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FIG. 2.-The potential break, E, in the titration of 0·25 pmole of CI- with Ag+ in mix-
tures of an organic solvent with water.

Solvent volume 25 ml.
o acetic acid
• acetic acid +9·8 mM NaCIO.oacetone +17·1 mM NaCIO.

titrator was as follows. The electrode potential of the indicating electrode pair was compared with a
preset potential and the voltage difference was applied to the generating electrode pair, thus generating
silver ions at the anode. A gain was selected such that a rapid titration without overshoot was
obtained. A diode was inserted to prevent current reversal. The titration system has been described
earlier.12 Titration curves were obtained from a Servogor potentiometric recorder connected to
the titrator.

The indicating electrode pair must be positioned so that the two electrodes lie on an equipotential
surface in the field of the generating electrodes. This can be checked by switching the current off
and on and noting the change in potential of the indicating electrodes. The indicating electrode is
moved until the reading becomes independent of the switching.

The number of coulombs passed through the cell was determined by current integration in the
titrator. Four ranges were available so that readings could be made from 0·02 nequiv to several
mequiv. The error from the titrator itself was 0·1 % of reading ±0·02 nequiv.

Light reduces silver ions as Shown by Champion and Marinenko13 and it is necessary to keep
the titration cell and electrodes protected. An aluminium foil wrapped around the glass bottom of
the titration vessel and protection from direct sunlight proved sufficient to prevent drift from this
cause.

In the range 80-90~;'; acetic acid the current was large enough for titration of small to moderate
amounts of chloride without additional electrolyte. Larger amounts could be titrated within a
reasonable time if sodium perchlorate was added; 9·8 mM sodium perchlorate had only a small effect
on the sensitivity as shown in Fig. 2.

Procedure

Acetic acid solvent (25 mO was transferred by pipette into the titration vessel containing the
electrodes. The titrator was preset to the desired end-point, the range and gain were set and the
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titrator was switched on to pretitrate the solvent. The pretitration was complete in 2-3 min. The
integrator was then set to zero and the sample was added. The titration was usually completed
after 2-4 min and then the amount of halide could be read from the integrator. Some time is
necessary for equilibrium to be attained after large changes in the solvent dilution. Addition of a
sample of 1 ml requires about 4 min in addition to the time given above. The titrator was therefore
set in stand-by position 4 min before the titration was allowed to start.

RESULTS AND DISCUSSION

Solvent

The solubility product of silver chloride decreases in a mixture of water and organic
solvent as the proportion of organic solvent increases, as shown by Krijgsman et al. 9

A lower solubility product will give a larger potential change at the end-point
of a titration. Figure 2 shows the height of the break as a function of solvent com
position for acetic acid-water and acetone-water as media. When the acetic acid
concentration was high a supporting electrolyte had to be added to decrease the cell
resistance.

Electrode stability

The size of the potential break at the end-point is but one aspect to be considered
in analysing for small amounts of chloride. A high electrode stability and reproduci
bility of the location of the end-point can compensate for a smaller potential break.
A larger drift was observed in mixtures containing a high proportion of organic
solvent. No further gain in precision could be obtained by using over 75 %organic
solvent. A larger drift was observed for acetone than for acetic acid, as noted before
by Bishop.1

Crystallization of supporting electrolyte in the reference electrode tip can cause
electrode instability. This can be remedied by using a double-junction electrode at the
cost ofan added complexity and eventual instability of the new liquid-junction formed.
The aqueous reference electrode bridge of K 601 could be used in a solvent with up to
70-85 %acetic acid without excessive instability.

The slope of the titration curve for 19·3 nmole of chloride in 25 ml of 74·7 %acetic
acid was found to be 1·52 nmole/mV. In order to titrate this amount of chloride with
1%precision the indicating electrodes must be stable to at least 0·1 mV between the
pretitration and the sample titration. The variation from day to day or electrode to
electrode, however, was not very critical as the slope was the same for about ± 10 mV
around the end-point. The stability obtained cannot be given separately but shows up
in the titration results.

Prokopov6 recommended a platinum indicating electrode instead of a silver
electrode. The sensitivity of a platinum electrode was said to be higher. We have
found that the electrodes gave identical curves in both 100 %acetone and acetic acid.
Silver/silver chloride electrodes and Orion chloride ion-selective electrodes were also
used but no systematic comparison of these electrodes was made.

Titration results

In order to make a titration the end-point potential must be determined for the
actual electrode and solvent composition. It was determined by adding a small
amount of chloride, presetting a potential on the early part of the titration curve and
titrating. The potential and integral were noted, another potential was set etc, until a



Coulometric trace determination of chloride 921

sufficient number of values covering the equivalence point were obtained. These
points were plotted and the end-point potential was evaluated graphically. The
titrator was then preset to this value, which could be used in all following titrations in
the same solvent. A more convenient but less precise method is to use the constant
current mode of the titrator and to record the titration curve automatically.

Various amounts of sodium chloride were titrated to the preset end-point and the
results are shown in Table I. The samples, 5-100 ,ul, were added by an Agla microm
eter burette so that the effect of changes in solvent composition should be negligible.

TABLE I.-TITRATION OF 5-100 III OF Cl- SAMPLE IN 25 ml OF 75 % ACETIC

ACID.

ReI.
Number Taken, Found, Recovery, stand. dev.,
of runs nmole nmole % %

5 0·92 0·88 95·7 5-4
5 1·84 1·75 95'1 3·2
5 3·70 3-83 103·5 1·8
7 91·90 91·86 99-6 0'04

7 877-5 875·6 99·8 0'0,
2 1755·0 1753 ·8 99·9 0.03

The table shows that the method can be used for titrating very small amounts. In
fact only Bishop et al. and Liidrach et al.6 have reported titrations of chloride in this
range. It should have been possible to titrate even smaller amounts if the volume of
solvent had been smaller. The series shows, however, that high sensitivity and great
range can be combined. There is a variation in the recoveries of small amounts of
chloride and it is caused by drift in the electrodes. The drift will vary somewhat from
day to day and some series have been run for which the drift was close to zero and then
the recoveries were better than those given in Table I. The error in the titration
of the smallest amount shown in Table I corresponds to a mean electrode drift of
about 0·03 mV during a run.

Dilution of the solvent

If an aqueous sample is added to an acetic acid-water solvent the composition will
change. The end-point potential will be different in different solvents and dilution
will therefore result in an error caused by the end-point displacement. This water
effect was studied by Liidrach et al.6 and a correction was calculated. Their results do
not permit an overall evaluation of the effect and therefore a more thorough in
vestigation was made.

A number of titration curves were evaluated in order to obtain the potential of the
end-point in solvents containing various proportions of acetic acid. The result is
shown in Fig. 3. The points for 71-75% acetic acid are the means of several deter
minations and therefore more accurate. This figure shows explicitly the end-point
displacement resulting from a dilution of the solvent. The slopes for various com
positions had earlier been determined by Krijgsman et aP. The potential of point A
in Fig. 4 is the end-point in a solvent containing 74·7 %acetic acid. If the solvent is
diluted the potential of the new system should correspond to point B because in both
cases there must be equivalence between chloride and silver ions. An automatic
titrator preset at the potential of A will sense the decreased potential resulting from
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FIG. 3.-Potential of the equivalence point in the titration of CI- with Ag+ as a function
of solvent composition.

Silver wire indicating electrode vs. an aqueous Hg/Hg2SO. reference electrode. The
non-linear scale to the right shows the slope at the equivalence point.

dilution and start generation of more silver ions until the preset potential is reached
again. The generation will correspond to a movement from B to C and a silver
consumption corresponding to the marked difference on the abscissa will be recorded
on the integrator. Figure 4 shows actual values for addition of I ml of water to 25 ml
of 74·7 %acetic acid. A small exaggerated insert is made for clarity.

The water effect can be compensated either by subtraction of the distance CA
in Fig. 4 from the result read on the integrator or by selecting an end-point other than
the equivalence point. The first method was used in the titration of samples each
consisting of I ml of water and varying amounts of chloride. The results are shown in
Table II. The other method is as follows. Inspection of Fig. 4 shows that the titration
curves in the two solvent compositions intersect a few mV from the equivalence points.
If the titrator is preset to this potential there will be no effect from dilution on the po
tential and no water effect will arise. The size and even sign of the water effect will
thus depend on the conditions and a true correction free from systematic errors can
only be obtained for a given dilution factor, i.e., a fixed sample size. This procedure
has been compared with the method used in evaluating the results in Table II. Both
methods seem to work equally well.

A graph similar to Fig. 4 can be constructed from two titration curves for the
respective solvents. Once these curves have been made a single titration curve will be
sufficient to correct for parallel displacement along the potential axis. As mentioned
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FIG. 4.-Titration curves for the titration of 19·3 nmole of Cl- in 25 ml of 74·7 % and
71'8 %acetic acid.

The insert shows how the points relate to sigmoid curves.

TABLE n.-TITRATION OF Cl- IN I-ml WATER SAMPLES

Taken, Integrator Correction, Found, Found,
nmole reading mmole nmole ppm

0 1·57
0 2·\0 1·7 0·1 0'00.
0 1·88
5·9 7·9 1·8 6·1 0·22

12·2 13-8 1·8 12·0 0'42
23·3 24·4 1·8 22·6 0·80
59-6 60·2 1·8 58-4 2·07
97·7 98·8 1·8 96·9 3·43

716 719 1·8 717 25·4

earlier the electrode drift could amount to a few mV from day to day. For precise
work on very low chloride concentrations a curve must be made each day to obtain
a correction for the drift.

In many applications it is unnecessary to determine the end-point displacement of
new sample compositions. A solvent blank or reagent blank can be titrated and sub
tracted from the sample reading. The level of chloride contamination of the isopro
panol used for washing has thus been determined by titration of 1 ml of isopropanol
as blank (about 2 nmoles), which was subtracted from the readings for I-ml samples.

Many solvents can be used directly as media for titrations utilizing the method
described in this paper. A survey of suitable solvents, including strong acids, is given
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by Bishop et aU and by Monien et al. 14 Non-aqueous samples can also be added to
the acetic acid-water system in the same way as water samples.

Traces of halide in water

The method described in this report is free from systematic errors and allows a
determination of traces of chloride in the purest water at hand. Table II shows that
the chloride in our doubly distilled water was 0·00 ± 0·01 ppm. Demineralized water
was found to contain much more chloride than redistilled water. The method des
cribed here is as sensitive as any other published method for determination ofchloride
in aqueous samples.

