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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,
mg

3-666
3·212
1·990
0'9951
0'7961
0'3981

* O·OlMHCl

Found,
mg

3-650
3·214
1·990
0·9914
0·7957
0-4059

Recovery,
%

9%
100·0
100·0
99·7

100·0
102·0

Error,
%

0·4
0·0
0'0
0·3
0·0
2·0

A positive error results from the solubility of potassium tetraphenylborate, which under the
conditions of the procedure is 2·8 x 10-5 mole/1.4- 6 This salt is also titrated by the Zeph-Cl. (The
precipitate 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-CI 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, Cone., Found, Recovery, Found, Recovery,

mg M X 10-' mg % mg %

1'955 1·000 1'953 99·9 1'955 100·0
0'9775 0·5000 0'9767 99·9 0'9785 100·1
0·4888 0·2500 0·4884 99·9 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 II.

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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SPECTROPHOTOMETRIC DETERMINATION
OF CERIUM WITH SULPHANILIC ACID

P. L. SARMA and LOWELL H. DIETER*
Department of Chemistry, University of North Dakota, Grand Forks

North Dakota, U.S.A.

(Received 16 November 1964. Revised 27 May 1965. Accepted 6 October 1965)

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 2S-210ppm
of cerium absorb at 495 m,u 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, Vickery24 suggested reprecipitation and ignition of cerium to
Ce02. A few well-known methods have employed the reaction

Ce4+ + Fe2+~ Ce3+ + Fe3+

as their basis. One of these methods used a potentiometric end-point to obtain a
high accuracy.6.26

Lingane and Kennedy12 described an excellent coulometric method in which
electrogenerated titanium(III) was used to reduce cerium(IV) to cerium(III);
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 amperometricll and to potentio­
metric7 end-points. EDTA titration14 has also been proposed, but only as a group
titrant for the entire rare earth family.

Colichman4 studied the non-aqueous polarography of cerium and other inorganic
materials using molten ammonium formate. A fluorometric method9 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 mfJP and 320 m,u.13 However, when cerium was oxidised
with persulphate, the excess persulphate interfered with that method at the latter
wavelength. In another method,23 cerium was determined by measuring the absorb­
ance of a cerium(III)-potassium carbonate complex at 304 m,u. A better method ap­
peared to be that of Gordon and Feibush,8 in which cerium was determined by adding
an excess ofiron(II) to cerium(IV), 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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percentage transmittance at another pH by the equation %TA = %TB - 0·18 (D.pH),
where D.pH 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 transmittancerc. This was equivalent to an error of 2·8 % of
cerium/degree change in temperature.

B
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FIG. 5.-Stability of the reaction products of cerium(IV) and sulphanilic acid within
the optimal concentration range (reference water):

(A) 1 ml of O·IM cerium(IV) in 1M sulphuric acid, 1 ml of 1M sulphuric acid and
20 ml of O·052M sulphanilic acid diluted to 100 m!.

(B) 0·5 ml ofO·lMcerium(IV) in 1Msulphuric acid, 1·5 ml of 1M sulphuric acid and
20 ml of O·052M sulphanilic acid diluted to 100 m!.

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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the sulphanilic acid method will give 10%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 cerium 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 Moore21 used 4,4,4-trifluoro-l-(2-thienyl)-1,3-butanedione (ITA) 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(II) 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 vs.
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 Kott20 quantitatively oxidised cerium(III) in strongly acidic
media using a single compartment electrolysis cell. In the present investigation,
cerium(III) in sulphuric acid solutions below pH 1 was oxidised at potentials more
negative than -0,25 V 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 precipitation25 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 aIcohoP 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 cerium(III) oxalate.
Simultaneous dissolution of the oxalate precipitate and oxidation of cerium(III) were
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TABLE II.-POTENTIOMETRICTITRATION OF CHLORITE (SAME SOLUTIONS AS IN TABLE I WITH CHLORATE,

etc., PRESENT) WITH HYPOCHLORrIE AT VARIOUS pH

pH 3·5 2·4 1·9 1·4

mmoleJ mmolej mmoleJ mmoleJ
litre % litre % litre % litre %

10'842 +0·39 10'800 +0·02 10·784 -0,15 10·793 -0,06
8·701 +0·67 8·631 -0,13 8·624 -0,23 8·640 ~0'05

