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We are greatly indebted to Dr. J. T. Stock and
Mr. M. A. Fill, of Norwood Technical College,
London, who originally conceived the idea of a
set of small scale apparatus mounted on a
stand. We are grateful for their collaboration
with our design staff in the production of this
apparatus.

| For
Education
and
Research -cuicksir» semimicro sets

are strong, safe and compact. They are quicker than macro scale and are always
ready for use. * Quickfit’” Semi-Micro Sets save you a good deal of time as well as
money. They save you chemicals, gas, filter paper and, above all, space, besides
making research possible with quite small quantities. Write for the catalogue,

which prices all individual parts and gives you full information.

QUICKFIT & QUARTZ LTD.

INTERCHANGEABLE LABORATORY
GLASSWARE

Dept. O.F., “Quickfit” Works, Heart of STONE, Staffs.
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HOW THE NEW OERTLING RIDERLESS MICRO-BALANCES WEIGH TQ
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'
1
DIRECT READING

OF ILLUMINATED SCALE

THE NEw Oertling micro-balances eliminate the
following errors due to the rider system, esti-
mated by authorities* at up to 20 ugm.:—
DIVISION ERRORS

Longitudinal errors of notch-position. 0.0005” error can
cause | pugm. weighing-error.
DISLOCATION ERRORS
L itudinal displ of the rider in the notch.
Again, 0.0005” can cause 1 pgm. weighing-error.
ANGULAR ERRORS

An angular displacement of the rider in the notch of 0.2°
can cause 1 pgm. weighing-error.

MASS ERRORS

Deviation in the mass of the rider must not be more than
% 7 vgm. for a nominal 5 mg. rider if the reading error
is not to exceed 1 pgm. when the rider is moved through
n hes, depending on the di between successive
positions.

Where several weighings are involved, small errors like

. . these can add up to a significant total.
OERTLING 146 has direct-reading
. L. * References:—
sensitivity 20 pgm./division. Corner & Hunter, The Analyst 66, 149-154, April *41.
. . Kuck, Journal of Chemical Education, 574-583, Dec. '42.
OERTLING 147 has direct-reading Rodden & Kuck, Industrial and Engineering Chemistry 15,
415-416,June’43, Lindner, Mikrochemie 34, 67-105, 1948,

sensitivity 2 ugm./division.

Please write for full details to:—

L. QOertling Ltd., Cray Valley Road, St. Mary
Cray, Orpington, Kent. Telephone: Orpington 25771 (5 lines).
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STANTON _Covecteriscse

The design and construction of every modern Precision Balance
manifests the influence that STANTONS have exerted during
the past few years.

STANTON were first with:
e Synthetic Sapphire (Corundum) Planes @ Full weight-loading balances in Britain

@ Balances with special applications, e.g. Gas Density Deter-
mination, Thermo Recording work, Remote Control work.

Model A.D.3.

Capacity: 200g.
Sensitivity: 0.Img per 4 division

This aperiodic projection reading
balance provides for external
weight loading of fractions up to
1g. by means of a single dial. The
new graticule reads direct up to
100mg. resulting in greater weighing

speed and less fatigue.

Model B.A.9.

Capacity: 200g.
Sensitivity: 0.1mg per § division

This balance represents another
contribution by STANTON
towards greater balance room
efficiency. Only four dials give
weight loading up to 200gr.—
Graticule reads direct up to
100mg. Complete weighing
can thus be made in 20-30
seconds.

Stanton Balances are stocked by leading laboratory furnishers.

? 'STANTON B3GR

Stanton Instruments Ltd., 119 Oxford St., London, W.1. Gerrard 7533-4.
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*See us about the pumps!

METROVAC diffusion pumps have a wide range
of applications in industry They are being used
for such diverse processes as the concentration of
vitamins, surface finishing by vacuum coating and
the refining of metals

Whatever your own particular problem, Metrovick
engineers, with their wide experience in the design
and operation of high vacuum apparatus, can help
you to solve it.

METROVAC _

Diffusion Pumps
for
industrial applications

METROPOLITAN-VICKERS

ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17
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Spekker Absorptiometer

In the ever widening field of colorimetric (or.absorptiometric) analysis,
the Spekker Absorptiometer is being increasingly used by metallurgists,
chemists, biochemists, and research workers. It is simple to use and
here are a few of its outstanding features.

@® Great accuracy of measurement of optical density and transmission
of the sample.

@ Exceptionally large open scale for density measurements—the range
from O to 13 is practically linear and 16 ins. (400 mm.) in length.

@® The use of a carefully designed optical system, together with an
optical-mechanical system of measurement, ensures the permanence
of accurate calibration.

@ The instrument can be used with different light sources and many
different attachments.

® Compensatigg photocell eliminates the effects of any variation in
performance of the light source.

@ No batteries are required.

An attachment can be supplied which will convert the absorptiometer
into a highly efficient fluorimeter.

Please write for fully descriptive catalogues CH 244 (Z.7) and CH 390 (Z.7).

HILGER & WATTS LTD.
98 St. Pancras Way, Camden Road, London, N.W.1

Member of the Scientific Instrument Manufacturers’ Association and of SCIEX
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UNIMESH

— a JMC innovation

An exclusive Johnson Matthey development, the Unimesh form
of electrode construction gives added robustness and increased
working life. The traditional woven platinum gauze is replaced
by expanded platinum sheet, which because of its continuous
structure is considerably more resistant to the effects of wear
or accidental damage. All JMC platinum electrodes “for
electrochemical analysis are now available optionally in this
new improved form—without increase in cost.

+ Maximum efficiency

Catalogue 1710 “Platinum Laboratory
Apparatus” and 1720 “‘Platinum
Electrodes® give full details of ¥MC
apparatus for the analytical chemist.
Both are free on request.

JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN,'LONDON, E.C.I.
Telephone: HOLborn 6989.
Vittoria Street, Birmingham |. Telephone Central 8004,
75-79 Eyre Street, Sheffield |. Telephone: 29212.
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WHATMAN

FILTER PAPER

The Whatman range covers
all requirements of the chemist in every
branch of industry and research

Filtration: Specialities:

QUALITATIVE GRADES
" QUANTITATIVE GRADES
HARDENED GRADES

ASHLESS TABLETS & FLOC
ANTIBIOTIC ASSAY DISCS
EXTRACTION THIMBLES

Cellulose Powders for:

CHROMATOGRAPHY

Papers for:

CHROMATOGRAPHY and ELECTROPHORESIS

Supplies may be obtained through all regular Whatman suppliers

Manufacturers:
W. & R. BALSTON LTD., MAIDSTONE, KENT

Sole Mill
Representatives:

H. REEVE ANGEL & CO. LTD.
9 Bridewell Place,
London, E.C.4,
England

Agents for
U.S.A., CANADA, MEXICO:
H. REEVE ANGEL & CO. INC.
52, Duane Street,
New York, 7, N.Y.,
US.A.
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ANALYTICAL REAGENTS WITH ACTUAL BATCH ANALYSIS
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\

Each batch
subjected
>
ACTUAL : to
>
L4
R €[V > INDEPENDENT
BATCH =
2 POTASSIUM IODIDE A.R.
e Mol. Wt. 16602 ANALYSIS
ANALYSIS N ACTUAL BATCH ANALYSIS
= (Not merely maximum impurity values) before

Batch No. 72704

Chloride & Bromide (C1) «aseesrasnvessnassoossos 0.003%
Free Alkali .. no reaction
Heavy Metals (Pb) .o 0.00089%,
Todide (ln,) .. mno reaction
.. Do reaction
SulDbate (BOL) vinsisemmivsssings sesenesssiaesss 0.0004%

label is printed
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You are invited to compare the above actual batch analysis with the purities guaranteed by
the specifications of any competing maker in this country or abroad

THE GENERAL CHEMICAL & PHARMACEUTICAL CO.LTD.

Chemical Manufacturers, Judex Works, Sudbury, Middlesex _
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New Horizons

THE last decade has seen a wealth of new weapons added to the analyst’s armoury, permitting
the attainment of an accuracy and speed hitherto undreamt of. In the main these tools
have been physical instruments, .e., the polarograph, the mass spectrometer, the quantometer,
flame photometers, wide-range spectrographs, radioactivity-measuring devices and, most
popular of all, absorptiometers allowing the use of photometric methods. Looking at all
this progress it seems as though the analyst of the future will be a physicist rather than
a chemist. Gone forever are the days of the analyst who was as much an artist as a chemist.
Indeed in those days, unless an analyst was an artist, he could have had little success with
his primitive but difficult separations. What pleasure it was to watch a true craftsman
analyse a rock specimen, mainly by gravimetric methods, taking four days for fourteen
elements. With what loving care did he dehydrate his silica, separate his iron and aluminium
and at length estimate, however inaccurately, his alkalis.

The analyst must, however, look forward without regrets. Analytical chemistry has
the proud role of “handmaiden of all the sciences,” and without the analyst very little
progress has ever been made. Any method, therefore, that will give an accurate answer
rapidly must be used, even if it would appear to be a trifle soulless to the old-time craftsman
now occupied collecting the results coming out printed from the quantometer.

Of all the new tools, two alone can claim to be really chemical in nature; ion-exchange
resins and the chelating reagents, such as ethylenediaminetetra-acetic acid. Both these
methods are playing a very important and growing part in recent advances in analytical
chemistry. Both have no doubt new fields to conquer, but it is the future of ion-exchange
resins that will be considered here briefly.

In practically every field of analysis the cation and anion-exchange resins have found
abundant use, as can be seen from the recent bibliography published in The Analyst (April,
1953, 78, 220-252). Now, however, come striking advances that open up entirely new
horizons. These are the use of chelating resins and resins showing very selective properties.
Skogseid (Thesis, Oslo, 1948) was one of the first to suggest the use of a chelating resin;
he caused picryl chloride to react with nitrated and reduced polystyrene and followed this
by nitration. The resin, so formed acted as a cation-exchange resin and had a greatly
increased potassium affinify. Other workers prepared resins with diketone groups, and others
with active groups of the chlorophyll and haemin series. Yet again other workers prepared
resins containing chelating groups of the amino-acid type; such resins were found to have
a high affinity for copper, and with the bivalent transition metals the order of affinity corre-
sponded to the Irving and Williams order of stability observed with soluble complexes,
.., Mn < Co < Ni < Cu.

First reactions to these new resins by workers in this field were cautious, since the
resins were difficult to obtain or to make. In addition, it appeared that they were not very
specific and reports on their behaviour were conflicting. Now, however, come more promising
developments. N. Grubhofer and L. Scheith (Naturwiss., 1953, 40, 508) have made an
entirely new type of resin by boiling the finely grained Amberlite XE-64 with thionyl chloride -
pyridine, so*converting the carboxylic groups to acid chloride groups. The pale yellow
product contained 20 per cent. of chlorine and was found to be very reactive towards phenols,
amino acids, proteins and so on. The ester produced with the secondary O-H of quinine
contained 25 per cent. of quinine and was found to be an active anion-exchange resin with
optically active basic centres; with this it was possible to separate racemic mixtures of acids.
Mandelic acid, for instance, was split in chloroform solution into its optically active components.

489
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Grubhofer and Scheith have also examined polyaminostyrene resins. These compounds
after diazotisation were coupled with proteins in weakly alkaline solution and the excess of
diazo groups was saturated with 2-naphthol. The protein in the resin was found to retain
its enzymic activity if diastase, pepsin, ribonuclease or carboxypeptidase was used as coupled
constituent. Starch run through a diastase resin column no longer reacts with iodine; the
carboxypeptidase column converts chloroacetyl-pi-alanine to Lr-alanine and chloroacetyl-
p-alanine. o .

At about the same time J. P. Cornaz and H. Deuel (Experientia, 1954, 10, 137) reported
that the hydroxamic acids prepared from acrylic and pectic acids have a strong selectivity
for ferric ions.  Still more recently, Miles et al. prepared an unusual resin with highly selective
properties. They prepared the resin by the mercuration of an alcohol-soluble phenol -
formaldehyde resin with mercuric acetate in ethanol solution, the resulting polymer being
precipitated as a yellow powder containing about 35 per cent. of mercury. This new resin
has the property of selectively removing mercaptans from aqueous solutions, the mercaptans
afterwards being readily and easily eluted by a solution of 2-mercaptoethanol or hydrogen
sulphide. Glutathione, cysteine and coenzyme A are all retained by this resin. It is obvious
that there will be many uses for such unusual properties in the examination of biological
fluids, quite apart from uses such as the analysis of petroleum fractfons.

It would therefore appear that the newer types of resins, chelating and specifically
selecting, have come to stay, and we may confidently expect further exciting discoveries
in this new and most interesting field. G. H. O.

PROCEEDINGS OF THE SOCIETY FOR ANALYTICAL CHEMISTRY

MIDLANDS SECTION

AN Ordinary Meeting of the Section was held at 6 p.m. on Wednesday, May 25th, 1955, in
the Chemistry Department, The University, Edgbaston, Birmingham, 15. The Chairman
of the Section, Mr. J. R. Leech, J.P., presided.