TABLE IlL-TITRATION OF Cl- AND Br-

Taken,
Ill1lole Deviation

Found, from sum,
Cl- Br- Ill1lole %

6·65 4·87 11·65 +1·1
11·52 0·0
11·50 -0·2

13'30 9·74 23·32 +1·2
23'30 +1'1
23·21 +0·7

33·25 24·35 57·80 +0·3
59·90 +0·5

Interferences

The acetic acid-water consumed about 50 nmole of silver for 25 ml of solvent.
Most of this was consumed by chloride, so the pretitrated solvent contained solid
silver chloride. When small amounts of bromide or iodide were added the correspond
ing silver salt was formed and chloride went into solution. The titration curve of a
small sample of bromide and iodide was therefore found to be identical to that of
chloride. Titrations of mixtures of chloride and bromide are shown in Table III. The
results shows that the sum is obtained with good accuracy. Bromide and iodide thus
interfere by adding to the results directly. The same is probably true of sulphide.
Borate, fluoride, arsenate, phosphate or sulphate do not interfere and the interference
from sulphite and nitrite can be eliminated by the addition of small amounts of
hydrogen peroxide as shown by Krijgsman et al. 8 Large amounts offoreign substance
change the medium and a correction or a new end-point should be determined as
described above, under Dilution of the solcent.

Acknowledgement-The authors thank Dr M. Sharp for linguistic revision of the manuscript. This
work was supported by grants from the Swedish Board for Technical Development.

Zusammenfassung-I-2000 nMol Chlorid wurden durch coulomet
rische Titration mit Silberionen bestimmt. Der Fehler betrugje nach
ProbengroLle 0,1-5 %. Chlorid in Wasser konnte bis herunter zu 0,01
ppm bestimmt werden. Die Titrationen wurden in 75 % Essigsaure
und 25 % Wasser ausgefiihrt. Die Verschiebung des Elektroden
potentials bei Verdiinnung des Losungsmittels mit Wasser wurde
bestimmt. Zwei mogliche Verfahren werden beschrieben, urn die
Verschiebung des Endpunktes zu kompensieren. Die Titrationszeiten
betrugen 2-4 min fiir die Vortitration des Losungsmittels und 2-4
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min flir die Titration der Probe. In einigen Hillen wurden weitere 4
min beniitigt, urn das Gleichgewicht zu erreichen. Urn die besten
Bedingungen herauszufinden, wurden verschiedene Liisungsmittel
zusammensetzungen ausprobiert.

Resume-On a dose 1-2000 nmoles de chlorure par titrage coulo
metrique avec des ions argent. L'erreur est de 0,1-5 %, dependant de la
dimension de l'echantillon. On peut doser Ie chlorure dans I'eau
jusqu'a une quantite aussi petite que 0,01 ppm. Les titrages ont ete
faits en acide acetique 75 %, eau 25 %. On a determine Ie deplacement
du potentiel d'electrode par dilution du solvant a l'eau. On decrit
deux techniques possibles pour compenser Ie deplacement du point de
fin de dosage. Les temps de titrage sont de 2-4 mn pour Ie pretitrage
du solvant et 2-4 mn pour Ie titrage de I'echantillon. Dans quelques
cas 4 autres mn sont necessaires pour atteindre I'equilibre. Diverses
compositions de solvant ont ete utilisees afin de trouver les conditions
optimales.
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Summary-A reasonably simple gravimetric silver chloride procedure
with fairly wide tolerance in conditions is presented in full detail with
all critical steps and precautions delineated. The procedure allows the
precision determination of chloride by analysts having limited expertise
with exacting gravimetric methods, and can be performed with equip
ment common to nearly all laboratories and without dependence on a
standard substance. The elapsed and actual working times for the
assessment of a solid sample in triplicate are 65 and 10-12 hr respec
tively. The application of the procedure to the assay of some high
purity chloride salts and to the standardization of hydrochloric acid
solutions is described.

FOR ASSAY PURPOSES, gravimetric methods are now less used than formerly and titri
metryand instrumental methods are more favoured. The determination of chloride
remains today probably the most prominent gravimetric method for a major constit
uent. The highly favourable precision and accuracy of silver chloride gravimetry have
long been recognized. In the context of studies toward the practical analysis of
high-purity chemicalsl - 3 and the introduction of an economically feasible line of such
chemicals, distinguished by broad analytical definition of each lot, the need was recog
nized of a simple but high-precision procedure for silver chloride gravimetry. Such a
procedure should provide agreement between duplicates as good as 1 part in 5000
and be sufficiently detailed to allow its use without reference to the literature on silver
chloride gravimetry, which is voluminous; however, it was found that the older
precision procedures assume the analyst has considerably more experience with
gravimetric methods than present-day analysts commonly possess and that small details
can make the difference between success and failure of a determination.

The aim of this paper is to present a reliable yet reasonably simple gravimetric
silver chloride procedure in full detail, point out the critical steps and precautions, and
describe its use in the assay of some high-purity chloride salts and in the evaluation of
some volumetric concentrates of hydrochloric acid. In these laboratories all of the
precautions mentioned seemed necessary and rigorous attention to them tends to
ensure against failure and to avoid accumulation of errors. It may be added that the
procedure can be performed with equipment common to nearly all analyticallabora
tories and without dependence on a standard substance.

KEY POINTS AND PRECAUTIONS
Water

A number of commercial laboratory purification units are available that are
capable ofproducing the 18-MQ particulate-free water specified in the procedure. Such
water is taken directly from the unit just before use. If such a unit is not available,
chloride-free redistilled water should be freed from particulate matter by membrane
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filtration (e.g. through use of a 47-mm Millipore filtering unit4 with a well-washed
Solvinert membrane of O'25-,um porosity).

The use of water and reagent solutions free from particulate matter avoids two
possible errors. High chloride values may result from the presence of particulate
matter and, more importantly, low values from materials that reduce the silver chloride
during the drying operation.

Selection and cleaning of beakers and rods

In order to prevent the silver chloride from forming any tenacious film on the sides
of the beaker or getting into the crevices of scratches, new 250-ml beakers should be
selected that have well-formed pouring spouts and no rim-nicks, no scratches, and no
rough surfaces from the moulding operation. The beakers should be treated with
freshly prepared hot chromic-sulphuric acid cleaning solution for 1 hr and then be
rinsed with water. Care must be taken to avoid scratching during cleaning or perform
ance of the determination.

New glass rods (3-mm diameter) should be selected that are not nicked and that
have perfectly polished ends. The rods should be cleaned in the same manner as the
beakers.

This care with beakers and rods is mandatory to permit quantitative transfer of the
precipitate to the filter crucible without the need to recover any precipitate that might
otherwise remain in the beaker and necessitate a separate nephelometric determination.

Selection and cleaning of crucibles

Borosilicate glass filter crucibles should be selected from those in service for con
stancy in weight, freedom from nicks, and moderately low flow-rates. The selected
crucibles should be kept for use in this determination only and should be meticulously
cleaned before each use. Silver chloride remaining in a crucible from a previous
determination can be too refractory for complete removal by simple treatment with
aqueous ammonia. The following method is recommended for cleaning. Place the
crucibles in a beaker of hot chromic-sulphuric acid cleaning solution, cover the beaker,
and allow to stand overnight on the steam-bath. Rinse each crucible with particulate
free water, then place upside down on a suitable rubber holder over the suction flask,
wash with particulate-free water, invert the crucible to the normal position, then wash
at least twice with filtered dilute aqueous ammonia, at least twice with nitric acid (1 +
3) and finally thoroughly with hot, particulate-free water. After this treatment, any
crucible still found to contain some silver chloride should receive another full cycle of
cleaning. An alternative method is to place the crucibles in hot 10%sodium thiosul
phate solution, rinse with hot water, then treat further with hot chromic-sulphuric
acid solution for 1-2, hr then rinse and wash.

Rubber policeman

The use of a rubber policeman, even sparingly, is a weakness of the procedure,
owing to the possible introduction of soluble matter or through the breaking off of
bits of rubber. Also, if used roughly, a policeman can pick up some precipitate.
Consequently, a quite small policeman is specified and is made by cutting a conven
tional policeman down to a quite small working tip, the length being as short as possible
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but still allowing secure attachment to the glass rod. A new policeman should be
soaked in water containing a few drops of nitric acid in order to remove soluble
organic matter.

In the transfer of the precipitate, as much as possible, should be sluiced out of the
beaker without the aid of the policeman. Then any precipitate remaining should be
removed with gentle persuasion, avoiding any mashing. Any remaining particles or
films should be subjected to just sufficient pressure to loosen them. No difficulty has
been noted so far when all of these precautions have been taken.

Sample size and washing by decantation

Many procedures and authorities limit the sample so that it corresponds to 0·1
0·3 g of chloride (in a volume of 200-400 ml of water). A larger amount of chloride
however, is appropriate for precision work. In these laboratories a conventional,
detailed procedure given by Rosin,5 in which 20 ml of 1M hydrochloric acid (0·7 g of
chloride) are taken, was tried with 1 molal hydrochloric acid that had been previously
standardized by the extremely tedious silver chloride gravimetric method introduced
by workers ofImperial Chemical Industries.6 It was found that while some values were
in good agreement with those expected, others were high, suggesting that the washing
of the precipitate was inadequate. When the Rosin procedure was repeated but with
washing of the precipitate by decantation in the beaker rather than rinsing on the
filter, all values obtained were in close agreement with each other and with expectation.
The procedure presented in this paper has afforded satisfactory results for chloride
amounts of 0·85-0·95 g. The value of washing silver chloride by decantation had, of
course, been recognized by earlier workers, but usually was not given emphasis in the
description of actual procedures.

Protection from light

Results adequate for most purposes can be attained by working under subdued
lighting, but for work of the highest precision and accuracy, exposure of the silver
chloride to light should be avoided as much as possible and the precipitation, washing,
filtration, and weighing of the silver chloride should be performed under illumination
from only a photographic safety lamp.

If darkroom facilities are unavailable, the freshly precipitated silver chloride can
be aged under light proof conditions by placing the desiccator in a clean bench
cabinet and sealing the door with masking tape. The oven used for drying should be
lightproof when closed; if necessary, the vent may be fitted with a curved chimney
with a non-reflective surface. The crucibles containing silver chloride should be
cooled in a desiccator and this also should be placed in the bench cabinet and the door
be sealed with tape.

Weighing

Use of a semimicrobalance is imperative in order to ensure weighings precise to
better than 0·1 mg. A static eliminator should be used. (If omitted, static charge may
build up and dissipate so slowly that redrying becomes necessary.)

The procedure, as given, uses a single-pan balance. Since most analyticallabora
tories now have air-conditioning, providing reasonable constancy of temperature and
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relative humidity, no attention has been paid to a possible difference in the uptake of
moisture by a crucible during its weighing. Where less favourable conditions exist,
such an error can be largely offset by use of an empty crucible, similarly heated and
cooled, for comparison (it can be used as a counterpoise on a double-pan balance).

Drying
It is important to begin the drying of the precipitate at approximately 100° for

about 2 hr and then to allow the temperature to rise gradually to 200°, where it is
kept overnight. This drying schedule has been recommended by many workers and
has the merit that the specified final temperature can be reached and held with many
common laboratory ovens. Higher final temperatures are, of course, possible and
thereby the residual water content might be reduced, but the chance of reduction of
the silver chloride would be increased. It is appropriate to recall other circumstances
leading to reduction: organic vapours in the laboratory, an oven fouled from previous
usage, and failure to remove such a simple thing as a rubber stopper used to mount the
thermometer on the oven. In the last instance, it would be preferable to remove the
thermometer and rely on the settings of the oven controls.