6·513 +0'44 6·479 -0,08 6-451 -0'51 6·441 -0,67
4·385 +1-51 4'322 +0'04 4·339 +0'49 4'328 +0'19
2'078 +0'77 2·072 +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 +2037 0·537 -0,57 0·550 +1·87 0·541 +0·11
0·112 +0·90 0·114 -0,54 0·112 +0'80 0·111 -0,55
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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 ofperforming 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











Fluorometric titration of calcium, magnesium and iron 365

The conditional stability constant of calcium-EGTA, in equimolar solutions (0'001M)
of calcium and magnesium when acid dissociation of EGTA can be ignored, and
taking the concentration of magnesium into account, is:

log K'Ca-EGTA = ~log K + pMMg = 5·8 + 3 = 8·8.

At pH 13, log O'.EGTA(H) will be zero.16 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~a-EGTA 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. lao

o 2 3 4 5 6 7

0-005 M EDTA, mL

2345678

0·005 M CU-EDTA. mL 0'01 M EDTA, mL

FIG. I.-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.O,
b. 2·06 x 10-' g of MgCI,-6H20.
C. 2·05 X 10-' g of Fe.

A known excess ofEGTA 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 + (m - n)EGTA.

The titration curve for the magnesium is shown in Fig. 1b.
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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 ahio Crankshaft
Company. This is a thyratron controlled unit capable of producing 25 kW of power at 450 Icc.

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

The brass base ofthe furnace tube is bolted to a brass base plate. An a-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 t 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 i in. diameter polished stainless steel rod which extends through the base plate, where
another Swagelok fitting with an a-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 I t in.. high with a 0·045 in. wall thickness. The
bottom of the crucible has a thickness of 1 in. A t in. diameter hole is drilled t in. into the bottom
to accept the support rod.

Many different graphite crucibles were tested in this apparatus. Most failed by cracking well
before 30000 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 conductivity detectors.
The output from the instrument is recorded on a l-mV Wheeleo recorder.

The external sample valve is equipped with a trap made of t in. diameter stainless steel tubing
filled with 60-mesh silica gel. A soap-bubble flow meter is used to measure the flow 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 9000
• The chromatograph also

operates continuously, thus ensuring temperature stability. For this work a carrier gas flow rate of
80 ml/rnin 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 28000 and the
furnace cooling fans off; and finally, 15 min at 28000 with the furnace cooling fans on.

After outgassing, the helium flow rate is reduced to 200 mI/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,
etc., are the same as those obtained without going through the simulated sample loading. During
sample loading the fast purge is on. A helium flow 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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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 ofuranium 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. Ifwe assume the Dumas results to be correct, the
inert gas fusion results were low by from 12 % to 80 % with an average error
of -42%.

Nitrogen blanks on the inert gas fusion apparatus ranged from 7 to 15 fJ,g of nitro­
gen in the steel analyses. Initial and final blanks varied by 2 to 3 fJ,g. For uranium
dicarbide, nitrogen blanks were much higher, ranging from 10 to 40 fJ,g of nitrogen.
Blanks varied by 10 to 20 fJ,g 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 et 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 et ai.,s 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
neady 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.s will be necessary.

