present. However, 99-5%
of the added iron had been oxidised within 2 min. The incomplete reaction had two
practical implications in the procedure recommended for plutonium determination.

Firstly, it was not possible to follow the addition of iron(II) to a plutonium(VI)
solution with the indicator electrodes, to show when an excess had been added, under
any acidity conditions tried. An initial potential between the electrodes of 400 mV
in the plutonium(VI) solution fell to zero on adding the first drops of iron(II), showing
that free iron(Il) was already present. The amount of iron required to provide a
suitable excess was, therefore, calculated from the estimated plutonium content,
which must be known to within +2 mgin order to produce a back-titration within one
filling of an Agla burette with dichromate of the selected concentration.

TABLE II.—STABILITY OF THE EXCESS IRON(II)

Plutonium taken, Nitric acid, Standing time, Plutonium recovery,
mg mequiv min Iron factor %

0 50 5 4-660 —

0 100 5 4-657 —

0 100 5 4-658 —

0 50 30 4-660 —

0 100 20 4651 —

0 100 40 4-647 —
39-47 50 5 — 10023
37-60 50 25 — 99-87
41-86 100 20 — 100-84
53-09 100 5 — 99-70

Secondly, at least a certain minimum excess of iron(Il) was required to reduce the
plutonium(VI) quantitatively, or false results were obtained, even though the titration
curve appeared normal. Similarly, if an impurity causing quantitative interference
was present, the amount of iron(II) added had to be an excess over the plutonium-plus-
impurity equivalence; otherwise plutonium(VI) reduction was not complete, and
interference did not appear to be quantitative. Fortunately, the size of the dichromate
titration in the method provided a criterion that a sufficient excess of iron(IT) had been
added. No false results have been observed from this cause during development work
when the titre was greater than one Agla unit (0-002 mequiv of dichromate). For
routine use, a minimum of 5 Agla units has been adopted for safety. If the titre is less
than 5 Agla units, another portion of iron(I) may be added and the titration continued,
but some loss of precision must be expected due to the extra operations involved.

Stability of the excess of iron(Il). It was appreciated that errors would arise if the
excess of iron(IT) was oxidised by nitric acid. Under the conditions prevailing in the
recommended procedure, the autocatalytic reaction between iron(Il) and nitric acid®?
was suppressed by the sulphamic acid, which had already been added to destroy the
excess of silver(II); this acid also removed the nitrite calalyst produced in the reaction.
The results of experiments to study the stability of the excess of iron(II) under these
condition are given in Table II, both for iron standardisations and for plutonium
determinations. Oxidation of iron by nitrate would cause a low iron factor or a high
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plutonium result. The method specifies that the sample should be diluted with about
50 mequiv of nitric acid; under these conditions, no loss of iron(IT) was observed in
30 min. If the sample taken for analysis contained an additional 50 mequiv of acid,
slight losses of iron(II) occurred on standing, leading to errors approaching 17 after
20 min in an extreme case. Therefore, undue delays should be avoided before titrating,
and when the sample taken contains much nitric acid, the solution to be oxidised
should be adjusted to a volume of about 20 ml of 2'5 to 5M acid, instead of diluting

with the 2-5M acid.
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Fig. 1.—Comparison of methods of end-point detection: (a) Dichromate and polarised
gold electrodes; (b) Dichromate and platinum/calomel electrodes; (c) As (b), but
with phosphoricacid added; (d) Cerium(IV) sulphate and platinum/calomel electrodes.

Titration of the excess of iron(II)

Choice of titrant and end-point. A preliminary comparison was made between
titration methods for iron(II), with the objective of using potassium dichromate, which
is a primary standard, in preference to cerium(IV). In Fig. 1, several end-points
obtained on titration of about 0-06 mequiv of iron(I1) in about 50 m! of 2N sulphuric
acid solution are superimposed on the same expanded scale; the absolute values of the
titres have no meaning. 0-01N Potassium dichromate was the titrant in curves (a)
and (b), and the end-points were detected potentiometrically with polarised gold
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electrodes'4 and with a conventional platinum/calomel electrode system, respectively.
Curve (¢) was a repeat of (b) but with the addition of phosphoric acid in an attempt to
improve the end-point. In curve (d) a similar amount of iron(II) was titrated with
0-0LN cerium(IV) sulphate, again with a platinum/calomel electrode system.

The very sharp end-point obtained with polarised gold electrodes obviously
merited further work. Previously, Willard and Fenwick,* Van Name and Fenwick,*
Reilley,? and others have studied in detail the use of two polarised metal electrodes in
potentiometric analysis, and Lingane® reported that the system was particularly
suitable for the titration of a reversible ion with a non-reversible oxidant.

Standord dichromate solution, ¢
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i I i I
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Fig. 2.—End-points with ‘polarised gold electrodes: (a) Iron standardisation;
(b) Plutonium determination; (¢) Alternative location of end-point.

End-point detection with polarised gold electrodes. In the method finally adopted
the same procedure was used for standardisation of the iron(II) solutions as for
plutonium determination, by substituting an equivalent weighed portion of the standard
dichromate solution for the plutonium sample. Hence, any bias due to the location
of the end-point on the titration curve was eliminated, and automatic compensation
was made for the small method blanks, ezc. Curves (a) and (b) in Fig. 2 show on an
arbitrary scale the end-points for iron standardisation and for plutonium determina-
tion, respectively, following the recommended procedure. The shape of the titration
curve is similar in each case, and the steady rise in potential at the end-point is so
marked that for rapid, routine use it is readily detectable without recording the
readings. It should be noted that the portion of the titration plotted in Fig. 2 is
equivalent to less than 19 of the amount of plutonium normally taken.

The absolute value of the method blank was measured by comparing the iron
standardisation as above with the direct titration of a similar amount of iron(II) with
dichromate in 2N sulphuric acid only. It varied from zero to 0-02 g of dichromate
solution, averaging about 0-2% of the usual titre. This variation could well be the
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major source of imprecision in the method, but attempts to reduce it or make the
blank more reproducible have not so far been successful.

Curve (c) in Fig. 2 illustrates an alternative method of locating the end-point of a
plutonium titration which was used when maximum precision was required rather
than speed. In this case, millivolt readings were allowed to become constant between
additions and the titration was continued beyond the end-point, which was taken to
be the point of intersection shown.

In normal use, a pair of electrodes has been employed without deterioration for
hundreds of determinations over a period of months, providing that their polarity
was not reversed. After prolonged use, and on certain isolated occasions, the
electrode response has sometimes become sluggish, probably because of surface
poisoning. In these cases, the response was fully restored either by heating both
electrodes to red heat, or by anodising in 2N sulphuric acid followed by cathodising
in 2M hydrochloric acid.

Selection of titration conditions. With a back-titration procedure, it was possible
to combine high precision with simplicity by adding a small excess of the bulk reagent
by weight. The dichromate and iron(Il) standard solutions were, therefore, prepared
by weight dilution, and the plutonium sample and excess of iron(II) were added by
weight. The excess, which was less than 109 of the total titre, was conveniently
titrated with dichromate from an Agla micro burette.

TABLE III.—PLUTONIUM CONCENTRATION RANGE

Plutonium taken, Plutonium found, Recovery, Error,
mg mg % mg

4-94 5-00 101-2 +0-06

979 9:85 100-61 +0-06

20-92 20-96 100-19 +0-04

41-31 41-27 99-90 —0-04

85-50 8528 99-74 —0-22

124-79 124-10 99-45 —0-69
277-1 2763 99-71 —0-8

Storage of iron(Il) solution. In order to minimise the oxidation of the standard
iron(IT) solution it was stored in an aspirator under a layer of pure xylene to exclude
air. Iron(II) solution was run off from below as required and used within a few hours.
The change in iron factor when following this simple précaution was at a steady rate of
less than 29 per month, and no inert blanketing gas was required.

Range of plutonium concentration. The final procedure was tested over a plutonium
range from 5-280 mg per determination. With 280 mg of plutonium present, the
potential at the end-point only rose to 160 mV instead of 500 mV or more. The results
in Table III show that with the standard amount of reagents the procedure begins to
break down with more than 80 mg of plutonium present, because above this level the
small fixed excess of iron(Il} is insufficient to reduce the plutonium(VI) quantitatively.
With small amounts of plutonium, the relative errors become appreciable although
the absolute errors are not changed significantly. Thus, the optimum concentration
range for the method as written is from 20-80 mg of plutonium, but it seems certain
that the range could be extended up or down by adjusting the reagent volumes and
the excess of iron(II) in proportion to the plutonium. The method has already been
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used successfully on limited numbers of 2-mg samples of plutonium in a small volume
and with more dilute dichromate.

Effect of foreign substances. Considerable information has been published by other
workers®® on the effect of foreign elements on methods involving similar chemical
reactions to the present procedure. Attention was, therefore, concentrated on elements
and radicals which were likely to be found in samples from processes at D.E.R.E. or
which were most likely to interfere.

It was shown that the amounts of foreign substances given in Table IV did not
interfere when added individually to the iron standardisations and plutonium deter-
minations. Chloride formed a precipitate of silver chloride, but this did not affect the
titration results. The oxidation with silver(II) to plutonium(VI) with 10 mg of fluoride
present was not as rapid as usual, but was complete within the recommended 5-min
period. It was also shown that the organic degradation products formed on dissolu-
tion of 0-3 g of uranium carbide in nitric acid were oxidised by the silver(II) nitrate;
the solution was a clear uranium yellow after destroying the excess oxidant with
sulphamic acid. The error introduced into a plutonium determination was less than
0-59%, a limit probably set by the impurities present in the uranium carbide used.

TABLE IV.—SUBSTANCES WHICH DO NOT INTERFERE

Substance Amount, mg Added as
Ammonium 13 Sulphate
Aluminium 27 Nitrate
Copper 6 Sulphate
Mercury(IT) 20 Nitrate
Molybdenum 30 Ammonium molybdate
Nickel 10 Chloride
Tin(I) 12 Chloride
Titanium(III) 5 Sulphate
Tungsten 18 Sodium tungstate
Uranium(VI) 200 Nitrate
Chloride 35 Hydrochloric acid
Fluoride 10 Hydrofluoric acid
Phosphate 160 Orthophosphoric acid
Sulphate 250 Sulphuric acid
Peroxide 30 Hydrogen peroxide

A limited number of tests showed that chromium (2-9 mg), cerium (42 mg) and
manganese (5-5 mg) all interfered essentially quantitatively both with and without
plutonium present, and without affecting the end-point characteristics. It seems
probable that the same general procedure can be applied with little modification as a
convenient and precise method for the determination of any of these elements. For
example, in the chromium system in the absence of plutonium, the iron(1I)-dichromate
reaction was sufficiently rapid and complete to give a clear potential break with the
indicator electrodes on adding an excess of the iron(II) solution. In this case, therefore,
preliminary knowledge of the approximate amount of iron required would not be
essential.

Interference from vanadium (3-4 mg) in an iron standardisation was again essenti-
ally quantitative, but the end-point was poor, the potential rising to only 340 mV.
No end-point at all was obtained with 3-4 mg of vanadium in a plutonium titration,
but with 0-5 mg the end-point was tolerable and interference was quantitative.
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Ruthenium also interfered in an iron standardisation, approximating to a two
electron reaction, but the end-point deteriorated with more than 1 mg present. A
synthetic mixed fission product solution equivalent to the stable products from the
fission of 10 mg of 235-uranium caused interference approximating to the sum of the
cerium and ruthenium present, equivalent to about 2 mg of plutonium. Interference
would also be expected if significant amounts of neptunium or americium were
present, but this has not been tested.

Precision and accuracy

Using the recommended procedure, which was designed as a rapid and convenient
method for routine use, the coefficient of variation for a single result was 0-17 %
calculated from 24 determinations on a plutonium nitrate standard solution during
the final testing of the method, which covered the extreme limits of experimental
variables permitted by this report. The results were obtained by one operator working
intermittently over a period of 5 months, using two batches each of dichromate and
iron solutions. The bias of the method was less than 0-1%; relative to plutonium
dioxide ignited in air at 1250° taken as stoichiometric. The method has also been in
routine use for 9 months by about six relatively inexperienced operators, who obtained
a coefficient of variation of 0-26%;.

It seems probable that even better precision could be obtained when required by
specialist operators working under more closely controlled conditions, using a modi-
fied procedure with 200400 mg portions of plutonium, correspondingly larger
reagent volumes, and graphical location of the end-point. Whilst this may be worth-
while for the assay of pure plutonium metal?” or solutions,” it should be remembered
that the effect of trace impurities may limit the precision which can be obtained by
any method of analysis for fuel materials of comparatively low plutonium content.
For example, 100 ppm of chromium in a 159, plutonium/uranium oxide would be
equivalent to 600 ppm with respect to plutonium, and would cause an error of almost
0-5% in the plutonium determination described here.

Acknowledgements—The authors are indebted to several colleagues for experimental assistance and
to V. M. Sinclair, D.E.R.E., for helpful discussions.

Zusammenfassung—Eine einfache und schnelle Methode zur Routine-
bestimmung von Plutonium mit einem besseren Variationskoeffizienten
als 0-2 % wird beschrieben. Sie ist auf grosse Mengen Uran enthaltende
Nitratlosungen direkt anwendbar. Missige Mengen Eisen, Molybdin,
Fluorid und Phosphat stéren nicht. Chrom, Cer und Mangan werden
quantitativ mitbestimmt; die Arbeitsvorschrift kann sich auch fiir die
Bestimmung dieser Elemente als giinstig erweisen. Das Plutonium
wird mit Silberoxyd in salpetersaurer Losung zum sechswertigen
oxydiert und {iberschiissiges Reagens mit Sulfanilsdure zerstért. Dann
wird ein gewogener geringer Uberschuss an Eisen(II)-Losung zugegeben
und der Uberschuss potentiometrisch mit eingestellter Kaliumdich-
romatldsung und polarisierten Gold-Indikatorelektroden titriert. Die
ganze Bestimmung geht in einem Gefidss bei Zimmertemperatur vor
sich und dauert etwa 20 Minuten.

Résumé—On décrit une méthode simple et rapide de dosage courant du
plutonium avec un coefficient de variation inférieur a 0-2%,. Elle est
directement applicable aux solutions de nitrate contenant une forte
quantité d’uranium; des quantités peu élevées de fer, molybdéne,
fluorure et phosphate n’interférent pas. Le chrome, le cérium et le
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manganése interférent quantitativement, et la technique peut aussi se
révéler convenable pour le dosage de ces éléments. On oxyde le
plutonium & I’état hexavalent au moyen d’oxyde argentique en solution
dans Pacide nitrique et détruit I’excés d’oxydant par reaction avec
Pacide sulfamique. On ajoute alors un petit excés, pesé, de solution de
fer(I) et l'excés est dosé potentiométriquement au moyen d’une
solution étalon de bichromate de potassium en utilisant des éléctrodes
indicatrices polarisées en or. Le dosage complet est effectué dans un
seul récipient & température ordinaire, et nécessite environ 20 mn.
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Summary—A. spectrophotometric method for the determination of
0-0005-0-10 % of manganese in high-purity niobium, tantalum, molyb-
denum and tungsten metals is described. The matrix materials are
separated from the manganese by extraction as cupferrates, after
sample dissolution, then the red complex formed between manganese(I)
and 1-(2-pyridylazo)-2-naphthol, PAN, is extracted into chloroform
from an ammoniacal tartrate-cyanide medium. The absorbance of the
extract is determined at 562 mu. With the exception of zinc and lead,
other impurities present in the four high-purity metals described do not
interfere with the proposed method.

INTRODUCTION
THE determination of impurities in high-purity niobium, tantalum, molybdenum and
tungsten metals is a continuing analytical project of the Mines Branch laboratories
concerning the properties of refractory metals. As part of this project, the present
investigation was undertaken to develop a spectrophotometric procedure for deter-
mining trace amounts of manganese that would be applicable to all four metals.

Published information pertaining to the determination of small amounts of
manganese in matrices of the above metals is meagre. Several spectrophotometric
procedures have been applied to the determination of manganese in niobium,!
molybdenum? and tungsten® metals, but none of these methods is directly applicable
to all four metals under consideration.

The most widely used method for determining manganese spectrophotometrically
is based on the oxidation of manganous to permanganate ion with a suitable oxidising
agent. Because of its low sensitivity this method was not considered in the present
investigation. Recently, methods*~!! of considerably greater sensitivity than the per-
manganate method have been proposed for the determination of small amounts of
manganese. Methods involving 1-(2-pyridylazo)-2-naphthol, PAN, as the chromogenic
reagent have been reported in which the molar absorptivities for the manganese(Il)
PAN complex in chloroform? and in ether’® have been found to be 4 x 10! and
5.85 x 10% at 550 and 560 my, respectively. Because of the high sensitivity inherent
in the use of PAN it was decided to investigate its possible application in the present
work.

This paper describes a procedure for determining manganese spectrophotometric-
ally in high-purity niobium, tantalum, molybdenum and tungsten metals with PAN
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after the matrix materials have been removed by extraction of their cupferrates. The
procedure used for dissolution of the samples is essentially that previously reported
in methods for determining iron,'* copper'® and nickel® Zinc and lead interfere in
this method, but quantities up to 50 and 100 ug, respectively, can be tolerated in
the aliquot taken for analysis without causing appreciable error in the manganese
determination.

EXPERIMENTAL
Apparatus

Spectrophotometer. Unicam Model SP 500.

PpH meter. Leeds and Northrup.

Centrifuge. Canlab clinical type.

Teflon (tetrafluorcethylene) beakers. 250- and 400-ml; Dynalab Corp., Rochester, N.Y., U.S.A.

Separatory funnels (Naigene). 500-ml pear shape type; The Nalge Co., Inc., Rochester, N.Y.,
US.A.

Reagents

Water. De-ionise by passing distilled water through a column of Dowex S0W-X8 resin.

Standard manganese solution. Dissolve 0-1000g of electrolytic manganese in 10miof 1 + 1 sulphuric
acid and dilute to 500 ml with water. Dilute 5 ml of this stock solution to 500 ml with water. Prepare
fresh as needed (1 ml of this diluted solution = 2 ug of manganese).

PAN, 01 % solution. Dissolve 0-100 g of 1-(2-pyridylazo)-2-naphthol (J. T. Baker Chemical Co.)
in ethyl alcohol and dilute to 100 ml with ethyl alcohol.

Ammonium tartrate, 10% solution, wjv,

Hydroxylamine hydrochloride, 209 solution, w|v. Prepare a fresh solution daily.

Buffer solution. Dissolve 10 g of ammonium chloride in water and add 100 ml of concentrated
ammonia solution. Dissolve 1200 g of potassium cyanide in this solution, dilute to 200 ml with
water and store in a polyethylene bottle.

Cupferron, 97, solution. Prepare a fresh solution as required.

Chloroform. Analytical reagent, obtained from Mallinckrodt Chemical Works.

Isoamyl alcohol. Analytical reagent, obtained from Fisher Scientific Company.

Colour development and preparation of calibration curve

Add 1 ml of 109, ammonium tartrate solution to each of seven 60-ml separatory funnels that are
marked at 25 ml; then, by burette, add to the last six funnels 1, 2, 3, 4, 5 and 6 ml, respectively, of
standard manganese solution (i.e., 1 ml = 2 ug of manganese). (The stem of each funnel is first
rinsed with ethyl alcohol to remove water droplets.) The first funnel contains the blank, Add to
each funnel 5 ml of 20 9 hydroxylamine hydrochloride solution, dilute to the 25-ml mark with water,
stopper and mix. (Because chloroform is soluble to a certain extent in water, 7.e., 10 g/1. at 15°, the
total volume should be kept relatively constant.) Then, working with one solution at a time, add 5 ml
of buffer solution and 3 ml of 0-1%; PAN solution, and mix well after each addition. Allow exactly
45 seconds to elapse (timed from the start of the addition of PAN solution), then add, by pipette,
10 ml of chloroform, stopper and shake for 2 min. Allow 3 min for the layers to separate, then drain
the chloroform extract into a 15-ml centrifuge tube and centrifuge for 30 sec. (If the aqueous phase
remains too long in contact with the organic phase low results will be obtained.) Determine the
absorbance of each extract against the blank as the reference solution, using 1-cm cells, at a wave-
length of 562 mu. Plot ug of manganese vs. absorbance.

Procedure

In the following procedures a reagent blank is carried along with the samples.
Niobium and tantalum metals. Transfer a 0-5000-g sample of the powdered metal to a 250-ml
" Teflon beaker, add 2 ml of hydrofluoric acid (plastic pipette) and cover the beaker with a Teflon
cover. Through the lip of the beaker add concentrated mitric acid slowly, approximately 10 drops at
a time, until all of the metal is in solution. Usually 1 or 2 ml is sufficient. If a small portion of the
sample remains undissolved at this stage, heat gently on the hot plate until in solution. Remove the
Teflon cover and wash down the sides of the beaker with a small amount of water. Add 3 ml of
formic acid to destroy excess nitric acid and heat gently until the evolution of brown oxides of
nitrogen ceases. Wash down the sides of the beaker with a minimum amount of water, evaporate to
approximately 5 ml and add 1 ml of hydrofluoric acid and 20 ml of 1 +1 sulphuric acid. (If the solution
remains slightly cloudy at this stage, warm gently until it clears.) Wash down the sides of the beaker
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with1 - 1 hydrochloric acid and transfer the resulting solution to a 500-m! Nalgene separatory funnel.
Dilute to approximately 100 ml with water, stopper, mix and cool on ice for about 1 hr. Then add
100 mt of cold, freshly prepared 99, cupferron solution, mix, add 50 ml of cold chloroform and
shake for 1 min. Allow 5 min for the layers to separate, then drain off and discard the organic layer.
Repeat the extraction with 20 ml of cupferron solution and 25 ml of chloroform, and, finally, with
four successive 10-ml portions of chloroform. Transfer the aqueous phase to a 400-ml Teflon beaker,
cover, heat gently to remove excess chloroform, then evaporate the solution to fumes of sulphur
trioxide with the addition of 20 ml each of concentrated nitric and hydrochloric acids to destroy
residual organic material. Cool, wash down the sides of the beaker with water, evaporate to fumes
again, and repeat to ensure complete removal of hydrofiuoric acid. Dilute the solution with approxi-
mately 10 ml of water, wash down the sides of the beaker with 1 + 1 hydrochloric acid, transfer to a
250-ml Pyrex beaker and evaporate to dryness. Again, wash down the sides of the beaker with 1 + 1
hydrochloric acid and evaporate to dryness. Add 5 ml of 109, ammonium tartrate solution and 20 ml
of water to the residue in the beaker and heat gently until the solution is clear. Then add 1 ml of
hydrochloric acid and dilute to approximately 35 ml with water. Using a pH meter, adjust the pH
of the resulting solution to 3-5 4 0-2 with concentrated ammonia solution, transfer to 2 100-m]
volumetric flask and dilute to volume. Transfer a suitable aliquot (2-20 ml) of both sample and
blank solutions, depending on the manganese content of the sample, to 60-ml separatory funnels and
analyse the solution for manganese by the procedure given under “‘Calibration Curve”. When 20-ml
aliquots of sample solution are taken:

1 pg of manganese = 0-001 7.

Molybdenum metal. Decompose a 0-5000-g sample of the powdered metal in a 250-ml Pyrex
beaker with 20 ml of 1 4- 1 sulphuric acid and 2 ml each of concentrated nitric and hydrochloric acids.
Evaporate the resulting solution to fumes of sulphuric acid, cool, wash down the sides of the
beaker with water, and again evaporate to fumes to ensure complete removal of nitric acid. Proceed
with the cupferron-chloroform extraction of molybdenum and the subsequent determination of
manganese as described above for niobium and tantalum metals, using glass funnels and beakers
and omitting the procedure for the removal of hydrofluoric acid.

Tungsten metal. Decompose a 0-5000-g sample of the powdercd metal as described above for
niobium and tantalum metals. After removal of excess nitric acid with formic acid, add 1 ml of
hydrofluoric acid and 70ml of 1 + 1 sulphuric acid. Then proceed with the extraction of tungsten
cupferrate as described above, using in succession 100, 50, 25, 15, 15 and 15 ml of a 2:1 mixture of
chioroform and isoamyl alcohotl as extractant instead of chloroform. Gently evaporate the aqueous
phase until approximately 150 ml remain. (The solution will be black at this stage because of the
large quantity of organic material present.) Cool on ice, add 20 ml each of nitric and hydrochloric
acids and let stand at room temperature until most of the organic material has decomposed. Then
proceed with the determination of manganese according to the method described for niobium and
tantalum metals.

RESULTS

Extraction of the coloured complex

Shibata®® showed that the manganese(II)-PAN complex can be extracted into
various organic solvents, but stated that it is extracted most efficiently with ether or
chloroform. Tests carried out in this laboratory with #-amyl alcohol, chloroform,
benzene and carbon tetrachloride yielded considerable differences in the absorption
maximum of the complex in these solvents, i.e., 558, 562, 568 and 570 mu, respectively.
Ether was not included in these tests because Shibata® had already shown that the
absorption maximum of the complex in ether occurs at 560 mu. The results of these
tests showed that chloroform and benzene are equally efficient extractants and also
indicated that the molar absorptivity of the complex varies considerably with the
solvent employed. The molar absorptivities in ether, chloroform and benzene were
585 x 10%454-8 X 10* and 4-7 x 10%, respectively. Although the molar absorptivity
of the complex is greatest in ether, chloroform was chosen for the present investigation
because it is less noxious than ether or benzene.