EXPERIMENTAL

Reagents

All chemicals were of "Baker Analyzed" reagent grade.
Silver nitrate solution, 0·3M. Membrane-filtered (e.g., through Solvinert membrane, 0'25-,um

porosity) and standardized approximately (second decimal place) by the Volhard method.
Silver nitrate wash solution. Contained 1 ml of the 0·3M silver nitrate per litre of 18-MO water

(membrane-filtered).
Concentrated nitric acid. FreShly boiled, when necessary, to remove oxides of nitrogen.
Nitric acid wash solution, 0·05M.

Equipment

Sintered-glass crucibles. Borosilicate, 30-ml capacity, fine porosity, high form.
Darkroom lamp. Kodak filter OA (greenish-yellow).
Desiccator. Charged with granular phosphorus pentoxide.
Policeman. Cut and cleaned as described above.
Static eliminator.

General procedure

Observe all precautions discussed in the preliminary remarks. Have all equipment needed for
darkroom work in readiness. Conduct the determinations concurrently in at least triplicate.

Dry the approximate weight of the sample (containing up to 0·95 g of chloride) in a suitable
weighing bottle at an appropriate temperature and for a suitable time, then cool in the desiccator
for 2 hr. Remove any static charge with the static eliminator and weigh by difference into a 250-ml
beaker. Dissolve the sample in 100 ml of 18-MO water and 5 drops of nitric acid.

Calculate the theoretical volume of the 0·3M silver nitrate needed for the sample weight. In
a darkened room under light only from the safety lamp, while stirring constantly by hand, add from
a burette the calculated volume and an additional 2 ml in a slow, but steady, stream.

Still under safety light conditions, heat the solution on a hot-plate nearly to boiling while stirring
constantly by hand to coagulate the precipitate and to avoid serious bumping. Have a pair of
beaker tongs in readiness. Remove from the hot-plate and check the supernatant liquid for
completeness of precipitation by addition of a drop or two of the silver nitrate solution. Cover the
beaker with a watch-glass and store overnight in a lightproofcabinet to permit aging of the precipitate.
Over the same period dry the sintered-glass crucible at 200°. Cool in the desiccator for 2 hr.
Dissipate any static charge with the static eliminator and weigh the crucible.

Filter off the silver chloride under suction, with the safety lamp providing the sole source of
light. Decant the supernatant liquid into the crucible, then wash the precipitate in the beaker six
times by decantation with the silver nitrate wash solution, as follows: rinse down the top of the
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beaker, avoiding the pouring spout, with about 2 ml of the wash solution, add about 10 ml more
of this solution, swirl gently, allow the precipitate to settle, and then decant the supernatant liquid
into the crucible. Finally sluice the precipitate into the crucible with the aid of the silver nitrate
solution. (With practice, the entire bulk can be removed out of the beaker as one thick stream
without pause; no harm results, however, if several attempts are needed.) Rinse out all loose
particles; then remove all other particles or films of silver chloride with the aid of the rubber
policeman. Be sure not to overlook any particles that may have found their way to the outside of
the pouring spout.

When the transfer is complete, stop the suction, rinse down the upper part of the crucible with
the 0'05M nitric acid wash solution delivered by an eyedropper, then pour in enough of this wash
solution to half-fill the crucible. Break up the conglomerated precipitate gently with a glass rod
(3-mm diameter ~60-mm length). Again apply suction. Repeat this washing operation once
more. If any precipitate remains on the stirring rod, remove it with the policeman.

Dry the crucible and contents in a lightproof oven at about 100° for 2 hr, then raise the
temperature to 200°, and continue drying for 12 hr or overnight. Cool in the desiccator for 2 hr,
remove any static charge, and weigh.

Procedure for liquid samples

Place the liquid in a weighing burette, weigh, transfer a volume corresponding to up to 0·95 g
of chloride into a 250-ml beaker, and reweigh the burette and contents. If necessary, make the
weighed portion acidic with nitric acid. Dilute to 100 ml with 18-MQ water and continue as in the
general procedure.

APPLICATION AND DISCUSSION

The procedures presented above have so far been applied to the standardization of
hydrochloric acid solutions and volumetric concentrates and to the assay of high
purity chloride salts (including lithium, potassium and sodium chlorides).

The procedure has been applied to a 1 molal solution of hydrochloric acid that had
previously been standardized by the admirable, but extremely tedious, procedure
introduced by workers ofImperial Chemical Industries.6 That gravimetric procedure
is based on the use of a comparatively large weight (1ag) of high-purity silver as the
standard and the accuracy of the values obtained depends ultimately on the purity of
the silver used. The results obtained by the ICI procedure and the proposed procedure
are presented in Table 1. The precision attained with the proposed procedure is note
worthy. All calculations in the determinations reported in Tables I-III are based on
the atomic weights given in the 1968 International Table.

TABLE I.-COMPARISON OF MOLALITY OF A HYDROCHLORIC ACID

SOLUTION'

I.e.I. "Ultimate silver standard"

procedure6 Procedure of this paper

0·099422 0·099401
0·099394
0·099398
0·099399
0·099398

mean: 0·099398
std. devn. of mean 0·000001

The procedure has also been applied to the determination of the amount of acid in
ampoules (or bottles) of volumetric concentrates of hydrochloric acid intended for
dilution to exactly one litre to yield a·1M solutions. The concentrates studied were
from lots regularly marketed by various European and North American suppliers.

6
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TABLE 1I.-HYDROCHLORIC ACID VOLUMETRIC CONCENTRATES

Supplier Lot Acid equivalents per ampoule Mean

*1 a 0·100690,0'100678,0'100700 0·100689
*1 a 0·099853,0'099839,0'099846 0·099846
*1 a 0·100379,0'100415,0·100421 0·100405
2 b 0·100015,0'099997,0·100015 0·100009
3 c 0·100182,0'100170,0'100192 0·100181
3 d 0·099756,0'099754,0'099760 0·099757
4 e 0·100110,0·100132,0·100116 0·100119
5 f 0·100031,0'100024,0'100026 0·100027

* The variations in the findings for these three ampoules having the same
supplier's lot number were directly associated with differences in net weights
in the contents of the ampoules (51'9159, 51,5021, and 51·7426 g, respectively).

TABLE IlL-ASSAY OF HIGH-PURITY CHLORIDE SALTS

J. T. Baker
ULTREX

Compound Lot No. Assay, %w/w* Mean, %w/w

NaCI UM0455 100'016,100'019, 100·028 100·021
NaCI t 99'978, 100'011, 100'005; 100·023t 100·004
NaCI § 99'754, 99'754, 99·765 99·758

100·016. 100'016, 100·027 100·020
KCI UM0453 100·028, 100·018, 100·020 100·022
KCI UM0467 100·029,100'031,100,035; 100·013 100·027
KCI ~ 100'032, 100·027, 100·034 100·031
KCI § 99·849, 99'860, 99,847, 99'848t 99·851

100·008,100'019,100'006,100'007 100·010

* All determinations for each lot reported; no values discarded. All values for samples
dried at 1050 for 2 hr.

t Lot rejected for high bromide content (~50 ppm), although of acceptable high assay and
low trace-metal content.

§ Lots rejected for low assay. Determination of the loss on drying at 6500 established
that occluded water had not been adequately removed. Recalculated assay values based
on that determination are given in italics to allow ready comparison with other values.
~ Small experimental batch.
t Values obtained by two trainees who observed the conduct of the 3 determinations of a

set for the first time and performed a single determination concurrently.

Each ampoule (or bottle), with any label removed, was accurately weighed, the contents
were transferred to a 60-ml weight burette, and any remainder was discarded. The
ampoule was then rinsed with water, dried, and reweighed to obtain the net contents.
Three portions were then taken by weight from the weight burette and their hydro
chloric acid content was established by silver chloride gravimetry after the procedure
of this paper. The results were expressed as the total number of equivalents of hydro
chloric acid per ampoule and are summarized in Table II. The precision secured in
replicate analyses of each ampoule is noteworthy. The differences between the mean
values for the various lots and suppliers are not considered to stem from the procedure.
They may be due to filling errors, but more probably to the selection of acid-base
standards.

The procedure of this paper has been applied to the assay of some high-purity
alkali metal salts, In the final purification during their production, these salts are
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heated to a high temperature to remove any occluded water. Consequently, drying of
the samples for 2 hr at 105° is sufficient.

For sodium chloride, sample weights of 1·4-1·6 g are appropriate and for potassium
chloride 1,8-2,0 g. Some typical results are summarized in Table III. Again the high
precision of the procedure is demonstrated. The results for several samples were
sufficiently low to signal that the lots had been insufficiently heated in their preparation
to remove all occluded water.

A precision assay is not expected to be rapid. Our experience is that a single sample
analyzed in triplicate requires 10-12 hr actual working time in a total time of 65 hr.
Three samples run concurrently (9 determinations; only three filtrations done con
currently) takes 13-15 hr working time and the same total time of 65 hr, the average
working time being less than 2 hr per determination. Where the frequency of the
determination allows the use of a suitably equipped darkroom for the operations, rather
than improvisation in a conventional laboratory, some additional savings in time and
effort can be made.

Acknowledgement-E. F. Joy and A. J. Barnard, Jr. are thanked for their interest and advice.

Zusammenfassung-Ein verhaltnismaJ3ig einfaches gravimetrisches
Silberchloridverfahren mit ziemlich breiten Toleranzen in den Bedin
gungen wird in allen Einzelheiten mitgeteilt, wobei auf aile kritischen
Arbeitsvorgange und VorsichtsmaJ3regeln eingegangen wird. Das
Verfahren erlaubt die Priizisionsbestimmung von Chlorid auch durch
Analytiker, die nur begrenzte Erfahrung mit der AusfUhrung gravi
metrischer Methoden haben, und kann mit in fast allen Laboratorien
vorhandenem Gerat und ohne Abhangigkeit von einer Standard
substanz ausgefiihrt werden. Die bis zum Vorliegen des Ergebnisses
verstrichene Zeit und die tatsachliche Arbeitszeit betragen fiir die
Dreifach-Analyse einer festen Probe 65 bzw. 10-12 h. Die Anwendung
des Verfahrens auf die Gehaltsbestimmung einiger salzartiger Chloride
hoher Reinheit und auf die Einstellung von Salzsaurelosungen wird
beschrieben.