Zusammenfassung-Es wird eine Apparatur zur Inertgasschmelze bei
hohenTemperaturen beschrieben, mit der man bei Tiegeltemperaturen
von 31000 arbeiten kann. Wahrend diese Apparatur primar zur Sauer­
stoffbe stimmung in pyrolytisch mit KoWenstoffiiberzogenen Vrancar­
bidteilchen diente, ist ihr Nutzen nicht auf diesen Stofftyp beschrankt.
Sie kann allgemein auf Sauerstoff- und Stickstoffbestirnmung in Metal­
len, Legierungen und anderem Material angewandt werden, das der
Analyse durch Vakuumschmelze zuganglich ist. Analysenergebnisse
von Stahlund Vrancarbidproben werden vorgelegt. Die Apparatur war
in ihrer gegenwartigen Form nahezu 2 Jahre in taglichem Gebrauch.
Die Ausfallzeit in diesem Zeitraum war geringfugig. Insgesamt 20 Pro­
ben konnen in einer 8-Stunden-Schicht mit Duplikat analysiert werden.

Resume-on decrit un appareil de fusion ahaute temperature sous gaz
inerte, capable d'operer Ii des temperatures de creuset pouvant atteindre
3100°. Bien que cet appareil ait ete essentiellement utilise pour Ie
dosage de I'oxygene dans des particules pyrolytiques de carbure
d'uranium recouvertes de carbone, son interet n'est pas limite ace type
de substance. On peut I'appliquer en general au dosage de I'oxygene
et de I'azote dans les metaux, les alliages et d'autres materiaux sus­
ceptibles d'etre analyses par les techniques de fusion sous vide. On
presente des resultats analytiques obtenus avec des echantiIIons d'acier
et de carbure d'uranium. L'appareiI, dans sa forme actuelle, a ete
utilise quotidiennement pendant pres de deux ans. Les temps d'arret
durant cette periode ont ete negligeables. On peut, en 8 h, traiter en
double un total de 20 echantillons.
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DETERMINATION OF CERTAIN TRACE
IMPURITIES IN URANIUM CONCENTRATES

BY ACTIVATION ANALYSIS

A. A. ABDEL-RAsSOUL, S. S. WAHBA and A. ABDEL-AzIZ
Nuclear Chemistry Department, Atomic Energy Establishment

Inchass, U.A.R.

(Received 21 June 1965. Accepted 25 October 1965)

Summary-A method is presented for the simultaneous determination
ofchromium, 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 ofsuch elements in limited quantities ofsamples
by scintillation y-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.2 This method has been used to evaluate
the power of and extent of burn up in irradiated fuel,3 Quite recently, Ward and
Foreman,4 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 ofdifferent 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 56Mn, 65Ni and 64CU, 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.
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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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Potassium dichromate solution, O·05N. Dry solid K.Cr.07 NBS Standard for 1 hr at 110°, weigh
2'45160 g (weight corrected to vacuum) to ±O·Q1 mg, dissolve in about 500 ml of water and dilute
with water to 1000 ml at 20°. Mix carefully.

Preparation ofsamples

Preparation of U.O. 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.

Mter the third evaporation, remove the flask from the hot plate and dip into cold water, adding
simultaneously 30 ml 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 ofuranium 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 minina desiccator. Weigh the sample to an accuracy of 0'01 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 U30•.

Preparation ofUO. or U03 samples. UO. or UO. samples can be weighed without previous treat­
ment. The dissolution of UO. samples is the same as for U30. with the difference that 2 ml of con­
centrated nitric acid instead of 1 ml are added. UO. 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 50% 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 ofconcentrated 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 ml 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 mI. Dip the platinum and calomel electrodes and the tip of the burrette into
the liquid and-introduce the magnetic stirrer. Titrate with 0'05N 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 ofsplash 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.

Amount ofcadmium chloride. The uranium sample ought to be dissolved before the reduction in a
small amount ofconcentrated hydrochloric acid (normally 5 g of the uranium in 20 ml of hydrochloric
acid), because the concentration ofhydrochloricacid afterdilution, i.e., before oxidation withpotassium
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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 ofprocedure

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, etc.). 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(llI) or even quantitative reduction to uranium(lV) 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
±O·Ol %. The coefficient ofvariation calculated from 20 determinationswas ±0'003 %.
Table I shows two series of the determination ofuranium in DaDs 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 UD2 by heating to 850°. The total content of
impurities did not exceed 20 ppm.