Preliminary experiments carried out at pH 9 with test solutions containing ammo-
nium chloride, hydroxylamine hydrochloride and potassium cyanide showed that up
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to at least 12 ug of manganese contained in approximately 25 ml of solution can be
extracted quantitatively in a single stage with 10 ml of chloroform. The extraction of
larger amounts was not attempted because of the high absorbance of the resulting
extract. Beer’s Law is obeyed over the range investigated. The absorbance of the
chloroform extract of the manganese(II)-PAN complex remains constant for hours
after extraction and only decreases slightly if allowed to stand for 24 hr.

Factors influencing formation and subsequent extraction of manganese(1l)-PAN
complex

Effect of reductant. Erratic results were obtained in preliminary experiments
carried out at approximately pH 9 when the PAN reagent was added to ammoniacal
test solutions containing ammonium chloride and potassium cyanide (to complex
copper and other impurities present in the water and reagents used). It was considered
that this effect could be caused by partial air-oxidation of the manganese, because
previous investigators'®-16 have shown that atmospheric oxidation of manganese(II)
to manganese(III) takes place in alkaline media. Oelschliger!? and Star§'® state
that this effect can be prevented by the addition of hydroxylamine hydrochloride, and

. subsequent tests performed in the presence of an excess of this reducing agent yielded
consistent and reproducible results.

Effect of pH. Previous investigators have used slightly different systems so that
the optimum pH range for the complete formation of the manganese(II)-PAN
complex under our conditions had to be determined. The results obtained by Shibata,’
Betteridge er al.'® and Berger and Elvers? indicate pH ranges of approximately 9 to
11, 85 to 9-6 and 8 to 10, respectively. To define this range more precisely, pH
experiments were carried out on test solutions containing 10 ug of manganese, using
5 ml each of a series of buffer solutions of increasing pH (prepared by dissolving 5 g
of ammonium chloride and 100 mg of potassium cyanide in water, adding varying
quantities of concentrated ammonia solution and diluting to 100 ml). The pH
at which the complex was formed in these test solutions was determined by measur-
ing the pH of the aqueous phase after the complex was extracted. The results of
these tests showed that, for the pH range tested (approximately 6 to 10), the manga-
nese(II)-PAN complex is completely formed and extracted in a single stage with 10 ml
of chloroform in the pH range 8-8 to 9-6.

On the basis of these results, an intermediate pH of 9-2 was chosen for the present
work. This pH was obtained in the above tests with a buffer solution containing
50 ml of concentrated ammonia solution in a volume of 100 ml.

Effect of PAN concentration. Shibata® states that 1 ml of 019 PAN solution
suffices to complex 10 ug of manganese, but this amount was not sufficient under
the conditions of the present investigation, in which the PAN solution was added
after the buffer solution. This order of addition of reagents was chosen to complex
copper and other impurities present in the water and reagents used with potassium
cyanide at pH 9-2 before formation of the manganese(II)-PAN complex. Tests
performed with varying amounts of PAN solution showed that at least 3 ml of 0-19
PAN solution are required to complex 10 ug of manganese under the above conditions.

Effect of potassium cyanide and ammonium tartrate. Although PAN is known to
form extractable complexes with a great number of metallic ions,? previous investi-
gators of PAN reactions have shown that cyanide and citrate are effective complexing
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agents for many of these metals.?® Therefore, tests were undertaken to determine
the maximum amounts of these complexing agents that could be present during
extraction of the manganese(II)-PAN complex without appreciably affecting the
manganese result. The effect of potassium cyanide alone was first tested on solutions
containing 10 ug of manganese, using a series of buffer solutions of varying potassium
cyanide content (otherwise prepared as described under ““‘Reagents™). The results of
these tests showed that up to 30 mg of potassium cyanide can be present during
extraction without affecting the determination of manganese.

Preliminary tests, carried out with ammonium citrate, yielded low results for
manganese. However, similar tests with ammonium tartrateindicated that itsinhibiting
effect on the manganese-PAN reaction is considerably less than that of citrate. This
result is corroborated by Jones®! who showed that, during extraction of the manganese-
diethyldithiocarbamate complex with chloroform, the competitive complexing action
of citrate is much greater than that of tartrate.

The effect of varying amounts of ammonium tartrate was tested on solutions
containing the maximum tolerable amount of potassium cyanide (i.e., 30 mg) found
previously. The results of these tests showed that, although ammonium tartrate
interferes slightly, up to 100 mg can be present in the solution taken for extraction
without causing excessive error in the manganese result.

Effect of time. Although the results obtained by Shibata® indicate that the man-
ganese(II)-PAN complex remains stable in solution (presumably before extraction)
over a time interval of 2 to 60 min, this is not true in the present investigation under
the competitive complexing influence of cyanide and tartrate ions. The results (Table
I) of tests carried out in media containing cyanide alone and cyanide plus tartrate, in

TaBLE 1.—EFFECT OF TIME ON THE STABILITY OF THE MANGANESE(IT)-PAN coMPLEX*

Absorbance
I 11

Time Potassium cyanide taken, 5 mg Potassium cyanide taken, 30 mg
30 sec 0-874 0-868
45 sec — 0-873

1 min 0-879 0-854

2 min 0-847 0-787

3 min 0-834 0-750

5 min 0-813 0-750
15 min 0-781 0-655
30 min 0-781 0-597

it v
Potassium cyanide taken, 5 mg Potassium cyanide taken, 30 mg
Ammonium tartrate taken, 100 mg Ammonium tartrate taken, 100 mg

30 sec 0-852 0-868
45 sec — 0-867

1 min 0-867 0-853

2 min 0-824 0-758

3 min 0-807 0-731

5 min 0-787 0-685
15 min 0-752 0621
30 min 0765 0-562

* Manganese taken, 10 ug.
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which the time interval from the beginning of the addition of PAN solution to the
start of the chloroform addition was varied from 30 sec to 30 min, show the effect
of time on the stability of the manganese complex. The results also show that the
rate of dissociation of the complex is dependent on the concentration of cyanide and
tartrate ions present in solution. Relatively consistent results were obtained for the
30 and 45 sec time intervals; consequently, the latter was chosen for the present work
mainly for convenience.

Separation of niobium, tantalum, molybdenum and tungsten by extraction of their
cupferrates

Preliminary experiments to determine the applicability of the manganese-PAN-
chloroform extraction procedure to the determination of manganese in solutions of
the four high-purity metals were carried out on a synthetic sample of each metal
decomposed according to the procedure described for niobium and tantalum metals.
In these tests, boric acid and ammonium tartrate were used to complex excess hydro-
fluoric acid and the matrix elements, respectively. The results of these tests showed
that incomplete recovery of the added manganese was obtained from all four solutions.
Further investigation showed that this was caused by the presence of boric acid and
also by the excessive amount of ammonium tartrate required to complex the matrix
elements. (Although boric acid alone does not interfere in the manganese determin-
ation, low results are obtained if both boric acid and ammonium tartrate are present
in the solution taken for extraction.) Consequently, it was considered that the separ-
ation of the matrix materials from the manganese might provide a more effective
means of determining manganese in the four metals under consideration. Other
investigators® 2 have shown that the cupferrates of niobjum, tantalum and molyb-
denum can be extracted with chloroform from a strong sulphuric acid medium;
consequently, this separation technique was used in the present investigation.

Tungstenis precipitated by cupferron from strongly acid solution® but its cupferrate
is relatively insoluble in chloroform. Allen and Hamilton?! investigated the partition
of small amounts of tungsten cupferrate (20 ug of tungsten) between aqueous solutions
and a series of immiscible organic solvents and showed that it is most efficiently
extracted with isoamyl alcohol. They also studied the effect of sulphuric acid con-
centration on the extraction with isoamyl alcohol and concluded that a concentration
of 6N is satisfactory for 98-1009; extraction of tungsten when four extractions are
performed. The applicability of their procedure to the separation of large amounts
of tungsten was investigated in the present work.

Experiments were performed with tungsten solutions prepared by decomposing
0-5000 g of tungsten metal according to the procedure described for niobium and
tantalum metals. A 2:1 mixture of chloroform and isoamyl alcohol was employed
as extractant in these tests. The results of these tests showed that large amounts of
tungsten cupferrate can be extracted by the above solvent mixture, but because of
the large volume of cupferron solution required to complex 0-5000 g of tungsten, the
initial concentration of sulphuric acid has to be increased to approximately 12N before
the addition of cupferron solution. Under these conditions chemical analysis showed
that between 14 and 21 mg of tungsten remained in the aqueous phase after extraction
and this amount does not interfere in the determination of manganese.
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Effect of diverse ions

Previous investigators®~*-* have shown that the following ions also form coloured
metal complexes with PAN: bismuth(III), cadmium(II), copper(Il), palladium(I),
platinum, tin(IV), uranium(VI) (UO,**), mercury(ll), thorium(IV), cobalt(II),
lead(Il), iron(II), iron(IIl), nickel(Il), zinc(Il), lanthanum(Il), cerium(IID),
cerium(IV), indium(ITT), scandium(IIl), europium(Iil), gallium(III), yttrium(IID),
vanadium(V) and gold. These authors investigated qualitatively the effect of various
complexing agents (i.e., ethylenediaminetetra-acetic-acid, cyanide, fluoride and citrate)
on the formation of some of the above PAN complexes. Because the formation and
stability of PAN complexes and also the effectiveness of cyanide as a complexing
agent are greatly influenced by pH, it was considered expedient to investigate the
possible interference effects of those of the above ions plus other ions that could
occur as impurities in samples of the four high-purity metals.

The results of these tests showed that 1 mg each of nickel(II), copper(II), cad-
mium(II), phosphorus(V), chromium(IIl), vanadium(V), aluminum(IIl), zirco-
nium(IV), iron(III), arsenic(V), antimony(IlI), antimony(V), tin(1V), titanium(IV),
silicon(IV) and bismuth(III) (added in the valence states shown) do not interfere in
the determination of manganese by the proposed method. However, 1-mg quantities
of zinc(IT), lead(1T) and cobalt(Il) do interfere. Zinc is ineffectively complexed with
small amounts of cyanide under the described experimental conditions but forms a
very stable, extractable PAN complex (formation constant 10%18)1%  Test solutions
containing lead (or bismuth) turned a dark reddish-brown colour on addition of PAN
but cleared up on shaking with chloroform. Low results were obtained with test
solutions containing 1 mg of cobalt, even though the cobalt appeared to be completely
complexed with cyanide. However, up to at least 50, 100 and 500 ug of zinc, lead
and cobalt, respectively, can be tolerated separately in the proposed method without
causing an appreciable error in the manganese resuit.

Application to synthetic niobium, tantalum, molybdenum and tungsten samples

To determine the accuracy of the proposed method, it was applied to the analysis
of a series of synthetic samples in which the added manganese varied from 0-001 to
0-10%,. The standard manganese solution was added directly to the powdered metal
samples. The results obtained are given in Table II.

DISCUSSION

Table II shows that the results obtained by the proposed method agree favourably
with the total calculated percentage of manganese in the range of values up to
approximately 0-19.

Although tests were performed to determine the possible interference effects of
various impurities that could occur in samples of the four high-purity metals under
consideration, some of these impurities (i.e., copper, vanadium, zirconium, iron,
antimony, tin and titanium) are partially or completely removed in the proposed
method by extraction of their cupferrates.

In preliminary tests carried out to determine the applicability of cupferron-
chloroform extraction to the separation of niobium, tantalum and molybdenum from
small amounts’ of manganese, slightly low results were obtained for the added man-
ganese. This error was found to be caused by partial oxidation of manganese to
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manganese dioxide during evaporation to dryness of the aqueous phase remaining
after the extraction. However, this problem was avoided by dissolving the manganese
dioxide adhering to the sides of the beaker with hydrochloric acid.

The pH range required for quantitative extraction of the manganese(II)-PAN
complex in a single stage with 10 ml of chloroform is approximately 8-8 to 9:6, but
complete extraction can also be obtained at higher pH (approximately 10) by per-
forming three extractions. However, because of the solubility of PAN in chloroform
and the instability of the manganese complex in ammoniacal tartrate-cyanide media,
additional PAN solution must be added before each extraction step in order to
recomplex the residual manganese resulting from the dissociation of its PAN complex.

TABLE I1.—RECOVERY OF MANGANESE BY THE PROPOSED METHOD FROM SYNTHETIC NIOBIUM,
TANTALUM, MOLYBDENUM AND TUNGSTEN SAMPLES

Total Mn Mn found, Total Mn Mn found,
Sample present, % % Sample present, %, %
\Nb + 0-0010% Mn 0-0011 0-0011 Ta + 0-0010% Mn 0-0010 0-0010
Nb + 0-0050% Mn 0-0051 0-0050 Ta + 0-0050% Mn 0-0050 0-0048
Nb + 0-0100% Mn 0-0101 0-0101 Ta + 0-0100%, Mn 0-0100 0-0099
Nb + 0-0250% Mn 0-0251 0-0249 Ta + 0-0250%, Mn 0-0250 0-0250
Nb + 005009, Mn 0-0501 0-0504 Ta + 0-0500% Mn 0-0500 0-0502
Nb + 0-1000%, Mn 0-1001 0-0998 Ta + 0-1000 % Mn 0-1000 0-1005
Mo + 0-0010% Mn 0-0013 0-0013 W 4+ 0-0010% Mn  0-0010 0-0009
Mo + 0-0050%; Mn 0-0053 0-0052 W 4+ 0:0050% Mn 0-0050 00049
Mo + 0-0100% Mn 0-0103 0-0103 W -+ 0:0100%, Mn 0-0100 0-0100
Mo + 0-0250% Mn 0-0253 0-0253 W + 0-0250% Mn 0-0250 0-0248
Mo + 0-05009%; Mn 0-0503 0-0507 W 4 0-0500%, Mn 0-0500 0-0497
Mo + 0-1000% Mn 0-1003 01017 W + 0-1000%, Mn  0-1000 0-0988

Duplicate determinations of manganese in the above Nb, Ta, Mo and W metals by the proposed
method gave average results of 00001 9;, none detected, 0-0003 %; and none detected, respectively.

The combined extracts may then be diluted to a definite volume with chloroform
before spectrophotometric measurement. Low results are obtained if ethyl alcohol is
used as diluent.

The method presented in this paper is suitable for samples containing 0-0005-0-10%;
of manganese, but manganese contents below 0-0005% can be determined fairly
accurately because the reagent blank contains approximately 0-5 ug or less of man-
ganese. The precision is such that the error in the determination of 100 ug of
manganese is not greater than F1-5 ug. The method is extremely sensitive, the
technique required is simple, and results are reproducible under routine conditions.

Acknowledgements—’ihe authors thank A. E. LaRochelle for his helpful advice during the course of
this investigation, H. H. Bart for performing the residual tungsten analyses, and G. H. Faye for his
critical review of this manuscript.

Zusammenfassung—Es wird eine spektralphotometrische Methode zur
Bestimmung von 0,0005-0,109¢ Mangan in hochreinem metallischem
Niob, Tantal, Molybdédn und Wolfram beschrieben. Die Matrix-
Metalle werden nach Lésen der Probe durch Extraktion als Cupferrate
vom Mangan getrennt, dann wird der rote Komplex aus Mangan(II)
und 1-(2-Pyridylazo)-2-naphthol (PAN) aus ammoniakalischem
Tartrat-Cyanid-Medium in Chloroform extrahiert. Die Extinktion des
Extraktes wird bei 562 mu gemessen. AuBer Zink und Blei stéren andere
Verunreinigungen in den beschriebenen vier hochreinen Metallen bei
der vorgeschlagenen Methode nicht.
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Résumé—On décrit une méthode spectrophotométrique de dosage de
0,0005-0,10%; de manganése dans les niobium, tantale, molybdéne et
tungsténe métalliques de haute pureté. On sépare les substances de la
matrice du manganése par extraction 3 I'état de cupferrates, aprés
dissolution de I'échantillon, puis le complexe rouge formé entre le
manganése(1I) et le 1-(2-pyridylazo) 2-naphtol, PAN, est extrait en
chloroforme a partir d’un milieu ammoniacal tartrate-cyanure. On
détermine l'absorption de lextrait & 562 mu. Dans la méthode
proposée, et & Pexception du zinc et du plomb, les autres impuretés
présentes dans les quatre métaux de haute pureté décrits n’interférent
pas.
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Summary—An accurate and selective milligram procedure for the
determination of primary amides is described. About 3-4 mg of sample
are hydrolysed with a concentrated solution of sodium hydroxide and
the resulting ammonia is distilled into dilute sulphuric acid. The
ammonium sulphate thus obtained is converted into ammonium iodide
by passing it through hydroxide- and iodide-form resins. This iodide
is oxidised to iodate with bromine, then titrated iodometrically.
Determinations carried out on a number of primary amides, ureas and
thioureas show a deviation of about 0-3%; from full recovery of the
compounds.

THE usual basic properties of the nitrogen atom in an amide function are effectively
neutralised by the presence of the acyl group and, therefore, the determination of
amides as bases by direct titrimetry is not possible. For similar reasons they also
cannot be titrated as acids. Though the usual alkali saponification procedure! is
applicable for the gram determination of amides, the method is seldom used because
of the excessive reaction time required and the possible loss of the reagent by inter-
action with the glass vessel. Moreover, the sensitivity of the procedure decreases with
increasing molecular weight of the sample in a homologous series unless a very large
excess of the reagent is used, in which case the error from the loss of the reagent by
interaction with the glass container becomes very significant. Recently, Bednarski and
Hume? attempted to overcome this difficulty by saponifying the samples (about 150 mg
or more) using a large excess of concentrated aqueous alkali and removing the excess
alkali by neutralising with a cation-exchange resin (H-form). Carboxylic acid salts,
formed during the hydrolysis, are thereby converted to the corresponding free acids
and titrated directly against standard alkali solution.

It is important to note that neither of the above two procedures is specific for
primary amides and their adaptation to the milligram scale is rather difficult. In the
procedure of Bednarski and Hume? the error from inconsistent and unusually high
blank values, probably arising from thermal degradation of the resin by maintaining
it at 80°, is quite significant. There are only a few methods for the selective deter-
mination of primary amides. Indirect titrimetry by measuring the ammonia evolved
on alkaline hydrolysis® and the 3,5-dinitrobenzoyl chloride procedure! are available
for the determination of primary amides on the gram scale. A non-aqueous procedure
has also been described by Fritz.®

Other compounds containing amide groups, like ureas and thioureas, can be deter-
mined by a number of procedures,*# but some of them can only be applied on the
gram scale while others are not fairly simple and accurate.

For the determination’ of total nitrogen in organic compounds by the Kjeldahl
procedure, Shah and Qadri® have replaced the distillation step by converting ammo-
nium sulphate to iodide with the use of ion-exchange resins.

499
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By the combined use of the principles of alkali saponification and the conversion
of ammonium sulphate to iodide by ion exchangers, we have developed a simple and
accurate [within +4-0-2-0-4 %(abs.) in most cases} milligram procedure for the selective
determination of primary amides, ureas and thioureas. The sample is hydrolysed
using a large excess of alkali and the resulting ammonia distilled into dilute sulphuric
acid. The ammonium sulphate so formed is then passed through hydroxide- and
iodide-form resins to convert it to ammonium jodide, which is subsequently oxidised
to iodate by bromine and titrated iodometrically. The procedure gives a six-fold
amplification and high accuracy is achieved.

Bis
I:7¢cm

Hydroxide form resin

Sintered disc

Bia
4 em

lodide form resin

Sintered disc

EXPERIMENTAL
Apparatus
Ton-exchange columns. Two columns are fixed one above the other through B,, ground joints
(Fig. 1). Hydroxide-form resin (26 cm length) is filled into the upper column and iodide-form resin
(20 cm length) into the lower column. A separdtory funnel of 150-ml capacity may be employed as
the reservoir on top of the upper column.

Reagents

Resins. Hydroxide-form resin (Amberlite IR 401, analytical-reagent grade, B.D.H., England) is
thoroughly washed with water before use. The resin is regenerated after use with 500 ml of 109,
sodium hydroxide solution.
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About 12 g of the hydroxide-form resin are converted to the iodide form by treating it with 30 g of
potassium iodide in 80 ml of water, then thoroughly washing with water.

Bromine solution. 1% (v/v) bromine solution in 10% sodium acetate in acetic acid.

Formic acid. Analytical-reagent grade 907; acid (B.D.H., England).

Procedure

Before use the resin columns are washed with 100 ml of water and the effluent titrated against
0-025M sodium thiosulphate solution for free iodine. If the titre exceeds 0-6 ml, further washing of
the columns is essential.

About 3-4 mg of sample are accurately weighed and transferred to a 200-mi conical flask containing
about 100 m! of sodium hydroxide solution (2 J; for simple primary amides and 8-10 7 for other com-
pounds) and a few boiling stones, The contents are boiled and the resulting ammonia is simul-
taneously distilled into 5 ml of 0-066N sulphuric acid, Ammonium sulphate plus the excess sulphuric
acid is passed through the resin columns under gentle suction and eluted with 100 mi of water. The
eluate is treated with a slight excess of bromine solution, then allowed to stand for 2 min. Excess
bromine is destroyed by the dropwise addition of formic acid till a clear solution is obtained. About
1 g of potassium fodide and 5 ml of 4N sulphuric acid are added to the bromine-frec solution and the
liberated iodine titrated against the standard 0-025N sodium thiosulphate solution.

A blank determination should be carried out under identical conditions except for the absence of

a sample.

RESULTS AND DISCUSSION
Taking acetamide as the test sample, the indirect titrimetric procedure, involving
direct distillation of ammonia into standard acid solution and back-titration of the
excess acid, has been compared for accuracy with the present method. It is evident
from Table I that with decreasing sample size the accuracy of the method also decreases,

TaBLE L. —DETERMINATION OF ACETAMIDE BY THE INDIRECT
TITRIMETRIC PROCEDURE USING DIFFERENT SAMPLE SIZES.

No. of
Sample, mg determinations  Recovery, % Deviation, %
15 3 99-70 0-30
10 3 99-66 0-34
8 3 99-45 0-55
6 4 99-36 0-64
3 5 99-21 079

and in the sample range of 3-4 mg the accuracy of the procedure described by us is
three times (Table II) better than that of the indirect titrimetric method.

For the present method, 100 m! of a 29 solution of sodium hydroxide are found
to effect complete hydrolysis of many primary amides within 30 min. Compounds
which resist hydrolysis under these conditions require a higher concentration of
alkali (8-10%) and treatment for 60-80 min. Although the determination of allyl-
thiourea is fairly quantitative, phenyl and naphthylthioureas give a recovery of only
30%.

One filling of the hydroxide-form resin is sufficient for about four actual and four
blank determinations. The iodide-form resin, however, requires fresh regeneration
each time. The time required for the distillate and the washings to pass through the
columns should be adjusted to about 15-20 min.

The results of the determinations of some primary amides, ureas and thioureas

are given in Table II.
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TABLE II.—DETERMINATION OF PRIMARY AMIDES, UREAS AND THIOUREAS

Reaction time, No. of Recovery, Deviations,
*Compound min determinations % %
Acetamide 30 4 99-75 025
Benzamide 30 5 99-65 0-35
Oxamide 30 6 99-75 0-25
Succinimide 30 4 99-65 035
Salicylamide 60 5 9975 025
Phthalamide 60 4 99-72 0-28
Dicyandiamidine 60 5 99-41 0-59
Urea 70 5 9971 0-29
Phenylurea 75 4 99-15 0-85
Thiourea 80 6 9965 035
Allylthiourea 80 6 99-45 0-55

* All compounds were of analytical-reagent grade (B.D.H., England) or recrystal-
lised samples from appropriate solvents.

Acknowledgement—One of the authors (I. C. S.) expresses his grateful thanks to the Council of Scien-
tific and Industrial Research, Government of India, for the award of a Junior Research Fellowship to
support the work.

Zusammenfassung—Eine genaue und selektive Vorschrift zur Bestim-
mung von Milligrammen primirer Amide wird beschrieben. Etwa
3—4 mg Probe werden mit konzentrierter Natronlauge hydrolysiert und
der gebildete Ammoniak in verdiinnte Schwefelsdure destilliert. Das
erhaltene Ammonsulfat wird durch Ionenaustausch an Harzen in
Hydroxyd- und Jodidform in Ammoniumjodid iiberfithrt. Das Jodid
wird mit Brom zu Jodat oxydiert und dann jodometrisch titriert.
Bestimmungen von primdren Amiden, Harnstoffen und Thioharn-
stoffen zeigen eine Abweichung von etwa 0,39 vom theoretischen
Wert.

