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CHITOSAN FOR THE COLLECTION FROM SEAWATER
OF NATURALLY OCCURRING ZINC, CADMIUM,
LEAD AND COPPER

Riccarpo A. A. MUzZZARELLI®

*G. Ciamician”” Chemical Institute, University of Bologna,
Via Selmi 2, Bologna 40126, Italy

LAszLO S1pos
“R. Boskovi¢” Institute, Centre for Marine Research, Rovinj, Yugoslavia

(Received 15 December 1970, Accepted 21 January 1971)

Summary—Anodic stripping voltammetry with a composite graphite-
mercury electrode was applied in order to demonstrate that chitosan
can collect naturally occurring zinc, cadmium, lead and copper from
sea-water, with high yields. Chitosan columns (15 X 10 mm) can be
used to preconcentrate trace metals from 3 1. of sea-water; the four
elements can be selectively eluted with electrolytes suitable for con-
ventional polarographic determinations. The method can find
application in sea-water pollution survey and detection.

THE ABILITY of chitosan to collect from sea-water naturally occurring quantities of
transition and post-transition metal ions, can be tested by anodic stripping voltam-
metry for several elements. A composite mercury—graphite electrode (CMGE),
recently described,!™® allows determination of very low concentrations of several
elements in sea-water, among which are zinc, cadmium, lead and copper. The
determination of cadmium and lead by this technique is particularly valuable because
these elements cannot be measured by neutron-activation analysis.

EXPERIMENTAL
Reagents

Polymer. Chitosan was used in the form of 100-200 mesh powder or as a 1%, w/v solution in
dilute formic acid (1 + 10). The preparation and use of this polymer have been described.*® Tts
purity and identity were checked by emission spectrography and infrared spectrometry.

Sea-water. Several samples were taken from the international waters of the northern Adriatic
Sea (11 nautical miles offshore, surface), and occasionally inshore. They were filtered the same day
through a 0-45-um Millipore membrane and analysed immediately. Plastic and glassware were
washed by the usual methods of chemical oceanography.

Radiochemicals. **Zn and '**™Cd were used as tracers, and were determined by gamma-ray
spectrometry. Neutron activation analysis of chitosan samples were performed in the Mélusine
Reactor at Grenoble.

Solutions. Analytical-grade chemicals were used to make solutions of the metals under study.
Sodium hydroxide solutions were about 0-3M.

Electrodes

CMGE electrodes were prepared according to the cited descriptions,»2 Spectrographic grade
graphite rods were kept in molten paraffin under vacuum until gas evolution stopped. The side
surfaces of the extremities were carefully polished, and then introduced into 10-% M mercury(II)
chloride in 40 ml of sea-water, and mercury was plated onto the electrode surface by electrolysis at
—01 Vus. Ag/AgCl. The amount of mercury deposited (~2 nmole/mm?) was calculated on the
basis of the current-time curves recorded during electrolysis.

The linearity between the peak height and concentration was checked with dilute solutions of
the ions of interest. The voltammetric measurements with hanging mercury drop electrodes (HMDE)
were made by using the electrode and cell previously described.?

Procedures

The cell was first washed with 1:1 nitric acid, then filled with some of the sea-water sample to
be analysed, and this was stirred for 15 min. This sea-water sample was discarded and 40 ml were
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854 R. A. A. MuzzarerLl and L. Siros

introduced for analysis; without these precautions low results for zinc would be obtained, as shown
in check experiments. The cell was kept at 25 + 0-5° and fitted with the working CMGE, a large
Ag/AgCl electrode, and inlet and outlet for nitrogen. The solution was stirred during the 5-min
deposition period. The electrode was polarized at the deposition potential during the next 30 sec,
without stirring, and the anodic stripping curves were recorded at a scan rate of 0-8 V/min. Aliquots
of the reference solutions were introduced to record peaks of known amounts of metal ions in order
to determine the four elements. Anodic stripping voltammetric curves were recorded in both the
ranges —1-2 to —0-1 and —0°85 to —0-1'V, the latter to avoid interferences due to the large amount
of zinc present.

RESULTS AND DISCUSSION
Powder

Experiments with chitosan powder were performed on sea-water samples by
simply adding 100 mg of power to 1 litre of water with stirring. Centrifugation at 5000

A
Cu Pb Cd Zn

O-5uA

NSW

I
-0'5 =10
\

Fic. 1.—Anodic stripping voltammetric curves for untreated (NSW1) and chitosan
powder-treated sea-water, (lower curve). One hour stirring of 100 mg of powder in
1 litre of water.

rpm for 5 min was sufficient to provide quick settling of particles. For analysis,
40-ml aliquots were taken after centrifugation or after spontaneous settling of parti-
cles. No pH variations were remarked. Results are presented in Fig. 1 and Table I.
Also reported are results for contaminated sea-water.

To obtain some information on the nature of the zinc separated in these experi-
ments, 400 mg of chitosan powder were stirred for 2 hr in a 100-ml sample of un-
filtered sea-water (final pH = 7-8). After centrifugation no ionic zinc was found
in the sea-water, and the total content of zinc was decreased from 4-52 ug/1. (0-069 X
108M) to 3:11 pg/l. These measurements were made according to a published
method,!® but this field is open to speculation.!! They would mean that the amount
of zinc collected is about 319, of the total zinc originally present in sea-water.

Precipitate

To a 1-litre sample, 20 ml of chitosan solution and the appropriate amount of
sodium hydroxide solution were simultaneously added from two pipettes, dropwise
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TABLE 1.—COLLECTION OF TRACE METALS FROM SEA-WATER ON CHITOSAN
POWDER {100 mg/l.) AFTER ONE HOUR STIRRING, pH =82

Concentration Collection

Element Sample Initial, M Final, uM yield, %%
Zinc 1 0-200 0-040 75

2 0-150 0-028 82

3 0-150 0-020 87
Cadmium 1 n.m.* n.m. n.m.

2 0-0016 0-0008 50

3 0:0016 0-0008 50
Lead 1 0-0160 0-0040 75

2 0-0052 0-0028 46

3 0-0052 0-0028 46
Copper 1 0-0050 0-0000 100

2 0-0100 0-0000 100

3 0-0100 0-0000 100
Added elements, (average values of 5 determinations; 200 mg chitosan/50 ml)
Zinc 4-00 0-00 100
Cadmium 4-00 020 95
Lead 4-00 2-40 40
Copper 4-00 0-00 100

* n.m. = not measurable, below detection limits.

with stirring, to minimize the pH variation. In practice the pH varied between
7-2 and 8-2 during this operation. The final pH was 7-6. These additions took
about 2 min and the sample was then stirred for 1 hr, during which time the chitosan
flakes grew larger. To avoid taking any polymer particles into the polarographic
cell and so fouling the electrode, it was found best to filter through a new Millipore
membrane. Results are in Table 1. By this technique, suspended matter and partic-
ulate matter present in unfiltered sea-water can be collected by precipitating chitosan:
immediate evidence of this is sedimentation time, which is a few minutes for unfiltered
sea-water, but some hours for Millipore-filtered sea-water.

Contaminated water was also treated with chitosan solution as above. Cadmium
and lead were determined by HMDE voltammetry, and zinc, copper, manganese,
cobalt and chromium(VI) were determined by gamma-ray spectrometry. Results
are in Table II. These results show that polluted sea-water can be purified, and
elements collected with high yields.

Chromatography

When batch measurements give such high yields, it is to be expected that chromatog-
raphy would give quantitive collection of these elements. A 100-ml sample of
sea-water filtered through a 0-45um Millipore filter was percolated through a 50 x 10
mm (I g) chitosan column at a flow-rate of 10 ml/min. The zinc and copper yields
were 10097, cadmium 389 and lead 65% for initial concentrations of 0-120 uM,
18 nM, 1-6 nM and 9-9 nM respectively.

A sea-water sample with higher copper content was passed through a similar
column at flow-rates of 10 and 3 ml/min. The anodic stripping voltammetric curves
are presented in Fig. 2. It can be seen that the flow-rate of 3 ml/min is preferable.
Such a flow-rate is high enough for satisfactorily rapid chromatographic processes.

Breakthrough. Two 1. of sea-water were passed through a 50 x 10 mm column
at a flow-rate of 3 ml/min and 100-ml fractions were collected in plastic bottles for
analysis. No column saturation was found after passage of the whole 2-1 sample,
and the stripping curves remained the same. Therefore a shorter column (15 x 10
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TABLE II.—COLLECTION OF TRACE METALS FROM SEA-WATER BY
PRECIPITATING CHITOSAN, AFTER ONE HOUR STIRRING, pH = 7-6

Concentration Collection
Element Initial, uM Final, uM yield, %
Naturally occurring elements (representative sample); 200 mg
polymer/1.
Zinc 2-200 0-470 79
Cadmium 0-010 0-000 100
Lead 0-040 0-028 30
Copper 0100 0-000 100
Added elements, (average values of 6 determinations) 1 g polymer/
500 ml)
Zinc 769 269 65
Cadmium 4-00 039 91
Lead 4-00 2:40 40
Copper 231 0-00 100
Manganese 500 31-0 38
Cobalt 42 17 59
Chromium(VI) 0-500 0-235 47

mm, 0-3 g chitosan) was used to treat 3 1. of sea-water, with the same satisfactory
results.

These experiments show that very small chitosan columns have a capacity high
enough for treatment of several litres of sea-water.

The reported experiments on various samples from different origins, all indicate
that chitosan can collect with good yields at least the species to which the CMGE is
sensitive and in any case can collect completely the ionic form of zinc, copper and
cadmium. Lead in sea-water is not collected to the same extent as from distilled
water. In the chromatography the values for Cd and Pb correspond to those for
batch measurements; this trend in sea-water was also observed with nitrosyl ruthen-
ium® and might be due to partial complexation of these elements.

In any case the collection yields are generally reproducible for all the samples
considered.

Elution. The elements mentioned can be eluted with solutions which are also
suitable as electrolytes in voltammetry: lead and zinc with 50 ml of 2M/ ammonium
acetate, copper with 10 ml of 0-01M EDTA, cadmium with 3 ml of 0-1M potassium
cyanide, in that order. The elution curves for a model system are presented in Fig. 3.
In fact, due to the relatively high concentration of metal impurties in reagent grade
ammonium acetate and EDTA, “lunar grade” eluents would be necessary to
perform elution of trace metals collected from uncontaminated sea-water.

This elution sequence allows very rapid recovery of the trace metals retained on
the chitosan column, and provides them in a solution containing a suitable electrolyte
for polarographic determination. As the elution yields are all 1009, as demonstrated
by polarographic and tracer measurements, it is possible by chromatography to
concentrate copper and zinc from several litres of sea-water into a few ml of solution.

CONCLUSIONS
The results obtained confirm that chitosan, either as powder or precipitate, can
collect at least an important fraction of the Zn, Cd, Pb and Cu naturally present in
sea-water, at a pH equal or very close to the natural pH. These results support the
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Fi1G. 2.—Anodic stripping voltammetric curves for untreated (NSW3) sea-water, and
for the same water after passage through a 50 x 10 mm chitosan column at 10 ml/min
and at 3 ml/min.

Cu Cd
-0l M
2M acetate EDTA
Zn
Pb
<] 50
ml

Fi16. 3.—Chromatographic elution curves for 50 mi of a 0-5 mM solution passed through
a 50 X 10 mm chitosan column at 3 ml/min and eluted at the same flow-rate. These
curves were obtained by combined polarographic and radiochemical measurements.
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proposal of chitosan for the recovery of mineral resources of the sea,® and therefore
this study deserves extension to economically significant elements.

The particulate fraction remaining on the filter membrane and the fraction
corresponding to chemical species to which the electrode is not sensitive are not
taken into account here, but it is possible that the first might be collected by precipi-
tated chitosan from unfiltered sea-water. On the other hand chitosan powder offers
easier handling and is preferable when introduction of formic acid into the sea-water
has to be avoided.

Insofar as zinc, cadmium and copper are discharged to sea in ionic form which
can be easily collected on chitosan, the collection methods described here seems to be
applicable in the marine pollution survey field. As far as clear sea-water is concerned,
it seems that chitosan can be used for preparation of low metal-ion content sea-water
for biological studies.

The rates and the yields of uptake of chitosan are very high, so once standardized,
the method based on chitosan would be useful for rapid preconcentration treatment
of water at sea on very small filters, precoated filters, cartridges or columns, to avoid
storage, chemical treatment and transportation of water samples.

Acknowledgements—This work was sponsored by the National Research Council, of Italy (Contract
No. 70.01602/22) and by the International Atomic Energy Agency, Vienna, (Contract No. 789/RB).
Thanks are due to Prof. A. Breccia, Dr. V. Scaric and Dr. M. Branica for helpful discussions, and
to Prof. G. Semerano for reading the manuscript. Thanks are also due to the Rousselot &
Kuhlmann Company for supplying chitin samples.

Zusammenfassung—Zur Demonstration der Tatsache, daf Chitosan
natiirlich vorkommendes Zink, Cadmium, Blei und Kupfer aus
Meerwasser in hoher Ausbeute aufnehmen kann, wurde die inverse
Voltammetrie mit einer Graphit-Quecksilber-Kombinationselektrode
eingesetzt. Chitosansdulen (15 X 10 mm) konnen zur Voranreicherung
von Spurenmetallen aus 3 1. Meerwasser verwendet werden; die vier
Elemente kdnnen mit fiir konventionelle polarographische Bestim-
mungen geeigneten Elektrolyten selektiv eluiert werden. Das Verfahren
kann bei der Uberwachung und dem Nachweis von Meerwasserverun-
reinigung angewandt werden.

Résumé—On a appliqué la voltammétrie de dissolution anodique avec
une électrode composée graphite-mercure afin de démontrer que le
chitosane peut collecter les zinc, cadmium, plomb et cuivre naturelle-
ment présents de I’eau de mer, avec des rendements €levés. On peut
utiliser des colonnes de chitosane (15 X 10 mm) pour préconcentrer
des traces de métaux de 3 1. d’eau de mer; les quatre éléments peuvent
étre sélectivement €lués avec des électrolytes convenables pour des
dosages polarographiques usuels. La méthode peut trouver une ap-
plication dans ’examen et la détection de la pollution de ’eau de mer.
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SPECTROSCOPY IN SEPARATED FLAMES—VII

DETERMINATION OF BISMUTH BY ATOMIC-FLUORESCENCE
SPECTROSCOPY IN A SEPARATED AIR-ACETYLENE FLAME
WITH ELECTRONICALLY MODULATED ELECTRODELESS
DISCHARGE TUBE SOURCES

R. S. Hosss,* G. F. KirgBRIGHT and T. S. WEST
Chemistry Dept., Imperial College, London S.W.7., U.K.

(Received 8 January 1971. Accepted 24 March 1971)

Summary—The application of electronically modulated and unmodu-
lated bismuth and iodine electrodeless discharge lamps as sources for
the excitation of bismuth atomic fluorescence in conventional and
nitrogen-separated air-acetylene flames has been investigated. Separa-
tion of the flame results in improved detection limits for bismuth even
when a modulated source is employed. The effect of 500-fold weight
excesses of foreign ions on the determination of bismuth at 302:46 nm
with a modulated iodine source and separated flame has been studied;
only calcium and zirconium are found to cause significant interference.
The determination of bismuth in aluminium alloy samples is reported.

THE ATOMIC-FLUORESCENCE characteristics of bismuth when an iodine microwave-
excited electrodeless discharge lamp (EDL) and a cool argon-hydrogen or nitrogen-
hydrogen diffusion flame are used have been reported in an earlier paper from this
laboratory.? In this early work an unmodulated source was employed. The inability,
with this system, to discriminate against flame background from OH species, and the
relatively low intensity and stability of the available bismuth EDL, resulted in the
choice of a cool flame and measurement of the direct-line fluorescence at 302-5 nm
excited by spectral overlap with the iodine 206-2 nm line rather than measurement
of the resonance fluorescence excited at the Bi resonance line at 306-8 nm by a bis-
muth EDL source. A detection limit of 0-05 ppm was obtained for bismuth by this
method. Although this system provides high sensitivity for the detection of bismuth by
atomic-fluorescence spectroscopy (AFS), the use of a cool flame may give rise to
chemical interference and scattering effects when other elements are present in the
bismuth sample solution. Thompson and Wildy? have recently reported the de-
tection of bismuth by AFS, using an electronically modulated iodine EDL and a
premixed air-acetylene flame. Measurement of the bismuth resonance fluorescence
at 206:2 nm and the direct-line fluorescence at 302-5 nm resulted in detection limits
of 0-4 and 1-0 ppm respectively. These authors reported difficulty due to high flame
background even at 302:5 nm in the air-acetylene flame when the iodine source was
employed in the unmodulated mode.

We have successfully prepared EDL sources for bismuth which produce stable
emission at the principal bismuth resonance line at 306-8 nm. This communication
reports their use with electronic modulation for the determination of bismuth by
measuring the resonance fluorescence at 306-8 nm excited in a nitrogen-separated
air-acetylene flame. Inert-gas separation of the air-acetylene flame is shown to

* Present address: Alcan Research and Development Ltd., Banbury, Oxfordshire, U.K.
859
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result in improvement in detection sensitivity for bismuth via suppression of flame
background from OH species even when a modulated source and a.c. detector are
employed. A study of the effect of foreign ions on the bismuth fluorescence signals
observed reveals the greater freedom from interference obtained when an air-acety-
lene flame is employed rather than a cool diffusion flame. The effect of inert-gas
separation of the flame on the detection of bismuth by its direct-line fluorescence at
302-5 nm in the air-acetylene flame with a modulated iodine EDL source, i.e. under
conditions similar to those employed by Thompson and Wildy,? has also been
investigated.
EXPERIMENTAL
Electrodeless discharge lamps

These were prepared by the general method described elsewhere.? The bismuth lamps were 45 mm
in length and contained ca. 2 mg of bismuth and 2 mg of iodine. The lamps were sealed at a final
argon pressure of 4 mbar. Bismuth EDL sources were operated in the EMS 210L cylindrical £-wave
cavity (Electromedical Supplies Ltd, Wantage, Berks) at 50-70 W with air-cooling to the base of
the Jamp. The flow-rate of cooling air was adjusted to provide greatest output stability at the bismuth
306'8 nm line. The stability and intensity of the output from the bismuth sources decreased slightly
when they were operated in the modulated mode. The relative intensities of the bismuth resonance
lines observed from the bismuth EDL sources under optimum conditions are shown in Table I.
The most intense line emission was observed at 306-8 nm, which corresponds to the bismuth
4Py — 48} transition.

TABLE [.—SOURCE AND FLUORESCENCE LINE INTENSITIES OBSERVED WITH ELECTRODELESS
DISCHARGE TUBES.

Relative emission* Relative fluorescence intensity
Wavelength, intensity of source, Unseparated Separated
nm arbitrary units air/C,H, flame air/C,H, flame

Bismuth EDL

306-77 156 100 130

227-66 1 1 1

223-06 4 1 1

206-17 2-5 1 1
lodine EDL

30677 1§ 33 71

302-46 1§ 76 100

26970 1§ 55 77

206-17 100 88 99

* Relative to 227-66 nm line for Bi source and 206:17 nm line for I, source. All values
obtained with modulated source operation.

T Relative to 100 for unseparated flame at 306:77 nm for Bi source, and 100 for separated
flame at 302-46 nm for iodine source.

§ Background intensities from I, lamp at Bi wavelength.

The iodine EDL sources were prepared in a manner similar to that described in a previous
communication.* These lamps were operated at 15-20 W in an EMS 214L }-wave cavity with air
cooling to the base of the lamp. These sources exhibited intense emission due to the iodine 206-163
nm line. As reported elsewhere,! this iodine line overlaps that corresponding to the bismuth
48,3 — *P,y transition at 206:170 nm and is effective for excitation of the atomic fiuorescence of

bismuth.

Instrumental assembly

A Unicam SP 900A flame spectrophotometer and a burner assembly for the nitrogen-separated
air-acetylene flame were employed as described in an earlier paper.* The vapour discharge lamp
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source employed in this earlier work was replaced by an EDL powered by a Microtron 200 Mk II
microwave generator (2450 MHz, Electromedical Supplies) provided by the manufacturers with a
modulated output facility suitable for use with the flame spectrophotometer. The optical arrangement
employed has also been described elsewhere.*

Flame conditions

The air and acetylene flow-rates and the height of observation of bismuth atomic fluorescence in
the flame were chosen to produce the greatest signal:noise ratios. These experiments were conducted
in a similar fashion to that described in our earlier work concerned with the flame emission
spectroscopy of bismuth.* The bismuth fluorescence signals were not critically dependent upon the
fuel:oxidant concentration ratio; the optimum values of the air and acetylene flow-rates in both
separated and unseparated flames were found to be 6:5 and 0-91./min respectively. The burner
head was positioned 20 mm below the centre of the monochromator entrance slit, i.e., the mono-
chromator received radiation from the flame between 5 and 25 mm above the primary reaction
zone.

Procedure for determination of Bi in aluminium alloy

Alloy samples (1 g) were washed with demineralized water and dissolved in 30 ml of 6M
hydrochloric acid; 15 ml of 10-vol. hydrogen peroxide were added and the solution was boiled to
dissolve copper. The solutions were evaporated to incipient crystallization and cooled. The salts
were then redissolved in demineralized water, I ml of concentrated nitric acid was added to suppress
precipitation of bismuth oxychloride, and the solution was transferred to a 100-m] volumetric
flask and diluted to volume with demineralized water.

Calibration standards were prepared in a similar fashion using 1 g of high-purity aluminium
and 0, 2, 4, 6, 8 or 10 ml of stock 1000-ppm bismuth solution. The graph of fluorescence vs. bismuth
concentration was linear and passed through the origin.

RESULTS AND DISCUSSION

Table I shows the relative fluorescence intensities observed at the different bismuth
lines under optimum source and flame operating conditions for both the separated
and unseparated flames. The values obtained with both bismuth and iodine EDL
sources are included. The higher intensities observed at the 306-8 nm line in the
separated flame compared to the conventional flame may partly be accounted for by
absorption of incident source radiation and/or fluorescence radiation at this wave-
length by OH species, the absorption spectrum of which overlaps this wavelength.
This effect has already been reported for bismuth by Gilbert.> Table I also shows,
however, that when the iodine EDL is employed as source a similar effect occurs.
Although the effect is greatest at the 306-8 nm resonance line, some increase in
fluorescence intensity is observed on separation of the flame even at the 206:2 nm
resonance line and the 302:46 and 269-7 nm non-resonance lines. It thus appears that
some of the enhancement in fluorescence emission intensity at 306-8 nm on flame
separation results from the existence of a somewhat greater volume of fluorescing
atoms in this flame or less efficient quenching of the excited atoms in the cooler
separated flame. The results obtained for the relative fluorescence intensities at the
different lines in the separated flame using the iodine source are in reasonable agree-
ment with those reported for the argon-hydrogen diffusion flame.

Detection limits

The detection limits obtained under optimum operating conditions for aqueous
bismuth solutions in the separated and unseparated flames with modulated and un-
modulated sources are shown in Table II. The detection limits are defined as that
concentration of bismuth in aqueous solution which produces a signal: noise ratio of 1.
This definition has been employed in this communication to permit comparison with
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TABLE II.—DETECTION LIMITS FOR BISMUTH BY ATOMIC-FLUORESCENCE SPECTROSCOPY

Unmodulated EDL Modulated EDL
Unsep. Sep. Unsep. Sep.
EDL Wavelength, flame, flame, flame, flame,
nm ppm ppm ppm ppm
Bi 30677 05 0-04 0-7 03
Bi 223-06 2 02 25 06
1(20-W) 30246 15 03 06 03
1(15-W) 302-46 — — 015 0-09

the results obtained by other workers. With the air—acetylene flame it was not possible
to measure reliable detection limits at 302-5 nm with the unmodulated iodine source
operated at 15 W; this arises from the extremely poor signal:noise ratios obtained.
With the exception of the results obtained at 302-5 nm with the iodine source and un-
separated flame, modulation of the sources did not improve the detection limits
measured. This is observed to result principally from the decreased source stability
obtained under the modulation conditions we have employed. Separation of the
secondary reaction zone of the flame, however, in all cases resulted in the improve-
ment of detection limits. As expected, the greatest benefit of flame separation results
when the unmodulated sources are used; an improvement of between 5 and 10-fold
in the detection limits is then observed, even at wavelengths where flame background
emission is low. This arises from the improved flame stability on separation. Signif-
icant improvements in the detection limits for bismuth at different lines are obtained
on flame separation, however, even when source modulation is employed. As shown
in Table I1, under these conditions a 2—4-fold improvement is observed. This results
from the lower flame background noise received at the photomultiplier, some of which
is registered as noise on the signal obtained even after a.c. amplification in phase with
the source output. The best detection limit obtained in this work was found at 306-8
nm with a bismuth EDL source and a separated flame. The value obtained (0-04 ppm
for signal:noise = 1) compares very favourably with those published elsewhere.12

Interferences

The effect of the presence of a 500-fold weight excess of each of 27 different cations
and anions on the intensity of the direct-line fluorescence observed at 302-5 nm for a
10 ppm bismuth solution has been investigated. In this series of experiments the
modulated iodine EDL source was operated at 15 W and nitrogen-separated air—
acetylene flame was used. The foreign metal ions were generally added as aqueous
solutions of their chlorides or nitrates. Sufficient nitric acid was added to solutions to
suppress the precipitation of bismuth oxychloride. The results shown in Table III
for each ion are the mean values obtained from the results of three separate interfer-
ence tests in good agreement. A small but measurable effect on the nebulizer uptake
rate was observed in the presence of a 500-fold weight excess of some of the foreign
ions investigated. The uptake rate of the solution was then measured compared to
that for a 10 ppm bismuth solution alone, and the observed fluorescence intensity
corrected accordingly. The small negative interferences (5-10 9 suppression of signal)
obtained for many elements without correction for uptake rate were accounted for in
this way. This crude correction procedure, which does not take into account changes
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TaBLE III.—EFFECT OF 500-FOLD WEIGHT EXCESSES OF VARIOUS IONS ON
FLUORESCENCE SIGNAL INTENSITY FOR Bi AT 30246 nm

Interference, Interference,
Ion % Ion %

Al --4-5 Na +06
As(I1D) +22 Ni —1-5
Ba +0-4 Pb 423
Ca —16 Sn(II) +22
Cd —0-6 Th —24
Co —-30 V(IV) —03
Cr(I1I) 0 W(VD +12
Cu —34 Zr —19
Fe(II) +39 chloride +3-1
Hg(1) —0-5 fluoride +06
K +1-0 nitrate +36
Mg +4-4 phosphate +37
Mn(1) +4-0 sulphate +3-7
Mo(VI) —24

which may occur in nebulization efficiency and drop-size distribution when the up
take rate changes, was in most cases quite small and its use does not obscure the
occurrence of significant chemical or physical interferences in the flame. The small
negative interferences which remain after the correction procedure reflect the analyt-
ical precision of the total fluorescence measurement and the uncorrected effect of
change of nebulizer efficiency and drop-size distribution when the uptake rate
changes.