TABLE I.-ANALYSIS OF D.O. SAMPLES

D.O•. %
First series Second series

Average

99'994
99'995
99'998
99·998

100·002
99'996

99'997

100'004
99'994
99·999
99·992

100'000
100001

99'998

UaDs- 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 ± 0·02 % is to be
compared with the average of results by this method (Table II) of 99·946 %.

TABLE H.-ANALYSIS OF D.O.

N.B.S. Standard sample No. 950a
D.O" %
99'945
99'946
99·945
99'948
99·945
99'947

Average 99'946
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Selectivity

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

30 J

2

20

10

o '--~_-+-__-<-__-+-----l

o 2 Jol
O,05M-£DTA

FIG. 3.-Influence of temperature on titration of indium:
1. 25°, 2. 50°, 3. 80°

[2'5 ml of 0'05M In(CIO.).; pH 1·5; applied potential: 1·5 V; Pt electrodes; total
volume: 100 ml]

20

2 3 .1
0,o5M-EDTA

10

O'----+-...--+---+-+--'
o

FIG. 4.-Influence of cobalt and nickel on titration of indium:
I. 250 mg of Co, 2. 177 mg ofNi

[2 ml of 0'05M In(CIO.).; pH 1'5; applied potential: 1·5 V; 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 1-1'3 in
the presence of an excess of Mg, Sr, Ba, Ca, Be, Ag, U, AI, Ti, Zn, Cd, Pb and Co,
with a maximum error of 0·3 %reI. 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(III), 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

ofindium in 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 %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 ofhydrochlorie acid (1 + 1)
when the final residue should be white. This residue was dissolved in 5 ml of ca. 1M nitric acid and
after dilution to 50 ml the indium determined by biamperometric titration with 0'05MEDTA 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).5

TABLE I
Indium found, * %

Alloy
Cd-Sb-In
Zn-Sb-In

Method A Method B
1·00 1'03
0·65 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 beeinfluJ3t 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 Stromiinderungen wiihrend einer Titration
mit 0,05M EDTA-Losung in der GroJ3enordnung von 10 pA. Analy­
tische Anwendungen der Methode werden diskutiert.

Resume-On a trouve les conditions optimales de dosage chelato­
metrique de l'indium par titrage biamperometrique it l'EDTA. On
peut utiliser deux electrodes stationnaires en platine (Pt-Pt) ou deux
electrodes en graphite (C-C) pour indiquer Ie point de fin de dosage.
A pH 1-1,5, Ie dosage est hautement selectif. Le potentiel applique
n'influence que la valeur absolue de l'intensite du courant; la precision
des dosages reste constante dans un large intervalle de potentiel
applique. Pour un potentiel de 1,0--1,7 V, les variations d'intensite
durant un dosage au moyen d'une solution d'EDTA 0,05M sont de
l'ordre de 10 flA. On discute des applications analytiques de la
methode.
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INVESTIGATION OF THE SOLVENT EXTRACTION OF
CALIFORNIUM, FERMIUM AND MENDELEVIUM
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Summary-The extraction constants for the systems di-(2-ethylhexyl)­
orthophosphoric acid/toluene/hydiochioric 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 Fidelis1,2 on the separation of rare earths by means
ofextraction chromatography using tributyl phosphate has shown that this method can
also be applicable for the separation of tervalent transuranic elements. The results of
other investigations3.4 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 oflanthanides
and light transuranic elements by means of extraction chromatography5-9 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).10

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 determ,ining extraction constants and to finding conditions
for their separation.

THEORETICAL

Di-(2-ethylhexyl)orthophosphoric acid is present in organic solvents in the dimeric
form.n The extraction of lanthanides and tervalent actinides in trace quantities is
based on the following reaction:

M~+ + 3(H2A2)org~ M(HA2horg + 3H+

The equilibrium constant of this reaction (the extraction constant) is

K _ [M(HA2h]org[H+]3 _ [H+P
- [M3+][H2A2]grg - q [H2A2]grg

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.
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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. Ifthe 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(II).