Resume--On presente dans tous ses details une technique gravimetrique
raisonnablement simple du chlorure d'argent, avec une tolerance
moyennement grande dans les conditions, tous les stades critiques et
precautions etant delimites. La technique pennet Ie dosage precis du
chlorure par des analystes n'ayant qu'une experience Iimitee des meth
odes gravimetriques rigoureuses, et peut etre realisee avec un equipe
ment commun a presque tous les laboratoires et sans dependre d'une
substance etalon. Le temps ecoule et Ie temps de travail reel pour
I'estimation en triple d'un echantillon solide sont de 65 et 10-12 h
respectivement. On decrit I'application de la technique au assay de
quelques chlorures de haute purete et a I'etalonnage de solutions
d'acide chlorhydrique.
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COMPUTER-ASSISTED STUDY OF THE COMPLEXATION
OF QUINIZARIN-2-SULPHONIC ACID WITH IRON(III)

J. A. THOMSON and G. F. ATKINSON®
Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada

(Receit'ed 22 September 1970. Accepted 21 December 1970)

Summary-A detailed spectrophotometric study of the complexation
of iron(III) with quinizarin-2-sulphonic acid (Q) in O·IM perchloric
acid solution is reported. There is evidence that more than one complex
exists in the solution. Analyses of the data were made by a PITMAP
type procedure, and comparison of the results from considering several
models of solution composition show the preferred model to be that
for two complexes with Fe: Q ratios 1: 1 and 4: 3. Stability constants
and calculated spectra for the species are reported. It is suggested
that the ligand is bis-chelating in the polynuclear species.

THE ANALYTICAL REAGENT quinizarin-2-sulphonic acid (abbreviated as QSA in the
text and as Q in equations and formulae) came to our attention as a complexant
possibly capable of bis-chelation. This reagent has been noted to form coloured
complexes with a number of metal ionsl - 4 including iron(III). Solutions containing
iron(III) and QSA are coloured differently from those of other metal-QSA combina
tionsL2 and two investigations of this system have been reported.5•6 We previously
reported6 evidence that suggested the presence of a mononuclear species with a molar
ratio of I: I rather than a polynuclear type. Under experimental conditions chosen to
favour formation of polynuclear complexes in which the ligand might function as a
bis-chelating agent, some evidence was observed that suggested the presence in
solution of a second complex of unknown composition. A detailed study of the
complexation of iron(III) and QSA was therefore undertaken.

EXPERIMENT AL

The apparatus, reagents, preparation of stock solutions and details of the digitizing of spectra
have been described previously."· Data were collected from the visible spectra (700-300 nm) of
solutions of QSA and iron(III) perchlorate in 0-IM perchloric acid, in which the reagents were
present alone or mixed in various proportions. The stability constants reported here were calculated
from the spectra of solutions prepared as in Table I.

TABLE I.-SOLUTIONS USED TO DETERMINE STABILITY CONSTANTS AT 25'0°C

Solution
Iron(lll) solution used Final

No. M ml [Fe(III)], 10- 3M

1 9'92 1 X 10-4 50·00 0'446.
2 8-938 X 10-' 1·00 0'894

3 8'938 X 10-2 2·00 1'788

4 8'938 X /0-2 3·00 2'681

5 8'938 X 10-2 4'00 3'575

6 8.938 X 10-2 5·00 4-46 9

pH

1'081

1'062

1'063

1'065

1'06,
1'06.

In all solutions, final concentration of QSA was 2·027 x 1O-4M.
935
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RESULTS AND DISCUSSION

Evidence for an additional complex

An absorbance matrix was assembled by taking readings at 54 wavelengths from
the spectra of 12 solutions of iron(III) and QSA prepared in accordance with the
method of continuous variations. When these readings were corrected for the
absorbance of the analytical concentrations of both the metal and reagent solutions,
two areas of positive "excess absorbance" were observed as shown in Fig. 1. While

Absorbance as a FN. of wavelength and conc. of QSA Abs.~FE(IIl)/OSA-(QSA+FE) >0
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FIG. I.-Contour map of "excess absorbance" of complexes. Ruled regions inside
highest contours show displacement of peak absorbance along composition axis at

small wavelengths.

mathematical analysis for the rank of the original matrix indicated only one major
metal-ligand complex,7 a slight shift in the maximum "excess absorbance" with
wavelength was noted. This was confirmed by conventional Job plots at 590 nrn
which indicated a 1: 1 metal: ligand molar ratio and at 310 nm which indicated a 5: 4
molar ratio. The straight-line methods of stoichiometry determination,6 which at
590 nm clearly indicated a mononuclear species, yielded inconclusive results when
applied at 310 nm. This failure could not have been due to inappropriate approxi
mations of the complex's absorbance since several approximations which must
encompass the actual situation were made, and each attempt was unsuccessful.

These results could be explained by postulating a second complex which was
present in minor amounts and which contained a higher proportion of iron(III) than
ligand.
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Interpretation of data

The absorbance and pH data, the latter converted into concentration of hydrogen
ion,s for the solutions in Table I, were taken as the input into a computer program
PITMAP based on Metzler's9 and Sillen'slO least-squares approach to computation of
stability constants. Several models were considered for the composition of the
,solutions.

Two straightforward models of one metal-ligand complex only were first used.
The model with formation of a 1: 1 molar ratio complex gave unquestionably a better
fit than the model in which the Fe: QSA ratio was 5: 4 (as suggested by the Job plots).
Then models consisting of two complexes were tried. The two simplest, i.e. a 1: 1
complex plus a complex with Fe: QSA ratio either 1: 2 or 1: 3, both failed to give any
meaningful results and were eliminated as possibilities. Next, as suggested by the
Job plots and straight-line methods, polynuclear species were postulated. The
following models were tried and eliminated (ratios are for Fe:QSA): 1:1 and 2:1,
1: 1 and 2: 2; 1: 1 and 3: 2; 2: 1 and 4: 3. Meaningful results were obtained for the
two-complex model which considered the formation of a 1: 1 species and a 4: 3 species.
This will be discussed in detail.

It was assumed that the species FeQH+ and Fe4Qaa+ form. Formation of mixed
complexes was neglected but hydrolysis of the iron(III) not bound to the reagent was
considered in this and all other models. Also, formation of an iron(IlI) perchlorate
complex was not considered.H

Two overall formation constants were defined:

and

[Fe][H2Q]Pll = [FeQH][H] (1)

(2)

The mass balances yield two more equations. For quinizarin-2-sulphonic acid at
pH 1·07, the more highly dissociated ligand forms being neglected:2

and for iron(Ill) :

CFe = [Fe] + [FeOH] + [FeQH] + 4[Fe4Qa]

(3)

(4)

where, [FeOH] is the concentration of a pseudo-species representing all hydrolysis
species of iron(Ill). At the concentration levels and acidity conditions used, it was
expected that the hydrolysis species Fe(OHh+ would be negligible12 and therefore

ROll [Fe] 2ROll[Fe]2
[F OH] = [F OH] + 2[F (OH),] = ~_ + JJ22 (5)e e e2 J [H] [H]2

where P?F and P~2ll are hydrolysis constants. The absorbance, A, of an iron(IlI)
solution can be represented (assuming Beer's law is obeyed, and the path-length is
lmm) by

All = Bo[Fe] + [[FeOH] (6)
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where EO is the molar absorptivity (l.mole-1.mm-1) of FeH and g is an apparent
or mean molar absorptivity (same units) for the hydrolysed species, defined by the
expression

(7)

The constant El refers to the monomer and E2 refers to the dimer.
Values of P?lH, P~:, EO and g were not available for the conditions of this work.

By submitting data from a spectrophotometric study of iron(III) perchlorate in
perchloric acid solution to program PITMAP, these values were calculated and
shown to describe the data sufficiently well to allow corrections to be made for the
formation and the absorbance of hydrolysed iron(III) species.

Equations (3) and (4) were reduced to two equations in the unknowns [H2Q]
and [Fe] by using equations (1), (2) and (5), and solved in the program by Newton's
method since the equations were cubic and quartic. In the PITMAP procedure all
the other variables and parameters were known, approximated or measured, and the
results of this calculation yielded apparent concentrations of all species in solutiop
so that refinement of the stability constants could be carried out.

The final values of the stability constants (in concentration terms) were

log Pu = 1·48 ± 0·04 (std. devn.)

log P43 = 11·14 ± 0·09 (std. devn.)

in solutions of O·lM ionic strength at 25.00
• The standard deviation of the residuals

was 0·007 absorbance units and the calculated molar absorptivities of the two com
plexes are plotted in Fig. 2. The wavy character in the curve for the Fe4Q3 species

4iOOI

37°°1
3300!

1

2900

2500

210°1

i
1700

1

1300 1

9001--- ",

~::L
300 320

FeQH,

.._- ~--_ .. ~-~.,---~---------..__.~
340 360 380 400 420 440 460 480 500 520

Wavelength l nm

540 560 580 600 620
'-

640 660 680 700 720

FIG. 2.-Computed molar absorptivities for the species FeQH and Fe.Q3'

is probably an artifact of the computational procedure and a reflection of the low
concentration of the species.9 The theoretical spectra are compared to the experi
mental ones in Figs. 3 and 4. The fit of the data to the two-complex model is superior
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to that of the most successful one-complex model. The calculated composition of
the six test solutions is given in Table II.

Before a final decision between the two possible models (i.e. the 1: 1 complex,
or a mixture of 1: 1 and 4: 3 complexes), two attempts were made to get further
experimental evidence for the existence of the Fe4Q3 complex.

From equations (1) and (2), it is evident that the concentration of the 4: 3 complex
is dependent on the acidity of the solution to a much greater extent than is the con
centration of the 1: 1 complex. Therefore, the predicted theoretical spectra, calculated
on the basis of the different models, for a solution at a pH different from 1·07 were
compared to the experimental spectrum. Unfortunately, the acidity could only be
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TABLE n.-CALCULATED COMPOSITION (TWO-SPECIES MODEL) OF THE SOLUTIONS DESCRIBED IN TABLE I
(C

QSA
= 2·027 x lO-'M).

Solution

No. CFe,M [H2Q)' M [Fe], M [FeOR), M [FeQH], M [Fe4Q3], M

1 4.460 X 10-4 1'785 X 10-4 4-21 2 10-4 5'663 X 10-7 2'408 X 10-5 3'578 X 10-8

2 8.939 X 10-4 1'600 X 10-4 8.497 X 10-4 1'096 X 10-6 4'168 X 10-5 3'283 X 10-7

3 1'788 X 10-3 1'275 X 10-4 1'708 X 10-3 2'220 X 10-6 6'69, X 10-5 2'75 0 X 10-6

4 2'68, X 10-3 1'01 0 X 10-4 2'56, X 10.. 3 3'37, X 10-6 8'009 X 10-5 7'19, X 10-6

5 3'575 X 10-3 8'063 X 10-5 3'436 X 10- 3 4'554 X 10-6 8'59, X 10-5 1'204 X 10-5

6 4-469 X 10-3 6'606 X 10-5 4'31 0 X 10-3 5-728 X 10-6 8'809 X 10-5 I '61 7 X 10-5

changed slightly, to pH 1'17, since a precipitate formed in solution at pH values not
much higher than this. The composition of the test solution, adjusted to an ionic
strength ofO·1M with sodium perchlorate, corresponded to Solution No.3 in Table I,
which was described equally well by either model. Even with only the small change
in acidity, the two-complex model better predicted the experimental spectra.

The two models attributed differently-shaped spectra to the 1: 1 complex and this
fact formed the basis of the second confirmatory experiment. By using the calculated
data, it was shown that of all metal-ligand species formed, only the 1: 1 complexes
could contribute to the spectrum of Solution No.1 in Table I. A differential spectrum
was obtained for a similar solution, which should have approximated the spectrum
of the species FeQH since a solution of QSA, at the concentration calculated for
free ligand in the test solution, was placed in the reference beam of the spectropho
tometer. When the experimental spectrum and theoretical predictions were compared,
again the two-complex model was superior.