Résumé—On décrit une technique précise et sélective de dosage des
amides primaires 4 I’échelle du milligramme. On hydrolyse environ
3-4 mg d’échantillon au moyen d’une solution concentrée de soude et
Pammoniac résultant est distillé dans de ’acide sulfurique dilué. ILe
sulfate d’ammonium ainsi obtenu est converti en iodure d’ammonium
par passage sur résines sous formes hydroxyde et iodure. Cet iodure
est oxydé en iodate par le brome, puis titré par iodométrie. Les do-
sages d’amides primaires, d’urées et de thiourées montrent un écart
d’environ 0,37 par rapport aux quantités de composés mises en jeu.
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EIN VORSCHLAG ZUR DARSTELLUNG DER
ANALYSEERGEBNISSE IN “IONENFORM” SCHON
VOR DER AUSARBEITUNG DER IONENTHEORIE
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(Eingeganen am 14. September 1965. Angenommen am 7. November 1965)

Zusammenfassung—1865 schlug Karl Than, Professor der Chemie in
Budapest vor, dass die Analysenergebnisse nicht in der Berzeliusschen
dualistischen Form, sondern in der Form-dargestellt werden sollen,
wie sie durch die Analyse bestimmt werden. Es wurde verfolgt, wie sich
dieser anfénglich nicht beachtete Vorschlag durch die Ionentheorie
und Wilhelm Ostwalds Titigkeit einfiihrte.

Vor 100 Jahren, im Jahr 1865 erschien eine Veroffentlichung in einer ungarischen

pharmazeutischen Zeitschrift des damals noch sehr jungen, neu ernannten Professors

fiir Chemie der Universitdt Budapest, Karl Than (1834-1908) unter dem Titel “Uber

die Zusammenstellung der Analyse von Mineralwissern”.! Die Publikation betraf
eigentlich einen Vortrag, den Than schon ein Jahr friiher, 1864 auf der X. Wanderver-

sammlung der ungarischen Arzte und Naturforscher in Marosvasarhely (Siebenbiirgen)

hielt. Auf der Sitzung vom 20 April 1865 der mathematisch-naturwissenschaftlichen

Klasse der kaiserlichen Akademie in Wien legte Thans ehemaliger Lehrer, Redten-

bacher diese Abhandlung vor. Sie erschien bald auch in deutscher Sprache in den .
Sitzungsberichten.2 Obwohl der Verfasser darin wichtige chemische Dinge abhandelte,

und Vorschldge machte, die uns heute selbstverstindlich erscheinen sowie auch dafiir

sorgte, dass seine Feststellungen und Vorschlige zur Kenntnis des in-und auslindi-

schen Chemikerpublikums gelangten, muss man feststellen, dass er einstweilen keinen

Erfolg verbuchen diirfte. Zweilfellos waren Thans Gedanken deshalb erfolglos, weil

er der wissenschaftlichen Erkenntnis voraneilte und noch keine theoretische Be-

griindung seiner Vorschldge vorlegen konnte. Es dauerte noch etwa ein Viertel-

jahrhundert bis sich herausstellte, dass er auch aus theoretischem Gesichtspunkt Recht
hatte.

Zu jener Zeit war es iiblich die Ergebnisse von Analysen nach der Berzeliusschen
dualistischen Lehre in Basen- bzw. Sdureanhydriden anzugeben (welche Gepflogen-
heit sich in der Mineralanalyse bis heute hilt) bzw. im Fall von Lésungen u.a. auch
bei Mineralwissern die Analyseergebnisse zu Salzem zusammenzustellen.

Than fand dieses Vorgehen prinzipiell schlecht:

“Wenn man das iibliche Verfahren bei der Zusammenstellung der Mineralwasser-
analysen einer objektiven Kritik unterzieht, so gelangt man zu der Uberzeugung, dass
durch eine derartige Zusammenstellung die wirkliche Constitution eines Wassers
nicht ausgedriickt wird, ja sogar, dass sie eine Zusammensetzung darstellt, welcher
sowohl in qualitativer, als auch insbesondere in quantitativer Beziehung unrichtig
ist.”

Mit den analytischen Methoden ldsst sich nur feststellen welche Mengen eines
Elements, im Fall gewisser Nichtmetalle einer Elementengruppe zugegen sind. Alle
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auf Affinitat, Loslichkeit und &dhnliche Betrachtungen beruhenden Aussagen zur
Ermittelung der Salzkombinationen sind unzuverlissig, haben keine wissenschaftliche
Grundlage und sind deshalb willkiirlich.

Mit verschiedenen eigenen Versuchen und unter Berufung auf Grahams Versuche
iiber die Diffusionsgeschwindigkeit unterstiitzte Than dann ausfiihrlich seine obigen
Behauptungen.

Dann fuhr er weiter fort:

“Meines Erachtens kann der Zweck derartiger Zusammenstellungen bei dem
gegenwirtigen Stande unserer Kenntnisse ein zweifacher sein u.z.

1. Dass durch dieselben die in verschiedenen Mineralwéssern enthaltenen Bestand-
teile exact verglichen werden konnen.

2. Dass durch dieselben die chemische Constitution des Wassers richtig dargestellt
werde.”

Zur Erfiillung des ersten Zieles.

“schlage ich vor, dass die in 1000 (oder 10000) Gewichtstheilen des Wassers
enthaltenen Gesamtmengen der Elementarbestandtheile ausgedriickt werden sollen, so
wie diese aus den directen Ergebnissen der Analyse berechnet werden, ohne dass sie
unter sich zu imaginédren Salzen eingetheilt wiren.”

“Es ist klar, dass bei einer derartigen Zusammenstellung die Resultate der Analyse
auf den ersten Blick in exacter Weise verglichen werden kénnen, da die Daten, aus
welchen eine solche Zusammenstellung hervorgeht, die unmittelbaren Thatsachen der
Analyse und daher von jeder Hypothese unabhéngig sind.”

Hinsichtlich der zweiten Zielsetzung d.h. der Erkenntnis wie sich die elementaren
Bestandteile nun tatsichlich kombinieren, musste Than feststellen, dass sich dafiir bei
dem damaligen wissenschaftlichen Stand der Chemie keine Moglichkeit boten. (Dass
die zukiinfliche Chemie die Existenz von Salzmolekeln in LGsungen iiberhaupt
bestreiten wird, konnte er natiirlich nicht ahnen.) Er schlug jedoch eine Methode vor,
womit sich dieses Ziel anndhern ldsst und durch welche man ein klareres Bild iiber die
Reaktionen des Wassers bekommt als durch die bis dahin iiblichen Zusammenstel-
lungen.

“Damit man die wahre chemische Constitution eines Wassers beurtheilen konne,
schlage ich vor, dass bei der Zusammenstellung ausser den in 1000 Theilen enthaltenen
Mengen auch die relativen Aquivalente der elementaren Bestandtheile ausgedriickt
werden sollen.”

Diese relativen Mengen erhilt man nach Than indem die Gewichtsmengen der
einzelnen Elemente in 1000 Gewichtsteilen Wasser durch ihre Aquivalentgewichte
dividiert werden. Die so erhaltenen Werte informieren einerseits gut iiber die Zusam-
mensetzung eines gegebenen Wassers und erméglichen anderseits auch die Kontrolle
der Analyse, da die Summen der einzelnen relativen Aquivalente der Metalle und der
Nichtmetalle bei richtigen Analysen Ubereinstimmen miissen. Stimmen sie nicht
iiberein, so deutet dies bei alkalischem Wasser was zumeist vorliegt auf die Anwe-
senheit von Hydrogencarbonaten hin, deren Menge sich aus der Differenz errechnen
lasst. Zum Vergleich verschiedener Wisser wurde noch vorgeschiagen, die relativen
Aquivalente in Prozenten auszudriicken, indem man die Summe der relativen Aquiva-
lente der Metalle = 100 setzt. Diese Prozente zeigen auf den ersten Blick deutlich, in
welche Gruppe der Mineralwisser das entsprechende Wasser geh0rt:

“Ein unbestreitbarer Vorzug dieser Zusammenstellung ist es, dass durch sie der
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chemische Charakter irgend eines Wassers sicherer beurtheilt weredn kann . . . und,
dass die chemischen Charaktere der verschiedenen Mineralwisser ebenfalls mit
Prazision verglichen werden kénnen.”

Mit Beispielen schloss Than seine Erdrterung.

Die Ergebnisse de Analysen von Losungen in Ionenform darzustellen wurde erst
selbstverstiindlich als die Theorie der elektrolytischen Dissoziation von Arrhenius,
die zwischen 1884-1887 ausgearbeitet und verdffentlicht wurde, sich am Beginn
unseres Jahrhunderts durchgesetst hatte. Bis dahin musste Thans Vorschlag ziemlich
Zweifelhaft erscheinen. Besonders waren die Arzte dagegen, da sie die Wirkung der
Mineralwisser nach Salzen zu beurteilen gewohnt waren und sich auch nicht durch
die Irrealitiit der Angaben davon abbringen liessen. Wir fanden bis zur Jahrhunderts-
wende kein analytisches Buch dass den Vorschlag Thans auch nur erwihnt hitte. In
Ungarn allein hat man hier und da, in Thans Institut und unter seinen ehemaligen
Schiilern diese Darstellungsweise benutzt, doch weder allgemein noch regelmissig.

Than gehorte zu den ersten Verfechtern der neuen physikalisch-chemischen
Anschauungen. Die Arrheniussche Lehre gab die theoretische Begrindung seiner
Ansichten und Entwiirfe.

Im Jahre 1890 berichtete er in einer Verdffentlichung iiber die neuen Lehren von
Raoult, van’t Hoff, Arrhenius sowie Ostwald und zeigte ihre Ubereinstimmung mit
seinen vor 25 Jahren gemachten Vorschligen.® Er hatte ja eigentlich schon
damals die Ergebnisse in Ionenform zusammengestellt.

“Die Berechtigung meines vor 26 Jahren gemachten Vorschlages haben die
neuesten grossen Errungenschaften der Wissenschaft glinzend und unzweifelhaft
dargethan.”

Er gab allerdings zu, dass sein Vorschlag sich bis dahin nicht durchgesetzt hatte.
Man schrieb noch immer nach der alten Gepflogenheit.

“Wie die meisten Vorurtheile, hat sich auch diese Gewohnheit so tief eingewurzelt,
dass obwohl namentlich hierzulande einige meinen Vorschlag angenommen haben,
in Grossen und Ganzen die alte Gewohnheit sich aufrecht erhalten hat.”

Auf Grunde der neuen Tatsache ging mun Than erneut auf dem alten, und schein-
bar auch schon von ihm aufgegebenen Gebiet an die Arbeit. Mit seinem Assistenten,
Geysa Karlovszky analysierte er 76 europdische Mineralwésser (43 ungarische und 31
auslindische) und rechnete die Ergebnisse in Aquivalentprozente um.3

Die Analytiker waren aber konservativ. Die neuen Auflagen der klassischen
Biicher (Fresenius, Béckmann) hiclten auch noch in den ersten Jahren unseres
Jahrhunderts an den alten Ansichten fest und erwidhnten weder Ionentheorie, noch
Thans Vorschlag.

Wilhlem Ostwald, der die analytische Chemie auf Grund der neuen physikalisch-
chemischen Kenntnisse bearbeitete, kam in seinen “Wissenschaftlichen Grundlagen
der analytischen Chemic” zum selben Vorschlag wie Than ein Vierteljahrhundert
zuvor. FErschrieb: Tn den Analysen soll man “die Auffiihrung der einzelnen Elemente
in den Mengen darstellen in denen sie vorhanden sind” um ““den analytischen Ergeb-
nissen ihren hypothesenfreien Charakter zu wahren.” Obwohl man damit “in den
Ergebnissen nicht zum Ausdruck bringen kann, in welcher Form die verschiedenen
Elemente in der Verbindung enthalten sind.”

Es ladsst sich gewiss nicht leugnen, dass die alten Ansichten in der analytischen
Chemie durch Wilhelm Ostwald durchgebrochen wurden. Gewiss hat sich die
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Darstellung der Analyseergebnisse in Ionenform auch in erster Linie durch sein
Werk verbreitet.

Obwohl Ostwald ohne Kenntnis der Thanschen Arbeit zu seiner Folgerung kam,
wurde er spiter dariiber unterrichtet und erkannte Thans Prioritit in den weiteren
Ausgaben seines Werks® an. Auch findet man in gewissen damaligen analytischen
Biichern eine diesbeziigliche Berufung, auf Than allerdings erst im Wunschform, d.h.
dass es gut wire, wenn man den Than-Ostwaldschen Vorschlag in der Praxis
verwenden wiirde.

Summary—In 1865 Karl Than, Professor of Chemistry in Budapest,
suggested that analytical resuits should not be given in the dualistic
form of Berzelius, but rather they should be given in the form in which
they are determined by the analysis. The manner in which this suggest-
ion, originally ignored, was adopted as a result of the ionic theory and
activity of Wilhelm Ostwald is traced.

Résumé—Fn 1865 Karl Than, professeur de chimie 4 Budapest, a
suggéré que les résultats analytiques ne devraient pas étre donnés sous
la forme dualistique de Berzelius, mais plutdt sous la forme ol ils sont
déterminés par I'analyse. On met en évidence la maniére selon laquelle
cette suggestion, ignorée & I’origine, a été adoptée comme un résultat de
la théorie ionique et de Pactivité de Wilhelm Ostwald.
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Summary—Bromopyrogallol Red may be used as a reagent for the
spectrophotometric  determination of antimony(Ill) in the range
10-100 ug. The colour system, in the presence of EDTA, cyanide ion
or fluoride ion as masking agents, is unaffected by 200-fold molar
excesses of 18 cations examined, and a further 5 cations can be tolerated
at lower concentrations. The procedure is simple and rapid, and with a
molar absorptivity coefficient in excess of 35,000, it compares favour-
ably with the most sensitive of the techniques used at present.

INTRODUCTION

BromoryroGALLOL Red (BPR) has previously been used as a reagent for the spectro-
photometric determination of trace amounts of silver' and niobium.> During the
investigation of the reaction with niobium it was observed that the reagent yielded a
blue complex with antimony(III), at pH 5-8, and that this reaction was unaffected by
the presence of conventional masking agents such as EDTA. This reaction has been
further investigated and a simple and sensitive procedure has now been developed
for the spectrophotometric determination of antimony.

The blue colour was found to form by the addition of a solution of potassium
antimonyl tartrate to the reagent, buffered within the pH range 5-8, but a pH range
between 66 and 6-8 was found to be optimal for colour development.

Initially an ammonium acetate buffer was used to maintain the pH within this
optimal range, but because relatively small fluctuations in pH occurred, which in turn
produced considerable changes in the absorbance values, this buffer was found to be
unsatisfactory and a more stable phosphate buffering system was employed. The
presence of phosphate had no adverse effect on the colour system itself, and as will
be seen below, no difficulties were experienced from the precipitation of metal
phosphates whilst studying cationic interferences.

Preliminary absorption spectra were plotted for the reagent and for an equimolar
mixture of reagent and antimony(IlI) at pH 6-6-6-8 (Fig. 1). The reagent shows
maximum absorbance at 560 mu. The effect of the antimony(I1I) is to cause a decrease
in the absorbance of the reagent at 560 mu, accompanied by an absorbance increase
for the complex which exhibits a maximal value at 615 mg. It is worthy of note that
only a poorly defined broad absorption band is formed at the longer wavelength.
This may be attributed to partial dissociation of the complex under these conditions.

The reaction was found to be instantaneous, and the solutions showed no signifi-
cant change for up to 2-5hr after colour development, though extensive fading,
because of oxidation of the reagent, occurred on prolonged standing. This could,
however, readily be minimised by the addition of a small amount of hydroxylamine
hydrochloride, the latter having no adverse effect on the colour system. The order of
addition of the reagents was found to be of no significance.
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Preliminary calibration curves showed linearity in the range 10-100 gg of antimony,
with effective molar absorptivities at 560 mu and 615 mu of 39 x 10% and 7 x 108,
respectively. It was decided to make all subsequent absorbance measurements at
the shorter wavelength because of the greater sensitivity offered.

It was observed that a minimal 4-fold excess of reagent was required for maximal
absorbance values, but that a reagent concentration in excess of 4 X 10-5M in the
final solution provided a colour too intense for measurement in 1-cm cells at 560 my.
All solutions were made 3-5 x 10~3M with respect to BPR, allowing a maximum
concentration of antimony in the final solution of 9 X 107°M; i.e., the upper limit
corresponds to 9 ml of 10~4M antimony(II1) or 110 ug of antimony.

0-8 (a)

o
>

o
S

Absorbance

/

450 500 550 600 650
Wavelength.mp

FiG. 1.—Absorption spectra:
(2) Sml of 5 X 10-* M Bromopyrogallol Red + 5 ml of phosphate buffer diluted to
100 ml with water.
(b) As (a) plus 5 ml of 10~* M potassium antimonyl tartrate.
(Measurements made in I-cm cuvettes with Beckman DB spectrophotometer)

An examination of the effects on the colour system of a number of potential
masking agents showed that the absorbance of a solution containing 60 ug of antimony
and made 3-5 x 1073} with respect to BPR was unaffected by 1000-fold molar
excess quantities of nitrilotriacetic acid, fluoride, iodide or oxalate. Similar quantities
of EDTA or cyanide caused a slight (ca. 5%) decrease in absorbance, but CDTA,
citrate and tartrate interfered extensively.

The tartrate effect was further studied because potassium antimonyl tartrate was
being used as a source of antimony for all experimental work. A concentration of
0-1%;, of tartrate in the final solution could be tolerated, but this represents a consider-
able excess (ca. 1000-fold) over that directly bound up with antimony when the latter
is used as potassium antimonyl tartrate. There was no significant difference in the
absorbance of tartrate-free solutions and those which contained <0-19%, tartrate.
Thus, it would appear that tartrate plays little part in the constitution of the complex.
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In view of the number of masking agents available and of their effects, no extensive
search was made for an organic extractant to increase the selectivity of the procedure.
Apart from involving unnecessary complications, extraction of the antimony complex
itself was certain to prove difficult because of the presence of the sulphonic acid
grouping in the reagent molecule. A brief examination showed that neither the
reagent nor the antimony complex could be extracted into any of the following solvents:
benzene, chloroform, isopropyl ether, methyl t-butyl ketone, methyl ethyl ketone,
t-butanol, iso-amyl alcohol and nitrobenzene.

Final calibration curves for the system in the presence of the three masking
agents selected for use, viz. EDTA, cyanide ion and fluoride ion, were plotted. All
showed linearity in the range 10-100 ug of antimony with molar absorptivities and
sensitivity indices as shown below.

TABLE I.—MOLAR ABSORPTIVITIES AND SENSITIVITY INDICES FOR THE
SYSTEM IN THE PRESENCE OF SELECTED MASKING AGENTS

Molar Sensitivity
Masking agent absorptivity (¢) index
None 39,200 0-0031
EDTA (10~ M) 37,400 0-00325
Cyanide (102 M) 37,400 0-00325
Fluoride (10-2 M) 39,000 0-00312

The reproducibility of the colour system is indicated by the mean absorbance and
standard deviation obtained from 12 solutions each containing 60 ug of antimony(I1I),
buffered at pH 6-7 in the presence of a 1,000-fold molar excess of EDTA and rendered
3-5 X 107°M with respect to BPR. The mean absorbance was equal to 0-166,
standard deviation 0-003.

Examination of interferences

All solutions for the interference studies contained 60 ug of antimony, together
with a 1,000-fold molar excess over antimony of the masking agent employed. Ions
were deemed to interfere if their presence caused an absorbance change greater than
that of the standard deviation shown above.

In the presence of EDTA, a 200-fold molar excess over antimony of the following
ions showed no interference: Al, Ba, Ca, Cd, Ce(IIl), Co, Fe(Il), Fe(I1I), Mg, Mn,
Ni, Pb, Sr, TI, V(IV) and Zn. The EDTA complexes of both chromium(III) and
copper(II) caused additive spectral interference, but a 100-fold molar excess of
chromium(IIT) could be tolerated, and copper(II) showed no interference in the
presence of cyanide ion provided it was added before the EDTA. The extensive
interference of silver(I) was also eliminated in the presence of cyanideion. Arsenic(I1I)
did not interfere at the 100-fold molar excess level in the presence of EDTA, but
slight interference was observed at twice this concentration. Some of the above ions
in their higher oxidation states caused interference because of decolorisation of the
reagent, but this was readily eliminated by the addition of sufficient hydroxylamine
hydrochloride to reduce the respective ions to the lower oxidation state. Thorium,
thallium and beryllium interfered extensively, but all could be tolerated at moderate
concentrations (10-fold molar excess) in the presence of fluoride ion. The following
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cationic interferences could not be masked: Bi, Hg(II), Mo, Pt, W(VI), U(VI), Au,
Nb and Zr.

Of the anions, none of the common ones (halides, sulphate, nitrate) showed
interference. Readily reduced anions (permanganate, dichromate) can be expected to
cause decolorisation of the reagent, unless a suitable reductant (hydroxylamine or
ascorbic acid) is employed, while readily oxidised ions will merely serve to stabilise
the reagent.

Reaction mechanism

Unlike the niobium-BPR system,? the antimony-BPR complex is not stabilised
and intensified by the addition of gelatin and no coagulation occurs at an aqueous-
organic interface, indicating that the complex is not colloidal in nature.

It was observed that the antimony complex, unlike the reagent itself, was unaffected
by mild oxidising agents. This indicates that complex formation occurs through
interaction between the antimony and the (readily oxidised) vicinal dihydroxy grouping
in the reagent molecule.

A comparison of this reaction with that between antimony(III) and pyrocatechol®
suggests that the complex formed has an empirical composition corresponding to that
of a Bromopyrogallol Red ester of antimonous acid (Fig. 2).

OH
OH O/Sb
o O
Br Br

SO4H

FiG. 2

Job plots and slope ratio curves (Fig. 3) confirm the existence of a fairly stable
1:1 complex. The conditional instability constant of the complex obtained by calcu-
lations based on the mole ratio data has an approximate value of 4-85 x 1078,

DISCUSSION

With an extinction coefficient of about 35,000 the technique compares favourably
with the most sensitive of those at present in use for the spectrophotometric deter-
mination of antimony. Principally, this new method offers considerable advantage,
however, in that the technique is simple to operate, and is readily reproducible,
while still preserving a high degree of selectivity.

For example, the well established Rhodamine B technique,* whilst being both
highly selective and sensitive, involves initial oxidation of the antimony(I1I) to the
quinquevalent state to form the unstable SbCl;~ ion, and the subsequent extraction of
the ion-association system into an organic solvent. We have found it difficult to
obtain reproducible results with this method, using both benzene and isopropyl
ether as extractants,



Absorbance

Spectrophotometric determination of antimony

0-061
0-04
w
2
(-]
e (@)
o
"
o
<
0021 o
o 2 A 6 8 10 10*A BRR. ml
10 8 6 4 2 o 10% sb{Ill). ml
006
0041
002
o 2 4 6 8

Solution, m|

Fic. 3.—Structural data:-

(a) Job plot: Varying ratios of 10-* M Bromopyrogallol Red -+ potassium antimonyl
tartrate + 5 ml of phosphate buffer diluted to 100 ml with water.
(Absorbance measured at 615 my; 1-cm cuvettes)

(b) Slope Ratio Curves: (1) 5ml of 10~° M potassium antimony tartrate -+ 5 ml of
phosphate buffer + x ml of 10~* M Bromopyrogallol Red diluted to 100 ml with water.
(2) 5 mlof 10~ M Bromopyrogallol Red -+ 5 ml of phosphate buffer + x mlof 104 M
potassium antimony tartrate diluted to 100 ml with water.

(Absorbance measured at 615 my in 1-cm cuvettes)
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Extraction is also necessary in the sodium diethyldithiocarbamate method, which,
while being very selective (only Be, Te, TI** and larger amounts of As, Se and Cu
interfere), has limited sensitivity. The iodide method, based on the formation of
HSbl,, while being relatively straightforward in application, is only sensitive when
measurements are made at 330 my and, unfortunately, at this wavelength many other
ions interfere.

The BPR method described here has been simplified by the use of a composite
buffer and masking agent solution. The only difficulties experienced in using this
system arose with aluminium and copper. The aluminium is initially precipitated by

TABLE II.—A COMPARISON OF VARIOUS REAGENTS FOR THE
SPECTROPHOTOMETRIC DEFINITION OF ANTIMONY®

Molar
Antimony absorptivity =~ Wavelength,

as Reagent Solvent (&) my

Sb?+ Bromopyrogallol Red Water 39,200 560

Sbi+ Hydrochloric acid Water 18,000 228
Sb3+ Sodium Carbon

diethyldithiocarbamate tetrachloride 3,700 350

Sb+ Potassium iodide Water 4,400 425

Potassium iodide Water 32,000 330

Sbi+ Hydrochloric acid Water 8,100 272

SbClg— Rhodamine B Benzene 28,000 565

Isopropyl ether 34,000 545

the phosphate ions of the buffer but redissolves following dilution and standing for
some time. When copper is present, the blue EDTA-copper(I1) chelate is formed in
preference to the colourless copper(I) cyanide and causes interference. This problem
was readily eliminated by addition of excess of 10~1M potassium cyanide before the
buffer solution.