A theoretical study reported by Lloyd and Pickering,20 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.

Brasted21 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 I 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(II).

TABLE I.-PLUTONIUM(VI) STABILITY

Time of standing,
min

0'5
4
5

15
30
65
90

Plutonium recovery,
%

100·02
100·07
100·10
99·88
99·24
99·42
99·53

Reduction to plutonium(IV)

Reduction with iron(II). Seils8 and Bergstresser9 found that the reaction between
plutonium(VI) and iron(II) 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 %of the theoretical amount of iron(II) was added to a 40-mg
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with 1 + 1hydrochloric acid and transfer the resulting solution to a 50o-ml Nalgene separatoryfunnel.
Dilute to approximately 100 ml with water, stopper, mix and coolon ice for about 1 hr. Then add
100 ml of cold, freshly prepared 9 % 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 hydrofluoric 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 10% ammonium tartrate solution and 20 ml
of water to the residue in the beaker and heat gently until the solution is clear. Then add I 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 ± 0·2 with concentrated ammonia solution, transfer to a 10o-ml
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 fig of manganese = 0·001 %.

Molybdenum metal. Decompose a O'500o-g sample of the powdered metal in a 25O-ml Pyrex
beaker with 20 m1 of I + 1 sulphuric acid and 2 ml each ofconcentrated 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 powdered 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 70 ml 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
chloroform and isoamyl alcohol 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.) Coolon 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

Shibata5•6 showed that the manganese(II)-PAN complex can be extracted into
various orgaIl,ic solvents, but stated that it is extracted most efficiently with ether or
cWoroform. Tests carried out in this laboratory with n-amyl alcohol, chloroform,
benzene and carbon tetrachloride yielded considerable differences in the absorption
maximum ofthe complex in these solvents, i.e., 558, 562,568 and 570 mp, respectively.
Ether was not included in these tests because Shibata5 had already shown that the
absorption maximum of the complex in ether occurs at 560 mp. The results of these
tests showed that cWoroform 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, cWoroform and benzene were
5·85 X 104,5 4'8 x 104 and 4'7 x 104, 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 ftg 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(II)-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 investigators15.16 have shown that atmospheric oxidation of manganese(II)
to manganese(III) takes place in alkaline media. Oelschliiger17 and Star,918 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 ofpH. Previous investigators have used slightly different systems so that
the optimum pH range for the complete formation of the manganese(lI)-PAN
complex under our conditions had to be determined. The results obtained by Shibata,5
Betteridge et al.19 and Berger and Elvers4 indicate pH ranges of approximately 9 to
11, 8·5 to 9·6 and 8 to 10, respectively. To define this range more precisely, pH
experiments were carried out on test solutions containing 10 ftg 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 rnl). 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 rnl
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 rnl of concentrated ammonia solution in a volume of 100 ml.

Effect of PAN concentration. Shibata6 states that 1 ml of 0·1 % PAN solution
suffices to complex 10 ftg 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 0·1 %
PAN solution are required to complex 10 ftg ofmanganese 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,2o previous investi­
gators of PAN reactions have shown that cyanide and citrate are effective complexing
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EXPERIMENTAL

Reagents

Iron(lI) sulphate solution. Ferrous sulphate heptahydrate (B.D.H. England, analytical-reagent
grade) was used to prepare 0·1-Q·3M solutions in 4N sulphuric acid and these solutions were standard­
ised with dichromate.