Finally, at 590 nm, the straight-line method for the determination of complex
stoichiometry6 and the PITMAP determination of stability constants showed excellent
internal agreement if the two-complex model was used in the interpretation of the
latter work.

The formation of two complexes of iron(IIl) and QSA, FeQH and FC4Q3' was
accepted as the preferred model, the 1: 1 complex being predominant under the
conditions of this work. The species having 4: 3 Fe: QSA molar ratio may be a
complex with a central metal ion co-ordinated to three ligands each of which is then
co-ordinated with another metal ion. This radial structure is suggested rather than a
linear one sincc the latter would require an explanation for the non-appearance of
shorter chain fragments. However, be the structure radial or linear, there is a case
strongly suggestive of bis-chelation.

Digital data

Listings of all spectra as produced or alluded to in this report are available upon
request.
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Computer-assisted study of the complexation of quinizarin-2-sulphonic acid with iron(III) 941

Zusammenfassung-Es wird tiber eine eingehende spektrophotomet
rische Untersuchung der Komplexbildung von Eisen (III) mit Chiniz
arin-2-sulfonsaure (Q) in O,IM tiberchlorsaurer Losung berichtet. Es
gibt Hinweise darauf, daB mehr als ein Komplex in der Losung vorliegt.
Die Daten wurden nach einem Verfahren vom Typ PITMAP analysiert;
zieht man mehrere Modelle der Losungs-Zusammensetzung in Betracht
und vergleicht die Ergebnisse, so zeigt sich, daB am ehesten ein Modell
in Frage kommt, das zwei Komplexe mit den Fe: Q-Verhaltnissen 1: 1
und 4: 3 enthalt. Die Stabilitatskonstanten und die berechneten
Spektren fUr die beiden Spezies werden mitgeteilt. Es wird angenom
men, daf3 der Ligand in der mehrkernigen Spezies zwei Chelatringe
bildet.

Resume-On rapporte une etude spectrophotomctrique detaillee de la
complexation du fer(1ll) avec I'acide quinizarine 2-sulfonique (Q) en
solution dans l'acide perchlorique O,lM. II Ya evidence de I'existence
de plus d'un complexe dans la solution. Les analyses des donnees ont
ete etTectuees par une technique du type PITMAP, et la comparaison
des resultats provenant de la consideration de plusieurs modeles de
composition de solution montre que Ie modele privilegie est celui pour
deux complexes avec des rapports Fe:Q 1:1 et 4:3. On rapporte les
constantes de stabilite et les spectres calculees pour les especes. On
suggere que Ie ligand est bischelatant dans I'espece polynucleaire.
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EFFECT OF METAL IONS ON THE DETERMINATION
OF SEMICARBAZIDE HYDROCHLORIDE WITH

POTASSIUM BROMATE

M. J. M. CAMPBELL, R. GRZESKOWIAK and B. PERRETT
Department of Chemistry, Thames Polytechnic, London, S.E.l8

(Received 23 November 1970. Accepted 15 December 1970)

Summary-Semicarbazide can be titrated quantitatively with potassium
bromate in the presence of nickel(lI), cobalt(Il) and manganese(lI)
but copper(Il) causes serious interference. The effects of copper ions
on the reaction between potassium bromate and semicarbazide
are investigated and the optimum conditions under which the reaction
is quantitative are indicated.

THE DETERMINATION of semicarbazide hydrochloride by oxidation with potassium
bromate was first suggested by Kurtenacker and Kubina.1 The reaction was subse
quently investigated by JanCik et af.2 and Vulterin,a,4 and was shown to proceed ac
cording to the equation:

3NH2CONHNH2 + 2BrOa- = 2N2 + 3C02 + 3NHa + 2Br- + 3H20.

Recently, the conditions under which the reaction proceeds quantitatively have been
defined by Hitchcock.5 During our investigation of metal complexes of semicarba
zide (SC),6 the Co(II), Ni(II) and Mn(H) complexes could be successfully analysed
for ligand but the presence of Cu(II) caused negative errors when the range of hydro
chloric acid concentrations defined by Hitchcock5 was used, both with and without
initial addition of bromide. We report in this paper the investigation of the copper
interference and indicate the conditions under which the reaction is quantitative.

EXPERIMENTAL

Reagents

All chemicals used were of analytical-reagent grade. Potassium bromate was dried at 140°, and
semicarbazide hydrochloride over phosphorus pentoxide under vacuum, and both were stored over
calcium chloride. A 0'0167M solution of potassium bromate was used as standard. The semi
carbazide hydrochloride solution (0'025M), which undergoes slow auto-oxidation, was frequently
restandardized.

Procedures

Standardization of semicarbazide hydrochloride solution. Concentrated hydrochloric acid (25 ml)
was added to 25 ml of the semicarbazide hydrochloride solution; the mixture was diluted to
100 ml with distilled water and titrated with 0'0167M potassium bromate.

Effect ofmetal ions. Portions (25 m!) of standardized semicarbazide hydrochloride solution were
treated with various quantities of conc. hydrochloric acid (5-70 mI) and metal salts, diluted to 100 ml
with distilled water, and titrated with bromate, the addition being rapid to within 0'5 ml of the
end-point.

Analysis of nickel complexes. Approximately 1 mmole of the complex, accurately weighed, was
dissolved in conc. hydrochloric acid (25 mI). After addition of potassium bromide (0'1 g) and
dilution to 100 ml, the solution was titrated with bromate.

Titration of semicarbazide solutions containing 1:1 mole ratio copper: semicarbazide.
(i) Effect ofhydrogen ion concentration. Enough hydrochloric acid was added to 25 ml ofO'025M

semicarbazide hydrochloride to provide the constant final chloride ion concentration required. The
acidity was then adjusted to the required value with dilute sulphuric acid, copper(lI) solution was
added (6'25 ml, 0'10M) and the solution was diluted to 100 ml and then titrated with potassium
bromate.

943
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(ii) Effect of chloride ion concentration. Calculated quantities of hydrochloric acid were added
to 25-ml portions of O'025M semicarbazide hydrochloride, to provide final concentrations of chloride
ion between 0·005 and 5M, and the acidity adjusted to selected constant values with dilute sulphuric
acid. Copper(II) solution was then added (6'25 ml, O'lOM) and the solution was diluted to 100ml
and titrated with bromate.

The final hydrogen ion concentrations of all the solutions were determined from the quantity of
acid used and final volume of solution, and periodically checked by acid-base titration.

RESULTS AND DISCUSSION

Experimental results show that bivalent manganese, nickel and cobalt do not
interfere with the semicarbazide-potassium bromate reaction when present in molar
ratios metal: ligand as large as 16: 1. Errors incurred in direct titrations of semi
carbazide with bromate in presence of Ni(II) and Mn(II) are shown in Fig. 1 and
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FIG. I.-Error curves for the potentiometric titration of semicarbazide with KBr03 •

AC-solution initially free from Br-; BC-Br- initially added, concentration of Br
at equivalence point 0'1M, a similar curve is obtained when Ni(II) is added instead

of Br-; BD-in presence of Mn(II).

are similar to those found by Hitchcock.5 The method is therefore satisfactory for
titration of nickel complexes of semicarbazide (Table I). However, copper(II)
introduces a considerable error (Fig. 2) which is dependent on the rate of addition of
the titrant and on other conditions (Table II).

Error curves (Fig. 3 and 4) showing the effect of copper ions on the titration in
hydrochloric acid medium indicate definite minima at concentrations of acid ca.
2'7M, lower acidities having a more marked effect than higher ones. The curves
(Fig. 4) for the dependence of the error on the copper-semicarbazide ratio show
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TABLE I.-QUANTITATIVE ESTIMATION OF SEMICARBAZIDE (sc) IN NICKEL COMPLEXES

Complex NH.CONHNH. found, % NH.CONHNH. calc., %

Ni(sc)SO,

Ni(sc)3Cl.,2}H.O

40'3,,40'45 ,40-48

(Av. 40'42, a 0'06)
50'4., 50'3., 50'4.
(Av. 50-41, a 0'08)
33'66,33'3., 33'73 , 33'28 ,

32'98,33'20,32'99,32'9.,
(Av. 33'25, a 0'28)
44'0" 43'9" 43'93 , 43,9,
(Av. 43-95, a 0'04)
56'66 , 56'58 , 56'68 , 56'6.
(Av. 56'65, a 0'03)
68,4., 68'4., 68'40

(Av. 68-42, a 0·02)

40'72

50·42

32·7

44·02

56·30

68'63

a = standard deviation.
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FIG. 2.-Dependence of the error on the hydrochloric acid concentration in presence of
copper(II) at [Cu]: [sc] = 1. A-in absence of Br-; D--in presence of O'lM Br-;

BS and CP----curves AC and BC from Fig. 1.
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TABLE II.-EFFECT OF TITRANT ADDITION RATE ON THE TITRATION OF 0·6222
mmole OF SEMICARBAZIDE HYDROCHLORIDE WITH 0'01666M BROMATE IN THE
PRESENCE OF COPPER(II). Cu(II): SEMICARBAZIDE MOLAR RATIO 1: 1. CALCU-

LATED TITRE 24·89 ml

Titrant used, 1711

Addition rate
ml/sec

0·50
0·10
0·02

3·0M final [HCl].
Initially

bromide-free

24'47
24·37
24·28

1·0M final [HCl].
Initially

bromide-free

21'26
20'52
20'06

I·OM final [HCl].
Initial addition
of bromide to

give O'IM final
concentration

21·73
21-46
21-30
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FIG. 3.-Dependence of error on the hydrochloric acid concentration for semicarb
azide-bromate titrations at varying ratios of Cu(Il): sc.

Curve Cu:sc ratio Curve Cu:sc ratio

A 0·001 F 1
B 0·03 G 2
C 0,] H 10
D 0·5 J 100
E 0·75

maximum errors at mole-ratios of Cu: sc between 0·8 and 1·6. This range corresponds
to the presence of ionic species [CU(SC)]2+ and [CU(SC)2]2+ in varying proportions.

These errors arise from induced side-reactions competing with the main 4-electron
oxidation reaction. That induced side-reactions operate is shown by the dependence
of the titration error on the rate of titrant addition (Table II), a phenomenon
characteristic of induced reactions.
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FIG. 4.-Effect of Cu(II):sc ratio on the error for semicarbazide--bromate titrations at
constant hydrochloric acid concentration.