The following papers on the use of a new reagent for the determination of sulphate
were presented and discussed : “4-Amino-4'-chlorodiphenyl as a Reagent for the Determination
of Sulphate,” by A. J. Nutten, B.Sc., Ph.D., F.R.I.C.; “The Determination of Sulphur in
Coals after Combustion in the Calorimetric Bomb,” by H. C. Wilkinson, M.Sc., A.M.Inst.F.,
A.R.IC.; “A Semi-micro Method for the Determination of Sulphur in Rubber,” by B. B.
Bauminger, Ph.D., A.R.I.C.; “The Determination of Sub-micro Quantities of Sulphate,”
by A. S. Jones.

Before the meeting there was a tour round the Organic and Analytical Research Sections
of the Chemistry Department of Birmingham University. :

BIOLOGICAL METHODS GROUP

AN Ordinary Meeting of the Group was held in the Lecture Hall of the Royal Society for
Tropical Medicine and Hygiene, Manson House, 26 Portland Place, London, W.1, at 2.30 p.m.
on Friday, May 13th, 1955. Dr. L. J. Harris, F.R.I.C., Chairman of the Group, was in the
Chair.

The subject of the meeting was “Biological and Microbiological Methods of Estimating
Vitamin B,,” and the following papers were presented and discussed: ‘“Introductory Address,”
by F. A. Robinson, M.A., LL.B., F.R.I.C.; “The Microbiological Estimation of Vitamin B,y
in Serum,” by R. H. Girdwood, M.D., Ph.D., F.R.C.P., Ed., M.R.C.P.; “The Estimation of
Vitamin B,, in Animal Feeding Stuffs with Lactobacillus leichmannii and Ochromonas
malhamensis as Test Organisms,” by D. H. Shrimpton, B.A., Ph.D.; “The Estimation of
Vitamin B;, in Milk,” by Margaret E. Gregory, Ph.D., A.R.I.C.; “Biological Methods of
Estimating Vitamin B,,,” by Marie E. Coates, Ph.D., F.P.S.; “A Critical Analysis of the
Method of Vitamin-B,, Assay with Euglena gracilis as Test Organism,” by W. R. Pitney,
M.D.,, M.R.A.C.P.

In the absence of Mr. F. A. Robinson, his paper was read by Mr. E. H. Fitzgerald.
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Portable High-frequency Titrimeter

By J. P. DOWDALL, D. V. SINKINSON anp H. STRETCH
(Presented at the meeting of the Society on Wednesday, April 6th, 1955)

A stable easily constructed battery-operated titrimeter with a tuned-
anode - tuned-grid oscillator operating at 15 to 20 Mc/s is described.
Examples of its use are given; these include titrations of ionisable chlorine
and fluorine separately and in mixed solution, acid - base titrations and the
titration of organic bases in non-aqueous solution.

IN a search for an improved method of fluoride titration, attention was directed to a paper
by Jensen and Parrack! describing an instrument in which the titration vessel is located
within the field of the anode coil of a high-frequency oscillator, and the end-point of the
titration is determined by observing the change in anode-current reading. The apparatus
of Jensen and Parrack, however, suffers from certain disadvantages, notably an undesirable
heating effect on the solution being titrated.

Anderson, Bettis and Revenson? make use of a grid-dip oscillator, whilst Blaedel and
Malmstadt3* describe titrimeters in which the end-point is determined by measurement
of frequency change during the titration. In recent work, Fujiwari and Hayashi® described
an apparatus in which reception of a constant-power modulated high-frequency signal is
modified during the course of a titration, owing to the presence of the solution in the field
of the grid coil of the detector.

All the methods cited above are relatively complex and require for their operation
considerable power, which is normally derived from the mains. The titrimeter that is the
subject of this paper is simply constructed, portable and powered by batteries, the power
consumption being very small,

A high-frequency method is of special value in the titration of highly coloured solutions,
or in other cases where visual indicators are unsatisfactory. It is a valuable alternative
to conductrimetric procedures, as it has certain advantages over the latter in that no electrodes
are present in the titration solution. It is also easier to set up.

THEORETICAL CONSIDERATIONS

The basis of these titrations appears to be complex, but, as pointed out by Forman and
Crisp,® a simple solution may be obtained by considering the types of polarisation effects
involved. In an aqueous solution of a strong electrolyte subjected to a high-frequency
electric field, the two types of polarisation chiefly responsible for the power loss are the
molecular (dipolar) polarisation of the solvent molecules and what may be termed the “ionic
polarisation” of the electrolyte,

In the latter case, the maximum absorption of power occurs at a frequency, f, equal

to ?, where 7 is the “relaxation time’” of Debye and Falkenhagen.? This relaxation time
is given by the relation—

,— 8-85 x 1011 D,

S

»

where D, is the dielectric constant of water, A the equivalent conductance of the electrolyte
at infinite dilution and ¢ the molar concentration of the solution.

For a given temperature, D, is constant, and for a simple electrolyte of any given type
(uni-univalent, uni-bivalent and so on), y is also roughly constant, so that—

_. constant
o —
Y
and f=K,y,
where K, is a constant for each simple electrolyte.
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Hence the frequency at which maximum loss occurs increases with the concentration
of the solution; for example, with a 0-02 IV solution of sodium chloride, this frequency is of
the order of 35 Mc/s, and with a 0-2 N solution is 250 Mc/s. Forman and Crisp show that
this simple relation is followed by a number of electrolytes; their results indicate that, for a
given concentration, the maximum rate of change of dielectric constant occurs at approxi-
mately the frequency at which the maximum absorption of power takes place.

In a tuned-anode - tuned-grid oscillator the valve is normally self-biased to near cut-off
by the voltage developed across the grid coil, together with the grid capacitor and resistor.
When high-frequency energy is absorbed by the titration solution, the anode current increases
in order to compensate for the lost energy, and the grid bias is automatically re-adjusted.
1f the energy loss is too large, however, insufficient voltage is developed across the grid coil,

nd the valve is momentarily biased on the vertical slope of the anode-current - grid-voltage
curve. As a result, the anode current increases sharply, and the valve ceases to generate
high-frequency energy.

The loss of energy is proportional to the concentration of the solution. The instrument
described below can be used for electrolyte concentrations up to approximately 0-03 NN.

DESCRIPTION OF APPARATUS

A tuned-anode - tuned-grid oscillator is used to generate high-frequency energy. The
circuit is shown in Fig. 1, and the general appearance of the instrument is shown in Fig. 2.
The titration solution is placed in a suitable cell located within the anode coil. A battery
triode (3A4) of high mutual conductance and low power consumption is used as the oscillator

s .

Ry v,
e \ )
- _r:‘—'ﬁ"——c'i—:.
= l4v B 1
HCs C; EERI
18v
No— — -
- R R R d H.T.+
HT=- R 3 2 P
G

Fig. 1. Circuit diagram of the high-frequency titrimeter

C, = 100-puF condenser
C; = 0-005-uF condenser
C; = 0'1-uF condenser

C; = 100-puF condenser

Cy = 160-uuF variable condenser
L, = radio-frequency choke

M = milliammeter (0 to 25 mA)

G = galvanometer (full-scale deflection, 40 uA)
1000-ohm, 5-watt resistance

. = 10,000-ohm resistance

Rs = 15,000-ohm resistance

R, = 10,000-ohm resistance

R« = 40,000-ohm resistance
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valve. If a large power valve is used, an undesirable heating effect occurs in the solution.
The anode coil is tuned by its own self capacity, which results in a high dynamic resistance,
so permitting oscillation to be maintained over the greatest possible range of solution
concentration.

—J0

Grid condenser

Grid tuning \fb

condenser

Galvanometer

Titration
. vessel

Galvanometer ]
shunt

RY
3A4 Valve

Fig. 2. General view of the high-frequency titrimeter

The coil, of 14 S.W.G. enamelled copper wire, consists of 5 turns, }-inch spacing between
turns, wound to fit closely around the titration vessel described below. The grid coil consists
of 4 to 5 turns of 16 SW.G. enamelled copper wire, wound to a diameter of § inch with
$-inch spacing between turns. Both coils are self-supporting. The specifications are
relatively uncritical, merely affecting the range of oscillation frequencies.

A milliameter (0 to 25 mA) is included in the anode circuit to allow preliminary adjust-
ment of the current, and a sensitive galvanometer with an arrangement for backing-off the
greater part of the current is switched in when readings are being taken during the course
of a titration.

The instrument, including batteries, is contained in a copper box, the oscillator com-
ponents and titration vessel being attached to the lid. The screening of the titration vessel
1s extended above and below the lid, so that the liquid level is always in the screened portion
of the tube. Thorough screening of the entire instrument and a good earth connection are
required for the avoidance of hand capacity effects, and the self-contained power supply
assists materially in this direction. Mechanical rigidity of the titration vessel is also essential.
The vessel consists of a 6-inch by 1-inch Pyrex-glass tube flared at the upper end for a distance
of 11 inches to a diameter of 2 inches. A small motor-driven stirrer is used to mix the solution
during titration. A trial titration with water in both burette and titration cell established
that no change in anode current resulted from a change in liquid level.

The sensitivity of the instrument is related to the slope of the anode-current - grid-
voltage curve. If the anode current is set at the beginning of a titration to a low value, the
current shift per millilitre addition of titrant will be small. If the initial current is high,
the current shift will be increased. In this later condition, re-setting of the galvanometer
in the course of a titration may be necessary and, if the sensitivity has been set too high,
the valve may cease oscillating during the titration.
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The pin numbering of the 3A4 valve is as follows: 1, F—; 2, A; 3, G2;4,G1; 5, F (C.T.)
and G3; 6, A; 7, F4-.

The valve is of the alternative series - parallel filament connection type, and the filaments
were used in parallel with a 1-4-volt battery.

METHOD OF USE

The solution under test is put by pipette in the titration cell and diluted so as to bring
the liquid level into the flared-out portion of the cell. The stirrer is started, and the anode
current is adjusted to about 9 to 10 mA by means of the grid-tuning condenser. The backing-
out current is switched on, and the galvanometer needle is adjusted to a position near the
zero end of the scale by means of the control potentiometer.

Additions of the titrant are made and the galvanometer readings recorded. It may
be necessary to re-adjust the galvanometer needle with the backing-out potentiometer
during the course of a titration. As the end-point is approached, a marked change of galvano-
meter deflection per unit volume of titrant added occurs, and in many cases a reversal in
direction of galvanometer reading will take place.

APPLICATION TO IONISABLE FLUORINE DETERMINATION

Most existing methods for the determination of fluoride ion may be grouped into three
classes, viz.—

(@) isolation of hydrofluoric acid by steam-distillation, followed by titration with
standard alkali solution,

(b) gravimetric determination as lead chlorofluoride and

(c) titration with certain metallic salt solutions in which the formation of a lake with
an added dyestuff is inhibited in the presence of fluoride ion, e.g., thorium nitrate
as titrant together with Solochrome blue as the indicator.

All these methods have been examined. Method (a) was insufficiently specific. Method
(b) was critical as to concentration of many common ions. In method (c) the end-point depended
on the visual matching of the colour of finely divided suspensions. In practice, different
operators had dissimilar views as to the end-point.

In view of these findings, a high-frequency method was examined.

Cerous nitrate was initially used as titrant; however, the normal salt is strongly acidic,
and the resulting curve rose continuously and showed a change of slope at the equivalence
point. An attempt was made to obtain sharper end-points with this reagent by the addition
of weak bases, but was only partly successful. Cerous acetate was tried, and sharp end-
points were obtained. The reagent, however, underwent slow oxidation, the solution
becoming cloudy on standing. Cerous acetate was finally replaced by lanthanum acetate,
which gave equally satisfactory titration curves, and the solution was quite stable on storage.

With lanthanum acetate as titrant for sodium fluoride solutions in the concentration
range 0-025 to 0-013 N in approximately 0-013 N acetic acid solution, results are obtained
within +1 per cent. of the fluoride ion present in the solution.

A typical set of readings is as follows—

Volume of lanthanum acetate

solution, ml .. 679 ws 8-0 9-0 10-0 11-0 12:0 13-0 14-0 15-0
Galvanometer reading " 200 274 343 400 428 325 229 100

The lower range of sensitivity may be extended to a titration of solutions of 0-006 N
fluoride ion by the use of a more sensitive galvanometer having a full-scale-deflection of
6 mA, and this represents the lower usable limit of the present tuned-anode - tuned-grid
titrimeter.

The degree of accuracy attained in the analysis of an organo-fluorine compound after
decomposition of fluoride ion is shown by the following results—

Weight of fluorine present in com-

pound, g .. w s 5w we 0-0532 0-0667 00464 0-0620 0-:0458 0-0636
Total volume of titrant, ml . 37-71 41-40 33-00 44-34 32-88 45-90
'Weight of fluorine found, g =~ .. 0-0529 0-0580 0:0463 0-0621 0-0461 0-0643

1-0 ml of lanthanum acetate solution = 0-001402 g of fluorine.
A one-third aliquot was taken for titration.
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CONTROL TESTS—

Direct blank tests on reagents are not normally possible with the method, since it is
difficult to titrate traces of ionisable fluorine in the presence of fairly large quantities of other
ions. A more effective method is to add known amounts of fluoride to the reagents, and
titrate in the normal manner.
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EFFECT OF ACIDS AND BASES ON THE TITRATION—

Bases that displace lanthanum from its salts and acids that give insoluble lanthanum
salts must be removed from solution. Weak bases, such as aniline, do not affect the end-
point, and acids appear to have an effect proportional to their pH, a weak acid being tolerable
to a greater degree than a strong one.