Because the order of addition of reagents, apart from the above exceptions,
does not appear to be critical it should also be possible to use a single solution
containing BPR as well as buffer and masking agent.

All the chemicals used are inexpensive and readily obtained and the method is
ideally suited to the rapid repetitive analysis of antimony.

Whilst extraction methods usefully provide a separation stage, they do involve
an extra operation and it has been shown that the present procedure, which achieves
selectivity by simple addition of masking agents, is at least equally selective.

Table II compares the performance of the proposed procedure with the most
commonly applied methods for antimony.

EXPERIMENTAL

Preparation of Calibration Curve
Reagents

10-* M Potassium antimonyl tartrate, Prepared by dilution of standardised (bromate method)
10~ M potassium antimonyl tartrate.

7 X 10~* M Bromopyrogallol Red. 0-390 g of BPR dissolved in and diluted to 1 litre with 50% v/v
aqueous ethanol. This solution is stable for several weeks.

Buffer solution (pH 6-6-6-8). 37-23 g of EDTA disodium salt (analytical-reagent grade), 6-15 g of
potassium cyanide (analytical-reagent grade), 4:2 g of sodium fluoride 37-5 g of disodium hydrogen
phosphate and 13-6 g of potassium dihydrogen phosphate dissolved in and diluted to 1 litre with water.
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Apparatus

Hilger Uvispek spectrophotometer with 1-cm and 4-cm cuvettes.
Beckman DB recording spectrophotometer with 1-cm cuvettes.

Procedure

Pipette 0-10 ml of the 10~* M antimony solution and 10 ml of the buffer solution into 100-ml
volumetric flasks. Add 5-0 ml of 7 x 10-¢ M BPR solution, dilute to 100 ml and immediately, or
within 2-5 hr, measure the absorbance of the blank solution against each of the antimony solutions in
turn, at 560 my using 1-cm cuvettes. A plot of absorbance vs. concentration gives a straight line graph
over the range 10-100 ug of antimony.

Acknowledgement—We are grateful to Imperial Chemical Industries, Ltd., Agricultural Division,
for the provision of a research studentship for one of us (D.H.C.).

Zusammenfassung—Brompyrogallolrot kann als Reagens zur spektral-
photometrischen Bestimmung von Antimon(IlI) im Bereich von
10-100 ug verwendet werden. Die Farbe wird in Gegenwart von
EDTA, Cyanid oder Fluorid zur Maskierung durch 200-fache molare
Uberschiisse von 18 gepriiften Kationen nicht beeinfluBt, weitere
5 Kationen konnen bei niedrigeren Konzentrationen zugelassen
werden. Die Vorschrift ist einfach und schnell auszufilhren; mit
einem molaren Absorptionskoeffizienten von iiber 35000 ist sie mit
Vorteil unter die empfindlichsten der heute angewandten Methoden
einzureihen.

Résumé—On peut utiliser le Rouge de Bromopyrogallol comme réactif
pour le dosage spectrophotométrique de I’antimoine(III) entre 10 et
100 ug. Le systéme coloré, en présence d’EDTA, de cyanure ou d’ion
fluorure comme agents dissimulants, n’est pas affecté par des quantités
molaires 200 fois supérieures de 18 cations examinés, et 5 autres cations
peuvent étre tolérés A de plus faibles concentrations. La technique est
simple et rapide, et avec un coefficient d’absorption molaire excédant
35000, elle peut étre comparée favorablement & la plus sensible des
techniques utilisées actuellement.
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Summary—A new method for the determination of nickel in the
presence of cobalt, based on the masking of the cobalt with potassium
cyanide and hydrogen peroxide, is proposed. The yellow, or orange-
yellow, complex of cobalt(IIl) is formed, from which cobalt is not
displaced upon the addition of silver nitrate. ‘Tetracyanonickelate,
however, reacts quantitatively with silver nitrate, and the displaced
nickel can be determined directly with EDTA, using Murexide as
indicator. Up to 30 mg of cobalt can be tolerated in the solution.

THE direct determination of nickel without previous separation from cobalt is still a
difficult problem in complexometry, as the masking of cobalt can only be carried out
when it is in the tervalent form. The earliest proposal was based on the formation
of the blue Co(H,0)-EDTA complex in alkaline medium, which unlike nickel-EDTA
complex, does not react with potassium cyanide.! Because of the intense coloration
of this cobalt complex, however, the amount of cobalt taken is restricted to a few
milligrams. The red-violet complex CoY~ is also highly coloured in acidic medium so
that nickel can only be determined in the presence of small amounts of cobalt even
when a fluorescent indicator such as Calcein (Fluorexone) is used.? This principle
has been applied for the analysis of some iron-nickel-cobalt alloys.2 Recently we
have found that triethanolamine (TEA) with hydrogen peroxide is more suitable for
masking cobalt than EDTA + hydrogen peroxide.® In this case the red coloration is
not so intense, so that 15-20 mg of cobalt in 500 ml of the solution can be tolerated.
In addition, iron and aluminium are also masked by the triethanolamine. Nickel is
determined directly with EDTA in an ammoniacal solution with Murexide as indicator.

All these above mentioned complexes of tervalent cobalt exhibit very similar
absorption maxima (520-580 my) in comparison with free Murexide (540 my) (Figs. 1
and 2). It would therefore be more convenient, and not only for visual titrations,
to mask cobalt as another complex having an absorption maximum in a different
region, e.g., in the near ultraviolet. For this reason potassium cyanide has been
chosen as the masking agent for tervalent cobalt. The yellow to pink-yellow complex
Co(CN)3~ (Fig. 2) is formed quantitatively in ammoniacal medium by the addition of
hydrogen peroxide and potassium cyanide. Cobalt is not displaced from this complex
upon careful addition of silver nitrate, whereas nickel is displaced from Ni(CN),*~.
The displacement of nickel is quantitative when the first cloudiness due to silver

* Part XX: Talanta, 1966, 13, 233,
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F1G. 1.—Absorption spectra of cobalt complexes:
1—1-5 X 10~*M Co(H,0)Y~
2—1+5 X 10-*M CoY~
3—4 x 1039 Murexide 4+ EDTA (0-1 ml of 0-05) EDTA)
4—15 x 10-*M Co — TEA complex (TEA = triethanolamine).
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F1G. 2.—Absorption spectra of nickel and cobalt complexes:
1—4 % 10-3% Murexide + EDTA (0-1 ml of 0-05M EDTA)
2—4 x 10-29/ Murexide -+ Ni (0-1 ml of 0-05M Ni)

3—1-5 x 10~*M Co(CN)¢*-.
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cyanide appears. The nickel can then be determined by direct titration with EDTA
with Murexide as indicator, or indirectly by back-titration of the excess EDTA with
calcium using Methylthymol Blue as indicator.

EXPERIMENTAL

Reagents

EDTA, 0-05M.

Calcium chloride, 0-05M.

Potassium cyanide, 57 solution.

Hydrogen peroxide, 2 %,.

Potassium iodide solution, 5%,.

Silver nitrate solution, 10%;.

Ammonia, conc. and 1 + 9 solution.

Murexide, 1%, in potassium nitraie.

Methylthymol Blue, 17 in potassium nitrate.

Apparatus
Spectrophotometer. SFM-2 RUKOV, Rumburk, CSSR; cylindrical cuvettes, 17 mm diameter.

Procedure A

Direct titrationof nickel. To the solution containing nickel and cobalt add 25-35 mlof concentrated
ammonia and dilute to 200-250 ml. Then add 10-15 ml of 5%, KCN solution and 5-10 m] of 3%, hydro-
gen peroxide and allow the solution to react for 3-5 min with occasional stirring. Add 1094 silver
nitrate from a burette with vigorous stirring until the solution shows a slight but permanent turbidity.
Allow the solution to stand for 1-2 min and then titrate slowly, after addition of Murexide, with
0-05M EDTA from yellow or yellow-orange to bright violet. By this method up to 50 mg of nickel
in the presence of up to 30 mg of cobalt (in a volume of 300~500 ml) can be satisfactorily deter-

mined (Table I).

TaBLE I.—DETERMINATION OF NICKEL IN THE PRESENCE OF COBALT (DIRECT TITRATION)

Taken, mg 0-05M Ni found,
Ni Co EDTA, mi mg Difference, mg
289 295 092 272 -0-17
578 590 1-85 543 —0-35
2-89 1474 0-98 2-89 0
2-89 29-47 095 2-80 —009
2-89 44-20 1-05-1-15* 2-35-2-55 —0-46 to —0-66
2-89 57-82 1-10-1-40% — -
14-46 14-74 4-88 14-32 —0-14
28-91 29-47 9-80 2870 —~015
57-82 295 19-80 58-11 +0-29
57-82 2947 19-93 58-48 +0-66

* Indistinct end-point
1 Very unsharp colour change

Remarks. A large excess of silver nitrate must be avoided because the intense turbidity obscures
the end-point. After a while (5-15 min) Murexide is destroyed by hydrogen peroxide.

Procedure B

Indirect determination of nickel. It has been found that in the presence of excess EDTA a small
amount of cobalt is cotitrated, owing to the displacement reaction between AgCN and Co(CN)s*~.
If the solution contains iodide, however, the more insoluble silver iodide is formed before AgCN
(the classic Liebig-Dénigés method for the determination of cyanide) and no displacement of cobalt
occurs. The procedure is very similar to the previous one. After oxidation of the cobalt, 5 ml of
potassiumiodide solution are added and 10 silver nitrate until a permanent turbidity occurs. After
1-2 min a measured volume of 0-05SM EDTA is added, the solution diluted to 300-500 ml,
Methylthymol Blue added and the solution titrated with 0-05M calcium chloride until the smoke grey
colour changes to intense blue. Some results are summarised in Table IL.
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TABLE II.—DETERMINATION OF NICKEL IN THE PRESENCE OF COBALT (BACK-
TITRATION WITH CALCIUM)

Added Back-
Taken, mg 0-05M titration Ni, found Difference,
Ni Co EDTA, m! 0-05M Ca, ml mg mg
2:89 295 5-00 401 2-91 +0-02
2-89 29-47 500 400 2:94 +0-05
8-67 $-84 5-00 197 8:89 +0-22
14-46 1474 10-00 495 1483 +0:37
28-91 29-47 12:00 2:06 29-17 +0-26
57-82 29-47 25-00* 5-30-5-40 57-79-57-52 —0-03-0-30
57-82 2:95 25-00 532 57-75 —0-07

* Indistinct end-point; high concentration of Ni and Co.

Zusammenfassung—Eine neue Methode zur Bestimmung von Nickel in
Gegenwart von Kobalt wird vorgeschlagen, die auf der Maskierung von
Kobalt mit Kaliumcyanid und Wasserstoffperoxyd beruht. Der gelbe
oder orange-gelbe Komplex von Kobalt(IIl) wird gebildet, aus dem
Kobalt durch Zusatz von Silbernitrat nicht verdrangt wird. Tetracyano-
nickelat jedoch reagiert quantitativ mit Silbernitrat, und das verdrangte
Nickel kann direkt mit EDTA und Murexid als Indikator bestimmt
werden; bis 30 mg Kobalt kénnen in der Losung geduldet werden.

Résumé—On propose une nouvelle méthode de dosage du nickel en
présence de cobalt, basée sur la dissimulation du cobalt au moyen de
cyanure de potassium et d’eau oxygénée. On forme le complexe
jaune ou orangé-jaune du cobalt (III), dont le cobalt n’est pas déplacé
par addition de nitrate d’argent. Le tétracyano nickelate, toutefois,
réagit quantitativement avic le nitrate d’argent, et I'on peut doser
directement le nickel déplacé par PEDTA, en présence de Murexide
comme indicateur; on peut tolérer jusqu'a 30 mg de cobalt dans la
solution.
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Summary—A new method for the titrimetric determination of perchlo-
rate has been developed, based on its reduction to chloride by iron(II)
in a strong sulphuric acid medium at high temperature. The effect of
variables, such as the sulphuric acid concentration, the temperature
and the period of heating, on the extent of reduction has been studied
and the optimal conditions for analytical determination of perchlorate
derived.

INTRODUCTION

A RAPID and at the same time accurate method is lacking for the determination of
perchlorate. Analysis of perchlorate is generally carried out by converting it to chloride
and determining the latter either gravimetrically or titrimetrically. The conversion
occurs by heating the perchlorate with sodium carbonate (in the presence of platinum),?
sodium nitrite,> ammonium chloride® or potassium carbonate-manganous nitrate
mixture;* copper powder,5 sodium oxalate,® manganese dioxide? and sodium per-
oxide® have also been recommended as matrices for conversion. The reduction of
perchlorate to chloride in the solution phase has also been reported using titanium(III)
sulphate,® zinc amalgam and tin(IT) chloride in presence of molybdate as catalyst.l1
Sjollema'? reported that incomplete reduction (90-94 %) of perchlorate to chloride
occurred on boiling with a mixture of iron(II) sulphate and sodium hydroxide for an
extended period of 2-3 hr. On heating with fuming sulphuric acid,® perchlorate is
converted to chlorine which can be determined. Amongst the direct gravimetric
methods, precipitation of the potassium salt has been studied most extensively but
the results obtained are seldom accurate unless solubility losses are compensated.

The rapid titrimetric method described in this paper was evolved from considera-
tion of the somewhat similar aqueous behaviour of the nitrate and perchlorate jons.
Nitrateion is reduced quantitatively to nitric oxide'®16 by boiling with excess of iron(IT)
ions for 3-5min in a 13-15N sulphuric acid medium. Similarly, it appeared that
perchlorate might undergo reduction to chloride according to

ClO4~ - 8H* 4 8¢ — CI~ + 4H,0

which might be put to analytical use. The conditions required for the reduction of
perchlorate are, however, found to be more drastic than those for nitrate reduction.
Titanium(IIT) salts reduce perchlorate to chloride when heated in acidic solution and
in an inert atmosphere!”—*? under conditions less drastic than required by iron(II).
However, the use of titanium(III) is to be favoured less because of the considerable
excess of the reagent that has to be employed and the problems associated with the
instability of the reagent and the need for maintenance of an inert atmosphere.
519
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EXPERIMENTAL
Reagents

Iron(II) sulphate solution. Ferrous sulphate heptahydrate (B.D.H. England, analytical-reagent
grade) was used to prepare 0-1-0-3M solutions in 4N sulphuric acid and these solutions were standard-
ised with dichromate.

0-1-0-2N Potassium permanganate solution. Prepared and its strength determined using sodium
oxalate. Standard solutions of cerium(IV) sulphate and dichromate, with the aid of suitable indi-
cators, were also used in the determination of iron(IT) during the study.

Ammonium perchlorate. Prepared from aqueous ammonia and perchloric acid (both analytical-
reagent grade), then recrystallised thrice from water and dried at 110° before use.

All other reagents used were of accepted grades of purity and contained no impurities which
would interfere with the course of the investigation.

In order to test whether any oxidation of iron(II) by perchlorate occurred, the two species, taken
in various ratios with the iron(II) in excess, were heated for various periods at different temperatures
using a wide range of sulphuric acid concentrations. The iron(II) temaining in the experiments was
determined by titration with permanganate. The exact details are elaborated below.

RESULTS AND DISCUSSION

Preliminary experiments indicated that perchlorate ion was completely unaffected
by iron(II) under the conditions specified for the reduction of nitrate to nitric oxide.
Therefore, the concentration of sulphuric acid was raised gradually and also the tem-
perature of boiling. It was observed that in the temperature range 150-155° (685 mm)
reduction of perchlorate occurred rapidly. The acid concentration in the hot liquid at
this stage corresponded to 65-709, by weight, i.e., about 11-12M in the cold. No
reduction of perchlorate occurred, however, at lower temperatures even in 65-70 9,
sulphuric acid. At temperatures higher than 160°, there was appreciable oxidation of
iron(IT) by the sulphuric acid itself. Therefore, rise of temperature beyond 160°
(685 mm) must be avoided during the determination of perchlorate according to the
present method.

The time taken for complete reduction of perchlorate by iron(Il) at 150-155° was
about 10 min. Variation of the excess of iron(II) taken within the range 10-100%, had
apparently no influence in decreasing the minimum period of heating required for
complete reduction. The extent of reduction of perchlorate for different periods of
heating was ascertained as follows:

20 m] of ammonium perchlorate solution (containing 0-09178 g of the salt), 20 ml of 0-4966M iron(II)
sulphate solution and about 20 m! of 13M sulphuric acid were taken in a conical flask, a few glass
beads added, a thermometer introduced, a small funnel placed over the flask and the contents were
boiled over a sand bath whose temperature could be controlled to within 2°. The temperature of the
boiling liquid increased gradually from about 105° as water was continuously lost; when the tempera-
ture reached 150-155°, a stop watch was started. After 60 sec the flask was removed from the sand
bath, cooled, the contents diluted and the flask again cooled. The amount of unreacted iron(II) was
determined by titration with permanganate. Similar experiments were carried out for heating periods
of 3, 5, 7, 10, 15 and 20 min at 150-155°.

The results obtained are presented in Table I. It is seen that quantitative reduction of
perchlorate is completed in about 10 min, but a period of 15 min is suggested in the
recommended procedure to allow a reasonable margin of safety.

During reduction of the perchlorate, most of the iron(III) formed crystallises out
as ferric sulphate (exact hydrate composition not determined) at the high temperature
and acid concentration obtaining. Therefore, it is desirable that the heat distribution
to the flask containing the reactants is made as uniformly as possible in order to
avoid spurting by localised heating. If the temperature of the liquid should slightly
exceed 155°, careful introduction of a few drops of water prevents further rise of
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TABLE I.—EFFECT OF TIME ON THE EXTENT OF REDUCTION OF
PERCHLORATE BY IRON(II)
[temperature of reaction: 150-155°; medium-strong sulphuric acid
(about 65-70 wt. %); ammonium perchlorate taken: 0-09178 g]

Time of heating, NH,CIO, reduced, Reduction,

min g %

1 0-01247 13-58

3 0-04326 47-15

5 0-06852 74-64

7 0-07400 80-61

10 0-09180 100-0

15 0-09190 100-1

20 0-09178 100-0

temperature. Even though the conditions specified appear to be stringent, in actual
practice it is found that the temperature is easily maintained.

Molybdenum(VI) is known to sensitise the reaction between nitrate and iron(I1).28
Rechnitz and Laitinen?* and Haight?s have reported on the molybdenum-catalysed
reduction of perchlorate at the dropping mercury electrode. However, it was observed
in the present investigation that neither the time factor nor the drastic conditions of
temperature and acid concentration required for the reduction of perchlorate could be
minimised by the presence of molybdenum(VI), tungsten(VI), osmium tetroxide,
chromium(III), vanadium(IV), chloroplatinate or palladium chloride.

Recommended procedure for determination of perchlorate

20 ml of 0-1-0-3N ammonium perchlorate solution and 20 ml of 0-2-0-4Af iron(lI) sulphate
solution are taken in a conical flask. About 20 ml of 13M sulphuric acid are added, a few glass beads
and a short-bulb thermometer introduced, a small funnel placed at the mouth and the contents are
boiled briskly till a temperature of 150-155° is gradually reached. The conical flask is then kept over a
sand bath and the temperature of the liquid maintained at 150-155° for about 15 min, after which the
flask is rapidly cooled, the contents diluted well and the flask again cooled. The unrcacted excess of
iron(IY) is titrated with permanganate. A blank with 20 ml of iron(II) solution is preferably run under
similar conditions. However, it is interesting to note that the titre of an iron(Il) solution after it is
subjected to the conditions specified for perchlorate reduction was found not to differ from the value
obtained when the iron(II) solution was titrated directly in the cold, i.e., no atmospheric oxidation of
iron(II) occurs under the conditions specified for the reduction of perchlorate.

The amount of perchlorate ion (X) in the test solution is given by the equation

X = 99-47N(v, — v5)/8 X 1000 g

where N is the normality of the permanganate solution, v, is the volume of permanganate consumed
in the blank, and v, is the volume of permanganate accounting for the excess of iron(II) left over after
the complete reduction of perchlorate.
TaBLE 1I.—DETERMINATION OF PERCHLORATE BY REDUCTION WITH
roN(II)
[temperature of reaction: 150-155°; medium-strong sulphuric acid
(about 65-70 wt. %); period of reaction: 15 min]

NH,ClO, taken, NH,CIO, found, Error,
& g %
0-03200 0-03205 +0-15
0-04600 0-04600 0-00
0-06902 006920 +0-29
0-08540 0-08535 —0-06
0-1160 0-1168 +071
01708 0-1703 —030

13
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The results of some typical analyses are given in Table II. Itis seen that the results
obtained are accurate to within 0-39;. The interference of nitrate and chlorate ions in
the determination could easily be avoided because these ions are reduced by iron(II)
at much lower temperatures and sulphuric acid concentrations at which there is no
reduction whatsoever of the perchlorate ion. Because perchlorate is reduced only
under drastic conditions, it should be possible to eliminate the interference of the more
easily reduced species by their initial reduction with iron(II) under mild conditions.

Zusammenfassung—Eine neue Methode zur titrimetrischen Bestimmung
von Perchlorat auf Grund der Reduktion zu Chlorid mit Eisen(II) in
starker Schwefelsdure bei hoher Temperatur wurde entwickelt. Es
wurde der Einflug von Anderungen in der Schwefelsdurekonzentration,
Temperatur und Erhitzungszeit auf den Reduktionsgrad studiert und
die besten Arbeitsbedingungen zur analytischen Bestimmung von
Perchlorat ermittelt.

Résumé—On a €laboré une nouvelle méthode de dosage titrimétrique
du perchlorate, basée sur sa réduction en chlorure par le fer (II) en
milieu acide sulfurique fort a température élevée. On a étudié I'in-
fluence, sur le degré de réduction, de variables telles que la con-
centration en acide sulfurique, la température et le temps de chauffage
et on en a déduit les conditions optimales de dosage du perchlorate.

Acknowledgement—The authors thank Professors M. R. A. Rao and C. C. Patel for their keen interest
in the progress of the work.
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SHORT COMMUNICATIONS

Rapid iodometric determination of copper in some copper-base alloys
(Received 28 April 1964, Revised 28 May 1965, Accepted 18 Qctober 1965)

IN recent years a mixture of hydrofluoric and nitric acids has occasionally been used for the dissolu-
tion of alloys. Thus, Garate and Garate! have described the dissolution of friction alloys, containing
tin, antimony and lead, in such a mixture before the determination of the alloying constituents. The
present authors found?® that alloys of bismuth, tin, lead and cadmium are also readily dissolved in this
mixture of acids.

Dozinel® noted that copper-tin alloys may be dissolved in a mixture of hydrofluoric and nitric
acids, but no detailed directions could be found in the literature by the present authors on the dissolu-
tion procedure or on the possibility of applying conventional means of completing the analysis of
such alloys. It seemed useful to investigate this analysis of copper-tin alloys further; conventional
procedures are laborious because copper is adsorbed on the precipitate of hydrated tin(IV) oxide
formed during dissolution of the alloys in nitric acid alone.

According to the British* and American® standard procedures, in which the copper is eventually
determined electrolytically, tin should first be removed by volatilisation as tin(IV) bromide if more
than 1-1-5% of this element is present. A similar procedure is recommended in the more or less
official German standard.®

Kiihnel-Hagen and Salomonson’ claim that good results are obtained by iodometric titration of
copper in its alloys after dissolution in nitric acid alone and digestion for 10-30 min. In their proce-
dure up to 20 of tin apparently gives no error, but much lead should not be present. Orlik and
Tietze® dissolve copper-base alloys in a mixture of nitric and sulphuric acids, evaporate until crystals
of copper sulphate appear and eventually titrate the copper iodometrically. From their paper it is
not clear how much tin may be present.

The iodometric finish was also employed in our investigations. Bromine was used to oxidise
arsenic and antimony to the quinquevalent form, when both metals may be masked by fluoride if one
works at a suitable pH.? Iron(III) may also be masked with fluoride.

EXPERIMENTAL

General

The solvent mixture is prepared by mixing 3 volumes of 409 hydrofluoric acid, 14 volumes of
65 7¢ nitric acid and 5 volumes of water. In a first series of experiments, polypropylene beakers were
heated in a water-bath because it was feared that the solvent attack on glass might be disadvantageous
in analysis. In later experiments it was, however, found that Pyrex vessels could be used if they were
heated gently during the dissolution procedure. If the vessels are heated too vigorously an insoluble
compound is formed and erroneous results are obtained.

With the final procedure, in each experiment the vessels lost only about 150 mg of their weight.
This proved to have no unfavourable effect on the results. The standard deviation was even decreased
compared with results obtained when polypropylene beakers were used, possibly because the excess
of bromine and the nitric oxides are expelled more completely at the temperature used in the Pyrex
vessels.

In all experiments described below 150-ml Pyrex Erlenmeyer flasks were used, covered with a
polypropylene watch-glass during heating. The vessels were heated gently on an electric hot-plate.
The power-supply was regulated to bring the content of the vessels just to, or slightly below its boiling
point. The time required for dissolution did not exceed 2 min in all experiments described below. In
one experiment the influence of the presence of much lead was investigated, because lead fluoride
is slightly soluble. An (slightly inhomogeneous) alloy, containing about 30%; of lead and 59; of tin,
was attacked in the way described below and this alloy, was dissolved in about 5 min.