Of the ions studied, only calcium and zirconium show serious interference at
500-fold excess over bismuth after correction for change in sample uptake rate.
Aluminium and magnesium, reported to suppress bismuth fluorescence when present
at 100-fold excess in the argon-hydrogen diffusion flame, caused only slight positive
enhancement at 500-fold weight excess under the conditions employed in this study.

Determination of bismuth in aluminium alloys

The determination of bismuth in an aluminium alloy by atomic-fluorescence
spectroscopy under the optimum conditions established above has been studied.
Eight samples of Alcan 28S aluminium alloy were analysed in this way; the results
were checked by the well-established spectrophotometric method of determination of
bismuth with thiourea.® This requires dissolution of the alloy in sodium hydroxide
solution, acidification, addition of thiourea and measurement of the absorbance of
the solution at 420 nm against a blank solution prepared to contain a similar amount
of aluminium. The AFS procedure was applied with measurement of the direct-line
fluorescence excited in the separated air-acetylene flame at 302-5 nm by the modulated
iodine source. No problem was encountered from scattered radiation from the
source in the presence of high concentrations of aluminium when the non-resonance
fluorescence was monitored. The results obtained for the determination of bismuth
in the alloy samples by both AFS and solution spectrophotometric methods are shown
in Table 1V and are in good agreement. The specification for other elements in Alcan
28S aluminium alloy is: Bi, 0-2-0-6%,; Cu, 5-6%; Pb, 0-2-0-6%; Fe, $07%;
Si, 3+0-4%,; Zn, 30-3%; other elements 3-0-159.
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The results obtained in this study show that for bismuth, even when a modulated
source is employed for excitation of atomic fluorescence, separation of the air—
acetylene flame by inert-gas shielding results in improved detection limits. Bismuth may
be determined with satisfactory freedom from chemical interference effects and scatter-
ed source radiation when the direct-line fluorescence at 302-5 nm is measured in the

R. S. Hosss, G. F. KirkBrRIGHT and T. S. WEsr

TABLE IV.—DETERMINATION OF BISMUTH IN ALCAN 28 S ALUMINIUM
ALLOY.

Bismuth found, %,

Spectrophotometric Atomic-fluorescence
Sample method with thiourea method*
R8771/1 0-45, 0-46 0-46, 0-48
R8771/3 0-46, 0-48 0-49, 0-49
R8772/2 0-50, 0-52 0-52, 0-52
R8789/1 0-52 0-52, 0-52
R8790/3 0-45 0-47, 0-46
R8821/3 0-57 0-56, 0-53
NH760A 0-60 0-60, 0-64
NH760 0-60 0-60, 0-57

* Each result represents the average from several readings for each

sample solution.

CONCLUSION

separated air-acetylene flame.
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Zusammenfassung—Die Verwendung von elektrodenlosen Wismut-
und Jod-Entladungslampen mit und ohne elektronische Modulation
als Lichtquellen fiir die Anregung der Atomfluoreszenz von Wismut
in herkOmmlichen und in mit Stickstoff getrennten Luft-Acetylen-
Flammen wurde untersucht. Die Trennung der Flamme ergibt auch
bei Verwendung einer modulierten Lichtquelle bessere Nachweisgren-
zen. Der EinfluB 500-facher Gewichtsiiberschiisse fremder Ionen auf
die Bestimmung von Wismut bei 302,46 nm mit einer modulierten
Jod-Lichtquelle und einer getrennten Flamme wurde untersucht; nur
Calcium und Zirkonium verursachen eine erhebliche Storung. Es
wird iiber die Bestimmung von Wismut in Proben von Aluminiumle-
gierungen berichtet.

Résumé—On a étudié ’application de lampes 4 décharge sans électrode,
au bismuth et & I'iode, modulées et non modulées électroniquement,
comme sources pour lexcitation de la fluorescence atomique du
bismuth dans les flammes air-acétyléne ordinaires et séparées a I’azote.
La séparation de la flamme a pour conséquence des limites de détection
améliorées pour le bismuth, méme lorsqu’on utilise une source modulée.
On a étudié I'influence de poids 500 fois en excés d’ions étrangers sur le
dosage du bismuth a 302,46 nm avec une source a I'iode modulée et
une flamme séparée; on a trouvé que seuls le calcium et le zirconium
causent une géne importante. On rapporte le dosage du bismuth dans
des échantillons d’alliages d’aluminium.
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Summary—In acidic solution only molybdenum(VI), tungsten(VI),
vanadium(V), niobium(V) and tantalum(V) form stable, anionic
complexes with dilute hydrogen peroxide. This fact has been used in
developing an analytical method of separating molybdenum(VI),
tungsten(VI) and vanadium(V) from other metal ions and from each
other. Preliminary investigations using reversed-phase paper chroma-
tography and solvent extraction led to a reversed-phase column
chromatographic separation technique. These metal-peroxy anions
are retained by a column containing a liquid anion-exchanger (Gen-
eral Mills Aliquat 336) in a solid support. Then molybdenum(VI),
tungsten(VI) and vanadium(V) are selectively eluted with aqueous
solutions containing dilute hydrogen peroxide and varying concentra-
tions of sulphuric acid.

Previous work by Alimarin and Medvedena! and Ryabchikov and Bukhtiarov? has
demonstrated that vanadium(IV) or (V), molybdenum(VI) and tungsten(VI) are
readily eluted from a hydrogen-form cation-exchange column with hydrogen peroxide
in acidic solution. Fritz and Abbink® found that vanadium(IV) or (V) may be
quantitatively separated from twenty-five metal ions on a Dowex 50 W-X8 cation-
exchange column. Vanadium is eluted in the quinquevalent state. Any vanadium(IV)
present is oxidized to vanadium(V) and eluted. Molybdenum(VI) and tungsten(VI)
were found to interfere, being eluted with the vanadium(V) as the anionic peroxy
complexes.

The purpose of the present work was to develop a quick and reliable column
chromatographic method for the separation of vanadium, tungsten and molybdenum.
A sulphuric acid-hydrogen peroxide medium was used as the aqueous (mobile) phase.
The liquid anion-exchanger was Aliquat 336 (General Mills registered trade-name),
which is tricaprylmethylammonium chloride. It is a water-insoluble quaternary
amine of the general form:

R R *

NS
N Cl-

7N
R CH,

where R is a mixture of Cg and C,y hydrocarbon chains.
The system metal ion/H,0,/H,SO,||Aliquat 336/toluene was investigated from the

* Work was performed in the Ames Laboratory of the U.S. Atomic Commission. Contribution
No. 2875.
T Present address: Chemistry Department, Towson State College, Towson, Maryland 21204,
U.S.A.
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standpoint of reversed-phase paper chromatography, liquid-liquid solvent extraction,
and reversed-phase column chromatography. The first two techniques were used to
estimate the most advantageous conditions for the fast and efficient separation of these
three metal ions on a column.

EXPERIMENTAL

Reversed-phase paper chromatography

Sheets of Whatman No. 1 chromatography paper were cut in 0-20 X 0-20 m sections. The paper
was impregnated with the liquid ion-exchanger by soaking for 1-2 min in a 0-05M1 solution of Aliquat
336 in toluene. The ion-exchanger was used in the sulphate form. After soaking, the paper was
suspended and allowed to air-dry at room temperature to volatilize the toluene and leave a uniform
coating of ion-exchanger on the paper.

The paper was spotted with 1 or 2 drops of 0-05M aqueous solutions of each metal ion (each of
which contained 19} hydrogen peroxide). Then the paper was placed in conventional chromatography
tanks containing varying concentrations of sulphuric acid-hydrogen peroxide and the solvent front
was allowed to travel a distance of 0-15 m. The paper was air-dried and sprayed to develop a char-
acteristic colour.

Vanadium(V) was visible without spraying, owing to the reddish-brown colour associated with the
vanadium peroxide complex. Tungsten and molybdenum were visualized by spraying with 25%;
tin(II) chloride solution in concentrated hydrochloric acid.* This produced a blue spot for tungsten;
the molybdenum spot became yellow-orange. It was found that these elements could be visualized
by spraying with a saturated solution of alizarin in ammonium hydroxide-ethanol (40:60).

R, values, corrected for paper blanks, were measured and recorded.

Liquid-liquid solvent extraction

Approximately 0-05M solutions of vanadium(V), tungsten(VI) and molybdenum(VI) were pre-
pared by dissolving appropriate amounts of reagent grade VOSO,-2H,0, Na,WO, and Na,MoO, in
distilled water and diluting to 500 ml.

Vanadium(V) and molybdenum(VI) solutions were then standardized by an EDTA back-titration
method.? Tungsten was determined gravimetrically by the method of Dams and Hoste.®

The organic phases studied were 0-05, 0-10, 0-15 and 0-20M solutions of Aliquat 336 in toluene,
prepared by diluting an appropriate volume of the anion-exchanger with toluene. Equal volumes of
the organic phase and aqueous phase (containing varying concentrations of metal ion, sulphuric
acid and hydrogen peroxide were equilibrated for 5 min (a time greater than that necessary for
equilibrium to be reached) in 125-ml separatory funnels on a wrist-action shaker. The phases were
allowed to separate and an aliquot of the aqueous phase was taken for analysis.

The vanadium concentration in the aqueous phase was determined by EDTA titration.®* Tungsten
and molybdenum were determined by flame emission spectrometry. The concentration of metal ion
in the organic phase was determined by material balance to enable calculation of distribution ratios.

Reversed-phase column chromatography

The inert macroreticular resin XAD-2, 60-80 mesh (Rohm & Haas Co.) was slurried with meth-
anol. Tt was then packed to a height of 0-12m in a 12 mm x 0-14 m glass column fitted with an
eluent reservoir, Teflon stop-cock and 1-mm diameter tip. A measured volume of toluene solution of
Aliquat 336 (of known molarity) was allowed to displace the methanol, and was absorbed by the resin.
Then the interstitial Aliquat 336 solution was displaced with water under slight air pressure. The
interstitial volume and volume of the stationary phase were determined.”

Elution curves for the three peroxy anions were obtained by utilizing their absorption in the ultra-
violet or visible region of the spectrum. The vanadium peroxy complex has an absorption maximum
at 440 nm;® the molybdenum peroxy complex absorbs at 330 nm.? The absorption curve for the
tungsten peroxy complex was found to have a maximum at 283 nm. A recording spectrophotometer
was used in conjunction with a 10-0-mm flow-through cell fitted with ground glass joints. Poly-
ethylene tubing was used for column-to-cell connections.

Vanadium, tungsten and molybdenum in the column effluent were determined spectrophoto-
metrically by use of the absorption maximum for each peroxy complex in the particular eluent used.
Beer’s law plots were constructed for each element and molar absorptivities were determined; 50-mm
cells were used where necessary to enhance the sensitivity of the method.
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RESULTS AND DISCUSSION

Paper chromatography

It has been demonstrated!® that the paper chromatography R; value and solvent
extraction distribution ratio, D, are related by the expression,

D = Kk(1/R; — 1), 1

where k is a constant.
In aqueous 0:01M sulphuric acid-19; hydrogen peroxide the reversed-phase
chromatograms on paper impregnated with Aliquat 336 gave quite low R; values for

TABLE I.—CORRELATION OF REVERSED-PHASE PAPER CHROMATOGRAPHY
WITH LIQUID-LIQUID EXTRACTION.
System, 0-01M H,SO,/1 % H,0,]|0-05M Aliquat 336/toluene. Solvent
extraction sample size: 0-10 mmole metal ion.)

Distribution coefficient Re R; (average)
Element D calculated* observed
Vanadium 267 0-35 0-30
Tungsten 477 0-03 0-03
Molybdenum 326 0-005 0-00

* Calculated from observed D and R, values for tungsten, using equation
(1). Other R, values were then calculated using this constant and equation (1).

molybdenum(VI) and tungsten(VI) and an intermediate value for vanadium(V)
(see Table I). The values obtained suggest the possibility of a separation, by solvent
extraction or column chromatography, of molybdenum and tungsten from vanadium
and of molybdenum and tungsten from each other.

Distribution ratios

Distribution ratios were measured for the extraction of each of these elements from
aqueous solutions containing 0-01 M sulphuric acid and 19 hydrogen peroxide into
0-05M Aliquat 336 in toluene (see Table I). The R; values calculated from the distri-
bution ratios by use of equation (1) and a k value of 1-48 calculated for tungsten are
in good agreement with the observed R, values. From the distribution coefficients. the
separation factors («) are found to be favourable: aw_v = 17°9; ayo_w = 6°8.

TABLE II.—SOLVENT EXTRACTION DISTRIBUTION RATIOS AS A FUNCTION OF ALIQUAT
336 CONCENTRATION AND SULPHURIC ACID CONCENTRATION
(mean of two determinations).

Distribution ratio

[Aliquat 336], M 0-05 0-10 0-15 0-20
{H,S0.], M 0-010 0:055 0-100 0-100 0-100 0-100
Vanadium 2:67 1-74 1-61 2:59 3-23 3-51
Tungsten 477 29-2 199 32:2 39-6 477
Molybdenum 326 202 115 146 165 204

Distribution ratios for molybdenum(VI) and tungsten(VI) and vanadium(V) were
measured at varying concentrations of sulphuric acid in the aqueous phase and at
different concentrations of Aliquat 336 in the organic phase (see Table II). A plot of

o
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log D vs. log of Aliquat 336 concentration gave slopes of approximately 0-5 for molyb-
denum and tungsten. This would indicate a combining ratio of 1:2 for the Aliquat
336 (which is R;CH,N™) to the anionic metal complex. It has been reported!! that there
is a tetrameric molybdenum species, Hy(M0,04(0O,),), which is in equilibrium with a
dimeric species, H,[(O2):Mo(O)(O)Mo(0)(O),].. Analogous tungsten species also
exist. The tetrameric species would be consistent with the 1:2 ratio we found for
Aliquat 336:Mo or W.
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Fic. 1.—Distribution ratio (or coefficient) as a function of sulphuric acid concen-
tration. All solutions also contain 0-5%; hydrogen peroxide. @ Strelow’s data'® for
AG-1 anion-exchange resin. O Our data for 0-05M Aliquat 336 in toluene.

The effect of sulphuric acid concentration on the distribution ratios of molybdenum
and tungsten is plotted in Fig. 1. In other experiments where the sulphate concen-
tration was held constant while the acidity was varied, and vice versa, it was found that
increasing acidity decreases the distribution ratios for molybdenum and tungsten, as
does increasing concentration of sulphate.

Since Aliquat 336 is a liquid anion-exchanger, it might be expected that distribution
ratios of the metal ions studied would be similar to distribution coefficients of these
metal ions with anion-exchange resins. The plots in Fig. 1 show that such is indeed the
case. However, the liquid ion-exchanger Aliquat 336 is more versatile in that the
distribution coefficient can be enhanced or decreased merely by changing the con-
centration of Aliquat 336 in the organic solvent.

Column chromatography
Columns were prepared of 60-80 mesh XAD-2 resin, 10 mm X 0-12 m, impregnated
with 0-05 or 0-20M Aliquat 336 in toluene. By use of these columns, elution curves for
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molybdenum(VI), tungsten(VI) and vanadium(V) were obtained for varying con-
centrations of sulphuric acid (0-01-4-0M) and either 0-5 or 1-09, hydrogen peroxide.
Some problems were encountered with 1-09; hydrogen peroxide, caused by gas
bubbles from decomposition of the peroxide. However, with 0-59% hydrogen peroxide
there was no difficulty and the elution curves were essentially identical with those ob-
tained with the more concentrated peroxide.

The retention volumes of the metal ions were calculated from the various elution
curves and compared with retention volumes predicted from distribution ratios in
Table II according to the equation

b= DVB -+ Vm (2)

where # is the retention volume (column chromatography), D is the distribution ratio
(solvent extraction), V; is the volume of the stationary liquid phase on the column
(4-0 ml), and ¥, is the interstitial volume in the column (3-5 ml).

Unfortunately the correlation between the ¢ values actually observed and those
calculated from solvent extraction distribution ratios was not very good. The experi-
mental & values were generally lower than those calculated from equation (2), with the
discrepancy being greatest for the largest values of . It was found, however, that a
graph of log (# — V,,,) [which is essentially a corrected distribution ratio, see equation
(2)], vs. log [H2SO,] produces a linear relationship for each element if the column
conditions remain constant. Such a graph (Fig. 2) greatly facilitates selection of
appropriate conditions for retention and later elution of molybdenum and tungsten.
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FiG. 2.—Dependence of a retention volume function (¢ — V) on sulphuric acid eluent

concentration in column chromatography (eluent also contains 0-5% hydrogen per-

oxide). Column is 10 mm X 0:12 m XAD-2, impregnated with 0-05M Aliquat 336 in
toluene.
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Separations of metal ions on a column impregnated with 0-05M Aliquat 336 in
toluene, as illustrated in Fig. 2, were successful but were restricted to small amounts of
metal ions because of the limited capacity of the column. The column was changed to
one impregnated with 0-20M Aliquat 336 in toluene and values of the concentrations
of sulphuric acid were selected from a graph similar to Fig. 2. With more concentrated
Aliquat 336 the ¢ values are higher, so higher concentrations of sulphuric acid are
needed to elute the tungsten(VI) and molybdenum(VI). The elution conditions used
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for various separations are summarized in Table III.

TABLE II11.—COLUMN CHROMATOGRAPHIC SEPARATION OF METAL ION MIXTURES.
(Column is 10 mm X 0-12 m 60-80 mesh XAD-2, impregnated with 0-20M

Aliquat 336 in toluene. Flow-rates: 3 ml/min for elution of vanadium; 1-2

ml/min for elution of tungsten and molybdenum).

Mixture No. Element Eluent* Fraction, ml  Recovery, %
1 \'% 0-15M H,S0, 0-40 99-5
W 0-:30M H,SO, 45-145 98-7
Mo 4-00M H,SO, 150-210 99-2
2 v 0-15M H,S50, 0-40 99-0
w 4-00M H,S0O, 45-100 983
3 \Y 0-15M H,SO, 0-40 1011
Mo 4-00M H,S0, 45-110 100-0
4 w 0-30M H,SO, 25-125 98-6
Mo 4-00M H,S0, 130-190 98-7
5 Sn 1-00M H,S0, 0-18 1000
Mo 4-00M H,S0, 18-90 99-2

A typical elution curve for separation of vanadium, tungsten, and molybdenum
is shown in Fig. 3. Mixtures were separated on a column and analysed quantitatively

% TRANSMITTANCE

F1G. 3.—Separation of 0-01 mmole each of vanadium(V), tungsten(VI), and molyb-
denum(VI), on a 10 mm X 0:12m, 60-80 mesh XAD-2 column, impregnated with

* All eluents also contain 0-59; hydrogen peroxide.

0-20M Aliquat 336 in toluene.
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by collecting each element in a single fraction and measuring the amount present
spectrophotometrically. The mixtures listed in Table 111 were analysed quantitatively
with each element present in approximately equimolar amounts; vanadium-molyb-
denum mixtures varying from 4:1 to 1:4 mole ratio were also analysed successfully.
The results were within the expected precision of the spectrophotometric method,
generally 19, of the stated value.

Effect of other metal ions

The separation of tin(1V) and molybdenum(V1) was of special interest because these
elements fall in the same group in a comprehensive separation scheme!? and they are
not readily separated from each other. The separation was first surveyed by paper
chromatography, using conditions that were successful for separation of molybdenum
from vanadium with the peroxide, sulphuric acid, Aliquat 336 system; however, to
prevent hydrolysis some tartrate was added to the aqueous solution. Molybdenum(VT)
had a low R; value, but so did tin(I'V), probably because of the extraction of its tartrate
complex. Tin(IV) solutions were found to be sufficiently stable in 1-0M sulphuric
acid-0-5%; hydrogen peroxide (without any tartrate) for separation. In this medium
and with paper impregnated with Aliquat 336, tin had an R; value of 0-77 and molyb-
denum an R, value of only 0-03. Separation of these elements on a column of XAD-2
resin impregnated with 0-20Af Aliquat 336 in toluene was also successful. Tin(IV)
was completely eluted from a 10 mm X 012 m column in approximately 9 ml of
eluent and molybdenum did not break through until approximately 20 ml of eluent
had passed. Quantitative data for analysis of tin-molybdenum mixtures are given in
Table 111.

With the exception of those studied, very few metals form anionic peroxide or sul-
phate complexes that would be retained by a column of Aliquat 336 in toluene.
Strelow and Bothma!? published an extensive list of anion-exchange distribution coeffi-
cients in aqueous sulphuric acid solutions (some also containing dilute hydrogen
peroxide). Niobium(V) and tantalum(V) would probably be retained by an Aliquat
336 column together with molybdenum(VI) and tungsten(VI).

Acknowledgement—The authors wish to thank Mrs. Constance Butler for her advice and assistance
in the flame emission analyses.

Zusammenfassung—In saurer Losung bilden lediglich Molybdin(VI),
Wolfram(VI), Vanadium(V), Niob(V) und Tantal(V) stabile anionische
Komplexe mit verdiinntem Wasserstoffperoxid. Dieser Tatbestand
wurde dazu benutzt, eine analytische Methode zur Trennung von
Molybdan(VI), Wolfram(VI) und Vanadium(V) von anderen Metallio-
nen und voneinander zu entwickeln. Vorversuche mittels Papierchro-
matographie mit umgekehrten Phasen und flissig-fliissig-Extraktion
fiihrten zu einem s#dulenchromatographischen Trennverfahren mit
umgekehrten Phasen. Die Metall-Peroxy-Anionen werden von einer
Saule zuriickgehalten, die einen fliissigen Anionenaustauscher (General
Mills Aliquat 336) auf einem festen Tréger enthilt. Nachher werden
Molybdan(VI), Wolfram(VI) und Vanadium(V) selektiv mit wiBrigen
Losungen eluiert, die verdiinntes Wasserstoffperoxid und wechselnde
Konzentrationen Schwefelsdure enthalten.

Résumé—En solution acide, seuls les molybdéne(VI), tungsténe(VI),
vanadium(V), niobium(V) et tantale(V), forment des complexes
anioniques stables avec I’eau oxygénée diluée. Ce fait a été utilisé
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dans la mise au point d’une méthode analytique de séparation des
molybdene(VI), tungsténe(VI) et vanadium(V) entre eux et des autres
ions métalliques. Des recherches préliminaires utilisant la chromato-
graphie sur papier & phases inversées et I’extraction par solvant ont
mené a une technique de séparation par chromatographie sur colonne
a phases inversées. Ces anions peroxymétalliques sont retenus par une
colonne contenant un échangeur d’anions liquide (General Mills
Aliquat 336) dans un support solide. Les molybdéne(VI), tung-
stene(VI) et vanadium(V) sont alors élués sélectivement par des solu-
tions aqueuses contenant de ’eau oxygénée diluée et des concentrations
variables d’acide sulfurique.
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Summary—Pointwise titrations of aluminium nitrate solutions with
sodium fluoride were made at ionic strengths of 0-5, 0-2, 0-1 and
0-05M and at temperatures of 25° and 37°. The total AI** concentration
was kept constant at 5 X 107*M and the total F~ concentration
covered the range 5-20 X 107%M with a minimum of 20 points per titra-
tion. It is shown that only mononuclear complexes were present with
these solution compositions. Determinations of H* and F~ in solution
were made by the use of quinhydrone and lanthanum fluoride elect-
rodes, respectively. Formation constants were calculated by three
different procedures. Best results were obtained by a non-linear general-
ized least-squares method that (@) permits calculation of the formation
constants with the simultaneous presence of all the complexes being
taken into account, (b) does not require segregation of data according
to the values of the formation function (#), and (c) yields standard
errors that reflect the errors in all the experimental measurements.
Values for the formation constants at infinite dilution were obtained
by a linear least-squares adjustment of the values obtained for the four
finite ionic strengths. The formation constants thus obtained for the
reaction AlF,_; + F = AIF, (charges omitted) at 25° have logarithmic
values of 6-69 + 0-02, 5-35 4+ 0-03, 3-68 4- 0-01 and 2-75 + 0-04 for
n =1, 2, 3 and 4, respectively. The corresponding values at 37° are
6:68 + 0-10, 534 -+ 0-02,3-94 + 0-04,and 3-29 + 0-05.

THE SOLUTION chemistry of aluminium and fluoride is of importance in relation to
biological problems. The use of solutions containing both aluminium and fluoride
ions has been advanced''? as a preventive treatment against dental caries. Eluci-
dation of the chemistry involved in such treatments requires a knowledge of formation
constants for the various complexes present in those solutions. This information is also
relevant to the chemistry of fluoridated waters. Brossett and Orring reported?® values
for the formation constants at 25° and at an ionic strength of 0-53M. The present
investigation was prompted by the need of information on the formation constants
at lower ionic strengths. Very recently, after this work was concluded, Baumann*
reported formation constants over the range of ionic strengths of our interest. The
treatment of data by Baumann is different from the one given here. We used a
generalized least-squares procedure that yields best values (in the statistical sense) for
the constants, taking into account the errors involved in all the experimental measure-
ments. Furthermore, data are reported here for 25 and 37°.
EXPERIMENTAL
Reagents

All the chemicals used in the present investigation were of reagent grade quality.

Sodium fluoride, stock solutions, Made by direct weighing of the salt previously dried at 110°.
The solutions were stored in polythene bottles.

Aluminium nitrate solution. Standardized gravimetrically with 8-hydroxyquinoline.®

Known volumes of a standard solution of nitric acid were added to lower the pH of the reaction
mixtures to a desired range.

Procedure

The experimental technique consisted of pointwise titration. Increasing volumes of a standard
solution of sodium fluoride were added to known volumes of aluminium nitrate solution (containing

873
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nitric acid) in polythene bottles, each bottle being shaken constantly by hand during this addition.
Potassium nitrate solution was added to adjust the ionic strength to a desired value and the resulting
reaction mixtures were brought to a final volume of 50 ml with demineralized water. The solutions
were left overnight at room temperature (24 + 1°).

A hydroquinone electrode was used for pH measurements in conjunction with an HF-resistant
calomel electrode. A lanthanum fluoride membrane electrode® and an Ag-AgCl electrode were
used for the determination of free fluoride concentrations. The electrode assembly was calibrated
daily against standard sodium fluoride solutions at the same jonic strength as the experimental
solutions. All the measurements were made in a constant-temperature bath. Constancy in e.m.f.
readings was obtained after equilibration of the solutions and electrodes for about 25 min at 25 + 0-1°
and after about 40 min at 37 + 0-1°.

The error in pH determinations was --0-01 units; the errors in total fluoride, total aluminium,
and free fluoride concentrations were -£0-5%;, +0-5%, and +29%, respectively, of the amounts
analysed.