Acetic acid—Lanthanum acetate requires the addition of a small amount of acetic acid
to assist solution and to prevent formation of basic salts. Acetic acid in concentration less
than 0-1 N has no harmful effects in the titration of 0-025 to 0-013 N fluoride solutions.,
With 0-0013 N fluoride, acetic acid concentrations above 0-013 N cause high end-points.
The acetic acid concentration was therefore standardised at 0013 N. In this manner,

Volume of lanthanum acetate solution, ml
Volume of lanthanum acetate solution, ml

2 2 M 0 A " "
100 200 300 400 500 100 200 300 400 500
Galvanometer reading Galvanometer reading

Fig 3. Titration of fluoride in the presence of
ammonium chloride: curve A, about 0-1 g of
sodium fluoride; curve B, about 0-1 g of sodium
fluoride and 0-2 g of ammonium chloride

Fig. 4. Titration of fluoride in the presence -
of sodium chloride: A, about 0-1g of sodium
fluoride; B, about 0-1 g of sodium fluoride and
0-2 g of sodium chloride

relatively high changes in pH during the titration are avoided, and the effect of traces of alkali

and carbon dioxide is minimised.

Nitric acid—Up to 0-02 N nitric acid has no harmful effect on titrations of 0-013 N
fluoride solutions. Above this concentration of nitric acid the resulting damping of the
tuned circuit makes it difficult to maintain oscillation.

Hydrochloric acid—This was not specifically tried, but solutions containing sodium
chloride and nitric acid gave correct values for the fluoride present.

EFFECT OF CERTAIN SALTS—

_ The effect of all salts, apart from those that react with cerium or lanthanum acetate,
is to damp the tuned circuit, thus effectively limiting the titration range. Titrations of
0-013 N fluoride solutions are not significantly affected by sodium, ammonium, nitrate,
chloride, acetate or silicate ions present in similar concentration to the fluoride. The effect
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of ammonium and sodium chlorides are shown in Figs. 3 and 4. The end-point obtained
in the presence of phosphate ions is unreliable.

METHOD FOR DETERMINATION OF IONISABLE FLUORINE
REAGENTS—
Sodium fluoride—Dissolve 4-20 g of freshly dried purified sodium fluoride in 1 litre of
water, and determine the fluoride in a suitable aliquot by the lead chlorofluoride method.
Lanthanum acetate—Dissolve 80 g of lanthanum acetate in a little warm water con-
taining 0-5 to 1-0 ml of glacial acetic acid and dilute to 1 litre.
PROCEDURE—

Switch on the instrument 10 to 15 minutes before use.
Introduce the solution to be titrated into the titration vessel, followed by the necessary

amount of 0-1 N acetic acid to.produce a 0-012 N acetic acid solution, the liquid level being
in the flared-out portion of the titration vessel.

[ L]
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! 2
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o o N —_)
I 100 200 300 #0500 > T00 200 300 400 500 600 700 800
Galvariometer reading Galvanometer reading
Fig. 5. Titration of 5ml of 0-1 N sodium Fig. 6. Titration of 3 ml of 0-02 N sodium
carbonate with 0-05 N sulphuric acid hydroxide with 0-02 N sulphuric acid
I0 10
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Eg 5 p
g J
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g =
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s 4 .; 4
g3 g3
52 22
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I i
0 i 0
100 200 300 400 100 200 300 400
Galvanometer reading Galvanometer reading
Fig. 7. Titration of 0-1 N sodium carbonate Fig. 8. Titration of 0-1 N sodium chloride
with 0-25 N acetic acid with 0-1 N silver nitrate

Start the stirrer and rotate the grid-tuning control to bring the valve into a state of
oscillation (indicated by minimum value of anode current), then de-tune slightly to a current
reading of 9 to 10 mA. Switch on the backing-out current and adjust the potentiometer
to bring the galvanometer needle to a reading near the lower end of the scale. A sensitive
galvanometer must be protected by a shunt until this adjustment is made.

Make equal additions of titrant, and record the galvanometer readings. Near the end-
point the deflection per millilitre decreases and, when the end-point is passed, reverses
direction. Record five readings past the end-point. If necessary, re-set the galvanometer
by means of the backing-out control during the course of the titration. Empty the titration
vessel by means of a suction tube.

TITRATION OF FLUORIDE AND CHLORIDE IN THE SAME SOLUTION—

At approximately 0013 N concentration of each ion in solution, fluoride, which is
preferably titrated first, with lanthanum acetate, may be determined to +1 per cent. of the
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quantity present. This is followed by titration of the chloride with silver nitrate. This
titration is more precise than the fluoride titration; equilibrium is rapidly attained and
reversal of the galvanometer needle can be followed visually with the addition of single drops
of titrant at the end-point.

ACID - BASE AND SILVER NITRATE - HALIDE TITRATIONS

Figs. 5, 6, 7 and 8 show representative titrations. In some cases the end-point is so
sharp that it is unnecessary to plot the results.
17
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Volume of titrant, ml
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0 20 30 40 S0 60 70 8 9 100 10 120 130
Galvanometer reading

Fig. 9. High-frequency titration of organic bases

A, NN\ Theoretical equivalent weight 130-4
( | j Found .. .. i% 130
N W
B, / N\ Theoretical equivalent weight 145-4
Found w - .. 145
7
OH

Volume of titrant, mi

0 . " " R N

i A

20 30 40 50 60 70 80 9 100 1o 120

Galvanometer reading

Fig. 10. High-frequency titration of organic bases

7\ NH /7 \ Theoretical equivalent weight 169-2
Found i is o 170
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TITRATION OF ORGANIC BASES

At the request of Mr. E. S. Lane, of A.E.R.E., Harwell, experiments were made on the
titration of organic bases in non-aqueous media.

The method adopted was similar to that of Wagner and Kauffman.? The base, dissolved
in the requisite amount of glacial acetic acid in the titration cell, was titrated with perchloric
acid in glacial acetic acid. The perchloric acid was standardised against potassiunr hydrogen
phthalate as described by Seaman and Allen.® Satisfactory results were obtained, as shown
in Figs. 9, 10 and 11. This aspect is being further investigated by Mr. Lane.

20

&

Velume of titrant, ml
S

0 2 : N
25 50 75 100
Galvanometer reading

Fig. 11. High-frequency titration of an organic acid and an
organic base. A, 8-hydroxyquinoline in neutralised dimethyl-
formamide titrated with 0-1 N sodium methoxide in benzene -
methanol

B, Theoretical equivalent weight 210

Found s 210
/
NH
%

This paper is published by permission of The Chief Scientist, Ministry of Supply.
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Fractionation of Crude Fumagillin

by Distribution Methods
By R. R. GOODALL axp J. K. LANDQUIST
(Presented at the meeting of the Physical Methods Group on Tuesday, January 18th, 1955)

An intractable product, related to gliotoxin, occurring with fumagillin
among the metabolites of a strain of Aspergillus fumigatus had high amoebicidal
activity. A counter-current fractionation in the system benzene - light
petroleum and ethanol - water demonstrated the presence of three fractions,
only one of which had amoebicidal activity and this was identified as
fumagillin.

In the development of an improved method for the bulk purification of
fumagillin, advantage was taken of its acidic properties. Separation from
neutral or less acidic impurities was achieved by distribution between a
solvent and an aqueous buffer solution of pH 9, with recovery of the
fumagillin from the aqueous phase.

DuRING a study of the metabolic products of the mould Aspergillus fumigatus (strain A61),
our colleague Dr. C. T. Calam isolated a crude extract with amoebicidal properties. This
was subsequently separated by a chromatographic method into the known antibiotic fumagillin
(Eble and Hanson!) and an intractable product that was called ““thiogillin’ and contained
as its major constituent a substance related to gliotoxin. A fraction of this material,
“thiogillin B,” which had been purified as far as possible by chromatography, had high
amoebicidal activity (active ¢n vitro at 1 in 27 x 108, fumagillin being active at 3 to 9 times
this dilution). We undertook further purification of this fraction by counter-current
distribution in order to ascertain whether the biological activity was due to contamination
with fumagillin or to the presence of an unknown amoebicidal substance. The results
obtained encouraged us to apply distribution methods to the extraction of fumagillin from
the crude fermentation product.

COUNTER-CURRENT FRACTIONATION OF ‘““THIOGILLIN B’’—

“Thiogillin B” is not sufficiently soluble in water for an aqueous phase to be used in
distribution studies, but the mixed-solvent system detailed in Table I enabled appropriate
distribution ratios to be obtained between the two liquid phases.

TasBLE I

DISTRIBUTION OF ‘‘THIOGILLIN B”’
Light petroleum,

boiling range Distribution
Mixture 60° to 80° C Benzene Ethanol Water ratio*
1 1 volume 1 volume 1 volume 1 volume 0-44
2 0-4 volume 1:6 volumes 1 volume 1 volume 0-89

* Concentration in upper layer
Concentration in lower layer

The second mixture was selected for counter-current studies, since the observed distribu-
tion ratio is nearer to unity. Twenty-millilitre portions of the light petroleum - benzene
phase (which separates as the upper layer after equilibration by shaking) were placed in each
of a series of 22 glass-stoppered tubes. Ethanol - water phase (20 ml) was introduced into
tube 1 and then 0-643 g of ““thiogillin B.” ~ After solution and equilibration, the lower layer
was transferred to tube 2 by means of a hypodermic syringe and 20 ml of fresh lower layer
were introduced into tube 1. Equilibration and transfer was continued throughout the series
in the well known manner.

After distribution was completed, 0-5-ml aliquots were withdrawn from both layers
in each alternate tube (1, 3, 5, etc.) and evaporated to dryness. The residue was dissolved
in a measured volume of methanol, and the ultra-violet absorption was determined.
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The distribution by weight, determined by evaporating the remaining contents of each
tube to dryness, showed that the material had separated into three parts with peak levels

Amount, mg
8 8 8 8

=

02 4 6 8 10 12 14 16 18 20 22
Tube

Fig. 1. Weight distribution of ‘“‘thiogillin B’ after counter-
current distribution; 640 mg used and 630 mg recovered. Solvents—
top layer: light petroleum, 20 per cent., and benzene, 80 per cent.;
bottom layer: ethanol, 50 per cent., and water, 50 per cent.

at tubes 1, 11 and 20 (Fig. 1). The material in tubes 1 to 3 showed the absorption spectrum
of fumagillin (Fig. 2b; compare also with the spectrum of the sample before distribution
(Fig. 2a) and with the spectrum of crystalline fumagillin (Fig. 3)), that in tubes 6 to 14 had

200
Fumagillin
150 %ol maxima
Small amount oF
§§|00- of fumagillin == 100}
50+ sol
0 1 4 : i
250 300 350 350 300 350
Wavelength, mu Wavelength, mu
a b
240
200t
150
E 150+
100} ur
28 100
50
SO0
230 250 300 3% . ; .
Wavelength, mu 250 300 350
Wavelength, mu
c d

Fig. 2. Ultra-violet absorption spectra of fractions from
“‘thiogillin B”’—

(2) ‘“Thiogillin B*’ before fractionation.

(b) Sample from stage 1 of 22-stage counter-current distribution

(c) Sample from stage 11 of 22-stage counter-current distribution

(d) Sample from stage 21 of 22-stage counter-current distribution
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gliotoxin-like absorption (Fig. 2c) and the substance in stages 18 to 22 showed no characteristic
ultra-violet absorption, apart from high end-absorption below 240 mpu (Fig. 2d). Nitrogen
and sulphur were absent from fractions 1 to 4, but were present in all the other fractions.
Fractions 1 to 4 consisted of amorphous white solids, and the other fractions were brown
gums or glasses.

Fractions 11 to 13 were combined and submitted to a second 22-stage distribution in
the same solvent mixture to eliminate any remaining trace of fumagillin. The middle
fractions (9, 10 and 11) from this experiment were combined to give 33 mg of material that
had no #n vitro activity against Entamoeba histolytica. Fraction 20 of the original series
was also inactive in vitro, and it was therefore demonstrated that the activity of the original
“thiogillin B”’ was due entirely to the presence of residual fumagillin.

PURIFICATION OF FUMAGILLIN—

Fumagillin is an acid sparingly soluble in water but soluble in aqueous methanol, in
which it displays a pK intermediate between those of benzoic and acetic acids. Although
in the experiment described above fumagillin was separated from a mixture by counter-current
extraction, it seemed likely that the crude fumagillin obtained from the fermentation broth
by solvent extraction might be more readily purified on the large scale by utilising its acidic
properties as a basis for separation from neutral or less acidic impurities. In a preliminary
study, the distributions of crystalline fumagillin between water-immiscible solvents and dilute
aqueous buffer solutions were determined (Table II), fumagillin concentrations being deter-
mined by ultra-violet absorption spectrophotometry.