523
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Procedure

Weigh exactly a quantity of alloy, containing about 200 mg of copper, in a 150-ml Pyrex Erlen-
meyer flask, add 5 ml of solvent mixture, cover the vessel with a polypropylene watch-glass and heat
it gently. After dissolution add saturated bromine solution until a distinctly brown colour is seen.
Continue heating for 5 min, add about 200 mg of urea, then heat 1 min more. Cool to room tempera-
ture, add 25 ml of water, 25 ml of 20 % ammonium acetate solution (giving a pH of about 4), 1 ml of
40%; hydrofluoric acid and 3 g of potassium jodide. Titrate with 0-1M sodium thiosulphate solution,
Add starch solution just before the end-point, titrate further until the colour bleaches, then add 2 g
of ammonium thiocyanate and finish the titration. Standardise the sodium thiosulphate solution
against electrolytic copper, using the same procedure.

RESULTS AND DISCUSSION

The procedure was checked with four standard samples and with some mixtures of electrolytic
copper with pure tin or antimony. Results are given in Table I. The results show a standard deviation
of about 0-1%, and the systematic error seems well below this value.

TABLE I.——ANALYSIS OF COPPER-BASE ALLOYS AND ‘‘SYNTHETIC’> MIXTURES AFTER DISSOLUTION
IN A MIXTURE OF HYDROFLUORIC AND NITRIC ACIDS

Copper
content, %
(certificate Other important Copper
Expt. Sample value) constituents, % found, % Error, %
1 NBSS2¢ 89-25 Sn 8 89-37; 89-13; 8942 -+01; —01; +0-2
2 BCS207/1 881 Sn 10; SbO-1; AsO-1 8815; 83:09; 8314 +0-1; 00; 00
3 BCS183)1 84-8 Sn5; Sb0-2; As0-1 84-87; 8500; 84-80 +0-1; +02; 00
Pb4; PO-5
4 NBS 63 78:05 Sn10; Sb0-5; As0-2 78-02; 78-07; 7797  0-0; 0-0; —0-1
Pb10; P06
5 Electrolytic ca. 200 mg ca. 100 mg recovery 99-96; 0-0; —0-1; —01
copper of tin added 99-92; 99-88; 9990 —0-1
6 Electrolytic ca. 200 mg ca. 10 mg of recovery 99-82; —02; 00
copper antimony added 9998

Similar experiments were carried out in which a mixture of 3 ml of 65 nitric acid and 2 ml of
water was used as solvent, and 2 ml of 40, hydrofluoric acid were used after ammonium acetate was
added. The thiosulphate used here, was standardised after dissolution of copper in nitric acid alone.
When duplicating experiments 1, 2, 3 and 6 (Table I) with this modification, the results seemed as
good as when a mixture of hydrofluoric and nitric acid was employed. Standard NBS 63 dissolved,
however, with great difficulty and the results were 0-5%, 0-3% and 0-2% low; also, if 30-35% of tin
was added (similar to experiment 5) the results were 0-2%, 0-7%, 1-1% and 0-9% low.

It should be pointed out that some difference is possible in the results obtained with alloys, when
compared with results obtained with “‘synthetic”” mixtures of the same composition. It seems prob-
able, however, that this difference may be neglected in cases where the sample is completely dissotved.
It may be expected, therefore, that alloys containing up to 35% of tin or up to 57 of antimony (and
possibly more of these elements) will give good results when dissolved in a mixture of hydrofluoric and
nitric acids. In cases when nitric acid alone is used as a solvent, residues are left and the amount of
copper adsorbed may be different for alloys and mixtures. It cannot be assumed, however, that this
amount may be neglected if much tin is present in an alloy. A final conclusion, therefore, may be that
the use of a hydrofiuoric-nitric acid solvent mixture gives good results in many cases where the use of
nitric acid alone cannot be recommended.

Acknowledgement—The authors thank F. Vosmeer for carrying out preliminary experiments.
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Summary—Copper-base alloys, especially those containing tin, are
readily dissolved in a mixture of hydrofluoric and nitric acids. In the
resulting solution copper can be titrated iodometrically in the conven-
tional manner.
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Zusammenfassung—Legierungen auf Kupferbasis, besonders zinnhal-
tige, 16sen sich leicht in einer FluBsiure-Salpetersdure-Mischung. In
der erhaltenen Losung kann Kupfer in iiblicher Weise jodometrisch
titriert werden.

Résumé—Les alliages & base de cuivre, spécialement ceux contenant
de P’étain, se dissolvent aisément dans un mélange d’acides fluor-
hydrique et nitrique. Dans la solution résultante, on peut doser le
cuivre de facon usuelle par iodométrie.
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A simplified sampling technique for use with the Weisz ring oven:
Application to qualitative analysis of some gold and silver alloys

(Received 21 May 1965. Accepted 16 October 1965)

INTRODUCTION

AppLICATIONS of the ring oven technique have been described for microchemical qualitative and
semiquantitative analysis of several types of alloy.*~? Separation schemes and identification reactions
specially designed for ring oven work have also been published.*-* Nevertheless, detailed procedures
of analysis are still missing for certain alloys.

Apart from direct chemical attack on the specimen, two main types of sampling procedure have
so far been suggested. One method, proposed by Stephen,? depends on electrolytic dissolution of the
sample in combination with ring oven technique and was applied to the analysis of several non-ferrous
alloys. Nall and Scholey® used the same procedure but for the sampling of sieel. As far as electrolytic
sampling is concerned, Do positive evidence has so far been presented as to whether the composition
of the dissolved sample is strictly equivalent to that of the original specimen. Where figures of a more
quantitative nature are desired, there would be a definite risk of biased results, because the normal
potential values of the constituents cover a wide range.

The second method of sampling is based on mechanical abrasion, as described by Strebinger and
Holzer,® who rubbed the specimen with a microscope slide having a circular roughened section, and
that mentioned by Ballczo’ who applied a 2-mm corund stick in the manner of a file. These two
proce;h.(lires suffer from the disadvantage that only convex or protruding parts of the specimen can be
sampled.

'IPhe present authors have overcome the disadvantages of the above sampling procedures by
introducing a simplified technique of mechanical abrasion for sampling some gold and silver alloys.
This was achieved by using a 4-mm Pyrex glass rod with a hemispherical tip which was ground on
a carborundum discto provide a rough surface of about 25 mm?® Up to 100 pg of sample can be
obtained by rubbing the tip under gentle pressure, rotating it against the sample and also tilting it
at various angles, until most of the rough surface is coated with abraded material. In this way it is
possible to obtain a sample from almost any part of a specimen, including concave or curved surfaces,
inner surfaces of vessels or other parts of special interest, such as welded seams.
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Complete dissolution of most alloys, except for those of gold, can be carried out by exposing the
sample on the glass rod tip to the vapours of suitable acids of sufficient volatility, e.g., concentrated
nitric acid, concentrated hydrochloric acid alone or saturated with bromine or with some potassium
chlorate added, or aqua regia. Because the sample is finely dispersed, its dissolution is completed in
a very short time without accumulating-an unnecessary excess of acid. After drying, the metal salts
obtained are dissolved in water, which is condensed on the glass rod tip by exposing it to steam until
a small droplet forms; the droplet is then removed on the centre of a filter paper disk. Quantitative
sample transfer can be completed by repeating the vapour phase and steam treatments as required.
For gold alloys, a sample on the glass rod tip must be dissolved in potassium cyanide-hydrogen
peroxide solution contained in the depression of a white porcelain spot plate (see later).

EXPERIMENTAL
Apparatus

Ring oven with accessories.*®

Gas treatment device for filter paper disks, or wide necked bottles for vapour phase treatment.

Sprayers for application of reagent solutions.

White porcelain spot plate.

Filter paper disks, 5-5 cm in diameter, of Whatman No. 41 or 42, Schleicher and Schiill 5892 white
ribbon or similar papers.

Reagents

Potassium cyanide. 0-5%, w|v solution, containing 0-1%; of 100 vol. hydrogen peroxide.

Bromine water

Ammonia solution. Sp. gr.0-88; one portion must be freed from silica and carbonate by isother-
mal distillation.

Benzidine. 0-59% w/v solution in 10%; v/v acetic acid.

Hydrochloric acid. 01 M, containing 0-17{ v/v of 100 vol. hydrogen peroxide, added immediately
before use.

a-Benzoin oxime. 5%, w/v solution in ethanol.

Dimethylglyoxime. 2%, w|v solution in ethanol.

Nitric acid. Sp. gr. 1-42.

Hydrogen sulphide. Gaseous, and a saturated solution in water (or acetone).

Sodium hydroxide. 0-1M solution.

Procedures

Gold alloys (Au-Ag-Cu). For proper detection of the alloying elements (Ag and Cu), which are
usually present in lower percentages, it is essential to obtain dissolution of all three components.
Aqua regia is, therefore, not suitable, because it will precipitate silver chloride which adheres firmly
on the rough glass surface and is difficult to redissolve. The sample can be dissolved in 50 ul of
potassium cyanide-hydrogen peroxide solution contained in the depression of a white porcelain spot
plate. Dissolution is enhanced by ready access of atmospheric oxygen. The glass rod is dipped into
the solution and repeatedly stirred and rotated until the sample is completely dissolved. Water is
added, if necessary, to replace that lost by evaporation.

The sample solution, containing K[Au(CN),], K[Ag(CN).] and K [Cu(CN),], is transferred to
the centre of a filter paper disk, using a capillary pipette. A total of about 100 1 of water, in several
portions, is used, first for rinsing the spot plate depression to ensure complete sample transfer, then
for full washing of the complex cyanides of the three metals to Ring I, After drying, the ring is oxidised
by exposing the filter successively to bromine and ammonia vapours. Hypobromite ion is formed,
which destroys all cyanide. The filter is kept in the oven for some minutes to destroy the excess of
oxidant. Ring I will contain CuBr;, K(AuBr,) and AgBr. It is cut into three sectors, which are
tested as follows:

1. Gold(III). One sector is treated with benzidine reagent. After fuming over ammonia solution,
benzidine blue will form if gold(IIT) is present. Limit of identification: 0-1 ug.

2. Silver. The second sector is bathed in 0-1M hydrochloric acid containing hydrogen peroxide,
then rinsed under the tap. A small part of this sector is cut off and tested for the absence of gold.
Bathing and rinsing are repeated if necessary. It can be assumed that copper will also be absent
when the gold has been completely removed, because copper(II) bromide is more stable and
soluble in water than its gold analogue. The remaining part of the sector is tested for silver by
bathing for 5 min in saturated aqueous hydrogen sulphide. Limit of identification: 0-5 ug (we
have not been able to confirm the far lower limit of identification previously reported®).
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Other tests for silver, based on p-dimethylaminobenzylidenerhodanine, coprecipitation of
MnO.OH, or a replacement reaction using K,Ni(CN), and dimethylglyoxime, were also examined
but none of them proved superior to the simple sulphide precipitation. It has to be considered,
however, that under the conditions of this test silver is present as insoluble silver bromide
(K,, 77 X 1079 so that only silver sulphide as the most insoluble known compound of silver
(K,,1 x 10-%°) provides a suitable test.

3. Copper. «-Benzoin oxime solution is applied to the third sector which is then fumed over ammonia
solution. A green line indicates the presence of copper. Limit of identification: 01 ug.

It appeared more convenient to use a test for copper in the same range of sensitivity as those
employed for the other two alloying elements and at the same time was not subject to interference
from gold and silver. The dithio-oxamide test is far too sensitive for copper contents above 17;.
Furthermore, the inevitable copper content of filter paper and reagents, including distilled water,
results in a strong blank® Tt is, therefore, even difficult to establish whether copper is completely
absent or present in low amount if a specially designed procedure is not applied.

The above procedure for gold alloys was successfully applied to the detection of gold, silver and
copper in some alloys containing from 58-3 to 87-5 9 of gold, up to 41-79; of silver and up to 41-77
of copper.

Sirl)fer alloys (Ag—Cu—Ni—Zn—Mn). The procedure for an alloy consisting of the five stated
elements is here considered as the only example. Other elements present in a silver alloy could
presumably be identified after applying well-known general separation schemes.*

After collecting the sample on the glass rod tip, it is dissolved by vapour phase treatment over
hot concentrated nitric acid. The sample solution is allowed to dry in order to remove excess acid
and the residue dissolved by condensing steam on the glass rod. The resulting solution is transferred
to a filter paper disk and dried again. The spot is treated with 10 ul of 0-1M hydrochloric acid,
followed by gaseous hydrogen sulphide, which is sucked through the filter using one of the previously
mentioned devices.* Silver and copper will precipitate, and nickel, zinc and manganese can sub-
sequently be washed to the ring (Ring I) using 0-1M hydrochloric acid. After drying, the central
disk is punched out, oxidised by successive vapour phase treatments over bromine and ammonia
solutions, placed on a new filter paper and washed out fully to the ring (Ring II) using ammonia
solution (free from silicate and carbonate) containing 0-1%; v/v of 100 vol. hydrogen peroxide in
order to prevent partial reduction of silver. Ring Ilis cut into two sectors, which are tested as follows:

1. Silver. The first sector is bathed in 0-1M hydrochloric acid, then rinsed under the tap until all the
copper is removed. Silver sulphide is developed by bathing the sector for several minutes in
saturated aqueous hydrogen sulphide. Limit of identification: 0-5 ug.

2. Copper. The second sector is tested with «-benzoin oxime solution as described under Gold
alloys.

Ring I is cut into three sectors which are tested as follows:

1. Nickel. The first sector is sprayed with dimethylglyoxime solution, then fumed over ammonia
solution. A red line indicates nickel. Limit of identification: 0-1 pg.

2. The second sector is examined by the cobalt mercury(II) thiocyanate coprecipitation test.*® Limit
of identification: 0-075 ug.

3. Manganese(IT). The third sector is moistened with 0-1M sodium hydroxide solution, then sprayed
with benzidine reagent. A blue line indicates manganese. Limit of identification: 0-05 ug.
Manganese can also be detected successfully using the periodate-tetrabase test.®®

The above procedure for silver alloys was applied satisfactorily to the detection of silver, copper,
nickel, zinc and manganese in some alloys containing from 50 to 909 of silver, 10 to 40 %; of copper,
up to 5% of nickel and of zinc, and up to 1:5%; of manganese.

Acknowledgement—This paper reports research work carried out under the cultural agreement
between Austria and the United Arab Republic. All authorities concerned are thanked for their

co-operation and assistance.
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Summary—Up to 100 ug of sample can be collected from gold or
silver alloys by rubbing the specimen with the ground hemisphericat
tip of a 4-mm Pyrex glass rod. Gold alloys are then dissolved in
potassium cyanide solution containing hydrogen peroxide; silver
alloys are exposed to vapours of nitric acid. Procedures for transfer,
ring oven separation and identification of alloy constituents in the
sample solutions are described.

Résumé—On peut recueiller jusqu'a 100 ug de prise dessai & partir
d’alliages d’or ou d’argent en frottant ’échantillon avec I'extrémité
hémisphérique rodée d’une baguette en verre Pyrex de 4 c¢m. On
dissout alors les alliages d’or dans une solution de cyanure de po-
tassium contenant de I'eau oxygénée; les alliages d’argent sont
exposés aux vapeurs d’acide mitrique. On décrit les techniques de
transfert, séparation au four annulaire et identification des constituants
de Ialliage dans les solutions d’essai.

Zusammenfassung—Bis 100 #g Probe kdnnen von Gold- oder Silber-
legierungen genommen werden durch Reiben des Materials mit dem
geschliffenen halbkugeligen Ende eines 4 mm-Pyrexglasstabes. Gold-
legierungen werden dann in wasserstoffperoxydhaltiger Kaliumcyanid-
losung geldst;  Silberlegierungen werden _Salpetersiureddmpfen
ausgesetzt. Es werden Arbeitsvorschriften zur Uberfiihrung, Ringofen-
trennung und Identifizierung der Legierungsbestandteile in den
Probeldsungen angegeben.
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Amperometric titration of mercury with a stationary platinum electrode
in stirred solutions

(Received 14 June 1965. Accepted 3 November 1965)

THE present communication describes a rapid method for the determination of mercury by ampero-
metric titration with 2-mercaptobenzoxazole in stirred solution with a stationary platinum electrode
utilising the same technique as reported in a previous communication.! Bera and Chakrabartty used
this reagent in the gravimetric determination of palladium and silver,? and in amperometric deter-
mination of palladium, copper and silver.® It was reported® that mercury was quantitatively pre-
cipitated with 2-mercaptobenzoxazole from an acetate buffer solution in the pH region 4-5. Although
the precipitate conformed approximately to a metal to ligand ratio of 1:2, the formula could not
be ascertained definitely. The present investigation was undertaken to acquire further information
on the composition of the mercury complex,

The nature of the electrode reactions exhibited by the reagent and the mercury(Il) ions was
studied in a sodium acetate-acetic acid buffer medium in the pH range 4-5 (Fig. 1) at room temper-
ature (25 & 1°). The reagent did not produce any current at an applied potential of zero potential vs.
saturated calomel electrode, but from —0-1 V onwards it produced a large current. On the other
hand, mercury jons diffused towards the cathode, producing a large current even at an applied
potential of zero potential. The current was proportional over the concentration range of 0-4 x 104
to 25 X 10~* M mercury(Il). For the subsequent experiments, a potential of zero potential with
respect to a calomel electrode was chosen. Deoxygenation was unnecessary because dissolved oxygen
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did not undergo any cathodic reaction at the applied potential selected for titration. Different
supporting electrolytes, e.g., ammonium nitrate, potassium nitrate, ammonium chloride and potassium
chloride, were tried, but steady current values were obtained only in the presence of potassium chloride.
The current gradually decreased with time at the beginning, but towards the equivalence point the
values remained almost constant. For satisfactory titration curves, the current readings were noted
30 sec after each addition of an aliquot of titrant.

HA

Current,

! L L (N i . i L
¢] -0-2 ~-0-4 —~0-6 -08 =10

Voltage, V

Fic. 1.—Current—voltage curves of the reagent and mercury(IT) in acetate buffer solution:
1715000 x 10-% M 2-mercaptobenzoxazole,
IL 13068 x 10~* M mercury(ID).

EXPERIMENTAL

Solutions of 2-mercaptobenzoxazole were prepared by dissolving the reagent in the minimum
quantity of dilute potassium hydroxide solution and diluting to the desired volume. The reagent solu-
tion was standardised with a standard mercury(II) solution. The concentration of the titrant was about
fifty times that of the mercury(I) solution. The reagent solution could be preserved in a
refrigerator for 2 days. Sodium acetate acetic-acid buffer was used. A stock solution of mercury(IT)
was prepared by dissolving pure mercuric oxide in dilute nitric acid and expelling excess acid. The
mercury content of this solution was determined by a standard method.*

The electrode was constructed in such a way that about 5 mm of platinum wire (0-5 mm diam.)
protruded vertically from the wall of the glass tubing. It was mounted over the centre of the stirrer
bar so that the gap between electrode and bar was about 1 cm. The amperometric assembly consisted
of a stationary platinum electrode as the polarisable electrode, a saturated calomel electrode with
a potassium chloride-agar salt bridge as the reference electrode, a potentiometer and a microammeter.
The titration vessel was a 200-ml tall-form beaker fitted with a Tubber stopper. Holes were drilled
in the stopper to accommodate the salt bridge, the platinum electrode and the burette delivery tip.
The solution was stirred with a magnetic stirrer and the speed of rotation was maintained effectively

between 230 and 235 rpm.

Procedure

An aliquot of, standard mercury solution was placed in the titration vessel followed by 5 ml of
buffer solution, 5 ml of 1M potassium chloride solution and water to adjust the final volume to 50 ml.
The vessel was then placed over the stirrer and the electrodes were assembled. The circuit was then
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closed with an applied potential of zero volt. After about 1 min the value of the current was noted.
The titrant was gradually run into the solution from a microburette and the current readings were
noted 30 sec after each addition of the titrant. Titration was continued till no current flowed. Some
typical titration curves are depicted in Fig. 2.

HA

Current,

Volume of titrant, ml

FiG. 2.—Titration of mercury(IT) with 2-mercaptobenzoxazole:
1. 04356 x 10~% M (0-437 mg) mercury(Il) with 0-6622 X 10—2 M reagent,
I1. 1-3068 x 10~* M (1-311 mg) mercury(Il) with 1-3244 X 10~* M reagent,
IIT. 2:6136 x 10~¢ M (2-622 mg) mercury(II) with 13244 x 10—2 M reagent,
1V, 3'9204 x 10~% M (3-496 mg) mercury(I) with 1:3244 X 10~2 M rcagent.

RESULTS AND DISCUSSION

Each set of titrations resulted in three straight lines and showed two intersections. The second
or final intersection was taken as indicating the end-point and corresponded to a metal to ligand
ratio of 1:2. The first or the intermediate intersection corresponded appoximately to a metal to
ligand ratio of 1:1. Reproducible results were obtained when the amount of mercury varied between

TABLE I.—DETERMINATION OF MERCURY(II)

Hg taken, mg Hg found, mg Average error, mg

04370 0-4383
0-4400 +0-0038
0-4443

1-3110 1-3000
1-3080 +0:001
1-3280

2-6220 2:5820
2-5900 —0-022
2-6300

3-4960 3-0200
3-0400 —0-439
3-1120
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04 and 25 mg. With higher amounts of mercury, the intermediate straight line gradually became
parallel to the volume axis, consequently leading to erroneous results. The above phenomenon can
be explained by the stepwise complex formation of mercury with the ligand. Evidently, at the lower
ligand concentration a 1:1 complex is formed, and this changes to a 1:2 complex when the reagent
is in excess. Some results are tabulated in Table I.

Research and Control Laboratory BmMaL C. BErA

Durgapur Steel Plant, Durgapur-3 MapaN M. CHAKRABARTTY
West Bengal, India

Inorganic Chemistry Department Saswartr P. Bag
Jadavpur University
Calcutta-32, India

Department of Chemistry
University of Utah, Salt Lake City Kanar L. MALLIk
Utah, U.S.A.

Summary-—Amperometric titration of mercury (in the range of 0-4 to
3:5mg) has been carried out with 2-mercaptobenzoxazole with a
stationary electrode in stirred solution in a sodium acetate-acetic acid
medium.

Zusammenfassung—Quecksilber (0,4-3,5 mg) wurde mit einer ruhenden
Elektrode in gerithrter Natriumacetat-Essigsdure-Losung mit 2-Mer-
captobenzoxazol amperometrisch titriert.

Résumé—On a réalisé le dosage ampérométrique du mercure (de 0,4
a 3,5mg) au moyen de 2-mercaptobenzoxazole avec une électrode
stationnaire dans une solution sous agitation, en milieu acétate de
sodium-acide acétique.
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Determination of orthoesters by hydrolysis and Karl Fischer titrimetry
(Received 10 September 1965. Accepted 22 October 1965)

A simple, rapid analytical method for orthoesters was needed. To meet this need, a titrimetric method
based on the acid hydrolysis of orthoesters was developed.
Orthoesters can be quantitatively hydrolysed to carboxylic esters by shaking with water:*

o)
|
R—C(OR"); + H;O0 -~ R—C—OR’ -+ 2R’OH.

The reaction is catalysed by acid.??

The method we have developed involves adding an orthoester sample to a standard solution of
water in trichloroacetic acid-methyl alcohol. After a timed reaction period, unreacted water is deter-
mined by Karl Fischer titration. This method is an alternative to the aquametric procedure described
by Smith ez al. which involves water formation by reaction with a boron trifluoride-acetic acid reagent.
Our method is faster and requires no heating.
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EXPERIMENTAL
Reagents and apparatus

All of the orthoesters and the trichloroacetic acid used in this work were obtained from the J. T.
Baker Chemical Company. Karl Fischer stabilised reagent was obtained from Fisher Scientific
Company. A water solution was prepared by pipetting 10-0 ml of distilled water into a one 1. volumet-
ric flask and diluting to volume with dry methyl alcohol. A trichloroacetic acid solution was prepared
by weighing 125 g of reagent-grade trichloroacetic acid into a 500-ml volumetric flask, and dissolving
and diluting to volurne with dry methyl alcohol. All flasks were dried at 110° for 30 min before use.

Procedure

Pipette 10-0 ml of trichloroacetic acid-methyl alcohol solution and 20-0 ml of water-methyl alcohol
solution into a 125-ml glass stoppered Erlenmeyer flask. Add 1-1-5 g of the orthoester sample, stopper
the flask and allow the solution to stand 45 min with occasional swirling. Titrate the solution with
Karl Fischer reagent. Also, titrate a reagent blank which has also stood for 45 min. Calculate the
percentage of orthoester as follows:

o = (Vy — VYHM)
= T1802(m)(W)

where: V, = volume of Karl Fischer reagent required to titrate blank (ml),
V, = volume of Karl Fischer reagent required to titrate sample (ml),
f = Karl Fischer reagent standardisation factor (mg of H,O/ml of reagent),
M = molecular weight of orthoester,
n = orthoester groups per molecule,
and W = weight of sample used (g).