Calculations
The average number of ligand groups bound per mole of the metal ion, 7, is given by’
_ [Fly — [F] — Ky, [HT] [F~] — 2K, K,, [H*] [F]2
7= (1)
[Al]¢
where [F}; and[All; represent total concentrations (molarities) of fluoride and aluminium, respectively,

and concentrations of the ionic species considered are represented by square brackets. Association
constants, K., and K,,, for hydrofiuoric acid are defined as

[HF] . {HF,"]

R R T I 2 [HFIF]

Values for Ka, at 25° were obtained from a linear least-squares adjustment of the reported values
for log K, at ionic strengths of 0-05, 0-1, 0-2 and 0-5M;® in this procedure the intercept was fixed at
log Ka,” = 3-23.° The constant K,, at 25° is essentially independent of ionic strength in our experi-
mental range and a value® of 3-85 was used in the present calculations. Values for K,, and K,, at
infinite dilution and at 37° were obtained by extrapolation of a linear least squares-adjustment of the
values reported by Broene and De Vries!! for the range 15-35°.

Values for K, at various ionic strengths, 7, were then calculated from the expression:

1002 V1
——= + 021817 (2)
1+ 1-332V7
used by Farrer and Rossotti*® for systems similar to those reported here, at 25°. Equation (2) for
I = 0-5 reproduces very well the value of Ky, at 35° reported by Tsao;!? for this reason the expression
above was used in the present calculations for 37°. Values of K, at 25° and 37°, obtained at various
ionic strengths, are given in Table 1.
The value for K,, at 37° was obtained by interpolation in the data reported at various tem-
peratures.3 A value of 4:37 was used for all ionic strengths.
Stability constants reported here are defined as:
[AIF,]
K, = 3
TATF, LF @
TABLE 1.-—ASSOCIATION CONSTANTS OF HF AT 25° anp 37°C,
AND AT VARIOUS IONIC STRENGTHS

K,

log K,, = log K,° —

25°C 37°C
[onic strength, M log K., log K,
0-5 275 3-00
02 2:93 3-02
01 3-02 3-05
0-05 3-08 3-09

where charges have been omitted for the sake of clarity. These constants were determined by three
procedures: a method reported by Rossotti and Rossotti,!* a variation of Rossotti’s method used
by King and Gallagher,' and a generalized least-squares procedure along the lines given by Deming.*¢

In the first method,!* formation constants are determined by a plot of
i i+t1—7

7T Ky...K, [F]+— against

n=0 =i (K
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where K, = 1 and i has values of 1,2,...,n, depending on the range of 7 used in calculations.
In the range 1 < 77 < 2 and 2 < 7z < 3, for example, / = 1 and 2, respectively. Ranges for 7 were
selected to obtain linear plots in which the value of the product K{ K, ... K; is obtained as the
intercept and that for K, K, . .. K, as the slope.

In the method outlined by King and Gallaher,'® use is made of a linear equation of the type:

Y =KX+ KK, (4)

in which Y and X are defined as:

n=i
> (i—n[FIK,...K,
n=y0

Y= C+i-nk,... K,
and
L4i—d
X = o

In order to get better values (in a statistical sense) of the constants obtained by these procedures,
a linear least-squares adjustment of the plots with errors in both variables, ¥ and X, was employed.
These errors were calculated by propagation,'® from the standard errors in the experimental measure-
ments.

In the third procedure'®:*” adjustment of the observables (measurements) was done by a non-linear
least-squares method subject to the condition function

i— (1 —nFIK, — 2 — DHIFPKK, — G — DIFPKKK; — (4 —DIFPK,...K,=0 (5
and taking into account all the experimental errors. Equation 5 is applicable to systems in which
complexes with ratios F:Al > 4 are negligible, a condition fulfilled in the present investigation.

RESULTS AND DISCUSSION

Plots of 71 against —log [F] (formation curves) over a tenfold concentration range
of the aluminium salt and at 25° are shown in Fig. 1. It is evident that for the total
aluminium concentrations of 25 % 1074, 5 x 10~*and 1 x 1073, these plots are a
unique function of the free fluoride concentrations. The points for solutions having
an aluminium concentration of 2-5 X 1073M, however, depart from the curve when
the 7 values are higher than about 2, indicating an appreciable condensation of the
complex species present in the systems. This situation is probably related to the
observation that the activity of free fluoride in systems having a total aluminium
concentration of 2-5 X 10~3M did not increase on increase of the total fluoride con-
centration beyond 7 x 1073M; in fact small decreases in the fluoride activity were
observed. An alternative explanation for these facts may be the formation of extremely
fine precipitates which could not be detected by the naked eye. For the foregoing
reasons, the results of titrations having a total aluminium concentration of 5§ x 10~¢M
at four ionic strengths were used for the calculation of formation constants. Owing to
limitation of space, only the results at 25° and 37° and at an ionic strength of 0-5M are
given in Table II. Formation curves at all the experimental ionic strengths are shown
in Figs. 2 and 3.*

The logarithmic values of the association constants Kj, K, and K, obtained by the
method of Rossotti and Rossotti* are given in Table IIL. In the third column are given
two values for log K, at each ionic strength and temperature. These two values were
calculated from systems having 1-2 << 77 <C 1-5 and 2:2 </ 77 << 2'5, respectively. The
values in the second entries should be more reliable because in systems having 77 << 1-5,
the concentrations of AlF,* are relatively small, hence the uncertainty in the estimated
value of log K, should be relatively high. For similar considerations, the reliability of the
log K; values, givenin Table 111, should be higher than those for the other two constants.

* The actual titration data are available on request.
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F16. 1.—Plot of 7 versus —log [F-] for systems having an ionic strength of 0-5M and

RADHUNATH P. AcarwaL and EpGArRD C. MORENO

32

L]
3.0
28l ¢ [A[]mm_s

.o 0 2:5xI10°M

o s *1-:0x10°M
Y *a 4
26 o -, ¢ 5:0xI0°M

o P o 2-5x10°M
2:4 o
PD
° Y
o *rr
22 A
_ o*h
n &
2:0 o,
*[ .
8 *
18} o, .
OD
16} %
o,‘%
14
.DQ-
a

-2
rol_i | ! i ! ! I !

38 &40 42 44 46 48 50 52 54

-log [F7]

various Al concentrations, at 25°.

TABLE II.—FLUORIDE TITRATION DATA AT 25° AND 37°C AND CORRESPONDING 7i VALUES:
[Ally = 5 x 107*M, I = 0-5M (KNQOy)

25°C 37°C
[Fl¢ < 10*M [Flr x 10°M pH i [Fl; x 10'M {Fly x 10°M pH A

5:0 2:22 2:50 099 55 2-46 245 108
55 297 250 108 60 330 245 1-17
60 375 250 1-18 65 4-23 2-45 1-26
65 478 2:50 127 70 5:57 2-45 1-35
7-0 5-98 2:50 137 75 6:90 245 1-44
75 172 2:50 146 80 872 245 1-52
80 9-40 2:50  1-55 85 10-8 246  1-60
9:0 143 2:51 1-72 9-0 132 2:46  1:68
95 17-6 2:51 1-80 10-0 19-8 2446 182
100 201 2-51 1-89 11-0 289 2:47 195
10-5 254 2:51 1-96 11-5 33-4 247 200
11-0 300 251 2:04 12:0 379 2:47  2:07
11-5 350 251 211 12-5 432 2:47 212
12:0 412 251 218 13-0 49-7 2:47 217
125 46-8 2-51 225 13-5 54-4 2:48 223
130 537 2:52 231 14-0 61-8 2448 227
13-5 60-0 252 238 150 750 248 236
14-0 68-0 253 244 16:0 90-0 2:49 244
150 838 253 255 17-0 106 2:50 252
16-0 100 2:53 267 18-0 124 2-51 2-59
17-0 118 2-53 277 200 158 2:53 276
18-0 138 254 288 22:0 201 2-55 2-87
200 180 2:56 308 240 240 2:58 305
22:0 225 2:57 325
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F1G 2.—Plots of 7 versus —log [F~] at various ionic strengths. The abscissae for curves
2, 3 and 4 have been shifted to the right by 0-2, 0-4 and 0-6, pF units respectively. Total
[Al] = 5 X 10~*M and temperature = 25°.
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F1G. 3.—Plots of /i versus —log [F~] at various ionic strengths. The abscissae for curves
2, 3 and 4 have been shifted by 0-2, 0-4 and 0-6 pF units respectively. Total [Al] =
5 % 107*M and temperature = 37°.
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The errors in K; were obtained by propagation from the errors in the slope and the
intercept given by linear regression. The errors in log K; given in Tables III and IV
were similarly obtained by propagation from the errors in K.

Values of formation constants K,, K3 and K, obtained by the method of King and
Gallagher?® are shown in Table IV. By this method, K; could not be determined on
account of the range in the experimental values of 7i. For the determination of Ks, K3
and K, therefore, use was made of the values of K obtained by the method of Rossotti
and Rossotti.* Two values for K3 were determined under a given set of experimental
conditions. The first value in the third column at each ionic strength was derived from
systems having 1 << 7 << 2 and the second value was obtained from systems having
2 <7 < 3. For reasons given before, here also the latter values of K;should be more
reliable and the estimates of K should have a relatively high degree of uncertainty.

The results obtained by the generalized least squares procedure are shown in
Table V.* In this case also the estimates of K should be considered as approximate.

TABLE II1.——FORMATION CONSTANTS OF AIF COMPLEXES AT 25° AND 37°C CALCULATED
BY THE METHOD OF ROSSOTTI AND ROSSOTTIM

Ionic 25°C 37°C
strength, M log K, log K, log K, log K, log K, log K,

05 6:04 & 005 518 003 436 - 004 618 + 006 514 £ 0-07 4-14 + 009
4-68 4- 0-07 479 4+ 0-10

02 622 4-001 522 4001 409 004 634 + 002 523 4002 418 -+ 0-08
4-88 4- 0-05 4-83 4 0-05

01 641 4- 003 525 4-0-02 392 + 003 639 + 002 530 4 003 4-18 4+ 0-13
5-10 + 003 4-80 4 0-12

0-05 646 4 0-05 533 003 3-87 - 0-10 646 + 002 536 & 003 410 + 0-04
5-13 4- 0-09 5-07 + 0-04

TABLE 1V.—FORMATION CONSTANTS OF ALUMINIUM FLUORIDE COMPLEXES AT 25° AND 37°C AND AT
VARIOUS IONIC STRENGTHS, CALCULATED BY THE METHOD OF KiING AND (GALLAGHER!?

Tonic 25°C 37°C
strength, M log K, log K, log K4 log K, log K log K,

05 5-10 4- 0:01 4-01 4 0-01 3-67 - 0-02 5:10 4- 0-0I 3-88 4 002 345 -+ 0-07
393 + 0:01 3-81 4- 006

02 5-17 4 0-02 3-85 4 0-07 3-40 £ 003 519 4 0-01 3-79 4+ 0-03 3-29 + 0-02
382 + 002 391 + 0-01

01 518 4-0-02 3-98 4 0:07 3-10 4 004 525 + 0-01 3-89 4- 0-02 3-34 + 0-07
3-84 + 0-01 3-86 4+ 0-04

0-05 5-28 4 0-01 3-81 £ 0-01 343 + 004 531 4001 392 4+ 001 3-35 4 0-02
3-834 4 0-04 3-86 4 0-02

We believe that the values of formation constants obtained by this method should be
more reliable than those given in Tables IIT and 1V because: (i) constants are calcu-
lated by considering the presence of all the complexes simultaneously, (i) there is no
need to segregate data according to 7i values, (i) the reported standard errors,
obtained through the adjustment procedure, reflect the errors in all the experimental
measurements.

Recently Baumann? reported formation constants that are in reasonable agree-
ment with the values given in Table V. Her values for K, at 25° and at ionic strength of

* The non-linear least-squares adjustment was done with a program kindly made available by
T. M. Gregory, National Bureau of Standards.
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TABLE V.—FORMATION CONSTANTS OF ALUMINIUM FLUORIDE COMPLEXES AT VARIOUS
IONIC STRENGTHS CALCULATED BY THE GENERALIZED LEAST-SQUARES PROCEDURE!®.!?

Tonic strength, M log Ky log K, log K, log K,
0-5 614 4- 0-02 5:09 + 0-01 25°C 3-93 - 0-02 368 + 003
02 632 + 0-01 516 4 00t 3-85 4+ 0-01 3-30 4+ 0-03
01 645 - 0-01 521 4 0-01 379 + 001 318 4+ 0-04
0-05 6-51 + 0-01 529 4- 001 376 + 0-01 3-05 + 0-04
05 629 4- 0-02 5:09 -1 0-03 37°C 3-84 4- 0-02 3-43 + 0-03
02 6-39 - 0-01 5:17 - 0-01 3-86 + 0-01 3-38 £ 0-01
01 6-49 & 0-02 524 -+ 0:03 3-86 + 0-01 338 £ 002
0-05 671 + 0-04 526 +- 0-03 3-92 - 010 329 £+ 003

0-1M yield log K, values of 6:40, 5-19, 3-99 and 2-42 for values of n equal to 1, 2, 3 and
4, respectively. At I = 0-5, the corresponding values are 6-08, 4-93, 3-69 and 2-50.
Both sets of results agree reasonably well with those shown in Table V, with the ex-
ception of the values for K;. It should be pointed out, however, that both the cal-
culation procedure used by Baumann® and the one used by the present authors yield
less reliable values for the K, than for the rest of the formation constants.

TABLE VI.—FORMATION CONSTANTS OF ALUMINIUM FLUORIDE COMPLEXES AT ZERO IONIC
STRENGTH, AND CORRESPONDING FREE ENERGIES FOR THE REACTIONS

AlF,_, + F- = AIF,

25°C 37°C
n log K —AG?, kJ/mole log K —AG°, kJmole
1 6-69 + 0-02 38-1; = 0-1 6-68 4+ 010 416 + 06
2 5-35 & 0-03 30:5; 4= 02 5:34 4- 0:02 32:0 + 02
3 3-68 4 0-01 21:0 + 00,4 394 4 0-04 234 4+ 02,
4 275 + 0-04 157 +- 02 3-29 + 0-05 195 4 0-3

Formation constants at zero ionic strength were obtained by a linear least-squares
adjustment of the results in Table V, taking into account the errors in the log K, values.
The resulting formation constants are shown in Table VI, together with the corre-
sponding standard free energies of formation. The data in Table VI indicate that the
temperature dependence of the constants in the range 25-37° is small; for this reason,
enthalpies and entropies of formation cannot be calculated with any degree of reli-
ability. The AG® values at 25° in Table VI are in good agreement with those reported

by King and Gallagher,'> considering that the latter apply to an ionic strength of
0-07M.

Zusammenfassung—Punktweise Titrationen von Aluminiumnitratlo-
sungen mit Natriumfluorid wurden bei den Ionenstirken 0,5, 0,2, 0,1
und 0,05M und den Temperaturen 25° und 37° ausgefithrt. Die
Gesamtkonzentration an Aluminium wurde bei 5 x 107*M konstant
gehalten; die F~-Gesamtkonzentration lag im Bereich 5-20 x 107*M
mit mindestens 20 Punkten pro Titration. Es wird gezeigt, dal bei
diesen Zusammensetzungen der Losungen nur einkernige Komplexe
vorlagen. H* und F- wurden in den Losungen mit Hilfe von Chin-
hydron-bzw. Lanthanfluoridelektroden bestimmt. Die Bildungskon-
stanten wurden nach drei verschiedenen Verfahren berechnet. Die
besten Ergebnisse wurden mit einer nichtlinearen verallgemeinerten
Methode der kleinsten Quadrate erhalten; diese Methode (a) erlaubt



880 RAGHUNATH P. AGARWAL and EpGarp C. MORENO

die Berechnung der Bildungskonstanten unter Beriicksichtigung der
gleichzeitigen Anwesenheit aller Komplexe, (b) erfordert keine Tren-
nung der Daten je nach den Werten der Bildungsfunktion (11), (¢)
ergibt Standardfehler, die die Fehler in allen Versuchsergebnissen
enthalten. Werte fiir die Bildungskonstanten bei unendlicher Verdiin-
nung wurden durch eine lineare Extrapolation nach kleinsten Quad-
raten der bei den vier endlichen Ionenstirken erhaltenen Werte
gewonnen. Die so erhaltenen Bildungskonstanten fiir die Reaktionen
AlF,_, + F = AlF, (wobei die Ladungen weggelassen wurden) bei
25° haben die Logarithmen 6,69 + 0,02, 5,35 4+ 0,03, 3,68 40,01
und 2,75 4 0,04 fir n = 1, 2, 3 bzw. 4. Die entsprechenden Werte
bei 37° betragen 6,68 + 0,10, 5,34 4- 0,02, 3,94 4- 0,04 und 3,29 +
0,05.

Résumé—On a effectué des titrages par points de solutions de nitrate
d’aluminium avec du fluorure de sodium & des forces ioniques de 0,5;
0,2; 0,1 et 0,05M et  des températures de 25° et 37°. La concentration
totale en Al** a été maintenue constante 8 5 X 107*M et la concentra-
tion totale en F~ couvrait le domaine 5-20 x 107*M avec un minimum
de 20 points par titrage. On montre que seuls des complexes mono-
nucléaires sont présents avec ces compositions de solution. Les
dosages de H* et F~ en solution ont ét¢ effectués en utilisant des
électrodes a la quinhydrone et au fluorure de lanthane, respectivement.
Les constantes de formation ont été calculées par trois méthodes
différentes. Les meilleurs résultats ont été obtenus par une méthode
généralisée non linéaire des moindres carrés qui (a) permet la calcul
des constantes de formation en tenant compte del la présence simulta-
née de tous les complexes (b) ne nécessite pas une segrégation de don-
nées selon les valeurs de la fonction de formation (72), et (¢) donne des
erreurs type qui reflétent les erreurs dans toutes les mesures expéri-
mentales. Les valeurs pour les constantes de formation a dilution
infinie ont ét¢ obtenues par un ajustement aux moindres carrés linéaire
des valeurs obtenues pour les quantre forces ioniques définies. Les
constantes de formation ainsi obtenues pour laréaction Al F, , + F =
AlF,, (abstraction faite des charges) a 25° ont des valeurs logarith-
miques de 6,69 + 0,02; 5,35 + 0,03; 3,68 4 0,01 et 2,75 4- 0,04 pour
n = 1,2, 3 et 4 respectivement. Les valeurs correspondantes a 37° sont
6,68 -- 0,10; 5,34 £ 0,02; 3,94 - 0,04 et 3,29 &+ 0,05.
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Zusammenfassung——Zur genauen Erfassung von Schwefelmengen im
Nanogramm-Bereich in kleinsten Probenmengen organischer Sub-
stanzen (<2 pg) wird der bei hydrierendem Aufschiu3 entwickelte
Schwefelwasserstoff argentometrisch mit bipotentiometrischer End-
punktanzeige bzw. fluorimetrisch durch Loschung der Fluoreszenz
von Fluorescein-mercuri-acetat bestimmt. Die relative Standard-
abweichung des titrimetrischen Verfahrens betrigt bei einer Schwefel-
menge von ~120ng 2,59, die des fluorimetrischen Verfahrens bei
~25ng Schwefel 3,7%. Fiir die bipotentiometrische Endpunktan-
zeige entwickelte sulfidierte Silberelektroden, Standardisierungsver-
fahren u.a. werden beschrieben.

FUR EINE BESTIMMUNG des Schwefels in ug-Proben organischer Substanzen bringt
ein AufschluB im Wasserstoffstrom besonders giinstige Voraussetzungen:1'2 der
verschieden gebundene Schwefel der Probe wird quantitativ in den sehr empfindlich
bestimmbaren Schwefelwasserstoff tiberfiihrt; Schwefelwasserstoff wird von Glas-
und Quarzoberflichen weniger adsorbiert als z.B. SO, oder SO;; der als einziges
AufschluBreagenz verwandte Wasserstoff 148t sich sehr rein darstellen, wodurch die
Gefahr einer Schwefelkontamination wihrend der Bestimmung sehr gering ist.

Dieses AufschluBprinzip konnte in den ng-Bereich {ibertragen und fiir Schwefel-
mengen >100 ng mit einem neu entwickelten argentometrischen Titrationsverfahren
mit bipotentiometrischer Endpunktanzeige kombiniert werden, bei Schwefelmengen
<100 ng mit einem bereits beschriebenen® fluorimetrischen Verfahren. Die Dis-
kussion zur Wahl dieser Bestimmungsprinzipien erfolgt an anderer Stelle.2

ZUM AUFSCHLUB IM WASSERSTOFFSTROM

Eine frithere Konzeption der Apparatur! wurde mit einigen Verbesserungen
beibehalten. Elektrolytisch erzeugter, katalytisch gereinigter und mit Trockeneis
und Methanol in einer Kiihlfalle getrockneter Wasserstoff! wird in den Pyrolyse-
und Hydrierraum (A4 u. B in Abb. 1) geleitet.

Dieser Teil der Gesamtapparatur (Abb. 1)istein Quarzrohr (140 mm Gesamtlinge),
dessen Durchmesser von 20 mm im unteren Teil (4) (40 mm Linge) auf 8§ mm im
oberen Teil (B) (100 mm Linge) reduziert ist. Inihm befinden sich zwei Heizspiralen
aus Platin-Rhodium-Draht (909, Pt, 10% Rh, Durchmesser 0,3 mm), die an
Zuleitungen aus 0,5 mm starkem Platindraht austauschbar befestigt sind. Im Inneren
der unteren Heizspirale (5) (Linge 30 mm, Durchmesser 5 mm) wird die Substanz

881
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AsB. 1.—Apparatur zur elementaranalytischen Bestimmung von Schwefel im Nano-
gramm-Bereich.
I—fiir argentometrische Titration mit bipotentiometrischer Endpunktanzeige.
II—fiir fluorimetrische Sulfid-Bestimmung.

A Pyrolyseraum, B Hydrierraum, C/C’ Bestimmungsgefd3

I—Halter des Probentrdgers 4 aus Quarz, 2—AnschluB an Wasserstoff-Generator,
3—Stromzufithrung fiir Heizspirale 5, 4—Probenrohrchen aus Quarz, 5 u.
6—Platin-Rhodium-Heizspiralen mit Stromzufiihrungen 3 und 7, §—Elektrodenstab,
9—PolyithylenKapillare, /0—Verbindung zur Mikrokolbenbiirette, //—Glockenriihrer

aus Glas, /2—Quarzkiivette, /3—Polyithylen-Kapillare.

in einem eingeschobenen Quarzrohrchen (4) (Ldnge 10 mm, Durchmesser 2 mm)
mit Halterung (I) pyrolysiert. Die Spirale kann innerhalb weniger Sckunden auf
WeiBglut aufgeheizt werden (24 'V, 5,5 A).

Die obere Heizspirale (6) (Linge 80 mm, Durchmesser 4 mm) bringt den Hydrier-
raum (B) auf 800° (24 'V, 4,4 A), sodaBl der in den Pyrolyseprodukten vorhandene
Schwefel beim Passieren quantitativ zu Schwefelwasserstoff umgesetzt wird. Der
Schwefelwasserstoff wird von dem Wasserstoffstrom iiber eine fein ausgezogene
Polyithylenkapillare (9) bzw. (I3) unmittelbar entweder zur bipotentiometrischen
Titration in ein thermostatisierbares Absorptionsgefd mit 1 ml alkalischer Ldsung
(Abb. 1, C) geleitet oder zur fluorimetrischen Bestimmung in eine Quarzkiivette
(12) und dort unmittelbar in 1 ml vorgelegter Fluorescein-mercuri-acetat-Lésung
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absorbiert. Beide Bestimmungsgefifie sind durch NS-Schliffe direkt mit der
AufschluBapparatur verbunden (Abb. 1, 1 u. ID).

Zur bipotentiometrischen Titration stromt das Trigergas mit dem Schwefel-
wasserstoffl durch die feine Polyithylen-Kapillare in das Innere eines rotierenden
Glockenrithrers (3600 U/min), der das Gas in der Absorptionsldsung sehr fein
verteilt. Die Polydthylen-Kapillare muB so fein ausgezogen sein, dafl keine Losung
in den Hydrierofen zuriicksteigen kann.!

Zur Vermeidung eines zu groBen Temperaturgefilles zwischen Innenoberfliche
und Innerem der Heizriume sind Pyrolyse- und Hydrierraum mit 1-mm starkem
Silberdraht dicht umwickelt. Die ErhSéhung der Temperatur der Innenoberfliche
der Quarzrohre verringert gleichzeitig die Gefahr von Schwefelverlusten durch
Adsorption.

160 -
140

120 |~

80—

60 |—

Sulfidmenge,

20—

20+

| | ] ] ! I
30 3,5 4,0 4.5 5,0 5.5

Stromstirke, A

AsB. 2.—Abhingigkeit der in der Absorptionsvorlage gefundenen Sulfidmenge von
der Stromstérke in der Heizspirale des Hydrierraumes bei Vorlage von 120 ng Schwefel
und konstanter Hydrierdauer von 15 min.

Hydriertemperatur und Uberfiihrungszeit fiir den Schwefelwasserstoff wurden
optimiert. Da direkte Temperaturmessungen im Inneren der Platin-Heizspiralen schr
schwierig sind, wurden die Schwefelwasserstoff-Ausbeuten in Abhidngigkeit von den
Stdrken der durch die Heizspiralen flieBenden Strome bei konstanter Hydrierzeit
bestimmt (Abb. 2).

Bei Stromstirken iiber 5,5 A (untere Pt-Spirale) und 4,4 A (obere Spirale) dnderte
sich die Ausbeute bei den gewihlten Dimensionen nicht mehr. Die Abhingigkeit
der Schwefelwasserstoffausbeute von der Zeit bei diesen Stromstirken geht aus
Abb. 3 hervor. Nach etwa 10 min ist das Maximum erreicht. Bei Hydrier- und
Uberfiihrungszeiten von mehr als 30 min treten durch die Instabilitit der Sulfidlosung
in der Vorlage bereits Verluste auf.

Auch fiir den Anheizvorgang der Heizspiralen miissen gewisse Bedingungen
eingehalten werden, da bei Anderung der Heizfolge die Ausbeuten variieren. Zunéchst
wird die obere Heizspirale langsam auf optimalen Stromfluf einreguliert und erst
dann in wenigen Sekunden die untere Heizspirale auf WeiBglut aufgeheizt.

Die Unabhingigkeit der Ausbeute vom Gasmengenstrom wird bei > 15 ml/min
erreicht.

3
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ABB. 3.—Abhingigkeit der in der Absorptionsvorlage gefundenen Sulfidmenge von
der Heizdauer der Spirale des Hydrierraumes bei einer Stromaufnahme von 5,5 A.

Bevor die Apparatur in Betrieb genommen werden kann, muf sie nach jeder
etwas lingeren Pause (z. B. iiber Nacht) entsprechend der Arbeitsvorschrift auf
Seite 891 ausgeheizt werden. (Entfernung des Wassermantels an der Innenoberfliche
der Apparatur und Verinderung der Adsorptionseigenschaften des Quarzes.) Fiir
die bipotentiometrische Methode mufl 30 min, fiir die fluorimetrische mindestens
1 Stunde ausgeheizt werden. AnschlieBend ist noch eine Konditionierung durch drei
Probenhydrierungen erforderlich, deren Substanzmengen dem oberen Grenzwert
der Untersuchungsmenge entsprechen.