TaBLE ‘11

DISTRIBUTION OF CRYSTALLINE FUMAGILLIN BETWEEN SOLVENTS AND
AQUEOUS BUFFER SOLUTIONS

Distribution ratio

Solvent (solvent/aqueous concentration) pH

Benzene .. .. .. Ew .. 1-9 7-8

0-61 9-0

Toluene .. . .. . .. 0-04 9:0

Ethylene dichloride .. - e .- 0-82 9-0

Chloroform s . 4-0 9-0

Butanol 18-0 9-0

12:0 10-0

3:5:5-Trimethylhexan-1-ol 0-87 9-0

cycloHexanol .. g% 17-0 9-0

Ethyl acetate .. 0-48 90

Butyl acetate .. 75-0 7-0
32:0 80 .

0-68 9-0

0-13 10-0

NOTES— 5

1. Preparations of the buffer solutions (pH 7 and 8 are 0-05 M phosphate, pH 9 and 10 are 0-05 M
borax) are given by Britton.?

2. The concentration of fumagillin before equilibration was always in the range of 2 to 20 mg per cent.

The distribution of fumagillin from crude material was then examined. A sample of
crude solids obtained by extraction of the broth at pH 7 with chloroform was dissolved in
benzene and extracted with an equal volume of dilute aqueous borax buffer? (pH 9). The
extraction was repeated. Here it may be observed that fumagillin and impurities are decom-
posed in aqueous solutions above pH 10, so that the operating pH must never be in excess of 9.
The combined buffer extracts were brought to pH 5 with phosphoric acid and the fumagillin
was extracted into chloroform. In this way the fumagillin concentration was raised from
approximately 7 per cent. in the crude solids to approximately 23 per cent. The notable im-
provement was apparent at the next stage, at which the product from the buffer was readily
crystallised from a minimum of acetone. The colourless needles obtained after washing
with chilled acetone and drying had an ultra-violet absorption spectrum corresponding to
94 per cent. purity (Ei%, at 334 my = 1464 and El%, at 350 mu = 1335) and a m.p. of 197°
to 199° C when melted quickly. At the benzene - buffer distribution stages, the distribution
ratio was adversely affected when the concentration in benzene exceeded 1-5 per cent. or
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that of the borax buffer exceeded 0-05 M before extraction. Trials with crude thiogillin
in benzene (15 per cent. w/v) in conjunction with a 2 M glycine buffer (pH 9) were
unpromising.

For technical use butyl acetate is the most attractive solvent, and it was established that
it could be used at all stages of the purification* (except for the final crystallisation). Amongst
the other solvents noted in Table II, butanol and cyclohexanol are not suitable because of
unfavourable distribution at pH 9 and 3:5:5-trimethylhexan-1-ol is not volatile enough.

15001

1000t

1%
lcm

500f

250 300 350
Wavelength, mp
Fig. 3. Ultra-violet absorption spectrum of crystalline fuma-
gilli

n

Data: 0-89 mg per 100 ml solution in distilled analytical-reagent
grade methanol; slit width for wavelengths up to 265 mg, 1 mm; slit
width for wavelengths from 265 to 360 my, 0-3 mm.

A Eita
2356 mpy (min.) 89
305 my inflexion
320 mp inflexion
334 my (max.) 1555
350 mp (max.) 1435

The over-all recovery was 60 per cent. from a broth containing approximately 2-5 g of
fumagillin per 100 litres. This method of purification represents a considerable advance
in convenience and yield over the methods formerly employed in these laboratories and over
those described by Asheshov, Strelitz and Hall®»* and Eble and Hanson.!

* Patent protection pending.
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Solvent Extraction in the Analysis of the
Precious Metals

By W. A. E. McBRYDE
(Presented at the meeting of the Physical Methods Group on Tuesday, January 18th, 1955)

Present-day applications of solvent extraction for the analytical separa-
tion of gold and the six platinum metals are summarised. The types of
compounds whose solvent extraction is discussed include halogen complexes,
oxides, complexes with stannous chloride and organic complexes. The
choice of method is usually governed by the environment of the metal being
separated and by the subsequent operations in the over-all analysis. Another
case of solvent extraction discussed is that of the metals themselves from
reducing fluxes into collecting buttons of lead or other metals as, for instance,
in the fire assay.

THE separation of the platinum metals, whether on the industrial scale or in the laboratory,
still leaves room for improvement, especially in the case of small quantities. It seems
appropriate as new techniques like solvent extraction, chromatography and so forth are
developed and improved that the help they afford with old problems should be reviewed
and evaluated. Whilst solvent extraction is not a new technique by any means, its use
has become more widespread and new knowledge of the chemistry involved has contributed
to its more intelligent application. Furthermore, the extraordinary successes that have
resulted from the application of partition chromatography to inorganic separations seem to
justify some reference to this technique in this paper inasmuch as solvent extraction plays
a part in it. Finally, a few words will be added to suggest directions of investigation that
may prove fruitful in improving another old extraction technique, peculiar to the precious
metals, namely, the fire assay.

The information presented in this paper reveals many gaps in our knowledge and invites
a few interesting comparisons. In few cases reported so far have quantitative data been
provided to support the choice of a particular solvent for a given separation. Also, it would
be of value to be able to compare a number of organic reagents whose compounds, say, with
palladium have been recommended for the extraction and separation of this element from
the remaining precious metals.

It will be convenient to discuss the several examples in groups according to the kinds
of substances involved in the extraction.

HALOGEN COMPLEXES

It has long been known that chloroauric acid can be extracted from hydrochloric acid
solutions into a number of ethers and esters.!»? The extraction bears some resemblance
to that of iron™ in that the distribution of gold depends on the concentration of acid in the
aqueous phase, and that for very small concentrations of acid the distribution with ethers
favours the aqueous phase. Gold may thus be extracted from a hydrochloric acid solution,
and subsequently, if the ethereal solution is shaken with water, the gold is returned to an
aqueous solution. The same behaviour is displayed by hydrobromic acid solutions of gold.3*
No mechanism for the extraction has been proposed, but by analogy with iron™ one might
guess that HAuCl, or HAuBr, is the extracted species. The literature on the extraction of
ferric chloride reveals that the mechanism is probably much more complicated than this,
and a few experiments performed by the writer in connection with the extraction of gold
bromide revealed anomalies that confirm the complexity of the extracted species.

From the standpoint of a practical separation, the removal of gold from various platinum
and other metals was confirmed in the case of extraction from hydrobromic acid into disso-
propyl ether:® Indeed, for the separation of bromo complexes this ether is preferable to ethyl
acetate, although the latter had been recommended by Yoe and Overholser® for separating
the chloro complexes of gold and palladium. One point in connection with the extraction
of bromo complexes requires some clarification. In the paper just mentioned, osmium was
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shown to be partly extracted into ether. The osmium solution in these experiments had been
prepared by dissolution of osmium tetroxide in alkali; the constituents present when this
solution is treated with hydrobromic acid cannot be known with certainty. It has since
been observed that no significant amount of osmium is extracted from a solution prepared
from ammonium bromo-osmate. It may also be noted that under the conditions stated
only minute amounts of iridium were extracted into difsopropyl ether; Bock, Kusche and
Bock? imply that some iridium was extracted into diethyl ether. ’

Although palladium may be extracted from hydriodic acid solutions into tsobutyl methyl
ketone, and a separation from platinum and rhodium possibly effected thereby, it is doubtful
whether the separation possesses the practical advantages found in other methods and therefore
it has not been investigated in detail.® Kitihara reported that palladium and four other
platinum metals were not extracted from hydriodic acid into diethyl ether.” The same
author has investigated the extraction of osmium fluoride and the platinum-metal chlorides
from hydrofluoric acid solutions into ether, and reports that no extraction occurred.® The
extraction of gold™ from 8 M nitric acid solutions into ether has been noted,? but the writer
is not aware of the incorporation of this work into any practical separation.

Reference has already been made to the inclusion of partition chromatography within
the scope of this review. Broadly speaking, we are concerned here with the partition of
salts of the precious metals between a stationary aqueous phase, held in the interstices of a
column of cellulose, and a moving phase containing one or more organic solvents. It has
been found that these metals are carried along to different extents by the solvent and, given
the proper conditions, they can be spread out and separated in the form of bands along a
strip of paper. Thus, Burstall, Davies, Linstead and Wells!® have shown the separation of
gold and the six platinum metals by means of a solvent containing ethyl (or sopropyl) methyl
ketone and hydrochloric acid. Under the conditions chosen iridium became tervalent and
moved along with the rhodium, so that a second operation was required for the separation
of these two. Lederer,!! by means of a solvent containing butanol, hydrochloric acid and
nitric acid, kept iridium quadrivalent, in which condition it travelled with platinum in the
solvent, while the separation of the other metals was about the same as observed by Burstall
et al. The findings of these authors are supported by the work of Shibata and Uemera,'®
who found the same order of development for gold, platinum, palladium and rhodium when
the solvent was ether or mixed butanol and pentanol with hydrochloric acid. These authors,
and also Anderson and Lederer,’® have separated gold from platinum and palladium, ether
being used as the moving solvent. Kember and Wells!* similarly separated gold from
platinum metals and selected base metals on paper strips or cellulose columns with the aid
of an eluting solvent consisting of ethyl acetate and nitric acid.

Burstall and Wells'® have extended the use of organic solvent - acid mixtures to the
removal of gold, as aurocyanide, from an anion-exchange resin. Several organic solvents
were investigated, with best results from a solution of acetone and hydrochloric acid, and
practically complete elution by a solution of methanol and hydrochloric acid.

COMPLEXES WITH STANNOUS CHLORIDE

Solutions of five of the platinum metals in hydrochloric acid yield coloured products
when treated with stannous chloride. These reactions are frequently used for spot tests
and for colorimetric determinations of certain of the metals. It had been thought, until
recently, that these coloured products contained the platinum metals in some lower valency
state, ¢.g., chloroplatinous acid, or perhaps that they were colloidal dispersions of the metals
similar to the many-coloured varieties of gold produced by stannous chloride. New and
important light has been shed upon the matter by the work of Ayres and Meyer.1%:17 Con-
cerning the interaction of chloroplatinates and stannous chloride, it now appears necessary
to assume the existence of a complex species containing tin and platinum in solution, and
possibly formulated as (PtSn,Cl,)Cl,. Similar experimental information is wanting for the
other platinum metals, but the behaviour of palladium, rhodium and iridium prompts the
guess that similar reactions occur with these metals also. The coloured complexes are
extracted, altogether or in part, by oxygen-containing solvents such as esters and ethers.

The behaviour of palladium is unusual in two respects. Wolbling!® has recorded that,
if palladium solutions are first made ammoniacal and then acidified to about M before the
addition of stannous chloride, the palladium colour is not extracted. The work of Ayres
and Meyer® does not throw much light on this statement, but does demonstrate that the
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product formed from palladium solutions varies a good deal according to the concentration
of hydrochloric acid and stannous chloride. A second anomaly described by these authors
concerns the interference of palladium on the colorimetric determination of platinum after
extraction into pentyl acetate. They found that “interference increased up to a concentration
of 5 p.p.m. [of palladium], after which it remained constant up to concentrations of 50 p.p.m.
or greater.” This unaccountable observation seems only to bear out the greater complexity
of the palladium system compared to that of platinum.

This extraction procedure is remarkably effective for separating small amounts of
platinum from moderate amounts of base metals and possesses the advantage that the
separated platinum is already available for an absorptiometric determination. It seems
to offer no help with the problem of separating the individual members of the platinum
group.

OXIDES

The distribution of osmium tetroxide between carbon tetrachloride and water has been
thoroughly studied.’® Whilst no direct analytical application of this information has been
made, Sauerbrunn and Sandell?® have utilised this distribution ratio to establish the dissocia-
tion constants for osmic acid.

ORGANIC COMPOUNDS

Many organic reagents in inorganic analysis owe their usefulness to the formation of
chelate compounds with inorganic ions. The chelate species may be ionic, like Ru(o-
phenanthroline);™", or molecular, like Pd(dimethylglyoxime),. In thelatter event appreciable
solubility in organic solvents may be expected, with the possible application of solvent
extraction. It is also well known that some selectivity of reaction can be achieved by
regulating the pH of the aqueous solution containing these reagents.