RESULTS AND DISCUSSION

This procedure was used in the analysis of four commercially available orthoesters. The results are
shown in Table I.

TABLE I.—ASSAY OF ORTHOESTERS

Orthoester,
Compound Wt.%
Triethyl orthoacetate, practical grade 952
Triethyl orthopropionate, practical grade 94-8
Trimethyl orthoformate, reagent grade 98-8
Triethyl orthoformate, reagent grade 99-2

The trichloroacetic acid-methyl alcohol reagent undergoes a slow esterification, producing a very
small amount of water in the system. It is, therefore, important that blanks and samples stand the
same length of time before titration. If this is done, no significant error is introduced. Because
carboxylic esters are most likely impurities in orthoesters, several were checked for interferences. No
interference was found.

Acknowledgement—The authors wish to thank Mr. L. Saleh and Mr. D. A. Danald for making many
of the determinations used in this work.
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Summary—The acid hydrolysis of orthoesters has been made the basis
of a titrimetric method. The method involves reaction of an orthoester
with a known excess of water in a trichloroacetic acid-methyl alcohol
system, followed by determination of unreacted water by Karl Fischer
titration.

Zusammenfassung—Die saure Hydrolyse von Orthoestern wurde zu
einer titrimetrischen Bestimmungsmethode verwertet. Man 148t den
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Orthoester miteinem bekannten Wasseriiberschuf in einem Trichloressi-
gsaure-Methanol-System reagieren und bestimmt das nicht umgesetzte
Wasser durch Karl Fischer-Titration.

Résumé—I’hydrolyse acide des orthoesters a été prise pour base d’une
méthode titrimétrique. La méthode comprend la réaction d’un
orthoester avec un excés connu d’eau dans un systéme acide trichloracé-
tique-méthanol, suivie du dosage de I'eau qui n’a pas réagi par titrage
selon Karl Fischer.
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LETTERS TO THE EDITOR

Trivial names of analytical reagents
SIR,

The susceptibility of chemists to store up trouble for themselves in the trivial names that they
bestow on unsuspecting reagents is well known. After having once established the trivial name, they
often insist on the use of it in the description of its derivatives, salts and complexes, without consider-
ing whether the original reason for giving the trivial name is still valid, i.e., to identify the compound
more concisely. In many instances, this extended usage merely leads to verbose, tongue-twisting,
odd or even incorrect terminology. A particularly bad example that came to my notice recently is
cupferron. This is the ammonium salt of N-nitrosophenylhydroxylamine. The insistence on the use
of cupferron, rather than the correct chemical name, in all compounds in which it is involved, leads
to such expressions as “‘the free acid of cupferron™, and to the metal complexes of this acid being
termed ‘‘cupferrates”, clearly a misnomer because they contain no ammonium.

A brief glance through the literature reveals other examples—edetates, and the various expressions
for 8-quinolinol and its complexes—to name but two. Surely persons in positions of influence, such
as editors of journals and authors of standard text-books, could take the lead and avoid the perpet-
vation of irritating nomenclature. Perhaps they could also decide on the suitability of new trivial
names when they are first suggested.

Department of Chemistry ALAN TOWNSHEND
University of Birmingham

Birmingham 15, England.

15 November 1965

During the I.U.P.A.C. Conference in Paris, July, 1965, an Interdivisional Committee on Nomen-
clature was formed, consisting of representatives from all the Nomenclature Commissions of the
various Divisions (see Talanta, 1965, 12, 785). The purpose of this new Committee—Convenor,
Professor K. A. Jensen (Copenhagen); Recorder, Professor R. BELCHER (Birmingham)—is to ensure
complete liason by interchange of documents at various stages between the various Nomenclature
Commissions. At the instigation of this new Committee, the Nomenclature Commission of the
Analytical Chemistry Division of LU.P.A.C. is compiling a list of trivial names of analytical reagents.
When this list is complete, the Interdivisional Committee, as part of the next stage of the process, will
arrange for some uniformity to be brought into the field.

EDITOR-IN-CBIEF

Selectivity index'-?

SIR,

The following observations are extracted from a private letter sent by Professor H. Flaschka to
one of us. Professor Flaschka left it in our hands whether or not this should be published, but
because it is a valuable contribution to the discussion we reproduce the pertinent paragraphs:

“First I may mention that the term G = gravimetric is not very good. What it obviously intends
is to indicate a precipitation. A precipitation is, however, not necessarily made with a gravimetric
finish in mind; nowadays, at least, it is frequently undertaken as a means of separation. Consequently,
it seems to me that “gravimetric” would be better replaced by *“precipitation”.

The greatest trouble the scheme may run into rests in the fact that an assignment of an interference
number (in Betteridge’s proposal® the Greek letter) makes only complete sense and has complete
validity after all elements have been investigated. In practice this is rather difficult because how many
investigators have all the materials at hand and further how many are willing to do the work? In
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most cases a procedure is worked out for the analysis of an element in a certain material or group of
materials; someone investigating a new reaction and applying it to steel analysis will hardly test for
noble metals and rare earths, In the illustration quoted® for the spectrophotometric determination
of niobium by 4-(2-pyridylazo)resorcinol (PAR),® § refers to the interference of uranium(VI),
vanadium(V) and tantalum. However, we are at present working on a determination of palladium in
which PAR takes the palladium out of an EDTA complex.

Thus, it seems to be necessary to put some additional requirements or limitations or whatever
the correct word is, into effect. One possibility would be to group metals or clements into groups,
e.g., according to their frequency. Then Group I may be the ‘most common metals’, Group II
these and some more rare ones, ezc. Alternatively, a grouping according to analytical aspects would
be more convenient and realistic. That is a matter you may discuss with your group next meeting
and maybe some reasonable improvement can be made. To illustrate my idea the left superscript
of the scheme might then read, for example, A(i), indicating that 2 elements from the metals in Group
1 interfere. Maybe “interfere” is not the correct term and it would be better to say that it also gives
a positive reaction. An interference might be termed a substance that did not give the reaction per
se but may prevent or foul up the positive reaction which is under test.

A scheme must be capable of giving all or nearly all the details so that one can actually read from
the notation what is known and what one wants to know; otherwise we have made little progress
other than to have replaced, to use your own words, a nebulous scheme by a nebulous term. Because
for a good job and looking for a good reaction it is not enough to know only how many other com-
pounds react, one may for the good reaction write, instead of a number or a Greek letter, the
symbols for the compound giving the test also in a positive way.

The biggest problem seems to be, however, not merely that everybody accepts the scheme and
learns how to read it, but that anyone investigating a new reaction does a complete job and tests all
elements or jons and reports accordingly or at least within a group whatever that group might be.”

In addition to the above comments from Professor Flaschka, we have received some verbal
comments from colleagues and acquaintances. Some of these have been general in nature; some
have suggested that more, and some that less, detail should be supplied. One specific objection has
been made about the simpler system.!

Some reagents of wide application may have a different degree of selectivity, depending on the
conditions of reaction and the ion examined. Thus, the same reagent might have different Selectivity
Index Numbers. This is quite true (but not so general as might be thought), and the simpler system
could be easily modified to accommodate such a reagent, by inserting the particular ion concerned in
brackets after the reagent. For example, “diethyldithiocarbamate (¢)” would become “diethyldithio-
carbamate (Cu®+)(c)”’.

Professor Flaschka’s point about a method which employs precipitation but does not use a
gravimetric finish can be met by using P for the centre letter of the Index. For a reaction which is
carried out in concentrated acid solution, it may be better to specify the acid rather than the pH,
e.g., for trioctylphosphine oxide

f Au
Sx
HBr PO,

His other suggestion involves putting a subscript on a superscript and is thus scmewhat awkward.

The remaining comments deal with interference and are thus not central to the issue of the Index.
The broader question of what elements could usefully be examined before a degree of selectivity can
be obtained is an interesting one. Obviously, when a method for a particular element is developed
one would first examine the elements most likely to interfere. If the method looks promising one
can at this stage either claim a degree of selectivity and publish, or examine more elements to sub-
stantiate the claim completely. We would accept editorial guidance on this point but, in general,
feel that the greater the number of interferences examined the stronger the claim for selectivity.

Mr. Wilson’s concern? over the concentration of the determinant is appreciated, but raises too
many complications for the limited aims of the Index. Basically one wishes to know only whether
an element or species is going to interfere excessively or negligibly: the details are of real concern
when the method is being critically studied before use.

We accept that interfering species is preferable but feel that the definition of interference proposed
by Mr. Wilson begs the question. What is a systematic error? We proposed arbitrary limits that
are frequently used by other authors.

Returning to the Index, we reject the suggestion that we are proposing a nebulous scheme to
replace a nebulous term. The definition of the degree of selectivity, i.e., @, B, v, is a precise statement
and the addition of the nature and major conditions of reaction results in the abstraction of the most
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important information. If the original work is well carried out and presented it is a matter of minutes
to compile the Index. If the original work is vague, both the Index and the term *'selective” are ill
advised. The Index was not meant to displace the literature but to improve the term “selectivity”;
we believe that it does this.
R. BELCHER

Department of Chemistry
University of Birmingham
Birmingham 15, England.

and D. BETTERIDGE
Department of Chemistry
University College
Swansea, Wales.
10 December 1965
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NOTICE

UNITED STATES OF AMERICA

Wednesday-Friday 11-13 May 1966: Twelfth National ISA Analysis Instrumentation Symposium:
Hosted by Houston Section of Instrument Society of America and programmed by ISA’s Analysis
Instrumentation Division. Shamrock Hilton Hotel, Houston, Texas.

The theme of the Symposium is Instrumental Methods for Trace Analysis, featuring air and water
purity measurements. Interested authors are invited to submit papers in the following analysis
instrumentation areas: laboratory andfor process chromatography; radiation, optical, electro-
mechanical, chemical or physical methods; and sample handling technique. Those desiring to present
papers should submit a 300-word abstract to: GEoRGE I. DOERING, Technical Programme Chairman,
Industrial Nucleonics Corporation, 650 Ackerman Road, Columbus, Ohio 43202. Advance registra-
tion information may be obtained from: L. B. FieLps, Beckman Instruments, Inc., 5810 Hillcroft,
Houston, Texas 77036.
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PAPERS RECEIVED

Jodemetrische Selenbestimmung nach verausgegangener Extraktionstrennung mit Diisopropylketon:
L. Futekov and N. JORDANOV. (29 November 1965.)

Prediction of standard transition metal salts from the crystal structure: KeNNETH G. STONE and JosepH
T. Lunpquist. (13 December 1965.)

Quantitation of thin-layer chromatograms: D. A. KEywoRTH and R. F. SWENSEN. (16 December 1965.)

Selection of the optimum range for reflectance spectrophotometric analysis: VAN T. L1y and MICHAEL
M. FrRoDYMA. (20 December 1965.)

Radiochemical separation of antimony by isotopic exchange: IQBAL H. QURESHI and MUHAMMAD
SHABBIR. (23 December 1965.)

Mechanism of the reaction between Hg(II) and iodide ion and the possibility of a volumetric determination
of Hg(I): G. C. JaiN and Y. K. GUPTA. (29 December 1965.)

Some uses of ascorbic acid in the analytical chemistry of iron: M. L. RicuarpsonN and P. E. LuTtoN.
(4 January 1966.)

Spectrophotometric extractive titrations—III: Simultaneous determination of silver and copper in high
purity lead: ArTanas GALfk and MirosLAV KNIZEK. (6 January 1966).

Teflon chains for use with the Foulk chain hydrometer: G. F. SMiTH. (6 January 1966.)

Inorganic polarography in organic solvents—I: Preliminary observations on the use of water-immiscible
solvents: B. F. AFGHAN and R. M. DAGNALL. (8 January 1966.)

Separation and determination of radioactive cesium in milk: R. B. HanN, J. L. JoHnNsoN and J. B.
McKay. (12 January 1966.)

3-Methyl-S hydroxy-5-(D-arabino-tetrahydroxybutyl)-thiazolidine-2-thione as a reagent for the spectro-
photometric determination of copper: J. A. CorBeTT. (14 January 1966.)

Separation of sugars by circular thin-layer chromatography: M. H. Hasami and N. A. CHUGHTAL
(19 January 1966.)

Remarks on hexamminecobalt (IIT) carbonatoberyllate: A. V. VINOGRADOV. (19 January 1966.)

Substoichiometric separation for activation analysis by coordinative extraction of unsolved salts: 1. P.
ALIMARIN and G. A. PEREZHOGIN. (19 January 1966.)
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PUBLISHER’S ANNOUNCEMENT

REPRINTS OF REVIEW PAPERS

Reprints of the following reviews published in Talanta are available from Journals Department,
Pergamon Press Ltd., Headington Hill Hall, Oxford, England, at 7s. or $1 per copy, on a cash with
order basis only:

“‘Precipitation of Metal Chelates from Homogeneous Solution’” by F. H. Firsching.
“Recent Developments in the Ring Oven Technique’” by H. Weisz.

‘Adsorption Indicators in Precipitation Titrations’* by R. C. Mehrotra and K. N. Tandon.
“Radiometric Titrations®’ by T. Braun and J. Tolgyessy.

“Recent Uses of Liquid Ion Exchangers in Inorganic Analysis”> by H. Green.

““Applications of Nuclear and Electron Magnetic Resonance in Analytical Chemistry>’ by B. D.
Flockhart and R. C. Pink.

A Critical Evaluation of Colorimetric Methods for Determination of Noble Metals—III: Palladium
and Platinum”’ by F. E. Beamish.

¢A Critical Evaluation of Colorimetric Methods for Determination of the Noble Metals—III: Rhodium,
Iridium, Ruthenium, Osmium and Gold** by F. E. Beamish.

“Present State of Complexometry—I: Determination of Quadrivalent and Tervalent Metals™ by
Rudolf Pfibil.

“Some Recent Developments in Radioactivation Analysis: A Review of Improvements in the Analytical
Technique®’ by F. Girardi.

““Separation of Transplutonium Elements”’ by J. Stary.

Single copies of the Heyrovsky Honour Issue of Talanta, December 1965, may
be obtained from Journals Dept., Pergamon Press Ltd., Headington Hill Hall,
Oxford, England, at £2 or $6.50 per copy on a cash with order basis only.







SUMMARIES FOR CARD INDEXES

Electrometric indicators in the amperometric titration of cations and
acids: WALENTYNA RuskuL, Talanta, 1966, 13, 333. (Department of
Inorganic Chemistry, University of Lodz, Poland.)

Summary—Amperometric titration is carried out at zero potential in
the presence of hydroquinone and p-aminophenol as electrometric
indicators. Solutions of sodium carbonate, sodium arsenite, sodium
tetraborate and potassium cyanide have been used as reagents in
neutralisation, precipitation and complex formation reactions for the
determination of cations separately, the simultaneous determination of
several cations in one sample and of acid and cations present simultan-
eously. After the equivalence point has been reached, hydroxyl ions
appear in the solution as a result of salt hydrolysis and a considerable
increase in the current voltage occurs. The indicator in alkaline
solution induces the depolarisation of the electrode.

Determination of potassium by titrimetry: TApasu1 IwAcHIDO, Talanta,
1966, 13, 341. (Department of Chemistry, Faculty of Science, Okayama
University, Tsushima, Okayama, Japan.)

Summary—Epp’s method modified by the addition of solid calcium
hydroxide to the sample solution. This simplified the procedure,
increased the rapidity and lessened the sources of error. With
samples containing various ions except ammonium ion, potassium
(conc. of KCI 0-25 to 1:8 x 10-2M) was determined within 0-4% of
error, by means of corrections for the existence of a large quantity of
sodium chloride and for the solubility of potassium tetraphenylborate.

Spectrophotometric determination of cerium with sulphanilic acid: P, L.
SarMa and LoweLL H. DIETER, Talanta, 1966, 13,347. (Department of
Chemistry, University of North Dakota, Grand Forks, North Dakota,
U.S.A)

Summary—In the presence of other rare earths, cerium(IV) can be
determined spectrophotometrically by its reaction with sulphanilic acid
with which it produces a red colour. Solutions containing 28-210 ppm
of cerium absorb at 495 mu according to Beer’s law. Other rare
earths, except neodymium, and many common ions do not interfere.
Strong oxidising agents and neodymium in greater than fifty times the
concentration of cerium interfere with this method. The precision
depends on the control of pH and time. Cerium alloys have been
analysed by this method and the results are compared with those
obtamed by another spectrophotometric method.
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AnHotanun crareit

SJEKTPOMETPUYECKIE MHIUKATOPH B
AMIEPOMETPHYECHKOM THUTPOBAHMN HKATHOHOB
1 KUCGJIOT:

WALENTYNA RuUskUL, Talanta, 1966, 13, 333.

Pesrome—AMnepoMeTpudecKrue THTPOBAHMA IIPOBOJUTCA HpPH
MOTeHIMAe Hydb B IPHCYTCTBUM THADOXMHOHA U I-aMuHOPeHoIa
B KaJecTBe 3JEKTPOMETPHYECKMX HHAHKATOPOB. PacTBopH
rapOoHara HaTpUA, apceHNTa Harpud, Terpadopara HaTpuA H
MHAHUAA KaJINA ObLIN MCIOIL30BAHEL KAK PeareHTH A HeHTpa-
AUBAMUY, OCLKAEHUS U 00PABOBAHMA KOMILIEKCOB IPU OTHEAb-
HOM OIpefelleHuy KAaTHMOHOB, NPHU OBOHPEMEHHOM OIpeNelieHIN
KUCJIOT ¥ KATHOHOB ¥ NIPH OJJHOBPEMEHHOM OIIPEeIICHIH HECKOJIb-
KUX KATHOHOB B OfHOU mpobe. Ilocne pmocruskeHMs TOUKU
3KBUBAJIEHIN B PACTBOpe IOABJIAIOTCA THAPOKCHIAMOHH B
pesyJbTate TUEPOJIM3A COJM M HANUPSKEHHEe TOKA 3HAYUTENBHO
nopemaercd. VIHOUKATOp B WIRIOYHOM PACTBOPE BHIBHIBAET
DENOJIAPUBALUIO BIIEKTPOAA.

OIIPENEJEHNE KANWA TUTPUMETPUYECKAM
METOIIOM:

Tapass1 IwacaiDo, Talanta, 1966, 13, 341.

Pesrome—BujonsMeHeH MeTof onna xobaBleHMeM TBEpAOI
IHJIPOOKUCH KAJbIMA K pacTBopy mpobui. Taxkmm myTtem mpo-
meAypa YOPOIAETCA M YCKODACTCA, & HCTOYHHKM OIHMGOK
YMEHBINAWTCA. B Ipo0aX, CONEP:HAIMUX DPASINYHBIE HOHI,
MCKIIOUaA aMMOHMII, ompefeled KU (IPH KOHUEHTPAUUAX
0,25-1,8 x 10-2M HKCl) ¢ ommnbroit menvme 0,49, BBORA IOH-
PABKY B Ciy4ae OONBNIMX HKOIMYECTB XJIOPUAA HATPHUA M ION-
PaBKY Ha PACTBOPUMOCTH TeTpadeHUIbopKaIus.

CIIEKTPO®OTOMETPUIYECKOE ONPEJENEHUE
LIEPUA CYJILOAHUIOBON HUCIOTOMN:

P. L. SArMA and LoweLL H. DietER, Talanta, 1966, 13, 347

Pestome—B npHCYTCTBUMM EPYrHX PEAKO3EMEJLHHIX 9JIEMENTOB
MOMHEO OUpeJeJUTh Hepuit(IV) CIHeKTPOPOTOMETPUIECKHM METO-
TOM HA OCHOBAHWHM €0 PEaKIHUH C CYIb(PaHMIIOBON KUCIOTOH, ¢
KOTOPO# 00pasyeT KpacHyio OKpacky. PacTsopel cogep:rawiue
28-210 MT/T pepuA NOTJIOIAIT CBET NpH 495 MMK, COGIofan
sakor Bepa. J[Ipyrume peiko3eMelbHEIE DJEMEHTH!, 34 UCHIIIO-
YeHUEM HeoxuMa, U MHOTOUUCJICHHEIE OGLIKHOBEHHEIE MOHEL HE
MemawT. CHIBHBIE OKUCIWTEIM KM HEeONuM B KOHIEHTPanum
OATHLEECAT pa3 GolblIe YeM KOHIEHTPAnUA NePUA MEIIaoT eTOMY
Metony. ToumocTh MeToja BaBUCHT OT peryimpomamus pH m
ppeMeHd. Cnaass uepwnA CHIIM aHAIM3MPOBAHBI 9TAM METONOM M
pesyIsTaTH CP'BBHEHBI C FAHHLIMHA ITOJIYyYEeHHHME IPYTAM CHeK-
TPOPOTOMETPUIECKHEM METOTOM.



Summaries for card indexes

Direct potentiometric titration of chlorite in presence of chlorate, chlorine
dioxide and chloride: J. KgpiNskiand G. BraszkEwicz, Talanta, 1966,
13, 357. (Department of Inorganic Chemical Technology, Technical
University, Szczecin, Poland).

Summary—A. direct potentiometric titration of chlorite in the presence
of chlorate, chlorine dioxide and chloride is described. Chlorite is
determined in 0-01-0-0005M sodium chlorite at pH 2-0-3-5 using hypo-
chiorite solution. The course of the reaction is followed potentio-
metrically using saturated calomel and platinum electrodes; the end-
point is indicated by a potential jump of about 230 mV. Under these
conditions no reaction takes place with chlorate, chlorine dioxide or
chloride. Previously, the determination of chlorite in such mixtures was
only possible by difference from several oxidimetric titrations.

Fluorometric titration of calcium, magnesium and iron using Calcein
Blue as indicator: A. M. ESCARRILLA, Talanta, 1966, 13, 363, (Utica
College of Syracuse University, Utica, New York, U.S.A)).

Summary—Calcium, magnesium and iron can be determined by suc-
cessive fluorometric titration without separation. Calcium is titrated
directly with EGTA at a pH > 13; magnesium is determined by a
substitution reaction with copper-EDTA complex at a pH of about 11;
and iron is titrated directly with EDTA. in the presence of hydrogen
peroxide at a pH of 10-5, after destroying its triethanolamine complex.
Calcein Blue serves as an indicator in all of the titrations and as a
fluorescent standard. The end-points are sharp and the accuracy is
good for various proportions of the metal ions. The method is simple,
reproducible and inexpensive. Standard solutions of ions, limestone,
cement and serum samples have been analysed by the proposed method.

A high-temperature inert gas fusion apparatus: A. W. MosEN, R. E.
Kerreyand H. P. MiTcHELL, JR., Talanta, 1966,13,371.(General Atomic
Division of General Dynamics Corporation, John Jay Hopkins Labora-
tory for Pure and Applied Science, San Diego, California, U.S.A.).

Summary—A high-temperature inert gas fusion apparatus capable of
operating at crucible temperatures as high as 3100° is described.
While this apparatus has been used primarily for the determination of
oxygen in pyrolytic carbon-coated uranium carbide particles, its
usefulness is not limited to this type of material. It can be generally
applied to the determination of oxygen and nitrogen in metals, alloys
and other materials amenable to analysis by vacuum-fusion techniques.
Analytical results obtained on steel and uranium carbide samples are
presented. The apparatus, in its present form, has been in daily use for
nearly 2 years. Down time during this period has been negligible. A
total of 20 samples can be run in duplicate in an 8-hr shift.
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AHHOTAIUKM CTaTEH

IIPAMOE IIOTEHIUOMETPUYECKOE TUTPOBAHUE
XJOPUTA B IIPUCYTCTBUM XJOPATA, ABYOKNUCH
XJIOPA U XJOPHUIA:

J. KepiNski and G. BLASZKIEWICZ, Talanta, 1966, 13, 357.

Pesome—Onucano nNpAMoe MOTEHIIOMETPUYECKOE OIIpeNielIeHNe
XJIOPUTA B MPUCYTCIBUM XJI0PATa, JBYOKHCH XJlopa M XJIOpUAA.
Xaopur onpegensioT B 0,01-0,0005M pacTBope XJI0PHTa HATPHA
npu pH 2,0-3,5 ¢ mcmonp3oBaHmeM pacTBOpa I'EIIOXJIOPHTA.
Teuenue pearnuu 0GEAPYHUBAIOT NOTEHIUOMETPHIECKHM METO-
IOM IOJIb3YACh HACHIUEHHHIM KaJjOMeJLeBRM K ILIATHHOBRIM
9JIEKTPOAAMM ; KOHCI[ TUTPOBAHN O3HAYCH CKOKOM IOTEHIMANA
OoT 230 mV. B 3TWX YCIOBMAX HET PeaRNum ¢ XI0paToM, IBYyO-
KUCBHID XJ0pa WiaM xJopupoM. Jlo CHX IOp B TaKUX CMeCAxX
ollpefielIeHNe XJOPHTA OBIIO BOBMOMKHO TOJHKO HA OCHOBAHHH
PA3HALE! MEKIY HECKOILKAMH OKCHIUMETPUYECKUMHM THUTPO-
BaHUAMH.