The negative errors are attributed5 to the side-reactions

2NH2NHCONH3+ + 2H20 = 4NH4+ + 2C02+ N2 + 2e

2NH2NHCONH3 + + 2H20 = 3NH4+ + HN3 + CO2+ 3H+ + 4e-

An initial addition of bromide (Fig. 2) does not appreciably reduce the error, indi
cating that the slow generation of oxidant via a Hinshelwood-type reaction7

HCI + HBr03 -+ HCIO + HBr02

in media initially free from bromide is not an important factor. Also, as observed
by Hitchcock, air-induced side-reactions, if present, in media free from bromide ion
can be assumed to play only a minor role. It would appear therefore, that the side
effects leading to negative error involve the reaction between copper-semicarbazide
complex species and the bromate ion. The decrease in error as the hydrochloric acid
concentration is increased from 1 to 2·5M (Fig. 4) would indicate that these induced
reactions involve mainly the [Cu(sch]2+ ion, since as the hydrogen-ion concentration
rises the equilibrium

[CU(SCh]2+ + H+ ~ [Cu(sc)]2+ + scH+

is displaced to the right, and there is an associated decrease in interference. At
higher acidities (greater than 3M) the increase in error is concomitant with the
formation of the yellow [CuCI4]2- ion. This error continues to increase with increasing
hydrochloric acid content (Fig. 3) suggesting that the induced reactions may involve
ion-pairs such as [scH2]2+ .... [CuCI4]2-.

Addition of hydrochloric acid introduces simultaneously into the medium two
ions, H+ and Cl-, which may both influence the reaction. Figures 5 and 6 show the
effect of hydrogen and chloride ions respectively on the semicarbazide-bromate
reaction where the concentration of one of the ions was varied independently of the
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other and the copper-semicarbazide ratio was maintained at 1: 1. The broken line
curves in Fig. 5 correspond to the condition where the reaction proceeds so slowly that
excess of bromate must be added to cause the electrode system to respond. At
constant chloride ion concentration (Fig. 6) the negative error decreases on increasing
the hydrogen ion concentration until a minimum error plateau is reached. Two
effects are apparent: (i) the greater the chloride ion level the lower the hydrogen ion
concentration at which the onset of the minimum error takes place, (ii) the lower the
chloride ion concentration the lower the minimum error.

The optimum conditions for determination of semicarbazide with bromate in the
presence of copper(II) are high acidity and low chloride ion concentration. Thus,
as seen in Fig. 5, at 9M final hydrogen ion concentration the minimum error is
approximately 0·1 %for final chloride ion contents between 0·005 and 0·05M. Pre
sumably higher acid concentrations would reduce the error further, but the handling
of the solution becomes less convenient. If the hydrogen ion concentration must be
maintained at about 3M then an alternative method of eliminating the error is to add
an excess of copper ions, as seen in Fig. 3.

Zusammenfassung-Semicarbazid kann mit Kaliumbromat quantitativ
in Gegenwart von Nickel, Kobalt(lI) und Mangan(ll) titriert werden;
Kupfer(ll) dagegen start erheblich. Der EinfluJ3 von Kupferionen
auf die Reaktion zwischen Kaliumbromat und Semicarbazid wird
untersucht und die optimalen Bedingungen angegeben, unter denen
die Reaktion quantitativ verl1iuft.

Resume--On peut titrer quantitativement Ie semicarbazide avec Ie
bromate de potassium en la presence de nickel, cobalt(lI) et manganese
(II), mais Ie cuivre(lI) gene serueysement. Les influences des ions cuivre
sur la reaction entre Ie bromate de potassium et Ie semicarbazide sont
etudiees et I'on indique les conditions optimales dans lesquelles la
reaction est quantitative.
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SHORT COMMUNICATIONS

Potentiometric titrations with a mercury-mercury sulphide electrode

(Received 14 August 1970. Accepted 11 January 1971)

IN BOTH the analysis of metal ions with thioacetamide (TAA) and in the determination of TAA via
the use of metal ions, potentiometric end-points have been employed, a silver-silver sulphide electrode
usually being used.1,2 Recently, a silver sulphide membrane electrode has been used for sulphide
titrations and the potentiometric determination of metal ions." Earlier, an amalgamated gold
electrode was used.' A simple procedure is outlined for making a sulphide electrode which is stable
for long periods of time. This mercury-mercuric sulphide electrode is far more stable than the
sulphide coated silver wire electrode and docs not require materials such as gelatin to prevent excessive
coating on the electrode surface.

EXPERIMENTAL
Preparation of the electrode

A platinum foil electrode is degreased in alcoholic potassium hydroxide solution and then cleaned
in boiling concentrated nitric acid. If old platinum foil electrodes are to be used, the surface is first
cleaned with medium-coarse flint paper to remove former platings and the excess of corrosion. Next
the electrode is immediately washed in distilled watcr and placed in a beaker containing 1M perchloric
acid and a shallow pool of mercury. The electrode is clamped so as to be completely in the perchloric
acid and connected to the negative pole of a 3-V battery. A platinum wire is connected to the anode
and immersed in the perchloric acid. Current is passed for 15 min with hydrogen evolving at the
cathode. Next the foil cathode is completely immersed in the mercury pool until coated with mercury.
If the mercury plating is not uniform, the cathodic generation of hydrogen is repeated. The plated
electrode is dried for 5 min in air. Finally, the plated electrode is placed in O·IM sodium sulphide
and anodized with an inert electrode for 30 sec or until a mercuric sulphide film is visible.

RESULTS AND DiSCUSSION

Thioacetamide solutions were standardized potentiometrically against 0·05-0·10M silver nitrate.
The results were reproducible to =l:0'3 %. In all the titrations performed, the stability of the mercury
mercuric sulphide electrode was shown by the electrode voltages being reproducible within ±2 mV
for a series oftitrations ofthe same solution. It was possible to titrate 0'03-0'IM silver(I), mercury(II),
cadmium(II) and lead(II) with an error not exceeding 0'5 %. A good deal of selectivity may be
obtained from the different reaction rates of cations with TAA. By employing hydrazine it was
possible to develop several selective procedures. Since silver(I) reacts with TAA much faster than
lead(II) or cadmium(II), it was possible to titrate Ag(I) at room temperature without interference
from these two cations. Hg(II) could also be determined in the presence of Cd(II) and Pb(II) at
room temperature with <0·5 %error.

Cadmium at concentrations of > 10-2M may be determined with an error of ±1·2 %in the presence
of equivalent amounts of Ag(I) or Hg(II) by using the simple expedient of adding hydrazine hydrate
in basic media to solutions containing these interfering ions. The hydrazine reduces both of these
ions and therefore is an effective masking agent.

In all the titrations of single components or mixtures of cations, there was no need to wait for the
electrode to come to equilibrium. The only materials that poisoned the electrode were mercaptans.
One electrode was used for six months without any loss in sensitivity.

Chemistry Department
The College of Wooster
Wooster, Ohio 44691, U.S.A.

T. R. WILLIAMS

S. PIEKARSKI

C. MANNING

Summary-Platinum foil coated with a film of mercury and mercury
sulphide is recommended as electrode for potentiometric titrations
with thioacetamide.

Zusammenfassung-Mit einem Film von Quecksilber und Quecksilber
sulfid iiberzogene Platinfolie wird als Elektrode fUr potentiometrische
Titrationen mit Thioacetamid empfohlen.

951
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Resume-Une lame de platine recouverte d'un film de mercure et de
sulfure de mercure est recommandee comme electrode pour les titrages
potentiometriques au thioacetamide.
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Potentiometric titration of cyanide and chloride, using the silver
specific-ion electrode as an indicator*

(Received 24 August 1970. Accepted 10 January 1971)

SEVERAL methods are available for the titration of cyanide in solutions. The most common visual
method is that of Liebig.! Gerchman and Rechnitz2 used a glass electrode as an indicator for the
potentiometric titration of cyanide in solutions. However, these titrations were not performed in the
presence of chloride.

For mixtures ofcyanide and chloride, the usual procedure is to determine the cyanide concentration
by Liebig's method and then to add an excess of standard silver nitrate, filter off the precipitate of
AgCl and AgCN, and titrate an aliquot of the filtrate for the excess of silver nitrate." Ikeda et al.4

described an amperometric titration for the simultaneous determination of cyanide and chloride,
methanol and gelatin being added. Souse" has reported a complexometric procedure for the deter
mination of cyanide and chloride in a mixture. Iwasaki et al. 6 described a colorimetric procedure
for cyanide and chloride, using thiocyanate. However, all of these methods suffer from at least one
of the following disadvantages; they are time-consuming, the analysis must be performed on aliquots
of the sample, or additional reagents must be added in the analysis.

In solutions of cyanide containing large amounts of chloride, it is difficult to determine the visual
end-point accurately because a small residual precipitate of silver cyanide appears which obscures
the end-point. However, the potentiometric end-point is precise and accurate and is denoted by a
large potential change (approximately 500 mY).

This paper describes a method for titrating cyanide and chloride in a single solution and quan
titatively determining the concentration of each with one continuous titration.

EXPERIMENTAL
Apparatus

Magnetic stirring motor and Teflon-covered bar.
Orion "Ionanalyzer" Model 801 pH meter.
Orion silver/sulphide specific-ion electrode, Model 94-16.

Reagents

Potassium cyanide, -{)·IM.
Potassium chloride, 0·1000M.
Silver nitrate, 0·1000M.

Procedure

Aliquots of the O·IM solutions of cyanide and chloride in a single solution were titrated with the
O'IM silver nitrate, the silver specific-ion electrode vs. calomel electrode system being used for the
potential measurements. The potentials obtained were plotted against the volume of titrant for
determination of the end-points.

RESULTS AND DISCUSSION

Figure 1 shows a typical titration curve for a mixture of cyanide and chloride. Point A is the
equivalence point of equation (1).

Ag+ +- 2CN- = Ag(CNk. (1)

* This work was supported by the United States Atomic Energy Commission.



Short communications 953

Point A precedes Liebig's visual end-point by an amount approximately equivalent to the amount of
excess of Ag+ needed to form the visible precipitate. A value of twice the volume of titrant at point A
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FIG. l.-Titration curve of a mixture of cyanide and chloride with O·IOOOM silver
nitrate.

Point A is the first end-point of the cyanide titration.
Point B is the second end-point of the cyanide titration.
Point C is the chloride end-point.

[equation (1)] was used to calculate the total cyanide concentration. Point B is the equivalence point
indicated by equation (2), or the point at which all the cyanide is converted into insoluble AgCN.

Ag(CN)2- + Ag+ = 2AgCN. (2)

In a solution containing a large amount of chloride, point B is difficult to distinguish because the
rate of potential change at the end-point is small compared to that at point A. As a result of the
difficulty of reading point B, it was not used in the calculations of total cyanide concentration. Point
C is the end-point of the titration of the chloride:

Cl- + Ag+ = AgCl. (3)
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The volume of titrant indicated at point C minus twice the volume of titrant at point A is the volume
of titrant for the chloride titration.

The precision and accuracy of this method were determined by analysing a series of sample
solutions containing specific amounts of potassium cyanide and potassium chloride. The results are
reported in Table I.