ZUR ARGENTOMETRISCHEN TITRATION KLEINSTER SULFIDIONEN-
KONZENTRATIONEN MIT BIPOTENTIOMETRISCHER
ENDPUNKTANZEIGE

Zur bipotentiometrischen Endpunktanzeige

Polarisiert man zwei identische, sulfidierte Silber-elektroden in einer natronalkali-
schen, ammoniakalischen Sulfid-Losung mit einem sehr kleinen, konstanten Strom
einer Gleichspannungsquelle (Abb. 4) und nimmt wihrend der Titration mit Silber-
Ionen den Potentialverlauf mit einem Millivolt-Schreiber auf, so erhdlt man eine
Titrationskurve, die die erste Ableitung der Nernst-Kurve darstellt.

Diese “bipotentiometrische Endpunktanzeige* weist bei der Fallungstitration
sehr kleiner Sulfidmengen einige Vorteile gegeniiber einer normalen potentiometrischen
Endpunktanzeige® auf: Sie ist etwa um eine GroBenordnung empfindlicher; die
Einstellgeschwindigkeit der Potentiale ist etwa zehnmal groBer; UnregelmiaBigkeiten
im Verlauf der Potential/Konzentrationskurven wirken sich kaum aus; die Methode
ist sehr einfach; Elektrolytbriicken und Standardelektroden zur Potentialmessung
entfallen; die kleinen Abmessungen der Elektroden erlauben die starke Reduzierung

* Die potentiometrische Titration mit zwei identischen Indikatorelektroden bei konstantem
Strom bezeichnet Kolthoff* als Bipotentiometrie und Bishop®® als differentielle elektrolytische
Potentiometrie. Im deutschen Sprachgebrauch ist auch der Ausdruck Polarisationsspannungs-
Titration geldufig.
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Schreiber

0-500 mv
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ABg. 4.—Schaltschema zur bipotentiometrischen Endpunktanzeige. Spannungsquelle:
Gleichrichter-Netzgerat, 0-10 V (Ausgangswiderstand R > 10K(Q), 0-100V (Aus-
gangswiderstand R > 25 KQ); z.B. Type NGU BN 9514 der Firma Rohde & Schwartz,
Miinchen, BRD. Widerstand: hochohmiger, in Serie geschalteter Widerstand
R = 10* MQ, Schwankungstoleranz +29%; z.B. von der Firma Victoreen Com-
ponenets Div., Cleveland, Ohio, U.S.A. Millivolt-Schreiber: MeBbereich 0-500 mV,
Innenwiderstand 200 M2, Papiervorschubgeschwindigkeit 600 mm/h; z.B. Typ
Mutlticord-250 der Firma Dr. Kuntze, Diisseldorf, BRD. Die Kabel, die von den
Elektroden zum Schaltkasten und von da zum Schreiber fithren, miissen sorgfiltig
abgeschirmt werden.

des Bestimmungsvolumens auf < 1 ml. Direkte Potentialmessungen mit kommerziel-
len sulfidsensitiven Elektroden®17 sind weniger empfindlich.

Die Elektroden

Liegen die zu bestimmenden Sulfidmengen iiber 1 g, kann man zur bipotentio-
metrischen Endpunktbestimmung reine Silberelektroden verwenden, die allerdings
nach jeder Bestimmung von dem Silbersulfid befreit werden miissen, das durch den
kleinen Polarisationsstrom (~0,01 #A) auf den Elektrodenoberflichen abgeschieden
wird. Fiir die Sulfidbestimmung im ng-Bereich sind die Silberelektroden jedoch
wegen dieser Reinigungsprozedur ungeeignet. AuBerdem sprechen sie auch auf
Halogenide, Cyanid u. a. an. Deshalb wurden fiir die vorliegende Bestimmung
sulfidierte Silberelektroden!®-24 verwendet. Zu ihrer Herstellung sei folgendes
erldutert.

Wegen der sehr unterschiedlichen Temperaturausdehnungskoeffizienten von
Silber und Glas kann Silberdraht in Glas nur unter Verwendung eines speziellen
Ubergangsglases eingeschmolzen werden. Deshalb wurden zur Elektrodenherstellung
Platindrahte verarbeitet, deren freie, aus dem Glas herausragende Enden dann elektro-
lytisch versilbert und anschlieBend sulfidiert wurden.

Die Abscheidungsbedingungen (Stromstirke, Elektrolytzusammensetzung, Elek-
trolysedauer) fiir einen méglichst feinkdrnigen, homogenen Silberiiberzug und eine’
gute Haftfestigkeit und Homogenitdt der Sulfidschicht wurden untersucht und
optimiert.

Aus Abb. 5 ist zu entnehmen, daB die durch das Zylinderschliffrohr (AR-Glas,
Durchmesser 5 mm) des Elektrodenstabes gefiihrten (durch Polyithylen-Schlauche
isolierten) Platindrahte (Durchmesser 0,3 mm) am unteren Ende des Rohres eine
25 mm lange Einschmelzung in gegenseitigem Abstand von 4 mm durchlaufen, dann
5 mm frei herausragen und so zwei Elektroden mit je 4,72 mm? Flache bilden. (Eine
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[
0 10 20 30 mm

Ass. 5.—Elektrodenstab fiir die bipotentiometrische Endpunktanzeige.

Zylinderschliff-Rohr
Linge 80 mm
Durchmesser 5 mm
Elektroden
Léinge 5 mm
Durchmesser 0,3 mm

Verkiirzung der Elektroden verschlechtert ihre Funktion durch den relativ zur
GroBe der Oberfliche inhomogeneren Silberiiberzug, wihrend eine Verdnderung
des Durchmessers bei gleichbleibender Linge keine Anderung im Verlauf der Titra-
tionskurve brachte). Zur Beseitigung der Schneidegrate werden die Enden mit
feinstem Korundschleifpapier bearbeitet.

Fir die Versilberung werden zur besseren Einhaltung gleicher Herstellungsbedin-
gungen immer gleichzeitig mehrere Elektroden vorbereitet: Mit tridestilliertem Wasser
und Aceton werden die Platinelektroden vorgereinigt;* bei der anschlieBenden
elektrolytischen Reinigung tauchen sie in einem speziellen Elektrolysegefill (Abb. 6)
in 1M Schwefelsdure, die durch einen Rithrmotor mit Glasspiralriihrer (3600 U/min)
in Bewegung gehalten wird. Die Elektroden werden bei 5V (140 mA) fiinfmal
alternierend einige Minuten kathodisch und anodisch geschaltet. Bei angelegter
Spannung wird dann der Elektrolyt abgelassen [Hahn (5) in Abb. 6] und so lange mit
tridestilliertem Wasser nachgespiilt, bis kein Strom mehr flieBt. Die Elektroden
werden dann unter einer Stereolupe (40-fach) auf Sauberkeit und Homogenitit
(keine Druckstellen, Verbiegungskanten, Scharten) iiberpriift.

Zur Versilberung werden sie in ein zweites, der Abb. 6 entsprechendes Elektro-
lysegefd mit frisch bereiteter Silbercyanidldsung (vgl. S. 890) eingesetzt, die wie oben
gerithrt wird. Die Elektroden werden als Kathoden geschaltet (Abb. 7); bei 8 V

* Bei Wiederverwendung alter Elektroden miissen erst die alten Silbersulfid- und Silberbelige
iiber Nacht in 5M Salpetersiure abgeldst werden.
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ABs. 6.—ElektrolysegefdB zur Reinigung, Versilberung und Sulfidierung der Elektroden.
1—Teflonstopfen, 2—Parallelschliff-Hiilsen, 3-—eingeschmolzene Platin-Elektrode,
4—Spiralrithrer aus Glas, 5—Hahn.

und 380-400 A wird 1 Stunde elektrolysiert. (Hohere Stromstidrken ergeben zu
grobe und ungleichmiBige Silberbeschldge. Die Apparatur muff wihrend der
Elektrolyse vor direkter Sonneneinstrahlung geschiitzt werden.)

Die Elektroden werden bei angelegter Spannung aus der Elektrolytldsung heraus-
genommen und mit tridestilliertem Wasser sehr griindlich gespiilt. Danach erst wird
der Stromkreis unterbrochen und der Silberiiberzug unter der Stereolupe auf seine
Gite untersucht. (Damit nicht z. B. Staub oder andere Verunreinigungen die gleich-
méBige Silberabscheidung stéren kdnnen, miissen das Ansetzen der Elektrolytlgsung
und die Reinigung der Elektrolysegerite und der Elektroden mit groBer Sorgfalt
geschehen.)

Zur Sulfidierung werden die versilberten Elektroden sofort anschlieBend in ein
drittes der Abb. 3 entsprechendes Elektrolysegefa eingesetzt. Elektrolytlosung ist
eine frisch bereitete alkalische Losung von Natriumsulfid (vgl. S. 891), die wihrend
der einstiindigen Elektrolyse (5,4V, 50 uA) (Abb. 7) wiederum kréftig gerithrt
wird (3600 U/min). Eine Erhohung der Stromstirke—und damit eine Verkiirzung
der Elektrolysedauer—wirkt sich bei der Sulfidierung noch nachteiliger aus als bei
der Versilberung.

Die Elektroden werden nach der Sulfidierung bei angelegter Spannung aus der
Elektrolytlésung herausgenommen und mit tridestilliertem Wasser griindlich gespiilt.
Dann erst wird die Spannungsquelle entfernt. Eine 6-stiindige Wasserung im Dunkeln
mit stiindlichem Wechsel des tridestillierten Wassers schlieBt sich an.

Werden die Elektroden dunkel und trocken aufbewahrt, bleiben sie wochenlang
verwendungsfihig. Vor der Benutzung miissen sie jedoch in jedem Fall, auch wenn
dies sofort nach der Herstellung geschieht, konditioniert werden: Sie werden
30 min lang bei angelegtem Potential in einer Elektrolytlosung gehalten, deren
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ABB. 7.—Schaltschema zur Elektroden-Herstellung.
Versilberung: R = 15 KQ, Elektrolyse-Spannung 8 V
Sulfidierung: R = 100 K, Elektrolyse-Spannung 5,4 V.
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Fldche unter der Potentigldnderungskurve,
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AsB. 8. —Abhingigkeit der mit sulfidierten Silber-Elektroden aufgenommenen
Potentialkurven-Fléiche von der Sulfid-Konzentration der Bestimmungslosung.

Sulfidionen-Konzentration der oberen Grenze des Bestimmungsbereichs entspricht.
Die Elektroden diirfen dann jeweils nur in diesem Bereich verwendet werden.

Schon beim Eintauchen in eine Sulfidionen enthaltende Losung sprechen die
Elektroden bei angelegter Spannung an. Registriert man (ohne zu titrieren) die
Anderung ihres Potentials in Abhingigkeit von der Zeit, erhilt man eine Kurve,
deren Hohe von der Sulfidionen-Konzentration der Lsung abhingig ist: die Maxi-
mumhdhe und die Halbwertsbreite der Kurve nehmen mit sinkender Sulfid-Ionen-
konzentration zu (Abb. 8). So laBt sich im Bereich von 1-50 ng S?~/ml bei ansonst
konstanten Bedingungen die Sulfid-Konzentration ohne Titration direkt aus den
Potential/Zeit-Kurvenflichen leidlich genau bestimmen. (Bei 24 ng S%*/ml lieB
sich die Kurvenfliche mit einer relativen Standardabweichung von 12,59 repro-
duzieren.)
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Ein Elektrodenpaar kann fiir viele Titrationen (>120) iiber einen Zeitraum von
mehreren Wochen ohne Verdnderung seiner Eigenschaften verwendet werden;
jedoch ist vor jeder tiglichen Bestimmungsserie eine Konditionierung erforderlich.
Zur Sicherheit wurden die anschlieBenden ersten drei MeBwerte verworfen. Ein
Elektrodenwechsel wurde nur dann notwendig, wenn durch das hiufige Aus- und
Einfahren des Elektrodenstabes in die Elektrolytlosung Verletzungen der Silber-
sulfidschicht auftraten.

Wihrend des Absorptionsvorganges des bei der Hydrierung entstehenden Schwefel-
wasserstoffes diirfen die Elektroden nicht in die Absorptionsldsung tauchen, da
sonst—unabhingig davon, ob sie polarisiert sind oder nicht—durch diesen Vorgang
ihre Ansprechbarkeit beeinfluft wird. Man zieht sie deshalb in ihrem Zylinderschliff
etwas zurtick und taucht sie erst wieder zur Titration in die Ldsung ein.

ZUR BESTIMMUNGSLOSUNG

Sie hat zwei Funktionen zu erfilllen: sie ist Absorption- und Titrationslosung.
Der bei der Hydrierung entstehende Schwefelwasserstoff muBl von ihr quantitativ
absorbiert werden; deshalb muB sie alkalisch sein. Am Endpunkt der Titration muBl
sich ein scharfer Potentialpik ausbilden konnen; dementsprechend muf3 ihre Ionen-
stdrke bemessen sein.

Bei Verwendung von Natronlauge stort ausfallendes Silberoxid die Endpunkt-
anzeige. Ammoniakwasser hélt Silber als Ag(NHj),-Komplex in Losung, jedoch
verdndert der als Trigergas durchperlende Wasserstoff durch Austreiben des Ammon-
iaks die Alkalitdt und die lonenstirke der Losung so stark, daBl UnregelmiBigkeiten
im Potentialverlauf auftreten. Diese Storungen konnen vermieden werden, wenn als
Bestimmungsldsung eine Mischung von Natronlauge und Ammoniakwasser verwendet
wird.”?*  Eine 0,05M Natronlauge | 0,2/ Ammoniaklosung besitzt optimale
Eigenschaften.

Zur Titration

Versuchstitrationen mit Pb?+, Hg**, Cd** und Ag*MaBlosungen ergaben, daB
nur bei der letzterne der Endpunkt gut reproduzierbar ist. So erfolgte die Titration
mit einer 2 . 10~%M/ Silbernitrat-Losung aus einer motorgetriebenen 500-ul Kolben-
biirette.! Die mit dem Millivolt-Schreiber aufgezeichnete Strecke zwischen dem
markierten Startpunkt der Titration und dem Maximum der Potentialkurve entspricht
der Sulfidionenkonzentration in der Bestimmungslgsung. Die Abhangigkeit ist im
untersuchten Bereich von 10 bis 500 ng S?~/ml linear. Bei einer Papiervorschub-
geschwindigkeit des Schreibers von 600 mm/h und bei einer Titrationsgeschwin-
digkeit von 0,16 ul/sec war die Reproduzierbarkeit am besten. Das Potential
zwischen den beiden Elektroden soll bei einem Widerstand von 10000 MQ 100 V
betragen.?

Thermostatisierung des Bestimmungsgefdlles auf 20 4- 0,5° ist erforderlich, da
die Lage des Kurvenmaximums sich um 0,5 mm/°C verschiebt (Abb. 9). Die Umdre-
hungszahl des Glockenriihrers soll 3000 U/min betragen. Bei einem konstanten
Wasserstoffstrom iiber 15 ml/min ist die Riihrgeschwindigkeit auf die Bestimmung
ohne EinfluB3.

Auch unter Lichtschutz nimmt bei den Bestimmungsbedingungen die Sulfid-
Konzentration der Bestimmungslosung merklich ab (eine Sulfidlésung von 60 ng
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Ass. 9.—Abhingigkeit der Lage und der Form einer mit sulfidierten Silber-Elektroden
aufgenommenen Potentialkurve von der Temperatur.

S2-/ml innerhalb einer Stunde um etwa 30%,)3, sodaB die Titration unmittelbar nach
dem Aufschlu8 durchgefithrt werden muB.

Halogenid- und Cyanid-Ionen storen auch bei 10000-fachem Uberschu8 nicht;
nach einem hydrierenden AufschluB sind deshalb keinerlei Storungen durch andere
Elemente zu erwarten.

Zur Eichung der Methode wurde, da stark verdiinnte Sulfid-Standardldsungen
sehr instabil sind,? ihre tatsichliche Sulfidionenkonzentration mit einer unabhéngigen
titrimetrischen Vergleichsmethode® jeweils zu Beginn einer EichmeBreihe ermittelt.
Von dieser so standardisierten Losung (~500 ug S*~/ml) wurden dann ul-Mengen
eingesetzt.

Die relative Standardabweichung des Bestimmungsverfahrens betrug fiir 120 ng
§?=/ml 4= 2,29 (16 Bestimmungen), fiir 60 ng S*~/ml + 6,5% (18 Bestimmungen)
und fiir 24 ng S2-/ml 4 13,5% (12 Bestimmungen).

ZUR FLUORIMETRISCHEN SULFIDBESTIMMUNG

Die durch Sulfidionen in 0,1 natronalkalischer Losung verursachte Fluoresz-
enzléschung von Fluorescein-mercuri-acetat kann, wie bereits frither gezeigt,® zur
Bestimmung von 3,5 ng S2-/ml mit einer relativen Standardabweichung von 44,99,
(20 Bestimmungen) herangezogen werden. Man leitet den beim Aufschlufl gebildeten
Schwefelwasserstoff durch eine Polydthylenkapillare unmittelbar in eine Kiivette mit
NS-Schlifféffnung (Abb. 1, IT) und absorbiert ihn dort in 1 ml 0,01 N natronalkalischer
Fluorescein-mercuri-acetat-Losung (82,3 ug FMA/1000 ml Ldsung). Die Fluores-
zenzldschung der Losung wird in einem Fluorimeter (Anregungswellenldnge 4, = 499
nm; Emissionswellenlinge 1z = 520 nm) gegen eine Reagenzblindlésung gemessen.

EXPERIMENTELLER TEIL
Reagenzien
Silbercyanid-Losung zur Elektrodenversilberung. In einem QuarzmeBkolben werden 0,04 Mol
KCN (2,60 g) und 0,02 Mol AgCN (2,68 g) mit tridestilliertem Wasser (destilliertes Wasser in einer
Quarzapparatur nochmals bidestilliert) zu 100 ml Losung aufgefiillt. Das AgCN wird vorher frisch
aus dquimolaren Mengen AgNO; und KCN durch Fillung hergestellt und nach sorgfiltigem Frei-
waschen von Nitrat 1 Stunde bei 110° getrocknet.
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Sulfid-Losung zur Elektroden-Herstellung. Na,S.9H,0 (378 mg) und NaOH (0,4 g) werden mit
frisch tridestilliertem Wasser in einem QuarzmeBkolben zu 100 mi Losung aufgefiillt. Die Losung
enthélt ~0,5 mg S*~/ml und ist 0,1 M natronalkalisch. Sie muB nach der Herstellung sofort verwendet
werden.

NaOH—NH,OH-Absorptionslosung. NaOH p.a. (2g) und konz. Ammoniakwasser (20 ml,
D = 0,985) werden in einem vorher 30 min lang ausgedimpften 1000-ml QuarzmeBkolben mit
tridestilliertem Wasser zur Marke aufgefiillt. Anstelle der konz. Ammoniaklosung wurde jedoch
ein entsprechendes Volumen reinsten Ammoniakwassers verwendet, das durch isotherme Destillation
dargestellt wurde.

AgNO;-Titrationslosungen Stammidsung. In einem vorher ausgeddmpften 500-ml Quarzmef-
kolben wird 1 ml Eisessig mit ungefdhr 100 ml tridestilliertem Wasser verdiinnt. Darin 18st man
17,00 mg AgNO;, p.a. und fiillt mit tridestilliertem Wasser auf.

Mablosung. Stammlosung (10 ml) wird in einem 100-ml QuarzmeBkolben mit tridestilliertem
Wasser zur Marke aufgefiillt. Die MaBlosung wird immer nur unmittelbar vor Neufiillung der
Kolbenbiirette hergestellt und sofort in die konditionierte, mit schwarzem Lack iiberzogene Kol-
benbiirette gefiillt. Sie enthilt 3,4 ng AgNO,/ul, d4quivalent mit 0,32 ng S2~/ul.

Fluorescein-mercuri-acetat-Losung (FMA) Stammldsung. Fluorescein-mercuri-acetat (82,3 mg)
wird in einem 1000-ml QuarzmeBkolben (vorher ausgeddmpft) in ~100 ml unter gleichen Bedingungen
hergestellter 0,01 Natronlauge geldst und mit ihr zur Marke aufgefiillt.

MaBlésung. Stammlosung (1 ml, Vollpipette) wird in einem QuarzmeBkolben mit 0,01M
Natronlauge auf 1 1. verdiinnt.

Die Lésungen sind in sorgfiltig gereinigten, braunen Glasschliff-Flaschen mit Polydthylenstopfen
vor direktem Licht geschiitzt {iber mehrere Monate ohne Verlust an Fluoreszenzintensitit haltbar.

Schwefelstandardlésung. Diphenylthioharnstoff (45,66 mg) wird in einem 100-ml Quarzkolben in
Methanol p.a. geldst und damit zur Marke aufgefiilit.

Gebrauchslosung. Stammlosung (10 ml) wird in einem 1000-ml QuarzmeBkolben mit tridestil-
liertem Wasser zur Marke aufgefiillt; 1 ul entspricht 0,64, ng Schwefel. Die Gebrauchslosung ist
taglich frisch zu bereiten; sie wird mit einer Ultramikro-Kolbenverdringungsbiirette dosiert.

Gerdite

Ultramikro-Quarzfadentorsionswaage'-* mit Zubehér.

Vorrichtung zur Losungsteilung

Ultramikroexsikkatoren mit Gefriertrocknungsapparatur *

AufschluB- und Bestimmungsapparatur, wie beschrieben.{

Photofluorimeter,§ mit 10-mm Quarzkiivetten, allseitig optisch bearbeitet, mit NS-Teflonstopfen
verschlieBbar.

Ultramikrokolbenbiiretten (Verdringungsprinzip), mit einer Standardabweichung von +0,01 ul.
Die Biirettenspitze besteht aus einer moglichst feinen Polyidthylen-Kapillare. q*

DURCHFUHRUNG DER BESTIMMUNG

AufschluB im Wasserstoffstrom

Die direkt eingewogene oder durch Losungsteilung dosierte’ Probenmenge (~10 ug) wird im
Probentriger aus Quarz (/ + 4 in Abb. 1) in das Innere der unteren Platin—-Rhodium-Heizspirale
der mit reinstem Wasserstoff durchspiilten und vorher konditionierten Aufschluapparatur (4 + B)
eingefithrt (im Austausch gegen den zur vorherigen Bestimmung benutzten Probentriger). Die
dabei eingedrungen Luft wird durch eine 5-miniitige Spiilung mit Wasserstoff (>15 ml/min) wieder
verdringt.

Wiihgrend dieser Zeit wird aus einer 2-ml Mikrobiirette mit Vorratsgefd3 1 ml Absorptionslosung
in das mit tridestilliertem Wasser gespiilte Bestimmungsgefd8 vorgelegt: zur titrimetrischen Sulfid-
Bestimmung natronalkalische, ammoniakalische Absorptionslésung in das Titrationsgefd (C),
zur fluorimetrischen Bestimmung FMA-Losung in die Kiivette (C").

Dann wird zuerst die obere Heizspirale aufgeheizt (24 V, 6 A), und anschlieBend die untere in
2-3 sec auf etwa 1000° (24 V, 5,5 A) gebracht. Nach der Aufheizung wird der Stromfluf in der oberen
Heizspirale auf 4,4 A, in der unteren auf 5,5 A einreguliert.

* 2.B. Modell QO 1 der Firma Oertling, Cray Valley Works, St. Mary Cray, Orpington, Kent,
England.

1 Hersteller: Glastechnische Werkstitte, Mainz, Reinallee, BRD.

§ z.B. “Aminco Bowman’’ der Firma American Instrument Comp., Inc., Silver Spring, Maryland,
U.S.A.

9 z.B. System Spinco, Firma Beckman Instruments, Miinchen, BRD.
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Pyrolysierung und Schwefelwasserstoff-Uberfithrung dauern 15min. Nach dieser Zeit wird
zuerst die untere, dann die obere Heizspirale abgeschaltet.

Titrimetrische Sulfid-Bestimmung

Wihrend der Pyrolysierung und Hydrierung lduft der Glockenriihrer im Absorptionsgefa
(~3600 U/min), der Wasserstoffstrom betridgt >15 ml/min, die sulfidierten Silber-Elektroden sind
aus der frisch vorgelegten Absorptionslosung herausgezogen und der Polarisationsstrom ist abge-
schaltet. Gegen Ende der Hydrierzeit wird der Papiertransport des Schreibers eingeschaltet. Nach
Abschalten der Heizspiralen wird die Polarisationsspannung an die Elektroden angelegt (100V
Gleichspannung) und die Elektroden in die Absorptionsldsung eingetaucht. Nach Durchlaufen des
Einstellpotentials geht die Potentialkurve auf die Nullinie zurick. Um den Totgang des Papier-
vorschubs auszuschalten, wird der Motor der Mikrokolbenbiirette mit der Silbernitrat-MaBlosung
dann eingeschaltet, wenn die Schreibernadel gerade eine Unterteilungslinie des Registrierpapiers
kreuzt. Dieser Punkt wird auf dem Papier als Titrationsbeginn markiert. Nach Uberschreitung des
Maximums der differentiellen Potentialkurve ist die Titration beendet.

Die Reinigung und Vorbereitung des TitrationsgefdBes fiir die néchste Bestimmung erfolgt mit
eingetauchten Elektroden und angelegter Polarisationsspannung. Vor jeder neuen Probenserie
miissen zur Konditionierung der Elektroden und des AbsorptionsgefdBes drei Bestimmungen einer
Substanz mit einem Schwefelgehalt im zu erwartenden Konzentrationsbereich durchgefiihrt werden.
Bei frisch hergestellten Elektroden konnen je nach ihrer Giite bis zu 5 Bestimmungen notig werden,
ehe die Ergebnisse reproduzierbar sind.

Fluorimetrische Sulfid-Bestimmung

Man legt in zwei sorgfiltig gereinigte, trockene Kiivetten aus einer 2-ml Mikrobiirette mit Vor-
ratsgefdl genau I ml FMA-LOsung vor. Die Fluoreszenzintensitit beider Kiivetten wird gemessen.
Die eine Kiivette bewahrt man wihrend der Absorptionszeit verschlossen im Dunkeln auf. Die
andere Kivette schlieBt man mit dem Schliff an die AufschluBapparatur an, sofort nachdem die
Probe in die untere Heizspirale der AufschluBapparatur eingefiihrt wurde. Die Kiivette befindet
sich wihrend des Absorptionsvorganges in einem Doppelmantelgefd8 aus Messing, das an einen
Thermostaten (20° £ 0,5) angeschlossen ist. Nach Beendigung des Aufschlusses und der Absorption
des Schwefelwasserstoffes (15 min) wird die Kiivette von der AufschluBBapparatur geldst, mit einem
Teflonstopfen verschlossen und gut umgeschiittelt. Danach erfolgt wieder die Messung der Fluores-
zenzintensitiit der Bestimmungslosung und der im Dunkeln aufbewahrten Vergleichskiivette. Aus
den beiden Werten errechnet man die Fluoreszenzloschung und ermittelt aus einer Eichkurve die
Sulfid-Konzentration.