Although many chelate compounds of the precious metals have been prepared and
characterised, it is also true that many of the organic reagents that have been recommended
for analysis of the platinum metals either do not yield chelate compounds or yield products
of uncertain or undetermined composition. One difficulty in the way of easy- formation
of chelate compounds is the fact that the common habitat for these metals is in stable complex
ions such as AuCl,’, PtClg”, RuCl;OH'"". Ryan? has recently discussed the nature of several
compounds investigated for use in analyses of the platinum metals. He has shown that these
appear to be predominantly of the form (RH),MX; (R = amine, M = platinum metal,
X = halogen) or R,M'X, (R = monodentate amine, M’ = Pd or Pt). Whether this observa-
tion may be taken as representative of the majority of organic reagents for the analysis of
platinum metals remains to be established by more critical examination of the composition
of many compounds. The consequences of Ryan’s generalisation upon the prospects for
solvent extraction will be apparent. The first class of compounds involving hexachloro
(hexabromo and so on) complexes will presumably be essentially ionic in character and
these will exist as substances only in the solid state. Reagents forming such compounds
would not be expected to enhance the solvent extraction of the platinum metals, The
second category apparently consists of non-ionic substances related to Pd(NH,),Cl,, and
solubility in organic solvents may be expected. Among recorded applications of solvent
extraction of organic derivatives of the platinum metals, palladium and bivalent platinum
compounds are well represented, while the other platinum metals and quadrivalent platinum
appear rarely or not at all. ’

From the examples that follow it will be seen that several procedures are available
for the extraction of co-ordination compounds of palladium, and that, provided platinum
remains quadrivalent, an analytical separation of palladium from the other platinum metals
is possible. Further, platinum may be removed by solvent extraction after the removal of,
or together with, palladium under conditions that favour its reduction to the bivalent state.
No other separation among these elements has been developed to a point that would permit
its analytical. application.

The only recorded instance of solvent extraction of an organic derivative of gold is
that of the compound formed with p-diethylaminobenzylidenerhodanine, which may be
extracted into ether or chloroform.?? However, there appears to be no particular purpose
in making such an extraction.

Small amounts of palladium may be separated from silver, gold and the other platinum
metals by extraction of its dimethylglyoxime complex, Pd(C,H,O,N,),, into chloroform.2
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A small amount of nitric acid in the aqueous phase prevents the reduction of gold to metal
or the formation of the platinous complex with this reagent. Although Ayres and Tuffly®
were unable to separate 10 to 20 mg of palladium by this procedure, Fraser, McBryde and
Beamish?5 state that it is applicable to amounts as small as 2 ug and as great as 1 mg. These
authors have also separated palladium from large amounts of lead and from other base metals,
interference from iron™ being avoided by the addition of ethylenediaminetetra-acetic acid.

Ryan?8:2" has developed a similar extraction procedure for palladium, in which the
complex formed by p-nitrosodiphenylamine, Pd(C,,H,(N;0),Cl,, is extracted into ethyl
acetate, ether or chloroform. In the cold the other platinum metals (except Pt") do not
react with this substance and so remain in the aqueous phase. When the aqueous solution
is warmed, platinum, iridium and rhodium produce coloured products, the first being extract-
able into the same solvents. It is believed that the effect of heating is to cause reduction
of platinum to the bivalent state, in which it does react with this reagent in the same way as
palladium®. In comparing these two procedures it is interesting to record that dimethyl-
glyoxime prevents the reaction of palladium with p-nitrosodiphenylamine. Recently, Yoe
and Kirkland?® used p-nitrosodimethylaniline in much the same way to separate 200 ug to
1 mg of palladium from smaller amounts of platinum. The extraction in this case was
limited to pure chloroform. s

1-Nitroso-2-naphthol is said to be a more sensitive reagent than dimethylglyoxime
for the precipitation of palladium?® and it is specific for palladium among the platinum
metals. The compound Pd(C,HgNO,), can be extracted into toluene to give an orange
solution, whilst the derivative of 2-nitroso-l-naphthol yields a violet solution in toluene.
These extracts have been recommended for absorptiometric determination of the metal.30

Dithizone forms characteristically coloured products with gold, palladium and platinum™
which are extracted into chloroform. Young® has utilised these reactions to provide a
volumetric determination of these metals as they occur in assay beads. The titrant is an
empirically standardised solution of dithizone in chloroform. Under the recommended
conditions the other platinum metals do not interfere, although in alkaline or ammoniacal
solutions all the platinum metals form dithizonates that are soluble in chloroform or carbon
tetrachloride.®

Another volumetric procedure in which solvent extraction plays a part, although different
from the preceding one, is that proposed by Pollard for the determination of palladium?®
or platinum.32.3 Here a standardised solution of sodium diethyldithiocarbamate is added
to decolorise the compounds formed by palladium or platinum in hydrochloric acid and
stannous chloride. The product of the decolorising reaction is a voluminous precipitate
that can be removed by extraction into a supernatant layer of benzene. The end-point of
the titration occurs when the aqueous phase has been decolorised, and from the volume
of the reagent solution used the amount of metal is calculated. A recent development of
this procedure proposed by Yoe and Kirkland?®® is the simultaneous separation of palladium
and platinum from the other platinum metals by extraction into chloroform of their addition
products with sodium diethyldithiocarbamate. Potassium iodide in a moderately con-
centrated acidic solution serves to reduce the platinum to the bivalent state.

In the examples that follow, the organic complexes have not been as well characterised
and there is less evidence of selectivity. There is obvious need for further investigation
in some cases.

A number of derivatives of thiourea form complexes with various of the platinum metals
under appropriate conditions, and some of these can be extracted into immiscible solvents.
Thus, Ayres and Tuffly®* undertook to separate 10 to 25 mg of palladium by extraction of
its phenylthiourea complex with pentyl acetate. A separation from gold was achieved,
but the reagent suffers from lack of specificity, especially as regards platinum. Thiosemi-
carbazide has been recommended as an absorptiometric reagent for platinum,* and the
blue-coloured product can be extracted into acetic esters or pentanol. The same reagent
and two diphenyl derivatives form coloured products with ruthenium that can be extracted
into ether,® and Sandell?? has recommended the use of the phenyl derivative for the colori-
metric determination of ruthenium, stating that the red or red-violet product can be extracted
into butanol. Oxine (8-hydroxyquinoline) is reported?? to form compounds with palladium
and tervalent ruthenium which are soluble in chloroform, but no data are furnished for reactions
of oxine with the other precious metals.
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The ammine-type compounds formed by chlororhodites and chloro-iridites with pyridine,
e.g., Rhpy;Cl;, can be extracted into chloroform and have served for the separation of these
two elements.3¢

METALS

The fire assay is an analytical operation peculiar to the precious metals. Although
not ordinarily so considered, it may be regarded as a sort of solvent extraction in part. The
solvent here is molten lead, formed in fine droplets by the reduction of litharge during the
fusion of a suitable charge that includes an ore containing the precious metals. The latter
are collected in the lead which settles out from the vitreous melt to form a separate phase.
This lead-base alloy, on cooling, is known as a button. The choice of lead for this purpose
is due partly to its great density, but more especially to the ease with which it can be separated
from the precious metals by the operation of cupellation.

It has been shown that cupellation is accompanied by losses of several of the platinum
metals in various ways,?” and there is every likelihood that reliable assays for platinum
metals may require analysis of the button itself. This would require the determination of
perhaps a milligram of precious metal in the presence of several grams of lead, and this is
not an easy matter. The task has been rendered easier by the application of ion-exchange
resins, for it has been shown that the commonest platinum metals can be separated by a
column of resin from relatively large amounts of lead and other base metals.38:%® If the
cupellation step is to be eliminated for the assay for the platinum metals, then the assayer is
no longer restricted to lead as the extracting metal during fusion of the ore and flux. There
are reasons, based upon geochemical distribution and upon the alloying properties of these
elements, for guessing that iron or nickel or both might be better collectors in the assay
fusion. A very extensive and practical field of investigation is thus indicated.

This paper was prepared while the author was at Oxford University, the holder of a
travelling fellowship from the Nuffield Foundation. For this opportunity and for helpful
discussion with Dr. H. M. Irving he desires to express his appreciation.
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A Colorimetric Method for the Determination of

Copper in Alloyed Steels with 2:2'-Diquinolyl
By W. T. ELWELL

A colorimetric procedure is recommended for the determination of
copper in many metals and alloys. It has been successfully applied to a
variety of materials, including plain carbon and highly alloyed steels,
ferro-alloys (tungsten, molybdenum, vanadium and titanium), pure cobalt
and pure nickel, containing copper over the range 0-001 to 1 per cent. The
procedure is not, however, recommended as a precise method when the
copper content exceeds about 0-25 per cent.

An oxidised solution of the sample is reduced with sulphurous acid,
adjusted to a pH value of 5 to 6, then extracted with a solution of 2:2'-
diquinolyl in amyl alcohol in the presence of citric acid. The violet colour,
which is proportional to the amount of copper present, does not fade and is
measured in any convenient way.

THE determination of copper in steels and ferro-alloys almost invariably depends upon a
preliminary isolation of copper as sulphide or thiocyanate. These procedures are reliable
but slow, and limitations are imposed when the weight of sample is restricted and the copper
content is below about 0-15 per cent.

Work has been published recently?.? on the use of 2:2’-diquinolyl as a sensitive reagent
containing a “copper specific”’ group. This reagent, which is about eight times more sensitive -
than sodium diethyldithiocarbamate, was first mentioned in this capacity by Breckenridge,
Lewis and Quick.? Two papers have appeared recently, one by Cheng and Bray* for the
determination of copper in soil and plant materials, the other by Hoste, Eeckhout and Gillis®
for the determination of copper in water, animal tissues and blood plasma. Hoste et al.
extended their procedure to the examination of two “synthetic”’ steel solutions, and our
experimental work on actual steel samples was well advanced when their publication was
noted ; but, to the best of our knowledge, there is no report in the literature on the application
of 2:2'-diquinolyl to actual samples of highly alloyed steels, and our attempts to apply
Hoste’s conditions to such samples, containing upwards of 5 per cent. of chromium, were
not successful.

The experimental work reported here is an independent approach to the problem and
incorporates many features which are considered necessary for the successful -application
of the 2:2'-diquinolyl procedure to the analysis of metallurgical samples.

EXPERIMENTAL

_ The 2:2’-diquinolyl procedure is usually applied to “simple’” solutions, adjusted to a
PH value of between 4 and 7, after reduction of the copper, in cold solution, with hydroxyl-
amine hydrochloride. The cuprous compound is extracted with amyl alcohol, used as
solvent for the reagent, and the violet colour is measured photometrically.

In view of the specific nature of 2:2'-diquinolyl it seemed reasonable to expect that,
by some simple modification, the procedure could be extended to solutions containing relatively
large amounts of metallic ions. Preliminary qualitative experiments indicated that, provided
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a suitable complexing reagent, e.g., citric acid, was present to prevent precipitation of
hydroxides, the procedure could be applied directly to steel solutions. On the basis of these
experiments a tentative procedure was applied to 50-mg samples of pure iron containing
added copper ranging from 0-02 to 0-10 mg: the equivalent of 0-04 to 0-20 per cent. of copper.
The results obtained were very promising and enabled an extinction factor to be derived for
application to other samples rich in iron.

The tentative procedure was applied to four plain carbon steels that had previously
been examined for copper by a preliminary sulphide precipitation and also to four British
Chemical Standard Steels (issued by The Bureau of Analysed Samples Ltd.); the results
are shown in Table I.

TaBLE 1

DETERMINATION OF COPPER IN STEELS

Copper
r A )
By Previously
tentative  determined Certificate
Sample procedure, value, value,* Remarks*

% % %
Plain carbon steel 61A .. % 0-104 0-10
Plain carbon steel 61B .. e 0-086 0-09
Plain carbon steel 62 i iu 0-073 0-075
Plain carbon steel 63 0-076 0-08
B.C.S. No. 224 (Cr, 1-5 per cent

V, 0-25 per cent.) 0-07 007

B.C.S. No. 235, Stamless 18/8

(Ti, 0-6 per cent.; W, 0-7 per

cent.) . 0-75 0-98
B.C.S. No. 246 Stainless 18/ 12

(Mo, 2-9 per cent.; Nb, 0-8 per

cent.) . 0-05 013 Average of 3 results
B.C.S. No. 261 Stainless 18/ 12
(Nb, 0-7 per cent.) v 0-03 0-06 Single result only

* Many of the British Chemxca.l Standards are not intended to be used as copper standards. Where
a certified value has been included, without reference in the Remarks column, the copper content is an
approved value.

In view of the favourable results for the plain carbon steel, the results for the alloy
steels were disappointing. No marked improvement was observed when there was a threefold
increase in the amount of hydroxylamine hydrochloride used, or when hydrazine was used as
an alternative reducing agent at room temperature. It was therefore suspected that either
chromium or nickel or both was causing serious interference.

One important feature of the procedure had not been overlooked, viz., the efficiency
of extraction of the cuprous compound by the organic solvent. Our earlier work was based
on a single extraction, sinfe we had shown on “simple” solutions, and on solutions containing
only iron as a major constituent, that this gave, within practical limits, complete extraction.
Hoste et al. indicate that the efficiency of a single extraction, under conditions comparable
with those of our tentative procedure, is about 99 per cent.® It was appreciated that to
increase the number of extractions would have the disadvantage of decreasing the depth
of colour to be measured. This is not a serious problem; a larger absorption cell could be
used, but it is desirable from many aspects to complete the determination after a single
extraction. It was shown that, even after prolonged shaking, recoveries of copper from
solutions of alloy steels were invariably low. This could not be associated with the stability
of the colour, since we had shown qualitatively that the colours of some solutions remained
constant after standing for 48 hours. In order to establish to what extent further extractions
were necessary, B.C.S. No. 246 was re-examined. A sample of a solution of B.C.S. No. 246,
to which copper was added to simulate a steel containing 0-24 per cent. of copper, was also
examined. Solutions of these steels were extracted three times with the organic solvent.
The amount of copper recovered from each extraction is shown in Table II.