OJIYOPOMETPUYECHKOE TUTPOBAHUE KAJIBIIUS,
MATHHUsT 1 HEJE3A C UCIOJB30BAHVEM
HAJBIIEMHCHHETO B KAYECTBE MHIMKATOPA:

A. M. EscarriLrA, Talanta, 1966, 13, 363.

Pesrome—Hanpnuil, MarHuil u jKelle30 MOMKHO OIpefelluTh
noclefoBaTeIbHLM (IyOpPOMETPHYECKHM TUTPOBaHMEM €e3 BHI-
generua. Hansuuii turpyior npaMo ¢ 9ATA npu pH > 138;
MarHuit ONpefeldIOT peaKmuedl 3aMelleHNA ¢ KOMILIEKCOM Meau
un 3/ITA npu pH okono II; emneso turpywr npamo ¢ BATA B
NpUCyTCTBHM HepeKrucH Bofopona npu pH 10,5 mocue pasopeHus
ero KoMILIeKca ¢ TPUSTAHONAMHHOM. HalbUeHmHCHHMR CIYMHUT
B KauecTBe HMHAUKATOPA BO BCEX TUTDORAHUAX, TAKMKe HAK U B
HadecTBe (UIYyOPECI¢HTHOTO CTaHAapTa. HOHNM THTPOBAHNA
OCTPHE M TOYHOCTL J0BOJHA [JIA PA3iMYHLIX PasMepOB MOHOB
MeTainioB. Meroy| HeCIOKHbIA, TOUHHI U femessii, Turposan-
Hbleé DaCcTBOPHl MOHOB TaKKe KAK M PaCTBOPHl H3BECTHAKA,
LIEMEHTA 1 CHIBOPOTKY OHIIIM 3HANMBMPOBAHEL 9THM METOHOM.

OpPUBOP AJIiA IINIABJIEHUA B UHEPTHOM I'A3E
P BHLICOKOW TEMIIEPATVPE:

A. W. Mosen, R. E. KELLEY and H. P, MITCHELL, JR., Talanta, 1966,
13, 371.

Pesome—Onucan npubop JIA NIABIEHUA TP BEICOKHX TeMIepa-
TYypax B arMmociepe MHEPTHOTO rasa, KOTOPHIM MOKHO HOJB30-
BATHCA BCE JO TEMIEPATYP B TUTIBe oKodo 3100°. Sror mpubop
OBIIT MCIOJIB30OBAH B MEPBYH odepefb ANA ONPENelleHHs KHC-
JIOpOAa B YACTHLAX HMOKPEITHIX IHPOJIUTHYECKUM YIJIAepOIoM, HO
ero HpUMeHAeMOCTh He OIPAHMUYMBAETCH TOJHKO HA STOT THI
marepuaia. B ofleM MOKHO HOIB30BATHECA 3THM IpHGOPOM JJIA
OIpeNleIeHHA KUCIOPOAA U a30Ta B METallNIaX, CIIAIaBaxX U ApYyrux
MATepUaJIaX AHAJIUBHPYEMEIX METOLOM ILIABICHUSA B BAKyyMe.
ITpuBOAATCA Pe3yIbTATH NOIyYeHHEE B IP00ax cTajiy 1 Kaptuna
ypana. IlpmGopom B ero ubHeluHe#f ¢opMe II0Ib30BAINCH
eMe/[HeBHO IIOYTH Ycpe3 IBA I'OfA. B 8TOM mepuofie, IOTepAHHOE
Ha PEeMOHT BpeMs OBUIO He3HAYUTENbHO. B 8 vacoBoit cMeHe
MOMEHO AHAJIMBMPOBATH B MENOCTH 20 MBOUHHIX mpoG.



Summaries for card indexes

Determination of certain trace impurities in uranium concentrates
by activation analysis: A. A. ABDEL-RASSOUL, S. S. WaHBA and A.
ABDEL-AZ1Z, Talanta, 1966, 13, 381. (Nuclear Chemistry Department,
Atomic Energy Establishment, Inchass, U.A.R.)

Summary—A method is presented for the simultaneous determination
of chromium, iron, cobalt and zinc in samples of uranium concentrates,
oxides and metallic uranium by neutron-activation analysis. The
method involves adequate decontamination of gross fission product
activities by adsorption on silica gel, removal of uranium by solvent
extraction, separation of most carrier-free rare-earth activities by
coprecipitation with aluminium chloride, and, finally, fractional separa-
tion of the elements concerned by ion-exchange chromatography. The
method can assay ppm of such elements in limited quantities of samples
by scintillation y-ray spectrometric analysis with a reproducibility of
10-15%.

A comparison of neutron-activation analysis and hot extraction analysis
of the oxygen content of steel: L. C. PAszTor and D. E. Woob, Talanta,
1966, 13, 389. (Kaman Nuclear, Division of Kaman Aircraft Corpora-
tion, Colorado Springs, Colorado, U.S.A.)

Summary—A system developed for the fast neutron-activation analysis
of the oxygen content of metals has been tested comparatively with the
conventional vacuum fusion and carrier-gas fusion techniques. The
results of these tests indicate that neutron-activation analysis is much
faster (the total analysis takes only 2 min or less), and more reliable than
vacuum fusion and carrier-gas fusion ‘methods because all oxygen
present is analysed. Samples can be much larger than the 0-2-3 g
commonly used for the fusion methods. Furthermore, the analysis is
non-destructive—the same samples can be re-analysed as often as
desired. The fast neutron-analysis system includes a 14-MeV neutron
generator producing 10™ neutrons/sec, a dual-tube pneumatic transfer
system, a 5 x 5 inch Nal(T1) crystal, a single-channel analyser, two
scalers, and timers and switch-gear. A sample, in a polyethylene bottle,
and a Lucite reference are irradiated simultaneously, after which the
sample is returned to a detector for counting the **N gammas from the
180(n, p)** N reaction. The reference is then counted in a second detec-
tor; theratio of the sample counts to the reference counts is proportion-
al to the oxygen content of the sample. Samples with oxygen contents
from 0-002 to 0-1 % of oxygen have been analysed by neutron activation,
then cut in several pieces for hot extraction analysis of the total sample.



ApHOTaNMM cTaTeh

ONPENEJEHUE HEKOTOPLIX CJIEOOBLIX ITPUMEC
B YPAHOBBIX KOHIIEHTPATAX METOIOM
PAZVNOAKTUBAIIMOHHOTO AHAJIU3A:

A. A. ABDEL-RAssOUL, S. S. WauBA and A. ABDEL-AziZ, Talanta,
1966, 13, 381.

Peslome—HpuBenen METOX IJiA OAHOBPEMEHEOI'O OllpefielIeHuA
XpoMa, ejlesa, KofaNbTa ¥ I[MHKA B YPAHOBEIX KOHIEHTPATaXx,
B OKNCAX U B METAJIINYECKOM ypPaHe MEeTOIOM PafAloaRTABAITUOH-
HOro aHaidnsza. MeTof BRIKYAET COOTBETCTBYIONIYIO ACKOHTAMM-
Hauuo Ipy6oit akTHBHOCTH, HPONYKTOB PACIIEIJIEHNA afcopdu-
poBaHUEM Ha CHIMKareie, yCTPAHEHNE yPaHA sKCTPATHPOBAENEM
C pacTBOPUTENEM, BHIACNIeHHE OOJBUIMHCTBA PeIKO3eMeTbHEIX
aKTHBHOCTE! CBOOOMHBIX OT HOCUTEEH COOCAMIEHREM C XJIOPHOM
aNOMURES U, B KOHNE, PPAKUMOHHOE BHIEIEHNE MUILIATPaM-
MOBRIX KOIHYECTB STUX 9JJE€MEHTOB B OTr'PDAHUUEHHBIX npo6ax, C
MCIIOJb30BRHUEM CHI{IHTI{J‘IJ‘I&L[PIOHHOﬁ CIE€KTPOMETPUM PEHTTEHOB-
CKHUX JIyYei ¢ TOYHOCTBIO 10-15%,.

CPABHEHUE METOIOB PATUOAKTUBAIMOHHOIO
AHAJIN3A U I'OPYEIO DRCTPATMPOBAHMA IUJIA
OIPENEJIEHNA KUCIOPOOA B CTAJIN:

L. C. Paszror and D. E. Woob, Talanta, 1966, 13, 389.

Pesome—IIponenypa, paspaGoTaHHag AId ONpefelleHUA KHUC-
JOpofa B METANNAX MEeTOHOM PamuoaKTHBANUOHHOrO aHAJM3a C
HCIOJIb30BAHWEeM OBICTPHIX HeUTpOHOB, OBLIA MCIOBITAHA B
CpaBHEHUM ¢ OOLHIKHOBEHHBIMUM METOJAaMU INIABJIEHUA B BaKyyMe U
NITaBIEHUA B rase-HocuTesle. PesyapTaThl 3TUX OLBITOB IOKABH-
BAIOT YTO METOR PAANOAKTHBAIMOHHOIO AHAJIN3A ropasfo 6rcTpee
(COBOKYIHEBI{l QHAIM3 IPOMOIKIETCA TONbKO 2 MUHYTH WK
MeHbIlle) ¥ HajexHee 4eM IIaBJIeHUe B BAaKyyMe M ILIABJIEHUE B
rase-HOCHTENS, NOTOMY 4YTO AHAJIMBMPYETCH Bechb IPHMCYTCT-
Byl Kuciaopof. IIpoGe moryr ObITh 3HAYMTEABHO GoJbINE
yem 0,2-3 r, B3ATHIX OOBIKHOBEHHO [JIA METOHMOB ILIABJIEHNA.
KpoMe Toro aHamu3 HeJECTPYKTUBHEIf—Te ke NPOOGH MOTYT
CcHOBA OBITH AHAIMBUPOBAHBI CTONBKO, CHOJBKO Pa3 MEIaeTCH.
IIpuGop AnA pagMoaKTHBAMOHHOIO AHANM3a BKIOYAaeT B cela
reneparop HedpoHoB 14 MeV, npoussomgammit 10! HeifTpomoB
(CeK, MHeBMATHYECKYI0 II€OEHOCHYIO CHCTeMY C JBOWHBIMU
Tpy6ramu, kKpuctal Nal(Tl) 5 X 5 [ioitmMoB, 7iBa IKalepa,
TaliMepH U mepexmovalomuil MexanmaMm. [Ipo6y B moamarm-
JICHOBOM CHIAAHKE M 8TAJOH Jllomura 061yd4arT OTHOBPEMEHHO,
HOCJIe 4ero npofy BO3BPAUAIOT AETEKTOPY M CYATAIOT **N ramma
Jyus u3 pearnun ¥0(n, p)¥N. OTaNOH NOTOM CUMTAIOT B IPYTOM
OEeTEKTOpE; OTHOHICHME MEMIY OTc4eToM 06pasna u 8TajioHa Mpo-
TIOPLUOHATILHO COREPMKAHUI0 KHCIopoga B ofpasue. OGpasmst
conepmxaowme 0,002-0,19, Kucaopona OHIM aHANHBMPOBAHEL
PAAHOAKTHBALMOHHEIM METONOM, 3aTeM ObIIM DAa3pesaHsl B
HECKOJIbKO YaCTH A aHAIK3A IesIoTo 00pasiia MeTOOM I'OPAYEeTO
BKCTPArupoBaHusA.



Summaries for card indexes

Precise titrimetric determination of wranium in high-purity uranium
compounds: LeoN Pszownicki, Talanta, 1966, 13, 403. (International
Atomic Energy Agency, Seibersdorf Laboratory, Vienna, Austria).

Summary—A. procedure has been developed for the very precise
determination of urapium in high-purity uranium compounds.
Uranium(VI) is reduced in a strong hydrochloric acid solution with
aluminium in the presence of cadmium ions to uranium(III). It is
oxidised to uranium(IV) in the presence of excess orthophosphoric
acid and then quantitatively oxidised to uranium(VI) with potassium
dichromate using a potentiometric end-point detection. The coefficient
of variation based on 20 analyses is T0-003 74,

Microdetermination of oxygen, carbon and water in inorganic materials
using a carrier-gas technique: J. J. ENGELSMAN, A. MEYER and J. VISSER,
Talanta, 1966, 13, 409. (Philips Research Laboratories, N.V. Philips’
Gloeilampenfabrieken, Eindhoven-Netherlands).

Summary—A description is given of the accurate determination of
small quantities of oxygen, carbon and water in inorganic compounds.
Oxygen and carbon are determined by a conductimetric technique and
water by a coulometric technique. The limits of detection of the differ-
ent methods are: 0-1 ug of oxygen, 0-1 ug of carbon and 0-03 ug of
water. This is accomplished by taking special care to obtain a low
blank and by using stable instruments. A suggestion is made for the
simultaneous determination of water and hydrogen.

Separation of transplutonium elements: J. STARY, Talanta, 1966, 13,421,
(Department of Nuclear Chemistry, Faculty of Technical and Nuclear
Physics, Prague 1, Bfehova 7, Czechoslovakia).

Summary—A critical review of the group separation of tervalent lan-
thanides and actinides and of the separation of individual transplu-
tonium elements is presented. The theoretical principles involved are
also discussed.

Amperometry with two polarisable electrodes—VII: Chelometric deter-
mibation of indium: F. VYDRA and J. VorLiCEK, Talanta, 1966, 13, 439.
(Polarographic Institute of J. Heyrovsky, Czechoslovak Academy of
Sciences, Analytical Laboratory, Prague 1, Jilska 16, Czechoslovakia).

Summary—Optimum conditions have been found for the chelometric
determination of indium by biamperometric titration with EDTA.
Two stationary platinum electrodes (Pt-Pt) or two graphite electrodes
(C-C) may be used to indicate the end-point of the titration. At pH
1-1-5 the determination is highly selective. The applied potential only
influences the absolute value of the current; the accuracy of the deter-
minations remains constant over a wide interval of applied potential.
At a potential of 1-0-1-7 V the change of current during a titration with
0-05M EDTA solution is of the order of 10 zA. Analytical applications
of the method are discussed.
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AnpnoTanun craTeit

TOYHOE TUTPOMETPUYECHOE ONPEJEJEHVE
YPAHA B COEJIUHEHUAX YPAHA BBICOKOH
YUCTOTHI:

LeoN. Pszonicki, Talanta, 1966, 13, 403

Pesrome—Paspaboraga Ipouegaypa AT aKKypaTHOro omIpefe-
JIeH¥A YPaHA B COEIMHEHNAX YPaHa BECOKOM YMCTOTH., Y pan(VI)
BOCCTaHARINBAIOT alloMraneM B ypa(I11) B mpucyrcTeum HOHOB
KAfMUA, B CHIHOKUCIOM PAaCTBOPE COIAHOM ImcaoTsl. Ypamr(l1l)
OKHCJIAKT B ypaH % (IV) B NpuCyTCTBAU N30KITKA 0pTOHOCPOPHOLH
KHCIIOTHL ¥ 3aTeM OKMCIAIT KodudecTseHHo B ypaw(VI) ¢ 6uxpo-
MaTOM KaJluA, ¢ HCTIONb30BAHKEM [IOTEHIOMETPHYECKOT0 06HAPY-
WEHUA KoHma TurpoBaHmA. Hos@uuumeHT BapmamuM PaBeH
F0,0039;, BEIUKMCIIEH HA OCHOBE 20 aHAJIU30B.

MUKPOMETO[, IJs ONPENEJIEHNA HKUCIIOPOIIA,
YIJIEPOOA 1 BOILI B HEOPTAHMYECHUX
BEHIECTBAX G IICIIOJIbBOBAHWEM I'A3A HOCHUTEJIS:

J. J. ENGELSMAN, A. MEYER and J. Visser, Talanta, 1966, 13, 409.

Pestome—Onncan TOYHHN MeTOR [ ONpefeseHNA HEOOIHHINX
KOJIM4YeCTB KHCIOPOAAa, YIAepofia M BONH B HEOPraHHYECKHX
coefuHeHNAX. HKHCIOPOX UM Yriepox ONPefeNAoT KOHLYKTO-
MeTpUYecKuM, a BORY KyJOHJIMeTpuuecKnM MeTomoM. Ilpemesst
YyBCTBUTEILHOCTH METONOB pasHH 0,1 MKr Kuciaopoxa, 0,1 MET
yraepoga ¥ 0,03 MKr BOEEL. 9Ta YyBCTBMTEIBHOCTE HOIyueHA
ofpamaa ocofeRHOe BAUMAHWE HA HUBKUE CJelse Mpo0H m Ha
HCIONB30BaHMe ycTofumseX TNpubopos. Iipemnomeno oxmoB-
peMeHHOe ollpeJlefIcEne BOIBL ¥ BOMOPOXA.

BHIOEJIJEHUE TPAHCIUIVTOHUEBBIX 3JIEMEHTOB:
J. STARY, Talanta, 1966, 13, 421.

Pesome—IIpuBefien KpuTudecKnii 0630p METOOR [dA PPYINIOBOTO
BRIEIEHNA TPEXBATCHTHHX JAHTAHUIOB I AKTUHUAOB X METOMOB
IJIA BHACJIEHUA OTHENbHHX TPAHCIUIYTOHUEBHIX DJIIEMEHTOB.
Tarxe OGCY:RNeHH TeOPeTHUECKNe IPUEIUNE STHX BHTeJeHuIt.

AMIOEPOMETPUSA C JBYMSA TOJAPUBUPYIOIUMUCS
BIEKTPOIAMUA—VII: XEJATOMETPUYECKOE
ONPENENHUE UHJUA:

F. VyDrA and J. VORLICEK, Talanta, 1966, 13, 439.

Peatome—OnpeesIeHEl ONTUMATbHEE YCIOBUA IS XeJIaTOMeTPH-
4eCKOTO ONPElCICHUA WHANA OHAMIEPOMETPHICCHUM THTPO-
BaHueM ¢ 9J[TA. MOKHO HONB30BATECA ABYMA CTALUOHAPHBIMA
miaatunoBpMa  (Pt-Pt) mimm rpaduroBmIME  3IeKTpOmaMM A
o6Hapy<eHNsA KoHma rurpoBammsa. Ompefenenne obmagaer
BHICOKOY wmabupareapHOocThi0o mpu pH 1-1,5. ITlpunomenssiit
DOTEeHNUAN AelicTByeT TONLKO HA aGCONIOTHOE BHAYEHHMe TOKA;
TOYHOCTH ONPEHENeHNS MOCTOSHHAA B IIMPOKOM Npefere MOTeH-
nuanos. Ilpu morenmuane 1,0-1,7 V TepeMera TOKA B TedeHMe
turpoBasund ¢ 0,05M pacreopom 8J[TA pasna npuCausuTeapHo
10 MxA. OGcyxuaerTcH HCNONL3OBARHNE 3TOI'0 METOAA B AHAJHU3eE.



Summaries for card indexes

Determination of iron, copper and aluminium by gas-liquid chromatog-
raphy: R. W. MosHiEr and J, E. SCHWARBERG, Talanta, 1966, 13, 445.
(Aerospace Research Laboratories, Wright-Patterson Air Force Base,
Ohio, U.S.A)

Summary—Gas chromatography has been utilised in the analysis of
two National Bureau of Standard alloys for quantitative determination
of aluminium, iron and copper. In the analysis of N.B.S. 162a the
relative mean errors were 3-13 9 for aluminium, 2-06%; for iron and
—172% for copper and for N.B.S. 164a the relative mean errors were
—1-39%, —0-19% and —0-899; for aluminium, iron and copper,
respectively. The procedure for analysis involves solution of the alloy,
conversion of the metal ions to trifluoroacetylacetonates by solvent
extraction and, finally, complete separation of the metal chelates and
quantitative determination by gas chromatography using a column
containing Gas Pack F coated with Tissuemat E, a polyethylene wax.
Other metals present in the N.B.S. samples did not interfere with the
determination of aluminium, iron and copper.

Substoichiometric determination of manganese by neutron-activation
analysis: A. ZeMAN, J. PrRASILOVA and J. RUZICKA, Talanta, 1966, 13,
457. (Department of Nuclear Chemistry, Faculty of Technical and
Nuclear Physics, Prague 1, Biehova 7, Czechoslovakia.y

Summary—A simple and rapid method for the substoichiometric
determination of traces of manganese in various materials by neutron-
activation analysis has been developed. After dissolution of the
irradiated test sample, manganese(II) carrier is added and subsequently
oxidised by peroxodisulphate to the heptavalent state. The per-
manganate thus formed is finally extracted into chloroform as tetra-
phenylarsonium permanganate using a substoichiometric amount of
tetraphenylarsonium chloride. This single separation step isolates
radiochemically pure manganese-56 in the analysis of a relatively simple
material in which interfering elements (gold, rhenium, ec.) are absent.
When this is not true, a preliminary separation of manganese from the
irradiated sample, based on the extraction of manganese diethyldithio-
carbamate into chloroform and followed by stripping of the manganese
with dilute sulphuric acid, must be used. A simultaneously irradiated
standard containing manganese must be treated in exactly the same way
as a test sample. In the materials analysed by the new method 10~5 to
10~2%; of manganese has been determined.

Lumirol as a fluorescent acid-base indicator: L. ErRDEY, 1. Buz4s and
K. ViGH, Talanta, 1966, 13, 463. (Institute for General Chemistry,
Technical University, Budapest XI, Hungary.)

Summary—The acid and base dissociation constants of luminol are
determined at various ionic strengths. The transition interval occurs
at pH 7-7-9-0, therefore luminol is a fluorescent indicator for the
titration of strong and weak acids and strong bases. Its value as an
indicator is established by titrating milk, red wine and chetry juice.
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AHHOTANMU CTaTeil

KOJMUYECTBEHHOE OIIPEAEJEHUE HEJESA,
MEOU U AJIOMUHUA METOIOOM I'A30-
HUIKOCTHON XPOMATOTPAOKU:

R. W. Mostier and J. E. SCHWARBERG, Talanta, 1966, 13, 445.

Pesrome—>MeTon razo-#uiIK0OCTHOI XpomMaTorpaguy ObLI MCIOML-
30BaH A KOJIMYECTBEHHOTO ONpEesIeHNs ANIOMUHNA, sHele3a U
MeM B aHaIm3e XBYX cIiaBoB us National Bureau of Standards.
B amanmse ofOpasma N.B.S. 162a oTHOCHTRIBHAE CpeTHBIE
omubxu 6euim 3,139, muaA amoMmuEuRA, 2,069, AnA sxemesa u
—1,72%, nua menu, a B ananuse obpasua N.B.S. 164a otHOCH-
TeJBbHLIE CPefHble omuOKn Oenu —1,399%, —0,19% 1 —0,899%
N8 QTOMIHHSA, Kexe3a W MM, COOTRETCTBeHHO. AHAIU3
BKIIIOYAET B ¢e0A pACTBOpeHME CIIIAaBA, NEPCBCACHUC MOMIOB
METANJI0B B TPUPTOPALETHIIAMETOHATE 3KCTPArdPOBAHMEM C
pacrBOpUTeNeM, I B KOHIIE, IIOJIHOE BHTEICHHE XeIaTOB MeTANIOR
¥ HKOJNYCCTBCHHOC onpep;e.neﬂne METOA0M Tas0BoON xpoma—
rorpaduu, ¢ UCIONb30BARIEM KOIOHKH cofieprawmieit Gas Pack
F, nponmranasit ¢ Tissue-mat B (I0In3THIEHOBEIM BOCKOM).
HOpyrue MeTananm mHpucyTcrylomue B ofpasmax N.B.S. He
BIUAIN HA ONpefeleHNe aIOMUHUA, Kejesa U Meju.

CYBCTEXNOMETPUYECHKOE OINPEJEJIEHUE
MAPrAHIDA METOIOM PAJMOAHKTUBAIMOHHOI'O
AHAJIMSA:

A. ZEMAN, J. PrasiLovA and J. Ruzicka, Talanta, 1966, 13, 457.

Pesome—Pazpadorad OBICTDELI ¥ HECIIOKHBIA MeTO IJIA Ompee-
JeHHA CIefOB MapraHija B PpasinuHEIX Bemecrsax. Ilocue
pacreopeHusa obayuerHOMY o6pasny [no0aBIAETCA HOCHTEND
maprazen(1]) u npoBORUTCA OKHCIEHUE HMEPOKCOAUCYAbHATOM X0
CeMUBAJIEHTHOr0 coCTosfiHUA. llepmauraHaTmoH, 06pas3oBaH aroit
pearieii, BKCTparupyeTca xmopofopmom B opMe IepMAHTAHATA
terpadeHUNAPCOHNSA, C HCNOIL30BAHNEM CY OCTEXHOMETPUYLCKOTO
KommdecTBa XxJjopwjia TeTpadeHumapcoHuA. Oroli omepamueit
BHIACIAETCA Maprasen-56 paguoXuMm4ecKol YNCTOTH B AHAJIHBE
CPABHUTEILHO HECHOKHOIO MAaTepuayia, KOTOPBIA He COAepHuT
MeIIAalOmMUX 3IIEMEHTOB (30710Ta, peHMA W T.L.). B ciyuae
NPECYTCTBHS MEHIAIOMKX 37TeMEHTOB HAAO HPOBECTH IPeNBApPH-
TeIbHOE BHIelleHHe MapraHua u3 obiaydesHoro ofpasna, oc-
HOBHIBAIOI[MECH HA B3KCTPATHPOBAHMN NUATHITUTHOKaplamara
MAPraHIA XJ0poopMOM U HMOCIEAYIOIEM H3BIICUCHUH MapraHIa
pasGapaeHHoil cepHoll mucioTol. OpnHOBpeMeHHO O0Iy4eRHBLH
3TaNI0H HaJo 06pabaTHBaTh TAKAM Hie 00DPa30M, KAK M MCCIETOBAH-
el ofpager;. B aHaNN3MPOBAHHLIX MAaTepHANAX OIPEeNEIeHO
HOBEIM MeTOfoM 10~3 mo 10‘3% Maprasua.