Die Vorschrift zur Aufstellung der Eichkurve wurde schon frither gegeben.?

TABELLE I.—BELEG-ANALYSEN ZUR SCHWEFELBESTIMMUNG MIT SUBSTANZMENGEN
ZWISCHEN 0,08 UND 1,63 ug

Proben-  Zahl der Schwefelmenge, ng Variations-

menge,  Bestim- berechnet gefunden Koeftizient,
Substanz ng mungen elektroch. fluorim. %
Sulfonal (C,H;30,S.) 684 25 96 89,8 — 2,5
185 16 26 — 24, 5,7
a~-Thiodan® (C,H;0;S,Cl,) 1627 25 128 1244 — 2,6
440 15 34, - 32,4 5.3
Thioéther (C;:H,O,N,S) 829 5 96 89 — 2.4
223, 5 26 — 24,, 5,7
1,2-Dicyano-1,2-natriummer- 558,¢ 6 96 93 — 3,0
captodthylen (C,N,S,Na,) 150 5 25,8 — 24,, 5,9
Thioharnstoff (C;H N,S) 304, 4 128 125 — 2,5
82 4 33,; —_ 31, 5,1
Diphenylthioharnstoff 685 5 96 92,, — 3,5
(C1sH 2 N:S) 185 2 26 — 24, 5,2
-Toluolsulfonsdure 760,5 3 141 138 — 24
(C;H;0,S-H,0) 205 4 38,, — 36,, 5,1
2-Mercaptobenzothiazol 836,, 4 160 157 — 2,2
(C,H;N,S,) 226 5 43 — 40, 5,8
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ERGEBNISSE
Beleganalysen

Die in der Tabelle I aufgefiihrten Substanzen wurden in methanolischer Lésung
nach dem Losungsteilungsverfahren vorwiegend in Mengen <1 ug dosiert; ihre
Schwefelgehalte wurden nach beiden Bestimmungsmethoden ermittelt. Die syste-
matischen Minusfehler lassen sich wesentlich reduzieren, wenn man—wie hier nicht
geschehen—in die Eichung der Bestimmungen auch den AufschluB mit einbezieht.

Die an organischen Schwefelverbindungen erprobte Methode eignet sich besonders
zur Bestimmung von Schwefelgehalten in kleinsten Probenmengen biologischen
Matherials (beispielsweise zur Untersuchung der topologischen Verteilung von
Schwefel in kleinsten Gewebeproben). Die Sulfid-Bestimmungsverfahren kdnnen
aber auch nach speziellen Hydrier- und Entwicklungsverfahren zur extremen Spuren-
analyse von Schwefel in verschiedenen anorganischen Matrices herangezogen werden,
worliber in Kiirze berichtet werden wird.

Anerkennungen—Der Deutschen Forschungsgemeinschaft, Bad Godesberg, und dem Verband der
Chemischen Industrie danken wir fiir Sachbeihilfen. Die FAZIT-Stiftung, Frankfurt/Main, unter-
stiitzte die Arbeit dankenswerterweise durch ein Doktoranden-Stipendium.

Summary—For the exact determination of nanogram amounts of
sulphur in very small amounts of organic substances (<2 ug), hydrogen
sulphide, produced by hydrogenation, is determined argentometrically
by means of bipotentiometric end-point indication, or fluorimetrically
by quenching of the intensity of the fluorescence of fluorescein—
mercuric acetate. The relative standard deviation of the titrimetric
method was 2,59 with ~120 ng of sulphur, that of the fluorimetric
method 3,79, with ~25ng of sulphur. Silver sulphide electrodes,
developed for the bipotentiometric end-point indication, and methods
for standardization efc are described.

Résumé—Pour le dosage exact de quantités de soufre de ’ordre du ng
dans de trés petites quantités de substances organiques (<2 ug), on
détermine 'hydrogéne sulfuré, produit par hydrogénation, argenti-
métriquement au moyen d’une indication de point de fin de dosage
bipotentiométrique, ou flourimétriquement par extinction de I’in-
tensité de la fluorescence de I’acétate mercurique-fluorescéine. L’écart
type relatif de la méthode titrimétrique est de 2,5% avec ~120 ng de
soufre, celui de la méthode fluorimétrique est de 3,7 %; avec ~25 ng de
soufre. Les €électrodes au sulfure d’argent, élaborées pour I’indication
bipotentiométrique du point de fin de dosage, et les méthodes pour
I’étalonnage, etc. sont décrites.
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Summary—The structure and bonding of bivalent metal chelates of
0,0’~-dihydroxyazobenzene (DHAB) have been studied by PMR and
absorption spectroscopic methods. These studies indicate that
fluorescence, which is observed only for the MgDHAB chelate, may
arise from a greater degree of ionic character in the metal-oxygen
bonds of this compound than in the other metal(1l) chelates examined.
Possible structures of these chelate compounds are proposed and
discussed.

THE REACTIONS of 0,0'-dihydroxyazobenzene compounds with alkaline earth metals
have been the subject of numerous publications. Their reactions are unusual in two
respects. The formation constant of the magnesium chelate compounds is always
appreciably larger than for other alkaline earth metals.!~% In addition, solutions of
the magnesium chelate of a number of these ligands exhibit fluorescence whereas
the solutions of the chelate compounds of other alkaline earth metals and of transition
metals are non-fluorescent.>¢ The work of Diehl and co-workers has led to the
widespread adoption of o,0’-dihydroxyazobenzene (DHAB) as a reagent for the
fluorometric determination of magnesium in the presence of calcium and other
alkaline earth metals.” Though the combining ratio, formation constant, and pH-
dependence of the reaction of magnesium with DHAB have been described in detail,”
the structure and bonding in these compounds, and the relationship between these
parameters and the fluorescent behaviour of MgDHAB are not fully understood.

In the present work, magnetic resonance and absorption spectroscopic techniques
have been used to examine the structure and bonding in metal(II)-DHAB chelate
compounds. The results of these experiments suggest that the bonding in MgDHAB
may be somewhat less covalent in character and that the fluorescence of this chelate
compound may result therefrom. A pronounced enhancement of the fluorescence of
MgDHAB in aqueous alcohol media has been previously noted® and is consistent
with the proposed structure.

EXPERIMENTAL

Preparation of metal DHAB compounds

Sufficient sodium hydroxide was added to a slurry of DHAB to bring about complete dissolution.
A solution of the appropriate metal perchlorate was added slowly and with stirring. The resulting
solid was recovered by filtration and recrystallized from water, aqueous alcohol, or pure alcohol
(see below). Analysis of the magnesium compound recrystallized from water gave: C, 53-29,;
H,4-5%; N,10-2%;; Mg, 887; calculated for MgDHAB-2H,0: C, 53-:0%; H, 44%; N, 10-:3%;
Mg, 8:9%.

Spectra

Infrared spectra of free ligand and metal chelate compounds in potassium bromide pellets were
obtained with a Beckman IR 10 or Perkin-Elmer 621 spectrophotometer. Visible spectra of free
ligand and metal ligand solutions were obtained with a Cary 14 spectrophotometer. Proton mag-
netic resonance spectra of DHAB and metal DHAB solutions in D,0, were obtained with a Varian
A-60-A NMR spectrometer.

895



896 Joun KnNoeck and J. A. BucrHOLZ

RESULTS AND DISCUSSION

The possible structures of DHAB are shown in Fig. 1. The three cis structures
are sterically unfavoured and a frans structure was expected both for the free ligand
and for metal complexes. NMR studies of DHAB and similar compounds have

@ 425

- @
x_@ @\\O

F1G. 1.—Geometric isomers of 0,0’-dihydroxyazobenzene.

shown that the phenol hydrogen atoms, which give peaks that appear far downfield,
must be strongly hydrogen-bonded.® The symmetric trans structure of Fig. 1 is
therefore most probable for the free ligand. The infrared spectra discussed below
substantiate this structure.

Diehl and co-workers have shown that the necessary structural requirements for
the formation of a magnesium(lII)chelate compound are two phenolic groups o- and o'-
to the azo group.? Metal chelate formation might therefore be expected to entail loss
of the phenol hydrogen atoms and rotation about one of the C—N bonds. The
asymmetric frans structure shown in Fig. 2 is therefore the probable structure for

N,
N\
N
O-M__
o
Fi6. 2.—Proposed structure of metal-o,0’-dihydroxyazobenzene complexes.

the metal chelates. Such a structure is in agreement with that proposed by Drew!?
and with spectroscopic evidence discussed. Thermogravimetric experiments have
shown that the solid magnesium DHAB compound always crystallizes as a
dihydrate from aqueous solution. Furthermore, this metal chelate compound
was recovered from absolute ethanol and methanol as the dialcoholate. The solvent
may occupy co-ordination sites above and below the metal ligand plane in Fig. 2,
suggesting a five-co-ordinate structure for the magnesium DHAB compound. It is
evident from examination of Fig. 2 that a second ligand may approach the metal in a
plane perpendicular to that shown to produce a 2:1 complex with metal co-ordination
No. 6. Such complexes would be charged when bivalent metals are used and would
not be isolated by the method described.

For highly charged metals, notably chronium(I1T), we find evidence for Cr(DHAB),
species. However, for magnesium no evidence for 2:1 or higher complexes was



Bivalent metal chelates of 0,0’-dihydroxzazobenzene 897

found by the usual spectrophotometric methods (continuous variations, mole-ratio,
etc). Titrations of DHAB with magnesium and vice versa were monitored with an
Orion bivalent cation selective electrode. No evidence for combining ratios other than
1:1 was found.

Infrared spectra

The partial infrared spectra of DHAB, MgDHAB-2H,0 and CuDHAB-2H,0 in
potassium bromide pellets are shown in Fig. 3. Infrared spectra of a number of
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W MgDHAB
f H
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em™!

F1G. 3.—Infrared spectra of free and complexed o,0-dihydroxyazobenzene in KBr
pellets.

bivalent metal DHAB complexes have been obtained and are nearly identical with
the spectrum of the copper(Il) compound. In the 1200-1400 cm™ region several
bands relating to the structure of the metal chelates were found. A band at 1348
cm™ in DHAB was assigned to the phenolic O—H bond. This band was absent in
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the metal-DHAB spectra since formation of the metal chelate compound entails
loss of acidic hydrogen atoms. A medium strong band at 1391 cm~! in the CuDHAB
compound and at 1402 cm~! in the MgDHAB compound was assigned to N=N
stretch. This band did not appear in the free ligand spectrum, as the free ligand has
the symmetric trans structure (Fig. 1). The N=N is totally symmetric and its stretch-
ing frequency is infrared-forbidden. The appearance of the N=N stretch in the
metal chelate compounds implies loss of symmetry and is thus consistent with the
proposed structure in Fig. 2.

In the phenyl ring-oxygen stretching region, 1250-1300 cm~1, the free DHAB
spectrum contained a single strong band at 1256 cm~1. The metal-DHAB chelate
compounds showed two bands in this region. Since the oxygen atoms in Fig. 2 are
not equivalent this is consistent with the proposed structure.

The far infrared region shows the appearance of new bands in the 400-600
cm! region when metal-DHAB chelate compounds are formed. These bands
probably arise from metal-ligand vibrations and imply covalency in the metal-ligand
bonds. Assignment of bands in this region of spectrum is made difficult by coupling
of the various low-frequency motions in chelate ring compounds and we hesitate to
make definite assignments at this time. There was, however, a significant difference
between the MgDHAB and CuDHAB spectra in this region. Spectra of Cd(Il),
Zn(II), Ni(II), Mn(IT) and Fe(II) compounds are nearly identical with that of the
Cu(II) compound.

Fluorescence of MgDHAB

The infrared data presented above suggest a somewhat different bonding in
MgDHAB, which may be related to the fluorescence of this compound. Gabor, Fischer
and co-workers!!12 have argued that fluorescence in o-hydroxyazo compounds
arises only when the hydrazone tautomer of the parent compound is of importance
in the structure of the molecule, Fig. 4. The diphenylhydrazone derivative of o-
naphthaquinone, Fig. 5, has fluorescent properties nearly identical with those of the
o-hydroxyazo compound of Fig. 4, supporting these arguments.!!

Figure 6 shows the three tautomers of MgDHAB. Two of these structures are
of hydrazone type and may give rise to the fluorescence of MgDHAB, but if the

Ph }I’h
I
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X O _Z ’ 0
= x =
Non-fluorescent Fluorescent

F1G. 4.—Influence of tautomerization on the fluorescence of o-hydroxyazo compounds.

Fic. 5.—Structure of the fluorescent diphenythydrazone of o-naphthaquinone, (compare
with Fig. 4).



Bivalent metal chelates of 0,0’-dihydroxyazobenzene 899

Fic. 6.—Tautomers of Mg-o,0’-dihydroxyazobenzene.

metal—oxygen bond is largely covalent, such structures will be unlikely since these
require three bonds to oxygen. If, however, the metal—oxygen bond is largely
ionic, i.e. the oxygen electrons are not appreciably shared with the metal, the hydrazone
structures might be important. We propose, therefore, that the MgDHAB chelate
compound involves appreciable covalency in the Mg—N bond but not the Mg—O
bond and is thus fluorescent. On the other hand, DHAB compounds of the other
metals studied must form metal—oxygen and metal—nitrogen bonds which are
largely covalent. Since the oxygen electrons are shared with the metal the hydrazone
structures are not formed and the compounds are non-fluorescent. The difference in
the 400-600 cm-! region of the infrared spectra of MgDHAB and the other metal-
(1I) DHAB compounds reflects, we believe, this difference in bonding.

Freeman and White® have screened a number of o,0"-dihydroxyazobenzene
compounds as possible fluorometric reagents with a variety of metal ions. With
the exception of zinc, which sometimes gave a slightly fluorescent compound, only
beryllium and magnesium of the bivalent metals tested gave fluorescent compounds.
None of the transition metal-DHAB solutions fluoresced.

Diehl and co-workers® have observed a marked increase in fluorescence intensity
upon the addition of alcohols to aqueous MgDHAB solutions. While the mechanism
of this fluorescence enhancement remains unclear, we believe a direct interaction
between the solvent molecule and the magnesium occurs. The proposed structure
in Fig. 2 allows for approach of solvent molecules above and below the metal ligand
plane as previously discussed. In Fig. 7, the relative fluorescence intensity of a
MgDHAB solution has been plotted as a function of mole fraction of alcohol.* The
increase of fluorescence appears to be independent of the alcohol chosen. Fluores-
cence enhancement due to changes in some physical property such as viscosity are
thus precluded and the enhancement must come from some definite perturbation of the
molecular orbital, probably through direct magnesium co-ordination by the alcohols.

NMR spectra
The proton magnetic resonance spectrum of the DHAB anion in D,O is shown
in Fig. 8. The assignment shown in Fig. 8 is consistent with the coupling constants

* Data taken from Ref. 8. Mole fraction calculations were made on the assumption that the
volumes of water and alcohol were additive.

4
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FiG. 8.—PMR spectra of o,0"-dihydroxyazobenzene in D,0-NaOD, chemical shift
vs. acetonitrile,

but is based on the arbitrary assignment of the proton ortho to nitrogen (proton 4
in Fig. 8) to the downfield resonances in the spectrum. Assignment of the downfield
proton to the position ortho to oxygen (proton 1 in Fig. 7) is equally valid though
less likely. To establish unequivocally the assignment of the downfield proton the
NMR spectrum of p-nitrophenylazoresorcenol was obtained and is shown partially
in Fig. 9. Proton 3 in Fig. 9 should show only ortho coupling, proton 2 both ortho
and meta coupling, and proton 1 only meta coupling. The downfield proton in the
spectrum is only ortho coupled, J = 8-5 cps, and must be the proton ortho to nitrogen.
The downfield proton in Fig. 8 must also be ortho to the azo group, substantiating
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Fig. 9.—Partial PMR spectra of p-nitrophenylazoresorcinol, chemical shift wvs.
acetonitrile.

the previously arbitrary assignment. (Protons 4 and 5 of Fig. 9 will also show only
ortho coupling. However, the signal from these protons should be of twice the
intensity of the signal from proton 3 and be easily distinguished. The resonances of
protons 4 and 5 are not shown and were downfield from proton 3.)

Figure 10 shows the PMR spectrum of the DHAB anion and the spectra after

P
WM WM_

F1G. 10.—PMR spectra of 0-5M o,0"-dihydroxyazobenzene with successive additions
of Mg, chemical shift vs. acetonitrile.
Bottom to top: [Mg**] = 0, 0-05, 025, 0-50M.
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successive additions of magnesium. The final spectrum in Fig. 10 was obtained
after the addition of magnesium equivalent to the initial DHAB. The overlapping
octet of proton 2 was virtually unchanged during this experiment. In contrast the
quartet of proton 4 was broadened after the addition of even small amounts of
magnesium and was shifted downfield. The broadening indicated that the chemical
shifts of proton 4 in free DHAB and MgDHAB were different but that metal-ligand
exchange reactions are rapid and only the average chemical shift was seen. The
downfield shift was expected since formation of the Mg—N bond withdraws electrons
from the ring, resulting in deshielding of the protons on the carbon atom adjacent to
the azo group. The resonances of protons 3 are slightly broadened and shifted
slightly downfield for the same reasons.

Resonances of protons 1 are slightly broadened and shifted upfield to the extent
that they overlap those of proton 3. If the hydrazone structure becomes an important
resonance structure, the formation of C=0 from C—O~ should contribute electrons
to the ring and shift the resonances of protons 1 upfield as was observed.

Figure 11 shows the PMR spectrum of the DHAB anion and the spectra after
successive additions of zinc. In these spectra it can be seen that all peaks are broad-
ened after the addition of a small amount of zinc suggesting that both the nitrogen

M A

L : 1 T ) J o

4 2 ! 3

FiG. 11..—PMR spectra of 0-5M o,0’-dihydroxyazobenzene with successive additions
of Zn, chemical shift vs. acetonitrile.
Bottom to top: [Zn®*] = 0, 0-05, 0-25, 0-50M.



atoms and the oxygen atoms are involved in bonding. The chemical shift changes of
protons 2, 3 and 4 are similar to those observed with magnesium. However in the
ZnDHAB spectra the chemical shift of protons 1 does not move upfield as in the
MgDHAB spectra. Since covalent bond formation between zinc and the DHAB
oxygen atoms precludes both formation of a hydrazone structure and the resulting
upfield shift in the PMR spectra of protons 1, this observation supports our models
for structure and bonding in bivalent metal DHAB compounds, and the fluorescence

Bivalent metal chelates of 0,0"-dihydroxyazobenzene

of MgDHAB.
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Zusammenfassung—Struktur und Bindungsverhéltnisse der Chelate
zweiwertiger Metalle mit o0,0’-Dihydroxyazobenzol (DHAB) wurden
mit PMR- und Absorptionsspektroskopie untersucht. Diese Unter-
suchungen weisen darauf hin, daB die nur beim MgDHAB-Chelat
beobachtete Fluoreszenz von einem héheren Anteil an Ionencharakter
in den Metall-Sauerstoff-Bindungen dieser Verbindung, verglichen
mit den anderen untersuchten Metall (IT)-Chelaten, herrithren konnte.
Mogliche Strukturen dieser Chelat-verbindungen werden vorgeschlagen
und diskutiert.

Résumé—On a étudié la structure et le mode de liaison de chélates
meétalliques bivalents de 1’0,0’-dihydroxyazobenzéne (DHAB) par des
méthodes spectroscopiques RMP et d’absorption. Ces études in-
diquent que la fluorescence, qui est observée seulement pour le chélate
Mg DHAB, peut provenir d’un plus haut degré de caractére ionique
dans les liaisons métal-oxygéne dans ce composé€ que dans les autres-
chélates de métal(IT) examinés. On propose des structures possibles de
ces composés chélatés et en discure.

REFERENCES

. G. Schwarzenbach and W. Biedermann, Helv. Chim. Acta, 1948, 31, 678.

. H. Diehl and J.L. Ellingboe, Anal. Chem., 1960, 32, 1120.

. H. Diehl and F. Lindstrom, ibid, 1959, 31, 414.

. F. Lindstrom and H. Diehl, ibid, 1960, 32, 1123.

. R. Olsen and H. Diehl, ibid., 1963, 35, 1142.

. D. C. Freeman and Charles W, White, J. Am. Chem. Soc., 1956, 18, 2678.

. H. Diehl, R. Olsen, G.I. Spielholtz and R. Jensen, 4Anal. Chem., 1963, 35, 1144,

8. H. Diehl, Calcein, Calmagite, and o0,0’-Dihydroxyazobenzene; Titrimetric, Colorimetric, and
Fluorometric Reagents for Calcium and Magnesium, G. Frederick Smith Chemical Company,
Columbus, Ohio.

. L.W. Reeves, Can. J. Chem., 1960, 38, 748.

. H. D. R. Drew and J. K. Landquist, J. Chem. Soc., 1938, 292.

G. Gabor and E. Fischer, J. Phys. Chem., 1962, 66, 2478.

G. Gabor, Y. Frei, D. Getiou, M. Kaganowitch and E. Fischer, Israel J. Chem., 1967, 5, 193.



Talanta, 1971, Vol. 18, pp. 905 to 915. Pergamon Press. Printed in Northern Ireland
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Summary—A method for determining 0-001-0-109; of aluminium in
molybdenum and tungsten metals is described. After sample dissolu-
tion, aluminium is separated from the matrix materials by chloroform
extraction of its acetylacetone complex, at pH 6-5, from an ammonium
acetate-hydrogen peroxide medium, then back-extracted into 12M
hydrochloric acid. Following separation of most co-extracted elements,
except for beryllium and small amounts of chromium(IIl) and cop-
per(dD), by a combined ammonium pyrrolidinedithiocarbamate-
cupferron-chloroform extraction, aluminium is determined spectro-
photometrically with Pyrocatechol Violet at 578 nm. Chromium
interferes during colour development but beryllium, in amounts
equivalent to the aluminium concentration, does not cause significant
error in the results. Interference from copper(il) is eliminated by re-
duction with ascorbic acid. The proposed method is also applicable to
iron, steel, ferrovanadium, and copper-base alloys after preliminary
removal of the matrix elements by a mercury cathode separation.

RELATIVELY few methods for determining small amounts of aluminium spectrophoto-
metrically in molybdenum and/or tungsten metals or compounds have been reported
in the literature. Most of these!™* are either direct adaptations or modifications of an
earlier method, developed by Gentry and Sherrington,® based on separation of
aluminium by chloroform extraction of its 8-hydroxyquinoline complex from an
alkaline cyanide medium and subsequent photometric measurement of the extract.
Two recent methods, applied to molybdenum metal® and tungsten metal and com-
pounds,” involve Eriochrome Cyanine R and Arsenazo II, respectively, as chromo-
genic reagents. In these methods, aluminium is separated from the tungsten matrix
by precipitation of tungstic acid with benzoquinoline, and from the molybdenum
matrix by co-precipitation of aluminium hydroxide with iron(III) hydroxide followed
by removal of iron by ion-exchange. Of these methods, only those involving 8-
hydroxyquinoline as the chelating agent are directly applicable to both molybdenum
and tungsten matrices. However, because of the non-selectivity of this reagent, these
methods are subject to interference from various diverse ions, either by precipitation
during the extraction step or by co-extraction with the aluminium.?

This paper describes an alternative method that is applicable to both molybdenum
and tungsten metals, or matrices, and is more sensitive and less subject to interference
from common diverse ions. The method involves separation of aluminium from the
matrix materials by chloroform extraction of its acetylacetone complex from an
ammonium acetate-hydrogen peroxide medium. Aluminium is back-extracted into

* Crown Copyrights reserved.
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12M hydrochloric acid, followed by removal of most co-extracted elements by a
combined ammonium pyrrolidinedithiocarbamate (APDTC)-cupferron—chloroform
extraction. Pyrocatechol Violet was chosen as the chromogenic reagent in this work
because of its sensitivity.8=1° The applicability of this method to the determination
of small amounts of aluminium in various other materials is also demonstrated.

EXPERIMENTAL
Reagents

Standard aluminium solution. Dissolve 0-5000 g of high-purity aluminium metal by heating in a
250-ml beaker with 50 ml of 509; sulphuric acid solution, cool, dilute to 1 litre with water and store
in a polyethylene bottle. Dilute 5 ml of this stock solution to 500 ml with water. Prepare fresh as
needed (1 ml of this diluted solution = 5 ug of aluminium).

Pyrocatechol Violet, 0-087; solution, wfv. Dissolve 0-2000 g of pyrocatecholsulphonphthalein in
water and dilute to 250 ml. This solution is stable for at least one month.

Acetylacetone, 109, solution, vfv. Transfer 5 ml of 24-pentanedione to a 50-ml volumetric
flask containing 10 ml of ethyl alcohol and dilute to volume with water. Prepare fresh as required.

Buffer solution. Dissolve 100 g of ammonium acetate in water, dilute to approximately 1 1. and
adjust to pH 6-10 with glacial acetic acid (approximately 3 ml).

Ascorbic acid, 5%, solution, wfv. Prepare fresh every two days.

Ammonium pyrrolidinedithiocarbamate (AP DTC)-cupferron solution, 1 %, and 3 %, wfv, respectively.
Prepare fresh as required and filter, if necessary.

Ammonium acetate, 50%, solution, wfv.

Sulphuric acid, 50, solution, v/v.

Chloroform. Analytical reagent grade.

Calibration curve

Add 0-2ml of 509%; sulphuric acid solution to each of six 100-ml beakers; then, by burette, add
to the last five beakers 1, 2,4, 6, and 8 ml, respectively, of standard 5 ug/ml aluminium solution.
The first beaker contains the blank. Add to each beaker 2 ml of 5% ascorbic acid solution,
4 ml of 0-08% Pyrocatechol Violet solution, 1 ml of 509, ammonium acetate solution and adjust
the pH of the resulting solution to 6-10 - 0-03 with concentrated and dilute (1 4+ 9) ammonia
solutions, as required. Then add 5 ml of buffer solution, transfer the solution to a 100-ml volumetric
flask and dilute to volume with water. Determine the absorbance of each solution against water as
the reference solution, using 10-mm cells, at a wavelength of 578 nm. Correct the absorbance value
obtained for each aluminium-Pyrocatechol Violet solution by subtracting that obtained for the
blank. Plot ug of aluminium vs. absorbance.

Procedures

In the following procedures a reagent blank is carried along with the samples.