TABLE I.-SAMPLES OF CYANIDE AND CHLORIDE

Sample
mmole taken ml110le found

No. CN- CI- CN- CI-

1 0·0 25·0 0·0 25·05
2 5'0 25'0 4·98 25-1
3 10·0 25·0 10'0 25·05
4 25·0 25·0 24·98 25·0\
5 10·0 10·0 0·96 10·04
6 25·0 10·0 24·98 10·02
7 25·0 5·0 24·94 5·01
8 25·0 0·0 24·96 0·0

The results in Table I show that for both cyanide and chloride, the maximum deviation is 0-4 %
with an average deviation of 0·2 % from the true value. All the chloride values in Table I show
positive deviations from the true values. This is explained by a slight leakage of the potassium
chloride from the calomel electrode during the titration.

An investigation was made to determine the possible application of this method to pollution
studies. The use of specific-ion electrodes in pollution studies has been reported by Weber' and also
by Riseman. 8 The lowest detectable limit of cyanide in distilled water was 20 ppb. In solutions
containing small amounts of chloride (20 ppm), the lower detectable limit for cyanide was 0·3 ppm
which agrees with reported values. In solutions containing amounts of chloride similar to those in
sea-water (19 g chloride/I. of solution, representing approximately a 10' excess of chloride relative to
cyanide), the lower detectable limit for cyanide was also 0·3 ppm. This low detectable limit for
cyanide shows that this method is applicable for determining cyanide in river and sea-water, assuming
the interferences are small.

Acknowledgement-The author wishes to thank J. C. Russell and B. T. Kenna, Sandia Laboratories,
Albuquerque, New Mexico, for consultations.

Sandia Laboratories
Albuquerque, New Mexico, U.S.A.

FRANK J. CONRAD

Summary-Conditions are given for consecutive potentiometric
titration of cyanide and chloride in mmole amounts, a silver-specific
electrode being used as indicator electrode.

ZusammenfassulIg-Die Arbeitsbedingungen zur potentiometrischen
Titration von Cyanid und Chlorid in Millimolmengen nacheinander
werden angegeben; eine fUr Silber spezifische Elektrode dient als
Indikatorelektrode.

Resume-On donne les conditions pour Ie titrage potentiometrique
consecutif de cyanure et de chlorure en quantites de I'ordre de la
mmole, une electrode specifique de I'argent etant utilisee comme
electrode indicatrice.
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AAS-Bestimmung von Rhenium in Wolfram, Molybdan und Tantal

(Eingegangen am 21 Dezember 1970. Angenommen am 24 Februar 1971)

DIE MECHANISCHEN und elastischen Eigenschaften der hochschmelzenden Ubergangsmetalle werden
in starkem AusmaB schon durch geringe Rheniumbeimengungen beeinflusst.1 Die analytische
Bestimmung kleinster Rheniummengen in diesen Materialien ist daher in letzter Zeit von mannig
fachem Interesse. Die Bestimmung von Rhenium in Gegenwart von Molybdan ist dariiberhinaus
bedeutsam, da die einzige Quelle zur kommerziellen Gewinnung dieses Metalles Molybdanite
unterschiedlichster Provenienz, mit einem Rheniumgehalt der Erze in der Grossenordnung von 0,01
bis 0,2 %, ist. Die Bestinunung von Rhenium in diesen Elementen ist daher hauptsachlich eine
Frage der Spurenanalyse.

In der Literatur2 sind zahlreiche analytische Methoden zur Bestimmung von Rhenium beschrieben.
Die Verfahren sind jedoch wenig zufriedenstellend; hauptsachlich wegen der durch die Matrixele
mente verursachten Storungen, die oft zeitlich recht aufwendige Trenn- und Anreicherungsverfahren
notwendig machen. Dabei sind diese StOrungen von besonderer Bedeutung in Gegenwart grosserer
Mengen der Matrixelemente.

Die Atom-Absorptions-Spektroskopie hat sich in vielen Fallen als Analysen-Schnellmethode
bewahrt, da sic seltener durch andere Beglei telemente gestOrt wird. Es sollte daher versucht werden
diese Methode auf die Bestimmung von Rheniumspuren in Wolfram, Molybdan und Tantal anzuwen
den und unter Vermeidung aufwendiger Trenn- und Anreicherungsprozeduren ein Schnellverfahren
hierzu auszuarbeiten.

EXPERIMENTELLER TElL
Apparatur

Die Untersuchungen wurden mit einem kommerziellen Atom-Absorptions-Spektralphotometer
Modell 303 der Fa. Perkin-Elmer durchgeflihrt.

Die Versuchsdaten sind im einzelnen in der Tabelle I zusammengestellt. Die Flammeneinstellung
soli dabei nach Biechler3 so sein, daB der rote Flammensaum etwa 10-20 mm hoch ist, wenn keine
Losung angesaugt wird.

TABELLE !.-VERSUCHSBEDINGUNGEN

Spektrometer
Schreiber
Hohlkathodenlampe
Wellenlange

Spaltbreite
Spektrale Bandbreite
Brenngas

Druck
Stromungsgeschw.

Oxydans
Druck
Stromungsgeschw.

Sprtihgeschwindigkeit

Perkin-Elmer 303
Hitachi 165
Intensitron
Al = 346,04 nm
A2 = 346,47 nm
A3 = 345,79 nm
0,3mm
0,235 nm
Acetylen
0,55 atli
2,5 Liter/min.
Lachgas
1,7 atii
12 - 14 Liter/min.
2,5 ml/min
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Reagentien und Losungen

Die verwendeten Chemikalicn entsprachen dem Reinheitsgrad "pro ana/ysi" der Fa. Merck.
Die Metalle waren:

Wolfram: zonengereinigt durch Elektronenstrahlschmelze
Molybdan: MoO. (p.a. Merck)
Tantal: 99,8% (Schuchardt)
Rhenium: 99,99% (Koch-Light Lab.).

Die Metalle wurden in kleinen Mengen der folgenden Losungsmittel gelost
Wolfram: 30%iges H20 2 in Gegenwart von Ammoniumcitrat
Molybdan: 30%iges H,O" NH.OH
Tantal: 20%ige HF, konz. HN03

Rhenium: konz. HNO.
und durch Aulfiillen mit dest. Wasser Stammlosungen einer Konzentration von 5000 flg Metallfml
hergestellt. Die Eichlosungen wurden kurz vor dem Versuch durch Vereinigung entsprechcnder
Volumina der Stammlosungen und Aulfiillen mit dest. Wasser im Mel3kolben hergestellt.

Vorgang

Die fein pulverisierte Wolframprobe (lg :J: 10 mg, auf 0,1 mg genau gewogen) wird in 1 ml
Ammoniaklosung mit 0,5 g Citronensaurc und 10 ml einer 30%igen Wasserstolfperoxidlosung
vorsichtig gelost, und auf dem Wasserbad erwarmt bis die Losung klar ist. Die Losung gibt man in
einen 50-ml Mel3kolben und flillt bei 20° mit destilliertem Wasser auf. Die Absorption der N20-CoH2

Flamme wird bei 346,04 nm gegen Nullstandard (Wolfram-Stammlosung) gemessen, und die Konzen
tration aus einer stets iiberpriiften Eichkurve abgelesen.

Bei der Bestimmung von Rhenium in Molybdan geht man genausovor, nur wird hier Citronen
saure weggelassen.

VERSUCHSERGEBNISSE

Zur Ermittlung des linearen Absorptionsbereiches wurde zunachst das Absorptionsvcrhalten
reiner, wasseriger Rheniumlosungen untersucht. Es zeigte sich dal3 die Extinktion in einem Arbcits
bereich der Rheniumkonzentration von 10 bis zu 2000 flg Refml einen linearen Verlauf mit der
Konzentration aufweist.

Zur Untersuchung des Einflusses der Matrixelemente (W, Mo, Ta) auf die Absorption von
Rhenium wurden bei konstant gehaltener Rheniumkonzentration den ProbelOsungen ansteigende
Mengen der Matrixelemente zugesetzt. Die Ergebnisse sind graphisch in der Abb. 1 dargestellt.
Wahrend Tantal keinen Einflul3 auf das Absorptionsverhalten von Rhenium aufweist, wurde eine
schwache Storung der Absorption durch die Gegenwart von Wolfram sowie eine ziemlich starke
StOrung der Absorption durch die Gegenwart von Molybdan beobachtet.

0,12
c:
.2

0,10 1:>.-1>--1:>.--,,--1:>. 1:>.-.:;;:
.!: ft' Molybdan
x

0,08 /w

0,06 Tantal- 8==8-8-8 8=
0,04

Wolfram

0,02 [ 500 fg Re ImlJ

° 5000 10000 15roJ 20000

C [/-,g Matrix/mlJ

ABB. l.-Einflul3 von Wolfram, Molybdan und Tantal auf die Atom-Absorption von
Rhenium.

In Gegenwart von Molybdan wird die Absorption, die in diesem Fall eine Summenabsorption
des Rheniums und Molybdans darstellt, bis zu einer Konzentration von 5 mg Mofml zunachst
sehr stark erhoht, LIm dann ebenfalls bis zu Molybdankonzentrationen von 20 mg Mofml konstant
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zu bleiben. Beriicksichtigt man die betrachtliche Absorption der entsprechenden Blindproben, so
zeigt sich auch in Gegenwart von Molybdan eine Verringerung der Rheniumabsorption.

Da im Gebiet der untersuchten Wellenlangen weder elementares Molybdiin noch Molybdanoxide
eine Absorption aufweisen, laDt sich die beobachtete SWrung der Rheniumabsorption in Gegenwart
von Molybdan zunachst nur durch einen rein physikalischen Streuelfekt der Hohlkathodenstrahlung
an den Partikeln der leichtfliichtigen Molybdanoxide erklaren.

Die gemessene Abnahme /j.J der Intensitat der Hohlkathodenstrahlung in der Flamme resultiert
in diesem Fall aus der Addition von zwei Elfekten, der Anregung A von Rheniumatomen durch die
spezifische Strahlung der Hohlkathode und den Streuverlusten VSI an den Molybdanoxidpartikeln

/j. J = A(c) + VSi

Urn den storenden EinfluD der Matrixelemente auf die Rheniumbestimmung zu eliminieren, muD
zur Konstanthaltung des StOreinflusses die Probeneinwaage so gewahlt werden, daD die Konzentration
des Matrixelementes stets ausreichend groD ist. Da das Interesse im allgemeinen im Konzentra
tionsgebiet von einigen Prozent Rhenium und weniger liegt, laDt sich diese Bedingung leicht erfUllen

Die Empfindlichkeit m = dc/dA, d. h. die fUr 1% Absorptionsanderung erforderliche Konzen
trationsanderung, und die Reproduzierbarkeit der Analysen wird jedoch durch die unterschiedliche
Untergrundabsorption des jeweiligen Matrixelementes beeinfluDt. In den Abb. 2 und 3 sind die
Eichkurven fUr die Bestimmung von Rhenium in Wolfram bzw. Molybdan fUr eine Konzentration
des Matrixelementes von 5 mg/ml dargestellt.