Similar experiments were made with a solution of B.C.S. No. 235, but it was only after
a total of six extractions that complete recovery (0-98 per cent. of copper) was achieved.

A result of 0-09 per cent. of copper on B.C.S. No. 261 was obtained after three extractions;
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this is much higher than the provisional value of 0-06 per cent. supplied with the sample.
This high result was later confirmed (see Table IV).
In order to establish the extent to which chromium and nickel interfered, 0-5 g of sample
No. 61A was dissolved in hydrochloric acid, oxidised with nitric acid (to ensure complete
solution of copper) and the solution was evaporated to dryness to remove excess of nitric
acid.
TasLE II

EXTRACTION OF COPPER FROM STEEL
Copper found in
A

- B.C.S. 246 +
B.C.S. 246, added copper,
% %
First extract 5 8 i§ - - 0-090 0-168
Second extract o3 .. w8 x5 0-024 0-062
Third extract °F §8 - Wi 0-007 0-010
Total * .. os - .. 0-121 0-240

The residue was dissolved in hydrochloric acid and diluted to 100 ml with water. Various
amounts of standard nickel and chromium solutions were added to 10-0-ml aliquots of the
steel solution; copper was then determined by the tentative procedure (single extraction);
the results were as follows, the chromium and nickel being given as equivalent percentages
of the weight of sample 61A taken (calculations are based on a 50-mg sample)—

Chromium added, per cent. .. —_ 5 10 15 20 e = ey _—
Nickel added, per cent. &5 — — —_ — — b 75 10 15
Copper found, per cent. .. 0108 0-074 0-048 0-012 0-014 0-111 0-118 0-126 0-135

These results show conclusively that recovery of copper from solutions of alloy steel
decreases with increase in chromium content. The high results obtained in the presence
of nickel are caused by copper present in the metallic nickel (not high-purity quality) used
in the preparation of the standard solution. The chromium standard was prepared from
analytical-reagent grade potassium dichromate (reduced with sulphur dioxide and adjusted
to pH 6-0 in the presence of a slight excess of citric acid).

This unexpected interference by chromium led us to make a number of qualitative
tests, which indicated that, provided the chromium was in the chromous condition, quantita-
tive recoveries were possible. In one series of qualitative tests, copper was extracted from
a chromous solution, the chromous solution was then allowed to oxidise, an equivalent
amount of copper was added to the solution and the extraction was repeated ; this gave only a
faint positive reaction for copper. The inconvenience of keeping all the chromium in the
chromous state caused us to seek some alternative procedure.

The standard oxidation potentials are stated to be®—

Cu =Cu” +¢ E,= —0-167
Fe* =Fe™ + ¢ Ey= —0771
Cr* =2Cr + ¢ E,= +0-41.
So one would not expect the interference to be caused by Cr*** acting as an oxidising

agent.
& At the time this experimental work was proceeding we were also investigating the
determination of small amounts of copper in chromium salts containing very small amounts
of iron. The results obtained were variable and consistently low, but in one experiment, in
which the chromium was in the tervalent condition, ferrous iron was added to simulate the
composition of a steel sample, and there was qualitative evidence that the copper recovery
had been considerably improved. It appeared that when a large excess of chromium was
present it was necessary to have a large excess of ferrous iron present, more than would be
normally produced when a cold ferric solution was treated with hydroxylamine hydrochloride.
This led us to seek the best and simplest means of ensuring the presence of sufficient ferrous
iron to prevent re-oxidation of copper after reduction. Hydroxylamine and hydrazine had
proved inefficient reducing agents at room temperature, and increased amounts of these
reagents, and also sulphurous acid, were separately applied at higher temperatures.

When sample B.C.S. No. 246 was re-examined by reduction of the boiling solution,
about 85 per cent. recovery of copper was obtained with hydroxylamine, but when hydrazine
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and sulphurous acid were used separately, complete recovery was achieved by a single
extraction in each case. Sulphurous acid is cheap and is readily available in a very pure
condition; it was therefore decided to investigate further the use of this reagent.

We confirmed that, using a specified volume of sulphurous acid and boiling for 5 minutes
to ensure complete reduction of iron, the amount of sulphur dioxide remaining had no harmful
effect on the final colour; the excess is probably desirable in that it ensures reducing conditions
during the extraction and subsequent measurement of the colour. With a standard copper
solution, it was found necessary fo add a ferrous salt in order to obtain a constant extinction
factor. Other modifications introduced at this stage aimed at making the method applicable
to alloy steels containing either tungsten or molybdenum or both; a simplified method of
pH control to avoid the use of a pH meter was also incorporated.

The revised procedure was first applied to a low-alloy steel (B.C.S. No. 252), and the
effect of various time factors on the stability of the colour was investigated, the results being
shown below. All tests were made in duplicate.

The results obtained after the solutions had been shaken and allowed to stand for various
periods before the organic layers were separated and examined were as follows, B.C.S. No. 252
having a certified value of 0-11 per cent. of copper—

Standing period, minutes .. e o 5 10 30
Test A: copper found, per cent. .. o 0-123 0-122 0-121
Test B: copper found, per cent. .. oF 0-122 0-123 0-122

The results obtained for B.C.S. No. 252 after the solutions had been shaken and allowed
to stand for 5 minutes before removal of the organic layers are as follows; the coloured
solutions were retained in covered cells and subsequently examined at regular intervals as
indicated—

Standing period, minutes. . - .o Nil 10 30 60 120

Test A: copper found, per cent. .. . 0-122 0-120  0-118 0-116 0-113
Test B: copper found, per cent. .. ws 0-122 0-121 0-118 0-117 0-114

The revised procedure was next applied to samples No. 61A and B.C.S. No. 246 and a
sample of No. 61A to which had been added the equivalent of 20 per cent. of chromium.
(Calculations are based on a 50-mg sample.) The following results were obtained—

Sample No. G § i % v 61A 61A -+ Chromium B.C.S. No. 246
Copper found, per cent. .. . 0-110 0-114 0-121

On the basis of these good results the revised (recommended) procedure was applied to
a variety of metals (Table ITI) and ferrous alloys (Table IV), the majority being British
Chemical Standards.

TasBLE III

RESULTS FOR PURE METALS OF CERTIFIED (SPECTROGRAPHIC)
0-001 PER CENT. COPPER CONTENT

Copper added, per cent. .. s - Nil 0-:001 0-:006 0-:010 0020  0-050
Copper found in*—
High-purity iron,t per cent. .. - 0-001 0-001 00056 0010 0-018  0-049
High-purity cobalt, per cent. .. o 0-002 0-001 0-005 0-011 0-023 0-047
High-purity nickel, per cent. .. o 0-002  0-001 0-:004 0010 0-022 0-053
* After deduction of percentage of copper in pure metal. + Not a British Chemical Standard.
MEeTHOD

Optical densities are measured at 20°C at a wavelength of 546 mp. Recommended
filters for use with the Spekker photo-electric absorptiometer (mercury-vapour lamp) are
Calorex H503 and Ilford No. 604.

" REAGENTS—

All reagents must be of the highest purity obtainable. The use of distilled water is
essential; it must be free from copper.

Sulphurous acid—Prepared by saturating water with sulphur dioxide.

2:9"-Diquinolyl solution—Dissolve 50 mg of the reagent in 100 ml of amyl alcohol.
(Redistilled amyl alcohol, as supplied for milk testing, is suitable.)
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PROCEDURE—

Transfer 0-5 g of the steel millings to a suitable beaker and dissolve the sample in about
5 ml of concentrated hydrochloric acid, sp.gr. 1-18 (Note 1), cool, oxidise with a slight excess
of concentrated nitric acid, sp.gr. 1-42, and evaporate to dryness; do not bake. * Add a few
drops of concentrated hydrochloric acid, sp.gr. 118, and evaporate as before. Cool, extract
the residue with warm water and add a few drops of 20 per cent. v/v hydrochloric acid, if

TaBLE 1V

RESULTS FOR VARIOUS STEELS

Copper
Lab. ———
Ref. B.CS. New Certificate
Sample No. No. procedure, value,* Remarks*
% %
( 6l1A 0-11 0-10
61B 0-091 0-09 Previous laboratory
62 0-074 0-075 results
63 0-078 0-08
Plain carbon steel o s 154 0-031 0-03
161 0-041 0-02 Single result only
163 0-055 0-05
213 0-13 0-12
218 0-16 0-16
High-purity iron .. .. 260 0-006 0-003 Single result only
High-purity iron - . 149 0-001 <0-002
Cast steel . wie .. 230 0-085 0-085
Low-alloy steel - - 251 0-082 0-09
Low-alloy steel w5 - 252 0-12 0-11
Low-alloy steel vie ace 254 0-12 0-11
Low-alloy steel - T 258 0-18 0-185
Chrome - vanadium steel ‘s 224 0-072 0-07
18 per cent. of chromium steel 211 0-085 0-08
18/8 steel i ai it 8 209 0-055 0-035 Single result only
18/8 - Ti steel .. .. .. 674 0-15 0-15 Previous laboratory
result
18/8 - Ti- W steel .. .. 235 0-96 0-98
18/12 - Nb steel i .. 261 0-096 0-06 Single result only
18/12 - Nb - 3Mo steel - 246 0-12 0-13 Average of 3 results
16W, 3Cr, 4Co, 0-5 Mo steel .. 167 0-05 0-05 Single result only
17Ni, 1Cr, 0-3 Mo steel .. 225 0-10 0-09 Average of 3 results
Ferromolybdenum .. s 200 0-082 0-07
Ferrotungsten .. 558 o 202/2 0-021 0-02 Single result only
Ferrotitanium .. s oy 243 0-082 0-085 Average of 2 results
Ferrotitanium .. ais o 243/2 1-16 1-21
Ferromanganese 504 i3 208 0-025 0-025 Average of 3 results
Ferrovanadium .. .. 61t 0-31 0-29 U.S. National

Standard

* Many of the British Chemical Standards are not intended to be used as copper standards.
Where a certified value has been included, without reference in the Remarks column, the copper content
is an approved value.

t N.B.S. No.

necessary, to obtain complete solution of soluble salts (Note 2). Dilute with water to about
25-ml and add 25 ml of sulphurous acid. Boil for 5 minutes, cool, add 15 ml of 50 per cent.
citric acid solution and transfer to a 100-ml calibrated flask (Note 3). Dilute with water
to the calibration mark (20° C) and mix well.

Transfer a 10-0-ml aliquot to a 100-ml beaker and carefully add 10 per cent. w/w ammonia
solution until the pH value of the solution is between 5 and 6 (Note 4). Add 2 ml of 5 per
cent. sodium acetate solution and transfer to a 50-ml glass-stoppered, graduated separating
funnel provided with a short 1-inch tapered stem. Adjust the volume with water to 17-5 ml,
mix thoroughly, then add 10-0 ml of the 2:2’-diquinolyl reagent. Shake vigorously for about
2 minutes, then allow the two layers to separate for 5 minutes. Run off the lower aqueous
layer, then dry the inside of the stem with filter-paper. Transfer the coloured organic layer,
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via a dry filter-paper, into a 1-cm cell, and measure the optical density; use the blank solution
in the compensating cell. Then— ’

ie.,

Eiem X 0-109 = copper, mg (Note 5)
E;em X 0-218 = copper, per cent. (with 0-5 g per 100 ml used).

NoTEs— .

1. This weight of sample is recommended in order to minimise sampling error
(see also Note 3) and should be used when the copper content does not exceed about
0-2 per cent. When the copper content is high (about 1 per cent.), take the same weight
of sample, but adjust the final volume to 1 litre before withdrawing the 10-0-ml aliquot.
The mrethod is not, however, primarily intended for samples containing so much copper.

Steels which do not dissolve readily in the hydrochloric acid may be dissolved in
the nitric acid or a mixture of the two acids.

In the examination of ferro-alloys, e.g., ferrotungsten or ferromolybdenum, transfer
the prepared sample to a small platinum dish provided with a lid, and add 5 to 10 ml
of 50 per cent. v/v sulphuric acid and 5 ml of 40 per cent. w/w hydrofluoric acid.
Dissolve the sample in concentrated nitric acid, sp.gr. 142, added dropwise.

In the examination of ferromanganese, ferrovanadium or ferrotitanium, transfer
the prepared sample to a beaker, add 5 to 10 ml of 50 per cent. v/v sulphuric acid and
dissolve in concentrated nitric acid, sp.gr. 1-42, added dropwise.

In both cases evaporate, using a radiant heater, to fumes of sulphur trioxide, cool,
extract with warm water and a few drops of 20 per cent. v/v hydrochloric acid, then
proceed as described in the procedure. These instructions are intended to serve as a.
general guide to the method of obtaining a satisfactory solution of the material. Each
ferro-alloy must be considered individually.

Determine a blank on all reagents; proceed exactly as described in the procedure..

2. 'When the sample contains either tungsten or molybdenum or both, a precipitate:
will be present at this stage and should be ignored.