Molybdenum and tungsten metals. Transfer a 0-5000-g sample of the powdered metal to a platinum
crucible (30-ml) and heat for 1 hr at 600-640° (Note 1). Cool the resulting oxide, add 3 g of anhydrous
sodium carbonate, mix, cover, and fuse by heating for 15 min at the full temperature of a blast
burner. After cooling, wash the outside of the crucible with water, transfer to a 250-ml beaker
containing 25 ml of water, cover, add 5 ml of 50%; sulphuric acid solution and allow to stand until
the subsequent reaction ceases (Note 2). Remove the crucible, dilute the solution to approximately
50 ml with water (Note 3), then add, in succession, 5 ml of 309 hydrogen peroxide solution, 5 ml of
10 9 acetylacetone solution, 10 ml of 509, ammonium acetate solution and adjust to pH 6-5 4+ 0-1
with concentrated ammonia solution. (For tungsten solutions, adjust to approximately pH 8-0 to
dissolve insoluble tungsten compounds, then acidify with 4 or 5 drops of 507; sulphuric acid solution
and readjust to pH 6-5 - 0-1.) Transfer the resulting solution to a 250-ml separatory funnel, dilute to
approximately 100 ml with water, add 10 ml of chloroform, stopper and shake carefully (Note 4) for
2 min. Allow several min for the layers to separate, then drain the chloroform extract into a 125-ml
separatory funnel. Re-extract the sample solution two more times, using 5 ml of chloroform and
shaking for 2 min each time, then wash the aqueous phase by shaking for 1 min with 5 ml of chloro-
form. Combine these extracts with the first one, add 5 ml of concentrated hydrochloric acid, stopper
and shake for 3 min. Allow the layers to separate, then drain off and discard the chloroform phase.
Add 45 ml of water and 3 ml of 19 APDTC-39, cupferron solution to the acid phase containing
aluminium, allow to stand for 5 min, then add 10 ml of chloroform, stopper and shake for 1 min.
Drain off and discard the chloroform phase. Re-extract the solution, using 2 ml of APDTC—cupferron
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solution and 5 ml of chloroform, then wash the aqueous phase twice by shaking for 1 min each time
with 5 ml of chloroform (Note 5). Transfer the aqueous layer to a 250-ml beaker, add 5 ml of 50%
sulphuric acid solution, heat gently to remove excess of chloroform and evaporate the solution to
about 25 ml. Add 3 ml each of concentrated perchloric and hydrochloric acids and 1 ml of nitric
acid, cover and boil to destroy organic material, then remove the cover and evaporate the solution
until approximately 1-5 ml of sulphuric acid remain (Note 6). (If a yellow or brown colour is observed
at this stage, repeat the acid treatment, adding more sulphuric acid, if necessary, until the solution
becomes colourless). Cool, wash down the sides of the beaker with a small amount of water and
evaporate to fumes of sulphur trioxide. Add 25 ml of water, heat gently to dissolve aluminium salts,
transfer the resulting solution to a 100-ml volumetric flask and dilute to volume with water. Transfer
a suitable aliquot (up to 20 ml) (Note 7) of both sample and blank solutions, depending on the
expected aluminium content of the sample, to 100-ml beakers and analyse the solution for aluminium
by the procedure given under Calibration curve.

Iron, ferrovanadium and steel. Transfer a suitable weight (0-2-2-0 g) of sample, containing not
more than 2 mg of aluminium, to a 250-mi beaker, add 30 m! of water, and 15 ml of 509 sulphuric
acid solution, cover, and digest on the hot plate until action ceases. (If the sample contains more than
approximately 0-5%; of silicon, evaporate to fumes of sulphur trioxide to dehydrate the silica, cool,
add 50 ml of water and heat to clarify the solution). Filter the resulting solution into a 200-ml
volumetric flask, wash the paper and contents several times with water, transfer to a 30-ml platinum
crucible, and ignite at approximately 500°. Cool, add 1 ml of 507; sulphuric acid solution, 2 m] of
hydrofiuoric acid, and 1 ml of concentrated nitric acid (if elemental silicon is present), heat gently
to dissolve the residue, evaporate to dryness, and ignite at 500°. Fuse the resulting residue with 2 g
of potassium pyrosulphate, cool,and transfer the crucible and contents toa 250-ml bzaker containing
50 ml of water and 5 ml of 509, sulphuric acid solution. Heat gently to dissolve the melt, remove
the crucible, combine the resulting solution with the original filtrate, and dilute to volume with water.
Transfer a 50-ml aliquot to a mercury cathode cell, dilute to 100 ml with water, and electrolyse the
resulting solution for 1 hr at approximately 10 A. Filter the electrolyte into a 250-ml beaker, add
5ml of concentrated hydrochloric acid (to volatilize residual mercury, if present), and evaporate
until 1-1-5 ml of sulphuric acid remain. Add 50 ml of water, heat gently to clarify the solution
(Note 8), cool, and after the addition of hydrogen peroxide, acetylacetone, and ammonium acetate
and pH adjustment to 6-5 + 0-1, proceed with the separation and subsequent determination of
aluminium as described above.

Copper-base alloys (aluminium content greater than 0-10%;). Transfer a suitable weight of sample,
containing not more than 2 mg of aluminium, to a 250-ml Teflon beaker and add 20 ml of water,
20 ml of 50%; sulphuric acid solution, 2 ml of concentrated nitric acid, and 2 ml of hydrofluoric acid
(if silicon is present). Cover and heat gently until all of the sample is in solution, then remove the
cover and evaporate to fumes of sulphur trioxide. After cooling, wash down the sides of the beaker
with a small amount of water and again evaporate to fumes to ensure complete removal of hydro-
fluoric acid. Add 50 ml of water, heat gently (if necessary) to dissolve salts, then transfer the solution
to a 200-m! volumetric flask and dilute to volume with water. Transfer a 50-ml aliquot to a mercury
cathode cell, dilute to 100 ml with water, and proceed as described above for ferrous samples.

Copper-base alloys (aluminium content 0-10% or less). Decompose a 0-5-1-0-g sample by the
method described above, using 7 ml of 50 %{ sulphuric acid solution instead of 20 ml. After evaporat-
ing the solution twice to fumes of sulphur trioxide, add 50 ml of water, heat gently to dissolve salts,
then transfer the resulting solution to a mercury cathode cell, dilute to 100 m! with water, and proceed
as described above.

Notes

1. Under these temperature conditions, tests showed that the loss of molybdenum, by volatilization
as the trioxide, does not exceed approximately 10 mg.

2. At this stage the resultant tungsten compound is insoluble.

3. If the subsequent extraction procedures cannot be completed the same day, allow the solution to
stand overnight at this point.

4. To avoid excessive pressure resulting from partial decomposition of hydrogen peroxide, the
funnel must be vented periodically, during extraction, by releasing the stopper. Certain ions
[cobalt(IT) and chromium(III)] promote the decomposition of hydrogen peroxide, but this does not
hinder the extraction of aluminium.

5. Five ml of 19, APDTC-3% cupferron solution are sufficient for the removal of up to at least
5 mg of iron or copper.

6. Sulphuric acid solutions of aluminium should not be evaporated to dryness. This results in the
formation of an anhydrous aluminium sulphate, which is virtually insoluble in water or dilute
acid solution, causing low results.**
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7. Aliquots greater than 20 ml are not recommended, because of the high aluminium content of the
reagent blank (up to approximately 18 ug in the procedure for molybdenum and tungsten metals).
Presumably this results largely from the sodium carbonate employed in this procedure because
lower blanks (10 ug or less) were obtained in subsequent work with ferrous and copper-base
materials.

8. Some flocculent silica (originally present as soluble silica in the initial sample filtrate) may be
present at this stage but does not interfere in subsequent steps.

RESULTS

Composition of Pyrocatechol Violet

Although numerous investigators®-1%-12-18 have studied the aluminium-Pyro-
catechol Violet reaction and/or have advocated this reagent for the spectrophotometric
determination of aluminium, the reported conditions for optimum complex formation
and particularly, the reported molar absorptivity values, vary considerably. Accord-
ing to data by Anton,!? the molar absorptivity of a 2:3 aluminium-Pyrocatechol
Violet complex, formed at pH 5 in a pyridine-acetate buffer medium, is approximately
70 L mole™*.mm™ (calculated from the published absorption spectrum) at 615 nm,
the wavelength of maximum absorption. Later workers, Wilson and Sergeant,?
Tanaka and Yamayoshi,® and Mustafin et all® have reported considerably higher
values {676 x 103 (calculated from reported absorbance values), 6:80 x 103, and
5:80 x 10%l.molel.mm™?, respectively] for a 1:2 complex (Ayax = 580 nm) formed
in weakly acid media (optimum pH ~6). Recently, Chester et all® developed a
method based on formation of a ternary 1:2:5 aluminium-Pyrocatechol Violet—-
cetyltrimethylammonium bromide complex in basic media because they could not
reproduce the high sensitivities reported for the binary complex. In the present
investigation, involving formation of the 1:2 complex in weakly acid media, the molar
absorptivity of the complex formed with a certain batch of Pyrocatechol Violet
(reagent I) was found to be slightly higher (7-03 x 103 Lmolet.mm™ at A,,. =
578 nm) than that reported by Tanaka and Yamayoshi.? However, under the optimum
conditions found for the reagent, complexes formed with two other batches of dye
from the same supplier had the same wavelength of maximum absorption but con-
siderably lower molar absorptivities (5-54 and 2-72 x 10% l.mole~1.mm™? for reagents
II and III, respectively). Similar anomalous behaviour of different batches of Pyro-
catechol Violet has been observed previously??! and was attributed to variations in
the amount of “‘reactive constituent” in the reagents.2® A mole-ratio study carried
out with reagent I gave definite evidence for the 1:2 complex reported by other
investigators,®10-15:17 but, under the same conditions, questionable ratios of approx-
imately 1:3 and 1:4 were obtained for reagents II and III, respectively.

These findings and the absorption spectra of the three reagents in ethyl alcohol
(Fig. 1) show that they are not identical. Although there are only slight differences
in the positions of the main spectral bands (reagent I, 443 & 3 nm; II, 438 4= 3 nm;
III, 427 -4 3 nm) definite differences are evident in the intensities of these bands and
in the region below 350 nm. Reagent II also exhibits an additional band at approx-
imately 585 nm which was found to be due to a purple constituent that could be
separated by chloroform extraction from an aqueous ethyl alcohol medium. Further
studies to determine the nature of the three reagents tested were not attempted in the
present work. However, the results of the foregoing investigation suggest that
differences in reagent composition are probably responsible for reported differences
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F1G. 1.—Absorption spectra of different samples of Pyrocatechol Violet. () Pyro-
catechol Violet I; (b) Pyrocatechol Violet II; (c) Pyrocatechol Violet III. Spectra of
5 x 10-3M solutions in ethyl alcohol measured against ethyl alcohol in 10-mm cell.
in molar absorptivities and optimum conditions required for formation of the alum-
inium-Pyrocatechol Violet complex. Because of the sensitivity and stability of the
complex formed with Pyrocatechol Violet I, this reagent was employed in the present
investigation.

Optimum conditions for complex formation with Pyrocatechol Violet I

Most previous investigators®~1915-1¢ have found that the optimum pH required
for formation of the 1:2 complex is approximately 6. This was corroborated in tests
with reagent 1 which showed that complex formation is complete in the pH range
5-90-6-35.

At pH 610 (chosen for the present work) a 1-5-fold molar excess of reagent is
sufficient for complete complex formation. However, the stability of the complex is
enhanced by using approximately a 3-fold excess. The respective decreases in absorb-
ance after 24 hr were found to be approximately 179, and 39/ at the 40-ug level.

Some previous investigators have advocated rather long reaction times (1-2
hr) 8:1018.17 or elevated temperatures (50-80°),1%%¢ for complete complex formation.
According to Tanaka and Yamayoshi,® and also the present work with reagent I,
the complex formation at room temperature is essentially instantaneous.

Separation of aluminium by extraction of its acetylacetonate

At the beginning of this investigation it was apparent that Pyrocatechol Violet
could not be employed as chromogenic reagent for the determination of small
amounts of aluminium in molybdenum and tungsten metals unless aluminium was
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first separated from the matrix elements. Pyrocatechol Violet is a non-selective
reagent and forms complexes with many metal ions,'3-22-% including molybdate and
tungstate. Furthermore, common complexing agents such as tartrate, citrate, or
EDTA cannot be employed for masking purposes because they inhibit or prevent
the formation of the aluminium complex.

Although most previous investigators'~> have employed chloroform extraction of
the 8-hydroxyquinoline complex to separate aluminium from molybdenum and
tungsten matrices, published data®-2 pertaining to acetylacetone complexes suggested
the possibility of an alternative solvent extraction method. Miller and Chalmers?’
have shown that, in the pH range 6~7, aluminium can be completely extracted in
three stages with diethyl ether from aqueous acetylacetone media. Tungsten(VI) is
not extracted in the pH range from O to at Jeast 4-5 with a 1:1 acetylacetone—chloro-
form solution®® and molybdenum(VI) is not extracted above approximately pH 5-8
with a 0-10M solution in benzene.?® From these data, it was considered that a
multiple-stage extraction of aluminium acetylacetonate from a weakly acid medium
(pH >6 but <7 to prevent, or inhibit, co-extraction of molybdenum and various
other ions, respectively) might provide an effective means of separating aluminium
from large amounts of molybdenum and tungsten; consequently, this separation
procedure was investigated in the present work.

Preliminary experiments were carried out at pH 6+5 with molybdenum and tung-
sten solutions containing 500 g of aluminium and 0-5g of the matrix elements.
Miller and Chalmers’s®” procedure (modified from a micro to a macro scale) was used
for the extraction of aluminium acetylacetonate, except that chloroform (because of
its density) and 120 hydrochloric acid (more effective than 6M) were employed as
solvent and for back-extraction of aluminium from the organic phase, respectively.
In these tests, complete recovery of the added aluminium was obtained from the
tungsten solutions, although pH adjustment to 6-5 resulted in a turbid, opalescent
solution; low results (~450 ug) were obtained for the molybdenum solutions.
Subsequent work showed that aluminium is readily extracted, at pH 6-5, from
molybdenum solutions containing hydrogen peroxide (from 2 to at least 7 ml); this
reagent also promotes clearer tungsten solutions. Analysis of the final solutions for
the respective matrix elements showed that negligible amounts of tungsten and only
small amounts of molybdenum (less than 0-12 mg) were co-extracted with the alu-
minium.

Effect of diverse ions

Although acetylacetone is a non-selective reagent and forms complexes with over
50 metal ions, the extractability of these complexes is greatly influenced by pH,
masking agents, and reagent concentration.?® From previous work?-2 jt was
expected that a number of metal ions would be co-extracted with aluminium acetyl-
acetonate at pH 6-5. Because both APDTC®%3! and cupferron®® form chloroform-
extractable complexes with many metal ions in hydrochloric acid media, a combined
APDTC-cupferron extraction from approximately 109, hydrochloric acid media was
employed, in the present investigation, to remove the majority of co-extracted ions.

Because hydrogen peroxide (which is capable of masking various ions) and a
lower acetylacetone concentration than that used by Miller and Chalmers®” are
employed in the present work, an investigation was made of the effects of various
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common ions on the extraction and subsequent determination of aluminium. The
results of these tests (Table I) show that, except for small amounts of copper(Il), and
for chromium(III) and beryllium (which do not react with either cupferron or APDTC
in 109, hydrochloric acid media), all of the ions co-extracted at greater than trace
level (>0:01 mg) are completely, or almost completely, removed by the subsequent
APDTC~cupferron—chloroform extraction step. This step also removes co-extracted
molybdenum(VI); less than 0-02 mg was found in the aqueous phase after extraction.

TABLE I.—EFFECT OF DIVERSE IONS

Al found, ug Diverse ion found, mg
Acetylacetone
concentration After After
in aqueous After APDTC- After APDTC-
phase acetylacetone- cupferron—  acetylacetone- cupferron—
Diverse ion (approximate), chloroform chloroform chloroform chloroform
taken M extraction extraction extraction extraction
P(V) (2mg) 0-03 250 — — —
(5 mg) 0-03 163 — — —
(2 mg) 0-05 497 — — —
(3 mg) 0-05 500 — —_— —
(4 mg) 0-05 491 — — —
(5 mg) 0-05 485 — e —
Fe(Il) (Smg) 0-05 — 500 4-98 None detected
Cr(IID* (2 mg) 0-03 496 — 0-10 —
(5 mp) 0-03 428 — 0-19 —
2 mg) 0-05 503 —_ 0-28 —
CedV) (S5mg) 0-05 497 — T —
Mn(I) (mg) 0-05 500 — <0-005 —
Co(Il) (5mg) 0-05 494 500 0-06 <0-005
Nidl) (5 mg) 0-05 503 — <20-005 —
Cu(Il (5mg) 0-05 e 503 4.92 0-04
Zn(Il) (Smg) 0-05 503 — 0-01 —
HgdI) (5mg) 0-05 494 — None detected —
Th(AV) (5mg) 0-05 488 — t —
TiAV) (5 mg) 0-05 503 — None detected —
Pb(I) (Smg) 0-05 494 495 0-10 0-007
YV) (5 mg) 0-05 500 — None detected —
Nb(V) (§mg) 0-05 501 — None detected —
Ta(V) (5 mg) 0-05 505 — None detected —
Be(I) (0-5mg) 0-05 502 s 0-48 —

Aluminium taken, 500 ug.
* Chromium(V]) is reduced to the tervalent state in acidic hydrogen peroxide media.
t Qualitative tests indicated very little, if any, co-extracted.

Residual copper(Il) is prevented from reacting with Pyrocatechol Violet in the
proposed method by prior reduction to the univalent state with ascorbic acid. Beryl-
lium, in amounts equivalent to the aluminium concentration, does not cause signi-
ficant error in the aluminium result. Chromium(IIl) (>2 mg) interferes with the
extraction of aluminium acetylacetonate from peroxide media. Chromium(III) and
(V1) also interfere in the final determination of aluminium because of the slow forma-
tion of a Pyrocatechol Violet complex [chromium(VI) is reduced to the tervalent
state during complex formation with Pyrocatechol Violet] at room temperature®.
Initially, the formation of the aluminium complex is inhibited in solutions containing
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chromium, but the absorbance of these solutions increases on standing. Reasonably
accurate results can be obtained in the presence of small amounts of chromium (up
to approximately 20 ug in the aliquot taken for analysis) when absorbance measure-
ments are made 15-30 min after pH adjustment. However, co-extracted chromium
can readily be removed from the final sclution by volatilization as chromyl chloride
from a perchloric-hydrochloric acid medium.

Small amounts of phosphorus(V) (as orthophosphate) and iron(III) (2 mg) were
found to interfere (presumably by formation of aluminium phosphate and by causing
emulsification in the chloroform phase, respectively) with the extraction of aluminium
in preliminary tests carried out in media approximately 0-03M in acetylacetone.
However, subsequent work showed that both of these effects can be avoided, to some
extent, by increasing the reagent concentration; with 0-05M media (Table I), up to
4 mg of phosphorus(V) and at least 5 mg of iron (III) do not interfere. Cerium(IV)
and thorium(IV) form hydroxides during pH adjustment, but these precipitates float
on top of the chloroform phase and do not interfere with the extraction of aluminium.
Although niobium(V) and tantalum(V) hydrolyse when the solution is heated during
the initial solution preparation, hydrogen peroxide complexes these ions and main-
tains them [also titanium(IV)] in solution during the extraction step. Zirconium(IV)
causes emulsification in the chloroform phase; only pg quantities can be tolerated
in the proposed method.

Applications

The proposed method was applied to the analysis of a series of synthetic molyb-
denum and tungsten samples in which the added aluminium was varied from 0-001
to 0-109/. The standard aluminium solution was added to the samples after decom-
position of the sodium carbonate melt of the respective oxides. It was also applied
to iron, steel, and ferrous and non-ferrous alloys after removal of the matrix elements

TABLE II.-—RECOVERY OF ALUMINIUM BY THE PRO-
POSED METHOD FROM SYNTHETIC MOLYBDENUM AND
TUNGSTEN SAMPLES

Total Al present, Al found,
Matrix % %
Mo 0-:0010 0-0009
0-0050 0:0047
0-0100 0-0098
0-0250 0-0248
0-0500 0-0506
0-1000 0:0995
w 0-0010 0-0012
0-0050 0-0050
0-0100 0-0101
0-0250 0-0244
0-0500 00492
0-1000 0-0990

Duplicate determinations of aluminium in the Mo
and W metals by the proposed method gave average
results of none detected and none detected, respec-
tively.
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by a mercury cathode separation. The results of these analyses are given in Tables
II and IIL

DISCUSSION

Table II shows that the results obtained for the synthetic molybdenum and
tungsten samples agree favourably with the amount added. The results obtained
(Table III) for the National Bureau of Standards and British Chemical Standards
samples of iron, steel, ferrovanadium, bronze, brass and nickel-copper alloy are in
reasonably good agreement with certificate values.

In the proposed method, the APDTC-cupferron-chloroform extraction step
effectively removes all co-extracted iron(IIl). Iron must be absent in the final solution
taken for analysis because it interferes in the determination of aluminium. According
to Mustafin et al.}*'7 the reaction between iron(III) and Pyrocatechol Violet can be
prevented by prior reduction of iron to the bivalent state with either thioglycollic or
ascorbic acid. However, this was found to be ineffective in preliminary tests, because
iron(II) also reacts with Pyrocatechol Violet.?2-24

The proposed method is suitable for samples containing 0-001%, or more of
aluminium. Smaller amounts cannot be accurately determined because of the
aluminium content of the reagent blank (Note 7).

Acknowledgements—The author expresses sincere appreciation to G. H. Faye for his critical review
of this manuscript and to the following members of the Mines Branch staff for performing the analyses
for diverse ions: J. C. Hole, R. H. Donahoe, R. S. Kobus and P. Lanthier.

Zusammenfassung—Ein Verfahren zur Bestimmung von 0.001-0.10%;
Aluminium in metallischem Molybddn und Wolfram wird beschrieben.
Nach Losen der Probe wird Aluminium von den metallischen Haupt-
bestandteilen durch Extraktion seines Acetylacetonkomplexes bei
pH 6.5 aus einem Ammoniumacetat-Wasserstoffperoxid-Medium und
Riickextraktion in 12M Salzsdure getrennt. Mit Hilfe einer kombinier-
ten Chloroformextraktion mit Pyrrolidindithiocarbamat und Cupferron
werden die meisten mit extrahierten Elemente auBer Beryllium und
kleinen Mengen Chrom(IIT) und Kupfer(Il) abgetrennt. Dann wird
Aluminium spektrophotometrisch mit Brenzcatechinviolett bei 578 nm
bestimmt. Chrom stért wihrend der Farbentwicklung; Beryllium
verursacht in zur Aluminiumkonzentration &quivalenten Mengen
keine wesentlichen Fehler. Die Stérung von Kupfer(Il) wird durch
Reduktion mit Ascorbinsiure beseitigt. Das vorgeschlagene Verfahren
148t sich auch auf Eisen, Stahl, Ferrovanadium und Legierungen auf
Kupferbasis anwenden, wenn man die Hauptbestandteile vorweg an
einer Quecksilberkathode abtrennt.

Résumé—On décrit une méthode pour déterminer 0,001-0,10%;
d’aluminium dans le molybdéne et le tungsténe métalliques. Aprés
dissolution de I’échantillon, on sépare ’aluminium des matériaux de la
matrice par extraction au chloroforme de son complexe acétylacé-
tonique, & pH 6,5 & partir d’'un milieu acétate d’ammonium—eau
oxygenée, puis exiraction en retour en acide chlorhydrique 12M.
Apres séparation de la plupart des éléments coextraits, & I'exception
du beryllium et de petites quantités de chrome(IIT) et cuivre(II), par
une extraction combinée pyrrolidinedithiocarbamate d’ammonium-
cupferron-chloroforme, on dose I'aluminium spectrophotométrique-
ment au moyen de Violet de Pyrocatéchol a 578 nm. Le chrome géne
au cours du développement de la coloration, mais le béryllium, en
quantités équivalentes 4 la concentration en aluminium, ne cause pas
d’erreur importante dans les résultats. L’interférence du cuivre(IT) est
€liminée par réduction & Pacide ascorbique. La méthode proposée est
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aussi applicable aux fer, acier, ferrovanadium et alliages 4 base de
cuivre aprés élimination préalable des éléments de la matrice par une
séparation sur cathode de mercure.
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Summary—1-2000 nmole of chloride was determined by coulometric
titration with silver ions. The error was 0-1-5%;, depending on sample
size. Chloride in water could be determined down to 0-01 ppm.
The titrations were made in 759 acetic acid, 25% water. The dis-
placement of the electrode potential on dilution of the solvent with
water was determined. Two alternative procedures to compensate the
end-point displacement are described. The titration times were 2-4 min
for pretitration of the solvent and 2-4 min for titration of the sample.
In some cases another 4 min were required for equilibrium to be
reached. Various solvent compositions were used in order to find the
optimum conditions.

TRACE determination of chloride is of importance in many applications. The standard
procedures employ titration with silver or mercury, either with indicators or potentio-
metrically. The potential breaks in a potentiometric titration can be enhanced by
addition of an organic solvent such as acetone, and smaller amounts can then be
determined.

Differential electrolytic potentiometry as well as zero current potentiometry were
studied by Bishop and Dhaneshwar.l®> They were able to determine 0:36 ug of
chloride (10 nmole) in about 2 ml (starting concentration 5 X 10-%M in chloride) with
a precision of about 2%, The titration time was 1-3 hr and the size of an aqueous
sample was limited to about 0-3 ml as the titration medium was 85 9; acetone. They®
also investigated titrations in methanol and obtained acceptable results down to 1077
M in chloride. Hozumi and Akimoto* used a sodium-sensitive glass electrode in a
potentiometric titration of halides with silver in abour 90 §; acetone; 1 ymole was deter-
mined with a precision of 0-3%,. The sample size could be 5 ml, corresponding to 7
ppm of chloride.

Coulson and Cavanagh?® titrated chloride coulometrically in 859 glacial acetic
acid. They stated that determinations could be made in the range 0-1-1000 ug
chloride, but the accuracy at the lower limit was not reported. Later work with the
instrument as reported in the manual showed that nanogram quantities could be
determined in 709, acetic acid. Liddrach et al® used the same instrument and
titrated in 709 acetic acid according to the manual. They found that water in the
sample diluted the solvent and displaced the end-point potential. When the titration
was allowed to continue to the preselected potential to compensate for this displace-
ment the integrator showed a reading which could not be differentiated from a
reading from titration of chloride.

Prokopov? compared 1-propanol, 2-propanol, ethanol and acetone in the titration
of 4 x 1078M or higher concentrations of chloride. Krijgsman, Mansveld and Grie-
pink® titrated 40-1500 nmole of chloride in 50 ml of 709 glacial acetic acid.

There remain several important difficulties in the determination of trace amounts of
chloride. The literature does not contain sufficient information about the selection of a

917



918 A. CEDERGREN and G. JOHANSSON

solvent and in some cases the reported method was rather time-consuming. The pres-
ent work was therefore undertaken to examine some of these questions in more detail.
In selection of a method coulometric generation of silver seemed to be advantageous,
especially as generation on the macro scale has been thoroughly investigated by
Marinenko and Taylor!! and shown to be very accurate.