JIIOMUHON B KAYECTBE OJYOPECIUPYIOUIED
KUGIOTHO-WEJIOYHOI'O UHIVKATOPA:

L. ErRDEY, 1. BuzAs and K. ViGH, Talanta, 1966, 13, 463.

Pesrome—OTpeelieHs IOCTOAHHABIE JUCCONUAIUYN BOXKOPOIHBIX
HOHOB JIIOMHHOJIA IIpU PAa3iIMHBEIX HOHHHX KOHIEHTPaAIUAX.
IMepexonustii uurepsadt upn pH 7,7-9,0; T03TOMY MOKHO CUMTAT
MIOMAHOJ Kak (IIyopecuupyolni UEAUKATOP ST TUTPOBAHUS
CUIBHBIX ¥ CIAOBIX KHUCIOT WM CHIBHHIX OCHOBaHWi. IIpnMerm-
MOCTL 3TOTO WHAMKATOpA IIPOBEPEHA B THUTPOBAHUU MOJIOKA,
KPacHOro BUHA U BUOIHEBOTO COKA.
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Summaries for card indexes

Investigation of the solvent extraction of californium, fermium and men-
delevium: K. A. Gavrirov, E. Gvuzpz, J. STARY and WaNG TunNG
SENG, Talanta, 1966, 13, 471. (Joint Institute for Nuclear Research,
Dubna, Moscow, USSR)

Summary—The extraction constants for the systems di-(2-ethylhexyl)-
orthophosphoric acid/toluene/hydrochloric acid and americium, curium
californium and fermium have been determined. They have been used
to select the best conditions for the separation of californium, fermium
and mendelevium by extraction chromatography. The separation
factors are much higher than the corresponding ion-exchange methods.

Potentiometric determination of plutonium by argentic oxidation, ferrous
reduction and dichromate titration: J. L. DRuMMOND and R. A. GRANT,
Talanta, 1966, 13,477. (U.K.A.E.A., Reactor Group, Dounreay Experi-
mental Reactor Establishment, Thurso, Caithness, Scotland.)

Summary—A simple and rapid method is described for the routine
determination of plutonium with a coefficient of variation of better
than 0-2%,. It is directly applicable to nitrate solutions containing a
large amount of uranium; moderate amounts of iron, molybdenum,
fluoride and phosphate do not interfere. Chromium, cerium and man-
ganese interfere quantitatively, and the procedure may also prove
convenient for the determination of these elements. The plutonium is
oxidised to the sexivalent state with argentic oxidein nitricacid solution,
and the excess of oxidant is destroyed by reaction with sulphamic acid.
A weighed small excess of iron(II) solution is then added, and the excess
is titrated potentiometrically with standard potassium dichromate
solution using polarised gold indicator electrodes. The whole deter-
mination is performed in one vessel at room temperature, and takes
about 20 min.

Determination of manganese in high-purity niobium, tantalum, molyb-
denum and tungsten metals with PAN: Eisie M. (PENNER) DONALDSON
and W, R. INMAN, Talanta, 1966, 13, 489. (Mineral Sciences Division,
Mines Branch, Department of Mines and Technical Surveys, Ottawa,
Canada.)

Summary—A spectrophotometric method for the determination of
0-0005-0-107; of manganese in high-purity niobium, tantalum, molyb-
denum and tungsten metals is described. The matrix materials are
separated from the manganese by extraction as cupferrates, after
sample dissolution, then the red complex formed between manganese(II)
and 1-(2-pyridylazo)-2-naphthol, PAN, is extracted into chloroform
from an ammoniacal tartrate-cyanide medium. The absorbance of the
extract is determined at 562 mu. With the exception of zinc and lead,
other impurities present in the four high-purity metals described do not
interfere with the proposed method.

XV



Xvi

AHHOTAIMU cTaTel

N3VYEHUNE 9KCTPAKUUN KAJINOOPHMNA,
OEPMIIA 1 MEHIEJEBNUA PACTBOPUTEJAMMU:

K. A. GavriLov, E. Gvuzpz, J. STARY and WANG TUNG SENG,
Talanta, 1966, 13, 471.

Pesoye—OnpeesieHs TOCTOSHHEE JKCTPAKIUN JJIA CHCTEMIT
Au-(2-3TRATCKCUI )oPToPochopHaA KUCIOTA—TONYO0J—COJAHAA
HKEUCIIOTA JJIA aMepunydA, Kiopuda, KampopHuA u pepMusa. OTH
MOCTOAHHEIE CIYHWIM I 0T6OPa ONTUMANLHKX YCIOBHWI A
BHIfesleHnsA  KaupopHusa, ¢epMHA ¥ MEH[eJEBHSA MeTOROM
SKCTPaKuYMOHHOK Xpomartorpadpuu. HoaddumuenTr pasgeieHusn
SHAYUTEJbHO BHILIE YeéM B COOTBETCTBYIOLMX HOHOOGMEHHHIX
MeTomaX.

IIOTEHIUOMETPUYECKOE OIIPEJEJEHUE
NIAYTOHUA ORUCGIEHUEM C CEPEBPOM,
BOGCTAHOBJIEHUEM C MEJE3OMII) I

TUTPOBAHUEM C BUXPOMATOM:

J. L. DrRuMMOND and R. A. GRaNT, Talanta, 1966, 13, 477.

Pesiore—Omnucan GhICTPHIL ¥ HECIOMHEIA MeTOX OIA cepuiiHOTO
ompefielieHUA INIYTOHUA ¢ KOB(UHIMEHTOM BAPHMALUH Jy4INe 4eM
0,29, KOTOPHM MOKHO HOPAMO HOJIB30BATBECA B aHAIM3E PACT-
BOPOB HUTPATOB, COfep:KAnINUX O0JblIMe KOINYeCTBA ypaHa.
VMepeHHBE KONUYECTBa xelleda, MmoaubpeHa, d¢ropumuoHa u
docharnoHa He MEIIAOT ONpefeieHMI0. XpoM, MepHil M Map-
rafel] MellajoT KOJIMYECTBEHHHIM 00pasoM, MOSTOMY B3Ta MpO-
ienypa Moryia Obl CIy:KUTh IJIA OIpefieleHHsA 3THX 3JE€MEeHTOB.
MayToHuit OKUCIAIOT A0 HICCTHBAJICHTHOIO COCTOSAHUA C OKHUCBHIO
cepefpa B a30THOKMCIIOM pACTBOPEe M H30HITOK OKHCIMTENA
YHUYTOHAIOT pearnpoBaHVeM ¢ CyabpaMaHOBO HKUCIOTOH
3arem mobaBasioT oTBemeHHEIH HeGombimmit W3GHTOK pacTBOpa
meaesa(ll) u onpemenaiorT u3OLITON OTCHIIOMETPHYECKHM
TUTPOBAHUEM C TUTPOBAHHHIM PAcTBOPOM OHXpoMara Kajuud, C
HCIOJb30BAHKEM MOJAPN30BAHHEIX BSOJIOTHX MHIMKATOPHHIX
saeKkTpofoB. Hesoe ompepmellenMe NPOBOAUTCH B OFHOM COCYHe
OpU KOMHATHOH TeMIeparype M MPOAOIBMKAETCHA OKOIO 20 MuUH.

OIIPEJEJIEHUE MAPIAHIJA B METAJIJIMYECHOM
HNOBUE, TAHTAJIE, MOJIUBJAEHE U
BOJBLO®PAME BBICOKOW YUCTOTEHI C

UCINOJBb30OBAHMEM IIAH:

Eisie M. (PENNER) DoNALDSON and W. R. INMAN, Talanta, 1966, 13»
489.

Pesome—Omnucan cnexrpofoToMeTpuuecKull MeTON s ompene-
meuns 0,9995-0,109, MapraHna B MeTaJIHYecKoM HKoOue,
Tanrane, monubgeHe u Boabdpame BoicoKol uncToTE. Marpuunsie
MATEPHUAIE! OTAEAAIOTCA OT MAPraHIla BKCTPparupoBanueM B popme
KyndeppaToB, IOCIe pPACTBOPeHHA MNpOOH; IOTOM KpAaCHEHR
KOMIIeKc, obpasywomuiica Memxny mapraanem(Il) u 1-(2-nupn-
nuaaso)-2-nadronom, (ITAH), sxcrparupyerca xaopodomMom us
aMMIIYHOrO pacTBopa Taprpara-umannpga. Ceeromorsiomenue
BKCTpPAKTA K3MepsieTCcA npu 562 MMK. 1lpuMecn npHCYTCTBYOMIHE
B yeTHpe YINOMAHYTHIX MeTAJIaX BHICOKOH YHCTOTH—KpOMe
IUHKa 1 CBHHIa—He MelIanT ONNCAHHOM OHpPEeReNeHHIo.



Summaries for card indexes

Milligram determination of primary amides: R. D. Tiwari, J. P.
SHARMA and L. C. SHUKLA, Talanta, 1966, 13, 499. (Department of
Chemistry, University of Allahabad, Allahabad, India.)

Summary—An accurate and selective milligram procedure for the
determination of primary amides is described. About 3-4 mg of sample
are hydrolysed with a concentrated solution of sodium hydroxide and
the resulting ammonia is distilled into dilute sulphuric acid. The
ammonium sulphate thus obtained is converted into ammonium iodide
by passing it through hydroxide- and iodide-form resins. This iodide
is oxidised to iodate with bromine, then titrated iodometrically.
Determinations carried out on a number of primary amides, ureas and
thioureas show a deviation of about 0-3% from full recovery of the
compounds.

A suggestion for presentation of analytical results in “‘ionic form’’ made
before development of the ionic theory: Z. SZOKEFALVI-NAGY and F.
SzABADVARY, Talanta, 1966, 13, 503. (Institute for General Chemistry,
Technical University, Budapest, Hungary.)

Summary—In 1865 Karl Than, Professor of Chemistry in Budapest,
suggested that analytical results should not be given in the dualistic
form of Berzelius, but rather they should be given in the form in which
they are determined by the analysis. The manner in which this sugges-
tion, originally ignored, was adopted as a result of the ionic theory and
activity of Wilhelm Ostwald is traced.

Spectrophotometric determination of antimony with Bromopyrogallol
red: D. H. CHRISTOPHER and T. S. WEst, Talanta, 1966, 13, 507.
(Chemistry Department, Imperial College, London S.W.7, England.)

Summary—Bromopyrogallol Red may be used as a reagent for the
spectrophotometric~ defermination of antimony(I1D) in the range
10-100 pg. The colour system, in the presence of EDTA, (;yanide ion
or fluoride ion as masking agents, is unaffected by 200-fold molar
excesses of 18 cations examined, and a further 5 cations can be tolerated
at lower concentrations. The procedure is simple and rapid, and witha
molar absorptivity coefficient in excess of 35,000, it compares favour-
ably with the most sensitive of the techniques used at present.
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AHHOTalLUHU CTaTelt

ONPENEJEHUE MWINIUTPAMMOBBIX KOJIMYECTB
NEPBBIYHBIX AMUJIOB:

R.D.Tiwary, J. P. SHARMA and 1. C. SHUKLA, Talanta, 1966, 13, 499.

Pesrome—Onucana TouHasum wusbuparensHas mpouenypa miIs
OTNPEeREIeHN MIJIIUIPAMMOBEIX KOIHYECTB NIEPBHYHBIX AMHUIOB.
3-4 Mr npoGH THIPOAMBYIOT KOHUEHTPUPOBAHHEIM PacTBOpPOM
PHADOOKMCH HATpus u 00pasoBaHHb aMMHAK DEPETOHANT B
pasbaBieHHYIO CEpHYI KucaoTy. Ilomydenmnsiit CyabHaT ammo-
HMA TPEBPAINAOT B HOAUJ AMMOHHUA IPOIIYCKAHMEM 4Yepes Ciou
HOHOOOMEHHBIX cMOJN B dopme ruppoormen m momuma. Momup
ORUCISICTCS B MOJAT OPOMOM, MOCHE Yero THTPYeTCA HOLOMETpH-
deckum MeToAoM. OnpeselleHUA NEPBHYHEX aMUIOB, MOYEBMH
U THOMOYEBHH IIOKA3HIBAIOT OTHIIOHEHHE OT NOIHOI'0 BORRPAIEHUA
3TUX coennHenuit pasuo 0,39,.

[IPEACTABJIEHUE PE3VJbTATOB AHAIIN3A B
JIOHHON ®OPME» IIPEJJIOKEHO NEEXKIEPYEM
CAMOE PA3BUTHE MOHHON TEOPUMU:

Z. Sz6KEFALVI-NAGY and F. SZABADVARY, Talanta, 1966, 13, 503.

Peasone—1865 rofa Hapa Tan, npodeccop xumun 8 Byganecre,
TPEAJIOHMIT UTO Pe3yNbTATH aHANK3A He HaJa [PefCTABIATL B
nyamucrayeckoii gopme Bepuemmyca Ho B gopme B KoTOpO#t 0HM
MONy4eHsl B aHaiMse. Bricienosam cmocoS koropriM 3To mep-
BOHAYAIbHO HIHOPHPOBAHHOE TNPERIoKeHme ObLIO YCBOGHO B
pesynbTaTe MOHHOW TeopuMm ¥ NEATeNBHOCTHM Buibreasma
Ocranna.

COERTPOOOTOMETPNYECKOE OINPEIEJIEHUE
GYPBMBI C BPOMITUPOTAJIJIOJIKPACHKIM :

D. H. CuristorHer and T. S. West, Talanta, 1966, 13, 507.

PesoMe— BpoMOINPOralioNKPaCcHHM MOMKHO NOJNHL30BATHCH B
Ka4yecTBEe PeareHTa JJIA CHeKTPOGOTOMETPHYECKOrO OTpeXeeHus
cypsmsi(IIl) B ofmactu 10-100 mur. B npucyrcrsum DJTA,
UHMAHUALIN PTOPUANOHOB B KadeCTBE MaCKHPYIOUIero aredra 18
UCCIIEOBAHHBIX KATUOHOB HE BIMAIT HA OKPACKY faKe mpu 200
KPAaTHOM MOJAPHOM H30BITKE, a CIRJYIOUMX 5 KATHOHOB He
MeUIAl0T B HHMHX HKOHUEHTPAUUAX. Hpoueuypa HECJIOKHA H
ObicTpa; Ha OCHOBAHHA MOJAPHOr0 KOEQUIMEHTa IOTJIOMIEHUS
Goabrero vem 35,000 ee MOMHO CPABHMBATL ¢ CAMBIMU 4yBCTBU-
TeABHEIMU METOAMHU, CYHIECTBYIOIMME B HACTOAMIEE BPeM,



Summaries for card indexes

Contributions to the basic problems of complexometry—XXI: Deter-
mination of nickel in the presence of cobalt: RupoLF PRIBIL and
VLADIMIR VESELY, Talanta, 1966, 13, 515. (Laboratory for Analytical
Chemistry, J. Heyrovsky Polarographic Institute, Czechoslovak
Academy of Sciences, Prague 1, Jilskd 16, Czechoslovakia.)

Summary—A new method for the determination of nickel in the
presence of cobalt, based on the masking of the cobalt with potassium
cyanide and hydrogen peroxide, is proposed. The yellow, or orange-
yellow, complex of cobalt(III) is formed, from which cobalt is not
displaced upon the addition of silver nitrate. Tetracyanonickelate,
however, reacts quantitatively with silver nitrate, and the displaced
nickel can be determined directly with EDTA, using Murexide as
indicator. Up to 30 mg of cobalt can be tolerated in the solution.

A new method for the titrimetric determination of perchlorate:
G. AravaMuDaN and V. KrisHNAN, Talanta, 1966, 13, 519. (Depart-
ment of Chemistry, Indian Institute of Technology, Madras-36, India,)

Summary—A new method for the titrimetric determination of perchlo-
rate has been developed, based on its reduction to chloride by iron(IT)
in a strong sulphuric acid medium at high temperature. The effect of
variables, such as the sulphuric acid concentration, the temperature
and the period of heating, on the extent of reduction has been studied
and the optimal conditions for analytical determination of perchlorate
derived.

Rapid iodometric determination of copper in some copper-base alloys:
J. AGTERDENEOS and P. A. ELBERSE, Talanta, 1966, 13, 523 (Laboratory
of Analytical Chemistry, State University, Utrecht, The Netherlands.)

Summary—Copper-base alloys, especially those containing tin, are
readily dissolved in a mixture of hydrofluoric and nitric acids. In the
resulting solution copper can be titrated iodometrically in the conven-
tional manner.
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JORIAIBLI K OCHOBHBLIM ITPOBJIEMAM
HOMIINIEKCOMETPUN—XXI: OHNPEJEJJEHUE
HUKEJA B IMPUCYTCTBUUN HOBAJIBTA:

RuDOLF PRIBIL and VLADIMIR VESELY, Talanta 1966, 13, 515.

Pesrome—IIpenitosern ROBHIT METON AJA OUpENesieHUA HUKeNA B
NpACYTCTBUM KOGANbTAa, OCHOBHIBAIOHMMACA HA MACKUPOBAHUIO
Ko0anbTa ¢ LWAHUAOM Kalud u Tepexucsio sofopofa. O6pasy-
€TCH JHeJTHI WIN OPaHYKeBOKENTHH KoMmlexc Kobaiapra(lll),
u3 KOTOPOro KOGAJNLT He BHITECHEH NPy JobaBiieHUH HUTpPATa
cepebpa. Meny TeM, TeTPANUaHOHUKEIAT PearnpyeT KOANIeCT-
BEHHO ¢ HUTPATOM cepefpa M OCBOOOKIACHHHIM HUKENb OIIpefiel-
serca npaMo ¢ DJTA, ¢ ucnonszoparueM MypeKcnia B KauecTse
WHAMKAaTOpa. MoskHO Aonycrurh BCe KO 30 Mr KobasibTa B
pacTsope.

HOBBLIM METOJ OJs TUTPOMETPHUYECKOI'O
ONPEJNEJEHUA INEPXJIOPATA:

G. ARAVAMUDAN and V. KRisuNAN, Talanta, 1966, 13, 519.

Peslome—PaspaboTad HOBLIE METOH [JIf TUTPOMETPMYECKOTO
ompefeNeHns NepXJ0opaTHOHa, OCHOBRIBAIOMIUACA HA €ro BOC-
CTRHOBJIEHUN BOXJOpUAMOH sxenedom(l]) B cunmbno cepHORMCIOH
Cpefe W IpH BHICOKOM Temmeparype. MaydeHo BuusAHHE KOH-
UEHTPAUUM CEPHON KMCIIOTH, TEMIOEPATYDH M IPONOIAUTEIb-
HOCTYM HArpeBaHUA HA CTENEHb BOCCTAHOBICHUA H OIpefeseHE
ONTHMAaJIbHEIE YCJIOBHMA I aHAIH3A MEPXIopaTa.

BBLICTPOE MOJOMETPNYECHKOE ONPEJEJEHUE
MEI# B HEKOTOPBIX CIITABAX:

J. AcTerpENBOS and P. A. ELBERSE, Talania, 1966, 13, 523.

Pestome—CIIaBE HA 0CHOBE MERN COZEPIKAIOIIME OTOBO XOPOINO
PACTBOPAIOTCA B CMECH (TOPUCTOBOROPOAHON U a30THOH KHCIIOT.
B monyveHHOM pacTBOpe MeX THTPyeTcA OCHKHOBeHHLIM HONO-
MeTpUYECKUM METONOM.



Summaries for card indexes

A simplified sampling technique for use with the Weisz ring oven:
Application to qualitative analysis of some gold and silver alloys: L. J.
OTTENDORFER, Y. A. Gawarcious and S. S. M. HassaN, Talanta,
1966, 13, 525 (Microanalytical Chemistry Unit, National Research
Centre, Dokki, Cairo, U.A.R.)

Summary—Up to 100 ug of sample can be collected from gold or
silver alloys by rubbing the specimen with the ground hemispherical
tip of a 4-mm Pyrex glass rod. Gold alloys are then dissolved in
potassium cyanide solution containing hydrogen peroxide; silver
alloys are exposed to vapours of nitric acid. Procedures for transfer,
ring oven separation and identification of alloy constituents in the
sample solutions are described.

Amperometric titration of mercury with a staticnary platinum electrode
in stirred solutions: B. C. Bera, M. M. CHAKRABARTTY, S. P. BAG and
K. L. MaLLIK, Talanta, 1966, 13, 528 (Department of Chemistry,
University of Utah, Salt Lake City, Utah, U.S.A.)

Summary—Amperometric titration of mercury (in the range of 0-4 to
3-5mg) has been carried out with 2-mercaptobenzoxazole with a
stationary electrode in stirred solution in a sodium acetate-acetic acid
medium.

Determination of orthoesters by hydrolysis and Karl Fischer titrimetry:
DonaLp J. Crancy and Davip E. KramM, Talanta, 1966, 13, 531.
(Research Division, W. R. Grace & Company, Clarksville, Maryland,
21029, U.S.A.)

Summary—The acid hydrolysis of orthoesters has been made the basis
of a titrimetric method. The method involves reaction of an orthoester
with a known excess of water in a trichloroacetic acid-methyl alcohol
system, followed by determination of unreacted water by Karl Fischer
titration.
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VIIPOWIEHHAA NPOUEOYPA B3ATUA NPOBLI IJIA
HOJILUEHON IEYM BAVWICA. I[IPUMEHEHUE B
KAYECTBEHHOM AHAJIM3E HEKOTOPKIX CILJTABOB
30JIOTA U.CEPEBPA:

L. J. OTTIENDORFER, Y. A. GAWARGIOUS and S. S. M. HaAssaN
Talanta, 1966, 13, 525.

>

Pesione—Moxuo coGpars Bce Ko 100 MEr MpoCH TpeHHeM
CIJIABOB .307I0Ta M cepefpa ¢ HNIMPOBAHHHM INOIYLIADOBLIM
BEPXOM Ha NaJlKe M3 CTeRJIA nalipexc Tonwuuesl 4 MM. CIIaBs
80710Ta MOTOM PACTBOPSIOTCA B PACTBOPE LUAHUAA KAJMA, COTEP-
HaloneM [epeKuck BOROPOKA; CIJIAaBHL cepefpa TOXBEPraioT
TEHCTBUIO TAPOB 430THON KUCHOTH. OMNNCHBAIOTCA MpPOIEAYPH
Anst IepeHoca, pasfeleHnsA Ha KoJbLeBoif Ieun Baiica m oToMm-
AleCTBIIeHNA KOMIIOHEHTOB B PacTBOPE NPOGHL.

AMIIEPOMETPUUECKOE TUTPOBAHUE PTYTU B
NIEPEMEINABAHHBIX PACTBOPAX C WUCHOJb-
30BAHUEM CTAIIMOHAPHOTO IIJIATMHOBOI'O

DIIEKTPOJIA :

B. C. BEra, M. M. I. CHAKRABARTTY, S. P. BaG and K. L. MALLIK,
Talanta, 1966, 13, 528.

Pesrome—IIporesieno aMmepoMeTpuuecKkoe TUTPOBAHME pryTa (B
oGnacru 0,4-3,5 Mr) ¢ 2-MepKaNTOGEHI0KCA30IOM B nepeMenin-
B3aHHOM DAaCTBOPE AUeTaTa HATPUA M YKCYCHOM KHCHOTEI, C
HCIOJIb30BAHNEM CTALMOHAPHOTO 3JI6KTPOSA.

ONIPEJEJIEHUE OPTOD®UPOB TUIPOJINU30M U
TUTPOBAHUEM C PEATEHTOM KAPJ OUIIEPA:

DonNALD J. CLancy and DAvVID E. KRAMM, Talanta, 1966, 13, 531.

Pestome—Paspaloran TUTPUMETPHYECKHN MeTOX MJA oIpefe-
TeHUA OPTO3QUPOB OCHOBHIBAOINMICA HA THAPONM3E B KHCION
cpepe. Meron BraIoYaeT B cela peakumo opTo3gupa ¢ BHAKOMEIM
u30UTKOM BOMEI B DPACTBOPE TPHUXIOPYKCYCHON KMCIIOTEL I
METHUIOBOI0 CHUPTA, U ONpeNeIeHHe HePearupoBALHON BONEH
TUTpOBaHuUeM ¢ pearenTom Hapia ®uuepa.
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