If necessary add iron at this stage (or after transferring the 10-0-ml aliquot) to
ensure the presence of at least 40 mg of iron (200 mg of FeSO,.7TH,0) in the final 17-5 ml..
Additional iron is not necessary in the examination of alloy steels of the type shown in
Table IV.

3. In the examination of samples high in tungsten or molybdenum, add 15 per
cent. w/w ammonia solution until the precipitated tungstic or molybdic acid has just
dissolved, then acidify with 20 per cent. v/v hydrochloric acid, preferably to a pH
value of between 5 and 6.

When the copper content of any sample is below about 0-02 per cent., do not dilute
to 100 ml and take an aliquot, but use the entire sample. When the copper content
is above this value, it is permissible to weigh out a proportionately smaller sample and
use the entire sample (see also Note 1). In these cases proceed as described for a 10-0-ml
aliquot and keep the.volume as low as possible before adding the 2:2’'-diquinolyl reagent.

4. Some solutions show characteristic colour changes during neutralisation. A
sufficiently accurate adjustment of the solution can be made with the aid of a piece of
0-5-mm platinum wire, as follows.

Add the ammonia solution until a small drop of the test solution is just alkaline
to blue litmus paper, then add just sufficient 10 per cent. citric acid solution to render
it acidic to the same test paper.

Alternatively the solution can be adjusted with the aid of two indicators spotted
out in small drops on to a white tile. Add the ammonia solution until the test solution
is alkaline to methyl orange but acidic to methyl red. At this stage add 1 more drop
of the ammonia solution. ,

In either case test the solution against a narrow range pH paper; a pH value of
betweeri 5 and 6 should be indicated.

There is, of course, no objection to the use of a pH meter.

5. . This factor was obtained with high-purity iron to which had been added various
amounts of a standard copper solution; it must be determined for every individual
instrument and filter. The optical densities were measured on a Spekker absorptiometer
as indicated.
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The author wishes to thank Mr. M. Phillipson for the experimental work.
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Determination of Copper in Plant Materials by Means
of Zinc Dibenzyldithiocarbamate
By S. ANDRUS*

A method is described for the rapid absorptiometric determination of
copper in plant materials over the range 0 to 15-0 p.p.m. The organic matter
is destroyed by digestion with sulphuric, nitric and perchloric acids. The
copper, after dilution of the acid solution, is extracted with a solution of
zinc dibenzyldithiocarbamate in carbon tetrachloride, and the optical density
measured at a wavelength of 440 mu. The method is shown to be free from
interference by other commonly occurring metals in plant materials and to
give good recovery of added copper.

THE importance of copper in herbage is such that any new reagent for its determination is
worth investigation. Sodium diethyldithiocarbamate has probably been the most widely
used reagent for the determination of copper.

Ekman and Lundell® used a wet-ashing technique, and, after removal of silica, dissolved
the ash in ammonium citrate, and determined the copper by means of sodium diethyl-
dithiocarbamate. Iron was found to .interfere even in the presence of large amounts of the
citrate ion and, if interference was detected, the iron was removed by shaking the sodium
diethyldithiocarbamate complex in carbon tetrachloride with an equal volume of dilute
ammonia (Nydahl?). ;

Piper® digested the plant material with a mixture of nitric, perchloric and sulphuric
acids, extracted the copper by means of dithizone from an acid solution and, after evaporating
off the solvent and digesting the residue, finally determined the copper as the diethyldithio-
carbamate complex. This procedure may give greater purity, but losses of copper or greater
blanks may occur, owing to the longer technique involved.

Martens and Githens?* have shown that small amounts of copper can be separated directly
in acid solutions from relatively large amounts of most other metals by means of zinc dibenzyl-
dithiocarbamate. No precipitations or filtrations are required, and the addition of the citrate
ion appears unnecessary. The reagent solution and the colour of the extracted copper
dibenzyldithiocarbamate are stable, and the acid solution remaining after extraction may
be used to determine other metals, such as cobalt, molybdenum and so on.

The use of zinc dibenzyldithiocarbamate as a reagent for determining copper in plant
materials was accordingly investigated. Recently, Abbott and Polhill® have shown that
the dibenzylammonium and potassium salts of dibenzyldithiocarbamic acid are equally
effective.

EXPERIMENTAL

EFFECT OF INTERFERING ELEMENTS—

Solutions containing standard amounts of copper, from 10 to 40 ug, were extracted
from 50 ml of 5 per cent. v/v sulphuric acid, with and without the addition of potentially

* Present address: Laporte Chemicals Ltd., Luton, Beds.
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interfering metals, with 20 ml of a 0-01 per cent. solution of zinc dibenzyldithiocarbamate
in carbon tetrachloride. After the extract had been shaken for 1 minute it was filtered
through a Whatman No. 1 filter-paper and the optical density measured in £-inch tubes
on the Unicam SP350 spectrophotometer.

The results shown in Table I indicate that there is little interference over the range
10 to 40 ug of copper from 1000 ug of iron, 100 pg of cobalt and 1000 ug of manganese.

TaBLE 1

RECOVERY OF COPPER IN THE PRESENCE OF OTHER IONS

Amount of metal

Metal ion added ion added, Copper, Copper recovered,
kg HE #g
1000 10-0 10-0
1000 20-0 20-0
Lrom 1000 30-0 30-0
1000 40-0 39-9
Iron .. < - v .. 1000 .
Cobalt T - - . 100 10-0 10-1
Manganese .. sie se o 1000
Iron .. .. .. .. .- 1000
Cobalt .. .. .. .. 100 20-0 20-3
Manganese .. - _ - 1000
Iron .. .. o as aie 1000
Cobalt .. s i3 i 100 40-0 40-0
Manganese .. .. .. o 1000
100 20-0 20-0
Molybdenum .. 500 20-0 20-4
1000 20-0 20-9

RECOVERY OF COPPER AFTER DIGESTION—

Amounts of copper from 10 to 40 ug were digested with a mixture of 3 ml of concentrated
sulphuric acid, 15 ml of concentrated nitric acid and 2ml of perchloric acid, and finally,
after treatment with hydrogen peroxide, the solution was diluted and extracted with 20 ml
of 0-1 per cent. solution of zinc dibenzyldithiocarbamate in carbon tetrachloride.

Results showed that there was no loss of copper during the digestion, when compared
with standards extracted directly from 3 per cent. v/v sulphuric acid.

METHOD

REAGENTS—

Sulphuric acid, concentrated—Micro-analytical purity.

Nitric acid, concentrated—Distilled.

Perchloric acid, 60 per cent. w/w—AnalaR.

Hydrogen peroxide, Y00 volume—AnalaR.

Carbon tetrachloride.

Zinc dibenzyldithiocarbamate—A 0-01 per cent. w/v solution in carbon tetrachloride of
the solid supplied by Hopkin and Williams Ltd.

PROCEDURE—

Digestion of sample—Weigh 2 g of plant material into a dry 100-ml Kjeldahl digestion
flask. Add 3 ml of sulphuric acid, 2 ml of perchloric acid and 15 ml of nitric acid. Digest
over a small burner for about 4 hour until the solution is colourless. Cool, add 2 ml of
hydrogen peroxide and heat to fuming. When cool, add 10 ml of water and again heat
to fuming. Set aside to cool.

Extraction of copper—Add 20 ml of water, transfer to a 100-ml separating funnel and
dilute to about 50 ml. Add 20 ml of 0-01 per cent. zinc dibenzyldithiocarbamate in carbon
tetrachloride and shake for 1 minute. Filter the yellow-coloured carbon tetrachloride layer
through a Whatman No. 1 filter-paper and measure the optical density of the extract in
-inch tubes at a wavelength of 440 mu. Carry out a blank determination on all reagents.
Read off the amount of copper present from a standard curve prepared as described below.

Preparation of standard curve—Weigh 0-3928 g of copper sulphate, CuSO..6H,0, and
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dissolve it in about 100 ml of water. Add 5 ml of concentrated sulphuric acid and dilute
to 1000 ml; 1 ml of solution contains 100 pg of copper.

Dilute 10 ml of this concentrated solution to 1 litre with glass-distilled water; 1 ml
of this solution contains 1-0 ug of copper. &

Measure 0, 10, 20, 30 and 40-ml portions of the dilute copper solution into a 100-ml
separating funnel, add 25 ml of concentrated sulphuric acid and dilute to 50 ml. Extract
with 20 ml of the reagent as described above and measure the optical density in -inch tubes
at a wavelength of 440 mp.

REsULTS

A number of samples have been examined for their copper content, with and without
the addition of copper. Results for the recovery of added copper are shown in Table II.

Tasre II
Copper in
herbage, Copper added, Copper found, Copper recovered,
p-p-m. p.p.m. p.p.m. p.p-m.
10-0 50 15-0 50
11-6 50 16-6 5-0
10-2 50 15-2 50
2-0 50 7-0 50
3-8 50 87 4-9
2-2 50 7-3 51
3-8 5-0 9-0 52
82 50 13-2 50
10-2 5-0 15-2 5-0
7-9 50 13-2 53
7-2 5-0 12-3 5-1
7-8 50 12-7 4-9
CONCLUSIONS

The use of zinc dibenzyldithiocarbamate as a reagent for determining copper in plant
materials has been shown to give good recovery of added copper and to be free from inter-
ference from other elements commonly present in herbage. The digestion mixture and
procedure chosen leads to no loss of copper.

Grateful thanks are given to the Ministry of Agriculture and Fisheries for permission
to publish this paper.
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“Oxygen Absorbed” from Acid Permanganate in the
Presence of Chloride

By R. F. ROBERTS

When chlorides are present in samples examined by the ‘“‘oxygen
absorbed’ test, the results are frequently high. This is shown not to be due
to loss of chlorine from the sample solution, as was formerly thought, but
probably to reaction between the chlorine and some organic substances. By
substituting phosphoric acid for the sulphuric acid used in the original
method the effect of chloride can be made negligible. In the absence of
chloride the modified method gives results similar to those obtained by the
original method.

THE well known “‘oxygen absorbed” from acid permanganate test has been used for many
years in the assessment of the quality of sewage effluents, and has also been applied to industrial
effluents. '

The procedure given in the Ministry of Health Methods! consists essentially in adding
the requisite amount of sample to a known amount of standard potassium permanganate
in dilute sulphuric acid. The mixture is made in a stoppered bottle and kept at 26-7°C
for 4 hours, then cooled quickly, potassium iodide is added and the liberated iodine titrated
with standard thiosulphate solution.

It is known that chlorides interfere with the test, but the literature contains little further
information on the subject. Thresh, Beale and Suckling? attribute the interference to loss
of the chlorine liberated from chloride and permanganate in the presence of sulphuric acid.
They advise enclosing in the stoppered bottle a sealed glass ampoule containing potassium
iodide solution. After the 4-hour incubation the ampoule is fractured by a sharp shake
of the closed bottle and the loss of chlorine is then avoided.

EXPERIMENTAL

In preliminary experiments tests were carried out on solutions of sodium chloride in
distilled water at different concentrations between 0 and 10 per cent., no precautions being
taken to prevent loss of chlorine. In every case the final titration was equivalent to the
initial amount of permanganate taken. In an attempt to encourage loss of chlorine two
of the samples were shaken with the stoppers removed after incubation, but there was no
evidence of loss of chlorine. )

The test was then applied to samples of river water and solutions of organic substances.
Different amounts of sédium chloride were added to portions of stock solutions containing
organic matter to form solutions ranging up to 15 per cent. of sodium chloride. The “oxygen
absorbed’ test was then carried out on each. Generally, high figures were obtained when
sodium chloride was present. Duplicate tests by the potassium iodide ampoule technique
showed it had no effect on the values obtained. The results are given in Table I. .

The results obtained in Table I indicate that the errors are not caused by loss of chlorine,
but are probably due to reaction between the chlorine and certain organic substances. In
the presence of urea an appreciable error is obtained when the solution contains 0-3 per cent.
of sodium chloride and above. In solutions containing less than 0-3 per cent. of sodium
chloride the error is not serious.

Means of preventing this interference of chloride were sought and finally it was found
that the interference could be reduced to a negligible amount by substituting diluted
phosphoric acid (1 + 3) for the diluted sulphuric acid (1 + 3) used in the method.

The test as described in the Ministry of Health Methods! was carried out on various
substances’in the presence and absence of sodium chloride, and the results were compared
with those obtained by substituting phosphoric acid for sulphuric acid. The results are
shown in Table II.
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TaBLE 1

EFFECT OF CHLORIDE ON THE ‘“OXYGEN ABSORBED” WITH AND WITHOUT
THE ‘‘POTASSIUM IODIDE AMPOULE”’ PRECAUTION

Experiment
number

10
11
12
13
14
16

16
17

18
19

20
21

River water alone i% . is
River water 4+ NaCl to form 1 per cent.
solution e 4 .

River water 4+ NaCl to form 2 per cent.
solution .. .. .. .