In a recent paper Krijgsman et al.® showed that chloride could be titrated to one
end-point and bromide and iodide to another. They also reported how changes in
the medium, acetic acid—water, could increase the sensitivity and selectivity for differ-
entiation. Kainz and Wachberger!® used dioxan as a solvent in the titration of down

to 3 nmole of chloride.
EXPERIMENTAL

A silver wire was used as indicator electrode and a Radiometer K 601 mercury-mercurous
sulphate electrode was used as reference. The indicator electrode was made from a glass tube
plugged with a silicon rubber stopper so that the silver wire, diameter 1 mm, protruded 5 mm.
This indicating electrode pair was connected to the LKB-16300 Coulometric Analyzer. The generating
electrode pair consisted of a rotating silver gauze anode and a platinum wire cathode. The silver
gauze, 1000 mm?, was fastened to the LKB rotating electrode assembly. The cathode was made
from a spiral of 5 mm of 0-5-mm diameter platinum wire fused into a glass stem. The cell assembly
is shown in Fig. 1. The titration vessel was a Metrohm EA 880-20. The operating principle of the

12V,

a\ Motor and

mercury contact
Indicating electrode Working electrode

Reference el.

Auxiliary el.

Teflon
Hg/Hg,
Pt-spiral
Ag-wire
Ag-mesh

LKB 16300

COULOMETRIC ANALYZER

FiG. 1.—Titration cell and coulometric analyzer.




Coulometric trace determination of chloride 919

mV

300

250

200

150

100

50

A 1 1 i

100 90 80 70 60 50

% Organic solvent

F1G. 2.-—The potential break, £, in the titration of 025 zmole 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 NaClO,
{ acetone +17-1 mM NaClO,

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.?? 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 0-19 of reading --0-02 nequiv.

Light reduces silver ions as shown by Champion and Marinenko'® 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 smali to moderate
amounts of chloride without additional electrolyte. Larger amounts could be titrated within a
reasonable time if sodium perchlorate was added; 9-8 mAf sodium perchlorate had only a small effect
on the sensitivity as shown in Fig. 2.

Procedure

Acetic acid solvent (25 ml) 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 ef al.?
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.!

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 of an 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 9 acetic
acid was found to be 1-52 nmole/mV. In order to titrate this amount of chloride with
19 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.

Prokopov® 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 1009 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 efc, until a

v e e




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 u1, were added by an Agla microm-
eter burette so that the effect of changes in solvent composition should be negligible.

TaABLE I.—TITRATION OF 5-100 ul oF Cl~ saMPLE IN 25 ml OF 75%, ACETIC

ACID,
Rel.
Number Taken, Found, Recovery, stand. dev.,
of runs nmole nmole % %
5 0-92 0-88 95-7 54
5 1-84 175 951 32
5 370 3-83 103-5 1-8
7 91-90 91-86 99-6 00,4
7 8775 8756 99-8 0-0,
2 1755-0 1753-8 99-9 0-0,

The table shows that the method can be used for titrating very small amounts. In
fact only Bishop et al. and Lddrach et al.® 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.

Ditution 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 Lidrach e al.® 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 9, 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 al.®. The potential of point 4
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 4 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/Hg,SO, 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 1 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 C4
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 CI- in 25 ml of 7479, and

The insert shows how the points relate to sigmoid curves.

TABLE II.-—TITRATION OF CI~ IN 1-ml WATER SAMPLES

71-8%; acetic acid.

Taken, Integrator Correction, Found, Found,
nmole reading mmole nmole ppm
0 1-57
0 2-10 17 01 0-00,
0 1-88
59 79 1-8 61 0-22
122 13-8 1-8 120 0-42
233 24-4 1-8 226 0-80
59-6 60-2 1-8 584 207
977 98-8 1-8 969 3-43
716 719 1-8 7 254

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 1-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 al.t and by Monien et al.'* 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 4 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 of chloride
in aqueous samples.

TaBLE HI.—TI1TRATION OF Cl~ AND Br—

Taken,
nmole Deviation
_ Found, from sum,
Cl- Br- nmole %
6-65 4-87 11-65 4-1-1
11-52 0-0
11:50 —0-2
13:30 974 23-32 +12
23-30 +1-1
2321 -+0-7
33-25 24-35 57-80 +0-3
5990 +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 ITI. 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 ef a/.® Large amounts of foreign substance
change the medium and a correction or a new end-point should be determined as
described above, under Dilution of the solvent.

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—1-2000 nMol Chlorid wurden durch coulomet-
rische Titration mit Silberionen bestimmt. Der Fehler betrug je nach
ProbengroBe 0,1-5%,. Chlorid in Wasser konnte bis herunter zu 0,01
ppm bestimmt werden. Die Titrationen wurden in 759 Essigsdure
und 259; Wasser ausgefiihrt. Die Verschiebung des Elektroden-
potentials bei Verdiinnung des Losungsmittels mit Wasser wurde
bestimmt. Zwei mdgliche Verfahren werden beschrieben, um die
Verschiebung des Endpunktes zu kompensieren. Die Titrationszeiten
betrugen 2-4 min fiir die Vortitration des Losungsmittels und 24
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min fiir die Titration der Probe. In einigen Fillen wurden weitere 4
min benétigt, um das Gleichgewicht zu erreichen. Um die besten
Bedingungen herauszufinden, wurden verschiedene Losungsmittel-
zusammensetzungen ausprobiert.

Résumé—On a dosé 1-2000 nmoles de chlorure par titrage coulo-
métrique avec des ions argent. L’erreur est de 0,1-59;, dépendant de la
dimension de I’échantillon. On peut doser le chlorure dans 1’eau
jusqu’a une quantité aussi petite que 0,01 ppm. Les titrages ont été
faits en acide acétique 75%, eau 25%;. On a déterminé le déplacement
du potentiel d’électrode par dilution du solvant a 'eau. On décrit
deux techniques possibles pour compenser le déplacement du point de
fin de dosage. Les temps de titrage sont de 2-4 mn pour le prétitrage
du solvant et 2-4 mn pour le titrage de échantillon. Dans quelques
cas 4 autres mn sont nécessaires pour atteindre I’équilibre. Diverses
compositions de solvant ont été utilisées 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
Pprecision 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-
metry and 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 chemicals'~® 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 analytical labora-
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 of producing the 18-M{Q 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
927
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filtration (e.g. through use of a 47-mm Millipore filtering unit* with a well-washed
Solvinert membrane of 0-25-pm 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 109, 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,? 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 of Imperial Chemical Industries.® 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 analytical labora-
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-MQ 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-M( 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 lightproof cabinet 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 095 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 of Imperial Chemical Industries.® That gravimetric procedure
is based on the use of a comparatively large weight (10 g) 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 I. 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 [.—~COMPARISON OF MOLALITY OF A HYDROCHLORIC ACID
SOLUTION’

I.C.I. “Ultimate silver standard”’
procedure® 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 0-1M solutions. The concentrates studied were
from lots regularly marketed by various European and North American suppliers.

6
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TaABLE II.—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 € 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 I1].-——ASsSAY OF HIGH-PURITY CHLORIDE SALTS

J. T. Baker
ULTREX
Compound Lot No. Assay, % wiw* Mean, % wiw

NacCl UMOA455 100-016, 100-019, 100-028 100-021
NaCl t 99-978, 100-011, 100-005; 100-023% 100-004
NaCl § 99-754, 99754, 99-765 99-758
100-016. 100-016, 100-027 100-020
KCl UMO453 100-028, 100-018, 100-020 100-022
KCl UMO467 100-029, 100-031, 100-035; 100-013 100-027
KCi bl 100-032, 100-027, 100-034 100-031
KCl § 99-849, 99-860, 99-847, 99-848% 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 105° 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 650° 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.

9 Small experimental batch.

1 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 Jow 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 verhiltnismiBig einfaches gravimetrisches
Silberchloridverfahren mit ziemlich breiten Toleranzen in den Bedin-
gungen wird in allen Einzelheiten mitgeteilt, wobei auf alle kritischen
Arbeitsvorginge und VorsichtsmaBregeln eingegangen wird. Das
Verfahren erlaubt die Prizisionsbestimmung von Chlorid auch durch
Analytiker, die nur begrenzte Erfahrung mit der Ausfithrung gravi-
metrischer Methoden haben, und kann mit in fast allen Laboratorien
vorhandenem Geridt und ohne Abhiéngigkeit von einer Standard-
substanz ausgefiihrt werden. Die bis zum Vorliegen des Ergebnisses
verstrichene Zeit und die tatsdchliche 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 Salzsdureldsungen wird
beschrieben.

Résumé—On présente dans tous ses détails une technique gravimétrique
raisonnablement simple du chlorure d’argent, avec une tolérance
moyennement grande dans les conditions, tous les stades critiques et
précautions étant délimités. La technique permet le dosage précis du
chlorure par des analystes n’ayant qu’une expérience limitée des méth-
odes gravimétriques rigoureuses, et peut étre réalisée avec un équipe-
ment commun & presque tous les laboratoires et sans dépendre d’une
substance ¢talon. Le temps écoulé et le temps de travail réel pour
P’estimation en triple d’un échantillon solide sont de 65 et 10-12h
respectivement. On décrit Papplication de la technique au assay de
quelques chlorures de haute pureté et 3 I’étalonnage de solutions
d’acide chlorhydrique.
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COMPUTER-ASSISTED STUDY OF THE COMPLEXATION
OF QUINIZARIN-2-SULPHONIC ACID WITH IRON(III)
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Summary—A detailed spectrophotometric study of the complexation
of iron(II) with quinizarin-2-sulphonic acid (Q) in 0-1M 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 ionst~* including iron(IIT). Solutions containing
iron(I1I) and QSA are coloured differently from those of other metal-QSA combina-
tions'2 and two investigations of this system have been reported.>® We previously
reported® evidence that suggested the presence of a mononuclear species with a molar
ratio of 1:1 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.

EXPERIMENTAL

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(IIl) perchlorate in 0-1M 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 L.—SOLUTIONS USED TO DETERMINE STABILITY CONSTANTS AT 25-0°C

Solution Tron(11l) solution used Final
No. M ml [Fe(ID], 10*M pH
1 992, x 107 50-00 0-446, 1-08,
2 893, x 102 1-00 0-89, 1-06,
3 893, x 10— 200 1-78, 1-064
4 893, x 10-* 3-00 2:68, 1-06;
5 893, x 10-% 4-00 3-57, 1-06,
6 893, x 10-2 5-00 4-46, 1-06,

In all solutions, final concentration of QSA was 2:027 x 10*M.
935



936 J. A. THoMmsoN and G. F. ATKINSON

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(IIl) 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(I)/QSA-(QSA +FE) >0
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F1G. 1.—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,” a slight shift in the maximum “excess absorbance” with
wavelength was noted. This was confirmed by conventional Job plots at 590 nm
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,® 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,® for the solutions in Table I, were taken as the input into a computer program
PITMAP based on Metzler’s® and Sillén’s' 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,
1:1and 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 Fe, Qg3+ form. Formation of mixed
complexes was neglected but hydrolysis of the iron(I1I) not bound to the reagent was
considered in this and all other models. Also, formation of an iron(Ill) perchlorate
complex was not considered.!

Two overall formation constants were defined:

[Fe][H,Q]py; = [FeQH][H] 0Y)
and

[Fe]*[H,QPpfy3 = [Fe,Qz]1[HIE. )]

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

Casa = [HyQ] + [FeQH] + 3[Fe,Q,] €)
and for iron(l11l):

Cre = [Fe] + [FeOH] + [FeQH] + 4[Fe,Q;] )

where, [FeOH] is the concentration of a pseudo-species representing all hydrolysis
species of iron(1II). At the concentration levels and acidity conditions used, it was

expected that the hydrolysis species Fe(OH),+ would be negligible'? and therefore

)

OUTFe] 289H[Fe]?
ol ]+ a5 [Fe]

[FeOH] = [FeOH] + 2[Fey(OH),] = s [H]2

where O and B9 are hydrolysis constants. The absorbance, A, of an iron(IIl)
solution can be represented (assuming Beer’s law is obeyed, and the path-length is
/mm) by

All = gy[Fe] + £[FeOH] ©)
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where ¢, is the molar absorptivity (l.mole~!.mm™) of Fe®" and & is an apparent
or mean molar absorptivity (same units) for the hydrolysed species, defined by the
expression

&1[FeOH] + ¢;[Fe,(OH),]

[FeOH] + 2[Fey,(OH),}

= ™
The constant ¢; refers to the monomer and &, refers to the dimer.

Values of fOE, R, &, and & were not available for the conditions of this work.
By submitting data from a spectrophotometric study of iron(Ill) 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(IlI) species.

Equations (3) and (4) were reduced to two equations in the unknowns [H,Q]
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 solutior
so that refinement of the stability constants could be carried out.

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

log 511 = 1-48 4 0-04 (std. devn.)
log B4 = 11-14 4- 0-09 (std. devn.)
in solutions of 0-1 M ionic strength at 25-0°. 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 Fe,Q; species
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FI1G. 2.—Computed molar absorptivities for the species FeQH and Fe,Qs.
is probably an artifact of the computational procedure and a reflection of the low

concentration of the species.® 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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F1G. 4.—Calculated and observed spectra of solutions 4, 5 and 6.

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 Fe,Q; 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 II.—CALCULATED COMPOSITION (TWO-SPECIES MODEL) OF THE SOLUTIONS DESCRIBED IN TABLE I

(Cysy = 2:027 X 107*M).

Solution

No. Cye, M [H:Ql, M [Fel, M [FeOH], M  [FeQH], M  [Fe,Ql, M
1 4-46, x 107% 1-78; x 107* 421, x 10* 5665 x 10-7 2:40, x 107> 3:57, x 10-8
2 893, x 10* 1-60, x 10~* 849, x 10-* 1-09; x 10~¢ 4-16, x 10-* 3-28, x 107
3 1785 x 10-% 127, x 107* 170y x 10~* 222, x 10~% 669, x 10~®* 2:75, x 10-®
4 268, x 10% 101, x 10~¢ 2-56, x 10-* 3-37, X 10~% 800, x 10~* 7:19, X 10—
5 3-57, x 107® 8065 x 10~5 343, x 10-®* 4-55, x 10~* 8-59, x 10-° 1:20, x 10-%
6 446, x 107 660, x 10-° 4-31, x 10~* 5725 X 105 8-80, x 10-5 1-61, x 10~%

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 of 0-1M 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
stoichiometry® 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(Ill) and QSA, FeQH and Fe,Q,, 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 since 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 ailuded to in this report are available upon
request.
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Zusammenfassung—Es wird iiber eine eingehende spektrophotomet-
rische Untersuchung der Komplexbildung von Eisen (III) mit Chiniz-
arin-2-sulfonsdure (Q) in 0,1M uberchlorsaurer Losung berichtet. Es
gibt Hinweise darauf, da3 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, da3 am ehesten ein Modell
in Frage kommt, das zwei Komplexe mit den Fe:Q-Verhdltnissen 1:1
und 4:3 enthidlt. Die Stabilititskonstanten und die berechneten
Spektren fiir die beiden Spezies werden mitgeteilt. Es wird angenom-
men, daB3 der Ligand in der mehrkernigen Spezies zwei Chelatringe
bildet.

Résumé—On rapporte une étude spectrophotométrique détaillée de la
complexation du fer(IIT) avec I’acide quinizarine 2-sulfonique (Q) en
solution dans I’acide perchlorique 0,1M. Iy a évidence de I’existence
de plus d’un complexe dans la solution. Les analyses des données ont
été effectuées par une technique du type PITMAP, et la comparaison
des résultats provenant de la considération de plusieurs modeles de
composition de solution montre que le mod¢le privilégi¢ est celui pour
deux complexes avec des rapports Fe:Q 1:1 et 4:3. On rapporte les
constantes de stabilité et les spectres calculées pour les especes. On
suggere que le ligand est bischélatant dans 1’espéce polynucléaire.
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Summary—Semicarbazide can be titrated quantitatively with potassium
bromate in the presence of nickel(1l), cobalt(Il) and manganese(Il)
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.! The reaction was subse-
quently investigated by Jancik ef al.2 and Vulterin,®* and was shown to proceed ac-
cording to the equation:

3NH,CONHNH, + 2BrO;~ = 2N, -+ 3CO, + 3NH, + 2Br~ + 3H,0.

Recently, the conditions under which the reaction proceeds quantitatively have been
defined by Hitchcock.> During our investigation of metal complexes of semicarba-
zide (sc),® the Co(II), Ni(II) and Mn(ll) complexes could be successfully analysed
for ligand but the presence of Cu(ll) caused negative errors when the range of hydro-
chloric acid concentrations defined by Hitchcock® 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 25ml of the semicarbazide hydrochloride solution; the mixture was diluted to
100 m] with distilied water and titrated with 0-0167M potassium bromate.

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

Apnalysis of nickel complexes. Approximately 1 mmole of the complex, accurately weighed, was
dissolved in conc. hydrochloric acid (25ml). 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 of hydrogen ion concentration. Enough hydrochloric acid was added to 25 m! of 0-025M
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(II) solution was
added (625 ml, 0-10A/) and the solution was diluted to 100 ml and then titrated with potassium
bromate.

943



944 M. J. M. CampBELL, R. GRZESKOWIAK and B. PERRETT

(i) Effect of chloride ion concentration. Calculated quantities of hydrochloric acid were added
to 25-ml portions of 0-025M 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(ID) solution was then added (6-25 ml, 0-10M) and the solution was diluted to 100 ml
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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F1G. 1.—FError curves for the potentiometric titration of semicarbazide with KBrO,.

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(Il) is added instead
of Br~; BD—in presence of Mn(Il).

are similar to those found by Hitchcock.> The method is therefore satisfactory for
titration of nickel complexes of semicarbazide (Table I). However, copper(Il)
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°T1M, 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),Br, 40-3,, 40-4;, 404, 40-72
(Av. 40-42, o 0-06)

Ni(sc).Cly, H,O 50-4,, 50-3,, 50-4, 50-42
(Av. 50-41, o 0-08)

Ni(sc)SO, 3364, 33-3,, 33:7,, 33:2,,
329, 33-2,, 32:9,, 3249, 327
(Av. 3325, 6 0-28)

Ni(s¢c),SO,, 2H,0 44-04, 43-9,, 43-9,, 439, 44-02
(Av. 4395, 6 0-04)

Ni(sc),Cl,, 23H,0 5664, 5654, 5664, 566, 56-30
(Av. 5665, 6 0-03)

Ni(scH),, 1H,0 68-4,, 68-4,, 684, 68-63

(Av. 6842, 0 0-02)

o == standard deviation.

%
o

Error
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P
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Il L L L N
oz 05 B¢l 20 50 10
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FiG. 2.—Dependence of the error on the hydrochloric acid concentration in presence of
copper(ll) at [Cu]:[sc] = 1. A4—in absence of Br~; D—in presence of 0-1M 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(Il):SEMICARBAZIDE MOLAR RATIO 1:1. CALCU-
LATED TITRE 24-89 mi

Titrant used, ni

1-0M final [HCI].
Initial addition
3-0M final [HCI). 1-0M final [HCI]. of bromide to

Addition rate Initially Initially give 0-1M final

mi|sec bromide-free bromide-free concentration
0-50 24-47 2126 21-73
0-10 24-37 20-52 21-46
0-02 24-28 20-06 21-30

or
2t
L
rys
B
oo-8f
o
2
=
L
_10k

1 i I L e ! H L
10 20 30 40 50 60 70
Final [HCLU] M

Fi6. 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 0-1 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)]** and [Cu(sc),]?* 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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F1G. 4.—Effect of Cu(II):sc ratio on the error for semicarbazide-bromate titrations at
constant hydrochloric acid concentration.

The negative errors are attributed® to the side-reactions
2NH,NHCONH;* + 2H,0 == 4NH " + 2CO, + Ny + 2¢~
2NH,NHCONH;* + 2H,0 = 3NH,* + HN; - CO, + 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 reaction’

HCl -+ HBrO, — HCIO + HBrO,

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(sc).]?+ ion, since as the hydrogen-ion concentration
rises the equilibrium
[Cu(sc)o]*t + H = [Cu(sc)]* + scH*

is displaced to the right, and there is an associated decrease in interference. At
higher acidities (greater than 33f) the increase in error is concomitant with the
formation of the yellow [CuCl,]%~ion. This error continues to increase with increasing
hydrochloric acid content (Fig. 3) suggesting that the induced reactions may involve
ion-pairs such as [scH,]*". ... [CuCl]*.

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

7
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FiG. 5.—The effect of chloride ion concentration on the error fo'r semicarbazide—
bromate titrations at constant hydrogen ion concentration.
Final [H*]: A—2-5M; B—40M; C—5-0M; D—625M; E—9-0M.

Error, %

1 i

! 1 1 L «
20 30 40 50 60 70 80
Final [H*]1 M

Fic. 6—Dependence of the error on hydrogen ion concentration for semicarbazide-
bromate titrations at constant chloride concentration.
Final [CI7]: 4—01M; B—02M; C—0-5M; D—1-0M; E—2-0M; F—3-0M.
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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(Il) 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 0-19; 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(II) und Mangan(ll) titriert werden;
Kupfer(Il) dagegen stdrt erheblich. Der Einflu von Kupferionen
auf die Reaktion zwischen Kaliumbromat und Semicarbazid wird
untersucht und die optimalen Bedingungen angegeben, unter denen
die Reaktion quantitativ verlduft.

Résumé—On peut titrer quantitativement le semicarbazide avec le
bromate de potassium en la présence de nickel, cobalt(IT) et manganése-
(II), mais le cuivre(II) géne sérueysement. Les influences des ions cuivre
sur la réaction entre le bromate de potassium et le semicarbazide sont
¢étudiées et I’on indique les conditions optimales dans lesquelles la
réaction est quantitative.

REFERENCES

. A. Kurtenacker and H. Kubina, Z. Anal. Chem., 1924, 64, 388.

. F. Jantik, O. Cinkova and J. Kérbl, Coll. Czech. Chem. Commun., 1959, 24, 2695.
. J. Vulterin, ibid., 1963, 28, 1391.

. J. Vulterin and J. Zyka, Talanta, 1963, 10, 891.

. P. H. Hitchcock, Proc. Soc. Anal. Chem., 1968, 5, 203.

. M. J. Campbell and R. Grzeskowiak, J. Inorg. Nucl. Chem., 1968, 30, 1865.

. C. Hinshelwood, J. Chem. Soc., 1947, 698.

SN BN



Talanta, 1971, Vol. 18, pp. 951 to 952. Pergamon Press. Printed in Northern Ireland

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.’-* 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 does 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 water 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 0-1M 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 0-05-0-10A/ silver nitrate.
The results were reproducible to +0-37;. 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 of titrations of the same solution. 1t was possible to titrate 0-03-0-1M silver(I), mercury(lI),
cadmium(I) 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(Il) or cadmium(Il), 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 4-1-2%;in the presence
of equivalent amounts of Ag(I) or Hg(IT) 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 T. R. WILLIAMS
The College of Wooster S. PIEKARSKI
Wooster, Ohio 44691, U.S.A. C. MANNING

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

Zusammenfassung—M it einem Film von Quecksilber und Quecksilber-
sulfid iberzogene Platinfolie wird als Elektrode fiir potentiometrische
Titrationen mit Thioacetamid empfohlen.

951
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Résumé—Une lame de platine recouverte d’un film de mercure et de
sulfure de mercure est recommandée comme €lectrode pour les titrages
potentiométriques au thioacétamide.
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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 Rechnitz® 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 of cyanide 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.*
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.% 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 mV).

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, ~0-1M.
Potassium chloride, 0-1000M.
Silver nitrate, 0-1000M.

Procedure

Aliquots of the 0-1M solutions of cyanide and chloride in a single solution were titrated with the
0-1M 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(CN),". 6]

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

+500 r
+400 |-
+300 [ c

+200 [~

+100 -

mvV

-600

o0 L1 v by
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

ml OF Ag NO3

F1G. 1.—Titration curve of a mixture of cyanide and chloride with 0-1000Af 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),~ + Agt = 2AgCN. @

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 mmole found

No. CN- Cl- CN- -
: 00 250 0-0 25-05
2 50 250 498 251
3 10:0 250 10-0 25-05
4 25-0 250 24-98 2501
5 10-0 10-0 0-96 10-04
6 250 10-0 24-98 10-02
7 25-0 5-0 24-94 501
8 250 00 24:96 00

The results in Table I show that for both cyanide and chioride, the maximum deviation is 0-4 %,
with an average deviation of 0-29; 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.® 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/l. 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 Frank J. CoNrRAD
Albuquerque, New Mexico, U.S.A.

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

Zusammenfassung—Die Arbeitsbedingungen zur potentiometrischen
Titration von Cyanid und Chlorid in Millimolmengen nacheinander
werden angegeben; eine fiir Silber spezifische Elekirode dient als
Indikatorelektrode.

Résumé—On donne les conditions pour le titrage potentiométrique
consécutif de cyanure et de chlorure en quantités de Pordre de la
mmole, une électrode spécifique de 'argent étant utilisée comme
électrode indicatrice.
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AAS-Bestimmung von Rhenium in Wolfram, Molybdiin und Tantal
(Eingegangen am 21 Dezember 1970. Angenommen am 24 Februar 1971)

DIE MECHANISCHEN und elastischen Eigenschaften der hochschmelzenden Ubergangsmetalle werden
in starkem Ausmall schon durch geringe Rheniumbeimengungen beecinflusst.' Die analytische
Bestimmung kleinster Rheniummengen in diesen Materialien ist daher in letzter Zeit von mannig-
fachem Interesse. Die Bestimmung von Rhenium in Gegenwart von Molybdin ist dariiberhinaus
bedeutsam, da die einzige Quelle zur kommerziellen Gewinnung dieses Metalles Molybdanite
unterschiedlichster Provenienz, mit einem Rheniumgehalt der Erze in der Gréssenordnung von 0,01
bis 0,274, ist. Die Bestimmung von Rhenium in diesen Elementen ist daher hauptsichlich eine
Frage der Spurenanalyse.

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

Die Atom-Absorptions-Spektroskopie hat sich in vielen Fillen als Analysen-Schnellmethode
bewihrt, da sie seltener durch andere Begleitelemente gestort wird. Es sollte daher versucht werden
diese Methode auf die Bestimmung von Rheniumspuren in Wolfram, Molybdén und Tantal anzuwen-
den und unter Yermeidung aufwendiger Trenn- und Anreicherungsprozeduren ein Schnellverfahren
hierzu auszuarbeiten.

EXPERIMENTELLER TEIL
Apparatur
Die Untersuchungen wurden mit einem kommerziellen Atom-Absorptions-Spektralphotometer
Modell 303 der Fa. Perkin-Elmer durchgefiihrt.
Die Versuchsdaten sind im einzelnen in der Tabelle I zusammengestellt. Die Flammeneinstellung
soll dabei nach Biechler® so sein, dal3 der rote Flammensaum etwa 10-20 mm hoch ist, wenn keine
Losung angesaugt wird.