0·1-Q·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(ID 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) remaining 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 65-70% by weight, i.e., about 11-12M in the cold. No
reduction of perchlorate occurred, however, at lower temperatures even in 65-70 %
sulphuric acid. At temperatures higher than 160°, there was appreciable oxidation of
iron(ll) 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(ll) at 150-155° was
about 10 min. Variation of the excess ofiron(ll) 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 ml of ammonium perchlorate solution (containing 0'09178 g of the salt), 20 ml of 0'4966M iron(II)
sulphate solution and about 20 ml 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 15D-1550, 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 15D-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(Ill) 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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SHORT COMMUNICATIONS

Rapid iodometric determination of copper in some copper-base alloys

(Received 28 April 1964. Revised 28 May 1965. Accepted 18 October 1965)

IN recent years a mixture of hydrofluoric and nitric acids has occasionally been used for the dissolu­
tion of alloys. Thus, Garate and Garate1 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 found2 that alloys of bismuth, tin, lead and cadmium are also readily dissolved in this
mixture of acids.

Dozinel3 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(lV) oxide
formed during dissolution of the alloys in nitric acid alone.

According to the British" and AmericanS 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.6

Ktihnel-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 cl~r 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(lII) may also be masked with fluoride.

EXPERIMENTAL
General

The solvent mixture is prepared by mixing 3 volumes of 40 % hydrofluoric acid, 14 volumes of
65 % 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 5% of tin,
was attacked in the way described below and this alloy, was dissolved in about 5 min.
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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 hydrocWoric 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 Schli1l589' white

ribbon or similar papers.

Reagents

Potassium cyanide. 0-5 %wJv 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. 0-5 % wJv solution in 10% v{v acetic acid.
Hydrochloric acid. 0·1 M, containing 0'1 % v{v of 100 vol. hydrogen peroxide, added immediately

before use.
a.-Benzoin oxime. 5% wJv solution in ethanol.
Dimethylglyoxime. 2% wJv solution in ethanol.
Nitric acid. Sp. gr. 1·42.
Hydrogen sulphide. Gaseous, and a saturated solution in water (or acetone).
Sodium hydroxide. 0·1 M solution.

Procedures

Gold alloys (Au-Ag-Cu). For proper detection of the alloying elements (Ag and eu), 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 .al 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).l, K[Ag(CN).l and K.[Cu(CN).l, is transferred to
the centre of a filter paper disk, using a capillary pipette. A total of about 100 ,ul 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(IlI) is present. Limit of identification: 0·1 .ag.

2. Silver. The second sector is bathed in O·lM 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 2Ni(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 7·7 x 10-13) so that only silver sulphide as the most insoluble known compound of silver
(K::l x 10-5°) provides a suitable test.

3. Copper. IX-Benzoin oxime solutionis applied to the third sector which is then fumed over ammonia
solution. A green line indicates the presence of copper. Limit of identification: 0'1 pg.

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 I %.
Furthermore, the inevitable copper content of filter paper and reagents, including distilled water,
results in a strong blank.' It 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
copperin some alloys containing from 58·3 to 87·5 %of gold, up to 41·7 %of silver and up to 41·7 %
of copper.

Silver 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.'.5

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 pI of O·lM 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 O·lM 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 % vJv of 100 vol. hydrogen peroxide in
order to prevent partial reduction ofsilver. Ring II is cut into two sectors, which are tested as follows:

1. Silver. The first sector is bathed in O'lMhydrochloric 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 Pg.

2. Copper. The second sector is tested with IX-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 pg.

3. Manganese(II). The third sector is moistened with O·IM sodium hydroxide solution, then sprayed
with benzidine reagent. A blue line indicates manganese. Limit of identification: 0·05 Pg.
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 90% of silver, 10 to 40% of copper,
up to 5%of nickel and of zinc, and up to 1·5 %of manganese.
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SUMMARIES FOR CARD INDEXES

Eleetrometric 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 cu~rent voltage occurs. The indicator in alkaline
solution induces the depolarisation of the electrode.

Determination of potassium by titrimetry: TADASHI 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
(cone. of KCl 0·25 to 1·8 x 1O-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 detenninatioD of cerium with suIphanilic 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 mp. 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.
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