River water 4 NaCl to form 38 per cent.
solution ) o s

River water 4+ NaCl to form 5 per cent.

solution - W . i 03
River water 4+ NaCl to form 10 per cent.
solution .. 0. e - s
River water 4 NaCl to form 15 per cent.
solution .. e .. .. ..
Distilled water - urea W% w5

Distilled water + urea 4 NaCl to form 0-1
per cent. solution .. . o

Distilled water 4 urea 4+ NaCl to form 0-3

per cent. solution .. .. ..
Distilled water -4 urea - NaCl to form 0-5
per cent. solution .. ie e as
Distilled water 4 urea 4 NaCl to form 1-0
per cent. solution .. o —
Distilled water + urea + NaCl to form 2-0
per cent. solution .. . - -

Distilled water 4 urea + NaCl to form 3-0
per cent. solution .. .-

Distilled water 4 urea -+ NaCl to form 5-0

per cent. solution .. 23 s
Distilled water -+ sugar e -
Distilled water + sugar - NaCl to form 50

per cent. solution .. o
River water alone - s . v

River water + NaCl to form 5-0 per cent
solution “e wse

River water 4+ urea .. i

River water + urea + NaCl to form 50 per
cent. solution " - Py

NOTES ON TABLE I—

(a) Results are given to the nearest 1 p.p.m.

“Oxygen absorbed”

without potassium
iodide ampoule,
p-p.m.
7
9
11
13

13

11
17
18

16

14

31

‘‘Oxygen absorbed’’
with potassium
iodide ampoule,

p.p.m.

12
12
12

11

14

31

() Experiments 1 to 7 were carried out on one sample of river water; numbers 18 to 21 were carried
out on a sample taken on another day.

(c) Experiments 4, 5 and 7 were repeated with double the amount of permanganate: similar results
were obtained.

(d) Solutions of urea and sugar were each approximately 20 p.p.m.

(¢) Experiments 9 to 14 were repeated with 1000 p.p.m. of urea present; the results were then about
doubled.

(f) The presence of chloride had no effect on the figures obtained on solutions of approximately
20 p.p.m. of ethanol, tartaric acid, tannic acid, salicylic acid and succinamide.
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TaBLE 11

“OXYGEN ABSORBED’’' TEST ON VARIOUS SUBSTANCES WITH AND WITHOUT SODIUM CHLORIDE,
(a) SULPHURIC ACID AND (b) PHOSPHORIC ACID BEING USED

“Oxygen absorbed,” ‘Oxygen absorbed,”

sulphuric acid phosphoric acid
being used being used
— o el A A
5 per cent. b per cent.
Sodium of sodium Sodium of sodium
Experiment chloride chloride chloride chloride
number absent, present, absent, present,
p.p.m. p.p.-m. p.p.m. p.p.m.
1 Distilled water + 10 p.p.m. of urea 1 11 1 2
2 Distilled water 4 20 p.p.m. of urea 1 18 1 3
3 Distilled water + 40 p.p.m. of urea .. 1 >35* 1 2
4 Distilled water + 100 p.p.m. of urea .. 1 >35* 1 3
5 Distilled water 4 1000 p.p.m. of urea.. 1 >35* 1 3
6 Distilled water 4 20 p.p.m. of dried blood 1 5 1 2
7 Distilled water 4+ 100 p.p.m. of dried blood .. 8 18 ] 11
8 Distilled water 4 100 p.p.m. of glue 6 26 5 6
9 Distilled water + 100 p.p.m. of meat extract 6 16 6 8
10 Distilled water -+ 100 p. p m. of vegetable
extract .. £s 9 21 8 9
11 Distilled water + 20 p-p. m. of sugar s 1 6 1 1
12 Distilled water + 20 p.p.m. of aminoacetic acid 1 16 1 3
13 Distilled water + 100 p. p m. of aminoacetic
acid .. .. .. 1 >35* 1 3
14 Distilled wa,tet = urme . . .. 13 >35* 12 14

NOTES ON TABLE II—
(a) Results are given to the nearest 1 p.p.m.

(6) Experiments 2, 3 and 5 were repeated with a solution containing 10 per cent. of sodium chloride.
Similar results to those given with 5 per cent. of sodium chloride were obtained.

* The Ministry of Health Methods recommends that not more than 50 per cent. of the permanganate
used in the test should be consumed. In the above experiments 50 per cent. of the permanganate repre-
sented 35 p.p.m. of “‘oxygen absorbed.”

Acknowledgment is made to Imperial Chemical Industries Limited, Salt Division, for
permission to publish this paper.
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New Reagents for the Colorimetric Determination of
Atropa Alkaloids

By F. M. FREEMAN

Details of an absorptiometric method for the determination of atropine
and related alkaloids are given. The method is based on the nitration
of the phenyl grouping and the subsequent production of a relatively stable
colour with dimethylformamide and tetraethylammonium hydroxide.

OF the methods described for the determination of small quantities of hyoscyamine and
related alkaloids, the Vitali Morin! is the one that has probably been most commonly employed.

The reaction has been applied to belladonna and its preparations and related products
by Allport and Wilson.?2 It has been further investigated by various authors, including
James and Roberts® and Ashley,* who have determined the conditions governing the reaction.
In particular, Ashley has pointed out the need for strict control of the water content of the
solvents used in this method.

Although the Vitali Morin reaction as modified by Ashley* was found to be capable of good
results, it was felt that further improvements could be made if consideration were given to
the broader principles involved in this reaction.

The Vitali Morin is a specific example of the well known colour reaction between acetone
and aromatic nitro compounds in the presence of sodium hydroxide. In this reaction dinitro
compounds generally give a purplish-red colour, whereas trinitro compounds give a blood-red
colour. The addition of base alone is sometimes sufficient to produce a colour with certain
trinitro compounds, for example, 1:3:5-trinitrobenzene. Carr® has described the compounds
capable of reacting with aromatic nitro compounds in the presence of base as those possessing
methyl, methylene or, more rarely, methine groups adjacent to electronegative groups.
Examination of solvents reported to be capable of producing colour in the Vitali Morin
reaction,? in the light of this theory, showed that they did in fact possess these characteristics.
These solvents were acetone, ethyl methyl ketone, malonic ester and pyridine. Other
solvents that I have investigated on the basis of Carr’s deductions were methyl cyanide,
dimethylformamide and diethylaminoethanol.

As the presence of a base is essential to the reaction, consideration has also been given
to this aspect of the subject. With acetone or pyridine as the solvent, when ethanolic
solutions of potassium hydroxide are employed, the colour stability is poor, being critically
dependent on the water content of the reaction mixture.

Sodium methoxide in benzene - methanol was found to be superior to ethanolic potassium
hydroxide in some respects. The most promising results, however, were obtained by the
use of tetraethylammonium hydroxide, which has been reported to give a red colour with
nitrobenzene in acetone.®? Of the solvents described, preliminary tests indicated that di-
methylformamide was the solvent of choice when used in conjunction with tetraethyl-
ammonium hydroxide. The following experiments were carried out to determine the
conditions governing this reaction.

EXPERIMENTAL

In the experiments described below aliquots of an ethanolic solution of hyoscyamine
hydrochloride containing 0-050 mg per 1 ml were evaporated to dryness and nitrated by
adding 0-2 ml of fuming nitric acid, which was subsequently removed by evaporation. The
residue was dissolved in successive small portions of dimethylformamide and transferred to
a 10-m] stoppered flask for coloration.

VARIATION IN BASE CONCENTRATION—

The effect of varying the concentration of tetraethylammonium hydroxide is shown
in Fig. 1. Various amounts of a 1-25 per cent. solution of tetraethylammonium hydroxide
in dimethylformamide were added to a solution of the nitrated alkaloid in the same solvent.
The optimum amount for the maximum colour development in a reaction volume of 10 ml
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lay between the limits of 0-7 ml of a 1-25 per cent. solution, below which little colour was
developed, and 0-5 ml of a 25 per cent. solution, above which turbidity developed. A volume
of 0-3 ml of 25 per cent. aqueous solution of tetraethylammonium hydroxide was chosen as
being satisfactory for maximum colour development in a reactive volume of 10 ml. It is
probable that Fig. 1 corresponds to the neutralisation curve of the reaction mixture.

Dilution by dimethylformamide of the colour produced on addition of 0-7 ml of a 1-25 per
cent. solution of the hydroxide was non-linear and may be due to the presence of acidic
impurities in the dimethylformamide, as the reaction was capable of being reversed by the
addition of acid. A further quantity of tetraethylammonium hydroxide, however, restored
the full colour.
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Volume of tetraethylammonium hydroxide added, ml Time, minutes
Fig. 1. Colour development of nitrated Fig. 2. Stability of the colour in two
alkaloid in dimethylformamide with a 1:25 per hyoscyamine solutions
cent. solution of tetraethylammonium hy-
droxide

STABILITY OF COLOUR—

Fig. 2 shows the rate at which the colour faded in two hyoscyamine solutions of different
concentrations. The nitration was carried out as previously described, the colour being
developed by the addition of 0-8 ml of 25 per cent. aqueous tetraethylammonium hydroxide.
The slow rate of fading permits measurements to be taken without undue haste. Exposure
to light was found to have little effect on the rate of fading.

EFFECT OF THE ADDITION OF WATER ON COLOUR DEVELOPMENT—

The effect of the addition of water to the reaction mixture before the addition of tetra-
ethylammonium hydroxide was investigated, and it was found that a satisfactory intensity
of colour could be produced in the presence of up to 20 per cent. of water, the intensity
falling as the percentage of water increased. Thus the water content of the dimethyl-
formamide, which is usually less than 0-1 per cent., has no effect on the colour developed.

EFFECT OF WATER CONTENT ON COLOUR STABILITY—

It was found that reaction mixtures containing up to 10 per cent. of water showed
little change in the rate of fading when compared with mixtures containing less than 0-1 per
cent. of water.

ABSORPTION CURVES—

The absorption curve of the colour produced by the methods previously described had
a maximum at 540 mp. ‘
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METHOD
APPARATUS—

Unicam SP500 spectrophotometer or similar instrument capable of measurement in
the visible region; 1-cm and 4-cm cells.

REAGENTS—

Dimethylformamide—Laboratory-reagent grade (as supplied by The British Drug Houses
Ltd.).

Tetracthylammonium hydroxide—A 25 per cent. aqueous solution; laboratory-reagent
grade (as supplied by The British Drug Houses Ltd.).

Hyoscyamine hydrochloride.
Nitric acid, fuming—Analytical-reagent grade.

PROCEDURE—

The recommended method, which can be applied to pure solutions containing hyoscyamine
and related alkaloids or to their galenicals after partial purification by the method of Allport
and Wilson,? is as follows.

Evaporate an aliquot containing approximately 0-05 to 0-15 mg of alkaloid to dryness
on‘a steam-bath and nitrate by the addition of 0-2 to 0-3 ml of fuming nitric acid. Remove
the nitric acid by evaporation and transfer the residue by means of small portions of dimethyl-
formamide to a 10-ml calibrated flask. Add 0-3 ml of 25 per cent. aqueous tetraethyl-
ammonium hydroxide and dilute to the mark with dimethylformamide.

Set the flask aside for 5 minutes, and then measure the colour produced at 540 my in
1-cm cells, with dimethylformamide as a blank. The sensitivity of the reaction can be
increased by the use of 4-cm cells; however, this involves an increase in the reaction volume
to 15 or 20 ml and necessitates a corresponding increase in the amount of tetramethyl-
ammonium hydroxide solution added. The calibration graph is linear.

OTHER APPLICATIONS

This reaction has been successfully applied to the determination of phenylacetic acid,
benzylpenicillin and dibenzylethylenediaminedipenicillin, and also in part to the determina-
tion of chloramphenicol, details of which will be described elsewhere.

The author acknowledges the encouragement of Dr. F. J. Smith of the College of
Technology, Liverpool.
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The Absorptiometric Determination of
Mercury in Urine
By A. C. ROLFE, F. R. RUSSELL axp N. T. WILKINSON

A method has been developed for the absorptiometric determination of
mercury in urine. The method is rapid and gives complete recovery of
mercury in samples of urine that have been standing for several days, which
is not the case with other methods that have been tried.

The method depends on the oxidation of the urine, contained in a bottle
that will withstand slight pressure, with nitric acid and potassium per-
manganate at about 85° C. From the resulting solution mercury is extracted
with dithizone and any interfering substances are removed from the mercury
dithizonate by application of a ‘‘re-extraction” procedure. The colour of the
mercury dithizonate is measured on a photo-electric absorptiometer.

Mercury can be determined over a range of 0 to 100 pg with an accuracy
of +1 ug below 50 ug and 43 ug for amounts between 50 and 100 pg.

For a considerable time we have had to determine mercury in the urine of various persons
who have been under medical observation.

During the course of our work we have examined the methods of Strafford and Wyatt,?
Haddock and Williams,?2 Hubbard,? Cholak and Hubbard,* Kozelka® and Milton and Hoskins.8
The results of our experimental work showed that the methods generally gave low recoveries
of mercury when it was added to fresh urine in the form of a solution of mercuric sulphate.
If the urine was allowed to stand for some time after the addition of the mercuric sulphate
before applying the test, the results obtained by each method were even lower.

EXPERIMENTAL

Our first experiments were based on the method of Strafford and Wyatt.? This method
is very lengthy, but we did not carry out the procedure in its entirety, since after decomposition
of the urine in the special apparatus and subsequent co-precipitation of the mercury as sulphide
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