(5000 f9 W Iml)

0,5
c
.2
:;;: 0,4
c

x
w

0,3

0,2

0,1

°°

346,04 nml

1000 2000 3000

•

4000

---- C[p9 Re/mlJ

ABB. 2.-Atom-Absorption von Rhenium (0-4000 /lg/ml) in Gegenwart von Wolfram.

c 0,25
o.0£

~ 0,20
x
w

0,15

0,10

0,05

(5000 f9 Ma/rnl )

---- C[fJ9 Re/mlJ

ABB. 3.-Atom-Absorption von Rhenium (0-2000 /lg/ml) in Gegenwart von Molybdan
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Flir die Bestimmung von Rhenium in Wolfram wurde dabei die Empfindlichkeit aller drei in
Frage kommenden Spektrallinien des Rheniums untersucht. Es zeigte sich, daLl die Empfindlichkeit
und damit die Bestimmungsgrenze in der Reihenfolge der Linien 346,04 om> 346,47 nm> 345,79 om
abnimmt.

Die Eichkurven wurden durch Analyse von Legierungen bekannter Zusammensetzung uberprlift.
Bei der Bestimmung von Rhenium in Wolfram und Molybdan wurde dabei volle Ubereinstimmung
mit den getrennt gelosten Eichlosungen gefunden.

Bei der Rheniumbestimmung in Tantal wurden jedoch grossere systematische Unterbefunde
von den Eichlosungen beobachtet. Obwohl die Tantalproben vorsichtig in der Kalte (Eiswasser)
gelDst wurden, scheint bei der Auflosung in HF[HN03-Gemischen wenigstens teilweise Rhenium
f1uorid, das leicht f1lichtig ist (ReF.: Kp = 47,8°), zu entstehen und der Bestimmung verlorenzugehen.
Auch beim AufschluLl der Tantalproben in KHSO.-Schmelzen wurden Abweichungen beoba chtet
die in diesem Fall auf die relative Fllichtigkeit von Rheniumoxid (Re.O,: Kp = 363°) zuruckzufiihren
sind. Die analytische Bestimmung von Rhenium in Tantal ist daher mehr eine Frage des reprodu
zierbaren Aufschlusses der Proben.

Als untere Nachweisgrenze fUr die Bestimmung von Rhenium in Wolfram und Molybdan wurde
cine Konzentration von 1 flg Refml ermittelt. Die Signalhohe betragt dann das Doppelte des Rausch
pegels der Nullinie. Flir die durch die Bedingung von 1% Absorption gegebene sichere Nachweis
grenze ergab sich ein Wert von 5 flg Refml. Bei einer Einwaage von 2·00 gf100 ml erhiilt man damit
cine untere Nachweisgrenze von 250 ppm Rhenium in Wolfram bzw. Molybdiin. Die Ermittlung
der Fehlergrenze des Verfahrens erfolgte mit Hilfe cines Computerprogrammes nach Gottschalk.'
Dabei wurde flir den funktionellen Zusammenhang zwischen der Konzentration des zu bestimmenden
Elementes und dem MeJ3wert die Gliltigkeit einer dem Lambert-Beerschen Gesetz analogen Beziehung

E=k'C

angenommen, wobei

E Extinktion = 2 - log D (D = Durchliissigkeit)
bzw. = 2 - log (100-A) (A = Absorption)

• k Verfahrenskoeffizient in cm3fml. I~Mol-l;

C Konzentration in flMol'cnr 3

bedeutet.
Flir die praktische Auswertung werden Beziehungen der Form

C = k,'E bzw.

C = ko + k , . E + k.· E'

die Abweichungen vom Idealgesetz berlicksichtigen, berechnet. Verfahrenskoeffizient k, muLl
durch Eichmessungen bestimmt werden und gilt nur in einem mehr oder minder begrenzten Kon
zentrationsbereich bei genauer Einhaltung definierter Arbeitsschritte und Versuchsbedingungen.

In Tabelle II sind die Verfahrensdaten kurz zusammengefaLlt. Dabei kommt in der GreLle der
Standardabweichung im Bereich der Uberschneidung der angegebenen Konzentrationsbereiche
eine scheinbare Diskrepanz dadurch zustande, daLl die im Bereich hoher Konzentrationen auftretende
Standardabweichung in ihrem Absolutbetrag auf die untere Konzentrationsgrenze ubertragen wird.

TABELLE II.-VERFAHRENSDATEN ZUR AAS-BESTIMMUNG VON RHENIUM

in Wolfram in Molybdan

Halb-mikro Makro
0,1-1 flM.cm~' 1-10 lu\1.cm~'

C = k,'E
k , = 47,5 k , = 45,4

Konzentrationsbereich

Berechnungsfunktion
Konstanten

Standardabweichung,
flM.cm- 3

Bestimmungsgrenze,
flM.cm- 3

0,D1.

0,08

0,09,

Halb-mikro
0,1-1 I1M.cnr'
C = k o + k,'E

k o = 0,036
k , = 33,8

0,01 ,

Makro
1-10 flM.cm-'

C = k,'E + k ..£2
k , = 32,1
k. = 42,0

0,06.

0,06
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TABELLE III.-LITERATURANGABEN ZUR AAS-BESTlMMUNG VON RHENIUM

959

Literatur
Nachweisgrenze, fig/JIll

345,19 nm 346,05 nm 346,47 nm

Experimentelle
Bedingungen

-------------------------

Fassel und
Mosotti'
Amos und
Willis'
Schrenk et al.6

Biechler und
Long'

50*

331"

25*

121"
1-2*

3,5*

25*

201"

O.-C.H. Flamme

N.O-C.H. Flamme
O.-C.H. Flamme
"total consumption"

Brenner

* Relative Nachweisgrenze (ug/ml).
t Empfindlichkeit (ug/ml/l %).

DISKUSSION

Die Bestimmung von Rhenium mit Hilfe der Atom-Absorptions-Spektrometrie ist in der Literatur
nur in wenigen Arbeiten3- 6 beschrieben. Die angegebenen Verfahren arbeiten teilweise mit Anrei
cherungsverfahren und die angegebenen Nachweisgrenzen (s. Tabelle III) beziehen sich dabei auf die
Bestimmung von Rhenium in wasseriger Lasung ohne die Gegenwart von Begleitelementen. Die
Ergebnisse der vorliegenden Untersuchungen zeigen, daB die beschriebene Nachweisempfindlichkeit
von Rhenium auch in Gegenwart von Wolfram und Molybdan erreichbar ist.

Da die Atom-Absorptions-Spektroskopie lediglich das Auflasen der metallischen Probe in einem
geeigneten Lasungsmittel und ansschlieJ3ende Messung der Absorption erfordert, hat man damit
gegeniiber den iiblichen Nachweisverfahren, die oft eine vorherige Abtrennung des nachzuweisenden
Elementes erfordern, ein einfaches Analysenschnellverfahren zur Hand urn Rhenium in Wolfram
und Molybdan bis zu Mengen von 250 ppm herab zu bestimmen.

Anerkennung-Fiir die sorgfaltige DurchfUhrung der Analysen danke ich Frl. M. Schafer und Frau
E. U. Stamer.

OSRAM-Studicngcsellscha!t
Miinchen
B.R.D.

G. M. NEUMANN

Zusammenfassung-Das Atomabsorptionsverhalten von Rhenium in
Gegenwart groBer Mengen Wolfram und Molybdan wird mitgeteilt.
Die Hauptbestandteile staren bis zu einem gewissen Grade; da diese
St6rungen jedoch bei haheren Wolfram- und Molybdankonzentrationen
konstant bleiben, kann man die AAS zur Bestimmung von Rhenium
in Re/W- und Re/Mo-Legierungen im Makro- und Halbmikroma13stab
ohne vorgeschalteteTrennung verwenden. Rei einer Probengra13e von 1g
betrugen die unteren Nachweisgrenzen 750 und 560 ppm in W bzw.
Mo. Die Empfindlichkeit fUr 1%Absorption betragt 5 11g Re/m!.

Summary-Results of the atomic-absorption behaviour of rhenium in
the presence of large amounts of tungsten and molybdenum are
reported. There are some interferences by the matrix-elements, but as
these remain constant at higher concentrations of tungsten and
molybdenum, AAS can be applied without prior separation procedures
for the determination of rhenium in Re/W and Re/Mo alloys in the
macro- and semi-micro region. With a sample size of 1 g/50 ml the
lower determination limits were 750 and 560 ppm in Wand Mo re
spectively. The sensitivity found for 1% absorption was 51tg Refm!.
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PUBLICATIONS RECEIVED

Chemical Reaction Engineering (Proceedings of Fourth European Symposium September 9-11 1968,
Brussels). Pergamon, Oxford, 1971. pp. 474. £15.00 $40.00.

This book is a supplement to Chemical Engineering Science. The symposuim was organized
by the Working Party for Chemical Reaction Engineering. The proceedings are divided into six
sectionscorresponding to the six sessions of the symposium. I. Transport Phenomena in Fluidized
Beds and Slurry Reactors (four papers). II. Design Principles of Fixed Bed Catalytic Reactors
(sixpapers). Ill. Transport Phenomena in Liquid Phase and Gas Liquid Reactors (eight papers).
IV. Chemical Kinetics and Reactor Design (eight papers). V. Design of Industrial Processes (seven
papers). VI. Reactor Stability and Control (five papers). The papers are of a high standard and
the reports of the discussion sessions will be well received by workers in the Chemical Reaction
Engineering field. The standard of presentation and production is very good and the book should
find a place in the chemical engineering section of any library.

Modern Analytical Chemistry: W. F. PICKERING. Dekker, New York, 1971. Pp. xii + 622. £6.55.
$13.75.

Any book from Professor Pickering can be relied upon to present a wide-ranging text with a
highly personalized approach and some down-to-earth comments on current practice. This one
is no exception and is likely to prove a useful student's guide to analytical chemistry for some
time to come. At the price it is good value for money and well within the student's budget.
However, libraries should also buy it as a reference book.

Photometric Organic Analysis, Part I: E. SAWICKI, Wiley, New York, 1970. Pp. xv + 679. $32.50.

Written by one of the world's leading experts in the field, this treatise deals with the basic
principles and applications of photometric methods in organic analysis. It will be followed by a
volume on trace analysis. Analysts, spectroscopists, organic chemists and general readers will all
find a great deal of value to them in this book. Each portion of theory presented is illustrated
with a wealth of information on experimental methods and results.

Extractive Concentration (Ekstraktsionnoe Kontsentririvanie): Yu. A. ZOLOTOV and N. M. KUZ'MIN.
Izdat. Khimia, Moscow, 1971. Pp. 272. Rb. 1.38.

This book (in Russian) deals with extraction as a means of concentration of elements and
must inevitably be of use to all analysts working on trace analysis. The authors are well know in
this field of analysis, and their tabular material, with over 1200 references, and collection of
practical methods, enhance the value of the book and their own reputations.

Vistas in Analytical Chemistry: A Commemoration Volume in Honour of Prof. G. Gopala Rao: edited
by M. N. SASTRI. Chand, Delhi, 1971. Pp. xii + 408. Rps.50.00.

This commemorative volume consists of a series of essays, nineteen in number, on various
aspects of analytical chemistry, written by acknowledged experts in the field. The results is a
remarkably good general exposition of a large part of the current analytical scene, and constitutes
a fitting tribute to Professor Rao, whose wide interests are well known.
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