TABELLE 1.—VERSUCHSBEDINGUNGEN

Spektrometer Perkin-Elmer 303
Schreiber Hitachi 165
Hohlkathodenlampe Intensitron
Wellenlidnge A, = 346,04 nm
Ay = 346,47 nm
Ay = 345,79 nm
Spaltbreite 0,3 mm
Spektrale Bandbreite 0,235 nm
Brenngas Acetylen
Druck 0,55 atii
Stromungsgeschw. 2,5 Liter/min.
Oxydans Lachgas
Druck 1,7 ati
Stromungsgeschw. 12 — 14 Liter/min.
Spriihgeschwindigkeit 2,5 ml/min
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Reagentien und Lisungen

Die verwendeten Chemikalien entsprachen dem Reinheitsgrad “pro analysi” der Fa. Merck.
Die Metalle waren:

Wolfram:  zonengereinigt durch Elektronenstrahischmelze
Molybdén: MoO; (p.a. Merck)
Tantal: 99,8 %, (Schuchardt)

Rhenium: 99,99 % (Koch-Light Lab.).
Die Metalle wurden in kleinen Mengen der folgenden Ldsungsmittel gelost

Wolfram:  307iges H,0, in Gegenwart von Ammoniumcitrat

Molybdédn: 307iges H,O0,, NH,OH

Tantal: 20%;ige HF, konz. HNO,

Rhenium:  konz. HNO,
und durch Auffiillen mit dest. Wasser StammlGsungen einer Konzentration von 5000 pg Metall/m]
hergestellt. Die Eichlosungen wurden kurz vor dem Versuch durch Vereinigung entsprechender
Volumina der Stammldsungen und Auffiillen mit dest. Wasser im MeBkolben hergestellt.

Vorgang

Die fein pulverisierte Wolframprobe (1g 4- 10 mg, auf 0,1 mg genau gewogen) wird in 1 ml
Ammoniaklosung mit 0,5 g Citronensdure und 10 mi einer 307igen Wasserstoffperoxidlosung
vorsichtig gelost, und auf dem Wasserbad erwédrmt bis die Losung klar ist. Die Losung gibt man in
einen 50-ml Mef3kolben und fiillt bei 20° mit destilliertem Wasser auf. Die Absorption der N,O-C,H,
Flamme wird bei 346,04 nm gegen Nullstandard (Wolfram-Stammldsung) gemessen, und die Konzen-
tration aus einer stets {iberpriiften Eichkurve abgelesen.

Bei der Bestimmung von Rhenium in Molybdén geht man genausovor, nur wird hier Citronen-
sdure weggelassen.

VERSUCHSERGEBNISSE

Zur Ermittlung des linearen Absorptionsbereiches wurde zunidchst das Absorptionsverhalten
reiner, wisseriger Rheniumldsungen untersucht. Es zeigte sich daf3 die Extinktion in einem Arbeits-
bereich der Rheniumkonzentration von 10 bis zu 2000 ug Re/ml 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 Probeldsungen ansteigende
Mengen der Matrixelemente zugesetzt. Die Ergebnisse sind graphisch in der Abb. 1 dargestellt.
Wihrend Tantal keinen EinfluB auf das Absorptionsverhalten von Rhenium aufweist, wurde eine
schwache Stérung der Absorption durch die Gegenwart von Wolfram sowie eine ziemlich starke
Storung der Absorption durch die Gegenwart von Molybdin beobachtet.
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Ags. 1.—Einflul von Wolfram, Molybdéin und Tantal auf die Atom-Absorption von
Rhenium.

In Gegenwart von Molybdin wird die Absorption, die in diesem Fall eine Summenabsorption
des Rheniums und Molybdéns darstellt, bis zu einer Konzentration von 5 mg Mo/ml zunichst
sehr stark erhéht, um dann ebenfalls bis zu Molybdidnkonzentrationen von 20 mg Mo/ml konstant
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zu bleiben. Beriicksichtigt man die betrichtliche Absorption der entsprechenden Blindproben, so
zeigt sich auch in Gegenwart von Molybdén eine Verringerung der Rheniumabsorption.

Da im Gebiet der untersuchten Wellenldngen weder elementares Molybdin noch Molybdéinoxide
eine Absorption aufweisen, 148t sich die beobachtete Storung der Rheniumabsorption in Gegenwart
von Molybdén zunéchst nur durch einen rein physikalischen Streueffekt der Hohlkathodenstrahlung
an den Partikeln der leichtfliichtigen Molybdéinoxide erkléren.

Die gemessene Abnahme AJ der Intensitit der Hohlkathodenstrahlung in der Flamme resultiert
in diesem Fall aus der Addition von zwei Effekten, der Anregung 4 von Rheniumatomen durch die
spezifische Strahlung der Hohlkathode und den Streuverlusten Vs, an den Molybdanoxidpartikeln

AJ = A@)+ Vi

Um den storenden Einflul der Matrixelemente auf die Rheniumbestimmung zu eliminieren, muf
zur Konstanthaltung des Storeinflusses die Probeneinwaage so gewéhlt werden, da3 die Konzentration
des Matrixelernentes stets ausreichend grof ist. Da das Interesse im allgemeinen im Konzentra-
tionsgebiet von einigen Prozent Rhenium und weniger liegt, 148t sich diese Bedingung leicht erfiillen

Die Empfindlichkeit m = dc/d4, d. h. die fiir 19, Absorptionsinderung erforderliche Konzen-
trationsinderung, und die Reproduzierbarkeit der Analysen wird jedoch durch die unterschiedliche
Untergrundabsorption des jeweiligen Matrixelementes beeinfluBt. In den Abb. 2 und 3 sind die
Eichkurven fiir die Bestimmung von Rhenium in Wolfram bzw. Molybdin fiir eine Konzentration
des Matrixelementes von 5 mg/ml dargestellt.
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AgB. 2.—Atom-Absorption von Rhenium (O—4000 ug/ml) in Gegenwart von Wolfram.
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AsB. 3.—Atom-Absorption von Rhenium (O—2000 ug/ml) in Gegenwart von Molybdén



958 Short communications

Fiir die Bestimmung von Rhenium in Wolfram wurde dabei die Empfindlichkeit aller drei in
Frage kommenden Spektrallinien des Rheniums untersucht. Es zeigte sich, da8 die Empfindlichkeit
und damit die Bestimmungsgrenze in der Reihenfolge der Linien 346,04 nm > 346,47 nm > 345,79 nm
abnimmt.

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

Bei der Rhentumbestimmung in Tantal wurden jedoch grossere systematische Unterbefunde
von den Eichlosungen beobachtet. Obwohl die Tantalproben vorsichtig in der Kilte (Eiswasser)
gelost wurden, scheint bei der Auflosung in HF/HNO;-Gemischen wenigstens teilweise Rhenium-
fluorid, das leicht fliichtig ist (ReFy: Kp = 47,8°), zu entstehen und der Bestimmung verlorenzugehen.
Auch beim Aufschlu der Tantalproben in KHSO,-Schmelzen wurden Abweichungen beoba chtet
die in diesem Fall auf die relative Fliichtigkeit von Rheniumoxid (Re;0,: Ky = 363°) zurilickzufiihren
sind. Die analytische Bestimmung von Rhenium in Tantal ist daher mehr eine Frage des reprodu-
zierbaren Aufschlusses der Proben.

Als untere Nachweisgrenze fiir die Bestimmung von Rhenium in Wolfram und Molybdin wurde
cine Konzentration von 1 u#g Re/ml ermittelt. Die Signalhohe betrigt dann das Doppelte des Rausch-
pegels der Nullinie. Fiir die durch die Bedingung von 17; Absorption gegebene sichere Nachweis-
grenze ergab sich ein Wert von 5 ug Re/ml. Bei einer Einwaage von 2-00 g/100 ml erhilt man damit
eine untere Nachweisgrenze von 250 ppm Rhenium in Wolfram bzw. Molybdin. Die Ermittlung
der Fehlergrenze des Verfahrens erfolgte mit Hilfe eines Computerprogrammes nach Gottschalk.”
Dabei wurde fiir den funktionellen Zusammenhang zwischen der Konzentration des zu bestimmenden
Elementes und dem MeBwert die Gultigkeit einer dem Lambert-Beerschen Gesetz analogen Bezichung

E=k-C
angenommen, wobel

E Extinktion = 2 — log D (D = Durchlissigkeit)
bzw. = 2 — log (100-4) (4 = Absorption)
¢ [ Verfahrenskoeffizient in cm?®/ml. gMol™;
C Konzentration in guMol-cm™3

bedeutet.
Fiir die praktische Auswertung werden Beziehungen der Form

C=k-E bzw.
C=lo+ by E+ by E?

die Abweichungen vom Idealgesetz beriicksichtigen, berechnet. Verfahrenskoeffizient &, muB
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 zusammengefal3t. Dabei kommt in der Gréfe der
Standardabweichung im Bereich der Uberschneidung der angegebenen Konzentrationsbereiche
eine scheinbare Diskrepanz dadurch zustande, daf3 die im Bereich hoher Konzentrationen auftretende
Standardabweichung in ihrem Absolutbetrag auf die untere Konzentrationsgrenze iibertragen wird.

TABELLE II.—VERFAHRENSDATEN ZUR AAS-BESTIMMUNG VON RHENIUM

in Wolfram in Molybddn
Konzentrationsbereich Halb-mikro Makro Halb-mikro Makro
0,1-1 uM.cm™® 1-10 guM.cm™  0,1-1 uM.cm™ 1-10 uM.cm3

Berechnungsfunktion C =kyE C=ky+ki'E C=kyE+ kyE?
Konstanten ky = 47,5 k, =454 k, = 0,036 ky = 32,1

ky = 33,8 k, = 42,0
Standardabweichung, 0,01, 0,09, 0,01, 0,06,

uM.cm=?

Bestimmungsgrenze, 0,08 0,06

puM.cm—3
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TABELLE [[I.-—LITERATURANGABEN ZUR AAS-BESTIMMUNG VON RHENIUM

Nachweisgrenze, ug/ml

Literatur I}ix(}j).erlmentelle
345,19 nm 346,05 nm 346,47 nm cdingungen
Fassel und 0,~-C;H, Flamme
Mosottit 50* 25% 25%
Amos und
Willis® 33% 127 20% N,0-C,H, Flamme
Schrenk ef al.® — 1-2%* — 0,-C,H; Flamme
““total consumption”
Brenner

Biechler und
Long? — 3,5% —

* Relative Nachweisgrenze (ug/ml).
t Empfindlichkeit (ug/ml/1 %).

DISKUSSION

Die Bestimmung von Rhenium mit Hilfe der Atom-Absorptions-Spektrometrie ist in der Literatur
nur in wenigen Arbeiten®—¢ 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 wisseriger Losung ohne die Gegenwart von Begleitelementen. Die
Ergebnisse der vorliegenden Untersuchungen zeigen, dal3 die beschriebene Nachweisempfindlichkeit
von Rhenium auch in Gegenwart von Wolfram und Molybdén erreichbar ist.

Da die Atom-Absorptions-Spektroskopie lediglich das Auflésen der metallischen Probe in einem
geeigneten Losungsmittel und ansschlieende 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 um Rhenium in Wolfram
und Molybdén bis zu Mengen von 250 ppm herab zu bestimmen.

Anerkennung—Fr die sorgféltige Durchfiihrung der Analysen danke ich Frl. M. Schifer und Frau
E. U. Stamer.

OSRAM-Studiengesellschaft G. M. NEUMANN
Miinchen
B.R.D.

Zusammenfassung—Das Atomabsorptionsverhalten von Rhenium in
Gegenwart groBer Mengen Wolfram und Molybddn wird mitgeteilt.
Die Hauptbestandteile storen bis zu einem gewissen Grade; da diese
Storungen jedoch bei hoheren Wolfram- und Molybdénkonzentrationen
konstant bleiben, kdinn man die AAS zur Bestimmung von Rhenium
in Re/W- und Re/Mo-Legierungen im Makro- und HalbmikromaBstab
ohne vorgeschaltete Trennung verwenden. Bei einer Probengréfie vonlg
betrugen die unteren Nachweisgrenzen 750 und 560 ppm in W bzw.
Mo. Die Empfindlichkeit fir 19 Absorption betrédgt 5 ug Re/ml.

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 mi the
lower determination limits were 750 and 560 ppm in W and Mo re-
spectively. The sensitivity found for 19 absorption was 5 ug Re/ml.
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Résumé—On rapporte des résultats sur le comportement en absorption
atomique du rhénium en la présence de grandes quantités de tungsténe
et de molybdene. 11y a quelques interférences avec les €léments de la
matrice, mais comme ceux-ci restent constants a de plus hautes con-
centrations de tungsténe et de molybdéne, la spectroscopie d’absorp-
tion atomique peut étre appliquée sans techniques de séparation
préalable pour le dosage du rhénium dans des alliages Re/W et Re/Mo
dans les domaines macro et semi-micro. Avec une grosseur d’échantil-
lon de 1 g, les limites inférieures de dosage ont été 750 et 560 ppm en
W et Mo respectivement. La sensibilité trouvée pour une absorption
de 19 e ét¢ de 5 ug Re/ml.
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The organic solvent effect on phosphomolybdic acid and its analytical application
(Received 12 December 1969. Revised 29 December 1970. Accepted 21 January 1971)

IT 1s well known that phosphomolybdic acid (P-Mo) formed in an aqueous solution can be extracted
under certain conditions with oxygen-containing organic solvents such as ethers, alcohols or esters
and the extract exhibits a characteristic absorption spectrum having the maximum at 310 nm (Fig.
1,a). On the other hand, its ultraviolet absorption spectrum in an aqueous solution has been left out
of investigation, because of the presence of isopolymolybdate ions from the reagent, which give high
background absorption. During investigation of heteropoly acids in aqueous solution, we have
found that P-Mo in an aqueous solution displayed an absorption spectrum similar to that of the
butylacetate extract, when a water-miscible organic solvent e.g. tetrahydrofuran (THF) was added
to the aqueous solution. In Fig. 1, a is the spectrum of P-Mo extracted with butyl acetate,!=2 b is the
spectrum of molybdate ion in an aqueous solution, ¢ is that of P-Mo in an aqueous solution, 4 is
that of P-Mo in the mixed solvent (water and THF). The effect of THF can be clearly seen in the
spectrum . Although a solvent effect has already been reported by Chalmers and Sinclair,*® the one
described here is especially pronounced with P-Mo among the four common heteropoly acids
(phospho-, silico-, arseno- and germanomolybdic acids). THF, dioxan, methanol, ethanol and
acetonitrile have a similar effect on the absorption spectrum of P~-Mo but THF was preferred because
it showed a larger effect than the other solvents. Organic solvents used in this system should be free
from peroxides, otherwise interference might be caused by complex formation between molybdate
ions and peroxide.® As P-Mo in the mixed solvent has three times as large an absorbance at 310 nm
as in aqueous solution (compare ¢ with 4 in Fig. 1), its formation can be investigated with higher
sensitivity. Moreover, it was confirmed that the formation of P-Mo in this system depended also
upon both the acidity and the molybdate ion concentration, and the reaction took place reversibly
and rapidly. Atlow molybdate ion concentrations (ca. 10~*M), the formation of P-Mo was quantita-
tive in the pH region 2:5-3:5. The molar ratio of P/Mo in P-Mo formed in the solution was deter-
mined as 1/12 by means of both the mole ratio and the continuous variation methods.

By using these facts, a method for simple direct spectrophotometric determination of phosphate
ion has been developed. The following procedure is recommended. Add the reagent sodium
molybdate solution to a sample in such a manner as to make the final concentration of molybdate
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FiG. 1.—Absorption spectra of molybdate ion and phosphomolybdic acid in aqueous solution, in
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mixed solvent, and in butyl acetate.

: 4 X 10~°M phosphomolybdic acid in butyl acetate.

: 6 X 107*M Na;Mo0, in an aqueous solution at pH 3.
: 6 X 10™M Na,Mo0, + 5 x 10-°M KH,PO, in an aqueous solution at pH 3.

;6 X 107*M Na,Mo0, + 5 x 10-°M KH,PO, in a mixture of water (pH 3) and THF
(239 v[v).

ions 8 X 10~“M. Adjust the pH to about 3 and add enough purified THF to make its final concen-
tration over 159 by volume. Measure the absorbance at 310 nm in a 10 mm quartz cell. The
system conforms to Beer’s law from 0-1 to 1-5 ppm phosphorus.

Department of Chemistry
University of Kyoto

Kyoro, Japan

TAITIRO FUJINAGA
MuTsuo KOYAMA

TosaiTaAkA HORI

Summary—The ultraviolet spectra of phosphomolybdic acid in
aqueous and mixed solvent systems were studied. The spectra are
profoundly affected by the addition of organic solvents such as
tetrahydrofuran, ethanol and their homologues and eventually
exhibit an absorption maximum at 310 nm. The formation of phos-
phomolybdic acid was found to be quantitative even with low concen-
trations of molybdate ions (ca. 10~*M) at pH about 3. By using
these facts, a simple method for direct spectrophotometric determina-
tion of phosphate ion has been developed.

Zusammenfassung—Die Ultraviolettspektren von Phosphormolyb-
dinsdure wurden in Wasser und in Lésungsmittelgemischen untersucht.
Die Spektren werden durch die Zugabe organischer Losungsmittel wie
Tetrahydrofuran, Athanol und ihrer Homologen erheblich beeinflut
und zeigen gegebenenfalls ein Absorptionsmaximum bei 310 nm.
Selbst bei niedrigen Molybdatkonzentrationen (ca. 10-*M) wurde
gefunden, daB Bildung von Phosphormolybdénséure bei einem pH von
etwa 3 quantitativ ist. Auf Grund dieser Tatsachen wurde eine ein-
fache Methode zur direkten spektrophotometrischen Bestimmung
des Phosphations entwickelt.

Résumé—On a étudié les spectres dans I'ultra-violet de ’acide phospho-
molybdique en systémes aqueux et mélanges de solvants. Les spectres
sont profondément modifiés par ’addition de solvants organiques tels
que tétrahydrofuran, éthanol et leurs homologues, et présentent éven-
tuellement un maximum d’absorption 3 310 nm. On a trouvé que la
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formation d’acide molybdique est quantitative méme avec de faibles
concentrations en ions molybdate (environ 10-*M) & un pH d’environ
3. En utilisant ces faits, on a élaboré une méthode simple pour le
dosage spectrophotométrique direct de ’ion phosphate.
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Radio-controlled apparatus for automatic analytical measurements
(Received 3 September 1970. Accepted 16 January 1971)

I~ THE laboratory or industrial plant it is often essential to make analytical control measurements.
Parameters such as temperature, viscosity, refractive index, specific gravity, conductivity, dielectric
constant or the loss angle tan 4, usually yield useful information on both the qualitative and quanti-
tative composition of the sample.

Earlier! we described a system permitting automatic oscillometric measurements when changes
in the composition of a substance to be monitored cause frequency changes of +1-1-5 kHz in the
oscillating circuit. This system takes advantage of the anodic current changes in the coupling of a
TG-TP type circuit,? but does not allow remote automatic measurement or control.

We have successfully eliminated this limitation, devising a system which allows remote automatic
control without any direct electrical connection, but by means of contact by a radio wave. The
analytical information is gained from the frequency change of the carrier wave. The system, which
is transistorized throughout, allows high precision and accuracy in analytical measurements and in
production control.

EXPERIMENTAL
Principle

The system is made up of two separate units set a distance apart; the first generates the signal,
the second receives and transforms it into an electric impulse which automatically operates a relay.

The principle which permits remote automatic oscillometric control is the following: an LC
circuit oscillating at MHz frequency is incorporated in 2 Hartley circuit, the valve of which has a high
amplification coefficient. The LC circuit is coupled through an appropriate cell’ to a chemical
system; every variation of the system’s composition giving rise to a change in the dielectric constant,
the conductivity or tan J, causes a frequency change in the emitted wave.>*

From the expression for the frequency of an RLC circuit:

r=5 (e i)

where f = frequency in Hertz, L = inductance in Henries, C = capacity in Faradays, R == resistance
in ohms, it is readily seen how variation in the dielectric constant and consequently of capacitance
C, as well as variation of the conductivity and therefore of the resistance, gives rise to a frequency
change in the system.

The unit receiving the signal is tuned to the frequency emitted by the first unit and has an auto-
matic transistorized control device connected to a relay through a d.c. amplification circuit; while
the emission signal stays on the original frequency the relay is operational. When the frequency of
the emitted signal varies owing to variation in the chemical system which is to be controlled, the
second unit no longer receives the signal, the relay switches automatically and activates auxiliary
circuits, servomotors etc, which are designed to restore the initial conditions of the system.

It is also possible to programme the original standard frequency as a limit of maximum or mini-
mum frequency with respect to the frequency of the oscillometer coupled to the substance to be



Short communications 963

controiled; when the variation in the composition of the substance causes a frequency change to
the value programmed, the signal sent to the receiver causes the relay to switch automatically.

Description and working principle

The oscillometer is based on a design which has furnished satisfactory results in frequency measure-
ments;*~7 the stability of the emission frequency has been improved by use of high-quality compon-
ents and by stabilizing the voltage.

The oscillating valve must have sufficient dissipation power on the LC circuit to produce a fairly
intense signal for pick-up by the remotely situated receiver; it is possible for the receiver to get
noise and extraneous signals or interferences from industrial plant. To avoid this, the signal to
noise ratio is kept as high as possible.

The antenna, with a height variable up to one metre, is linked directly to the oscillating induction
coil. The cells®-® are connected to the LC circuit of the oscillometer by a coaxial plug RG8 U and
coaxial connectors. The stability of the emitted signal, monitored by a BC 221, is acceptable after
25 min warm-up.

The automatic apparatus is connected to a National NC 190 type receiver used as frequency-
meter. Figure 1 shows a block diagram, Fig. 2 the circuit, and Fig. 3 the circuit of a typical detection
unit in the receiver. This system, connected to the detection stage of a conventional heterodyne
frequency-meter, provides a voltage for switching the relay.

Y Y

,—I: || Autornatic
Q Oscilator Receiver set
oO—
Relay
o— o)

F1G. 1.—Block diagram.

R|
P C.
¢ Trs TR
: T
|
l'g,3v Ry
| ACs
1 t DT
I Re Rs
v

-

F1G. 2.—Transistorized circuitry.

List of components:

Resistors (1/2 W): Capacitors:

R, =33Q C, = 1000 uF, 12V

R, = 68 kQ C, = 2-000 pF, 500 V

Ry =1kQ C, = 10-000 pF, 500 V

Ry, Ry = 680 kO

Ry = 470 kQ Transistors:

R, =220k T, = 2N1303 PNP ...

Ry = 10kQ 7, = N1304 NpN_(S'EoR (s
Rs = 1 MQ linear potentiometer T, = 2N 1306 NPN

Dy, D, =1 G 55 SGS (Fairchild)
RS = BY 114 (Philips).
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F1G. 3.—Scheme of the detection circuit in the receiver. T, = last IF tube; T, =
detector tube; IF = last intermediate frequency transformer; E = connection to
the automatic device.

The working principle is the following: the circuit including R, R;, Rsand C, separates a *‘fraction
of continuous component™ which is present in the detection circuit of the receiver when a signal is
present. This component of the d.c. is applied to the base circuit of the transistor 7, connected as
emitter—follower to adapt the input impedance of the circuit. Thus high input impedance and low
output impedance are obtained. In the absence of a signal in the receiver there is no current flow
through Rs and R;. Transistor T is then non-operational and the base current of T, is the highest
possible for R,; T is conducting, the base of T is at the same potential as its emitter and no current
flows through the relay.

When a signal occurs in the receiver, a d.c. voltage producing polarization inversion of Ty, T,
and Ty is present. The last commands the excitation circuit of the relay. The sensitivity for receiving
the signal is regulated by Rs, depending on distance and other possible interfering factors, metallic
masses, noise or other disturbances. When the signal from the oscillometer falls below the frequency
to which the receiver is tuned, the relay switches to the working position. Other spurious interfering
signals should have an intensity level below that needed to cause inversion in the transistorized
circuit. The oscillometer is connected via a capacitive coupling system to the chemical process of
interest; the dielectric and conductance properties of this process influence the frequency of the
oscillometer, and changes in these parameters cause variation in the operational frequency.

When the receiver is tuned to a given ground frequency, the oscillometer is synchronized to the
same frequency by means of the capacitance C. While the properties of the chemical system in the
cell (i.e., conductance or dielectric constant) are not varying, the remote receiver confirms this state
of affairs and the relay is operational; as the properties vary, the frequency of the oscillometer
shifts and the relay automatically switches off. Adequate devices® are used to make the chemical
system return to its initial conditions.

The automatic applications of the system include sampling, programmed temperature control
and the registration of interruptions which are independent of manual operations.

Institute of Analytical Chemistry

ATHOS BELLOMO
University of Messina, Italy

Summary—An apparatus is described for remote control of chemical
operations and for remote monitoring of processes, by means of a
radio-receiver tuned to the initial frequency of an oscillator that
transduces some physical parameter of the system monitored. The
receiver operales a relay (with feed-back to the system) when the
emitted frequency changes as a result of a change in the system examined.

Zusammenfassung—Ein Gerdt zur Fernsteuerung chemischer Opera-
tionen und zur Fernkontrolle von Prozessen wird beschrieben. Es
benutzt einen Radioempfinger, der auf die Anfangsfrequenz eines
Oszillators abgestimmt ist; dieser Oszillator spricht auf einen physika-
lischen Parameter des kontrollierten Systems an. Der Empfinger



Short communications 965

betitigt ein Relais (mit Riickkopplung zum System), wenn sich auf
Grund einer Anderung im untersuchten System die emittierte Frequenz
dndert.

Résumé—On décrit un appareil pour le contrdle a distance d’opéra-
tions chimiques et pour le contrdle a distance de processus, au moyen
d’un radio-récepteur accordé a la fréquence initiale d’un oscillateur
qui traduit quelque paramétre physique du systéme contrdlé. Le
récepteur fait fonctionner un relais (avec alimentation en retour au
systeme) lorsque la fréquence émise change par suite d’un changement
dans le systéme examiné.
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The extraction constant of mercury(I) 0-o'-dimethyldithizonate into toluene

(Received 2 June 1970. Accepted 18 January 1971)

THE DETERMINATION of iodide, based on the measurement of dithizone liberated from its mercury(II)
complex by means of the iodide to be determined, has been described by Agterdenbos et al.t
Replacement of the dithizone by o-o’-dimethyldithizone [di(o-tolyl)thiocarbazone], H.DMD, did
not give a substantial improvement of the determination of iodide by the described method.
In the course of this investigation an attempt was made to determine the extraction constant
of the mercury(Il) complex of H,DMD into toluene. The unexpected results obtained are
reported in this paper.

THEORY
If the extraction constant (subscripts o and w denote the organic and aqueous phases)

[MLZ]O ) [I'I“L]w2
K= [HL]OZ . [M2+]w (1)
of the equilibrium
2HLo + My*" & ML, -+ 2Hy" )

is very large, it can be measured only in the presence of an auxiliary complexing agent. Some cases
of this type, with iodide as an auxiliary complexing agent, have been described, e.g., by Takei and
Kato** and Breant.®

It is easily derived that if H,DMD is used for HL:

. [Hg(HDMD),Jo - [H*]* ow

[H,DMDJ,? - o % — [HgHDMD),lo| @

where Hg, is the total amount of Hg(Il} in mmole; vw and v, denote the volumes of the aqueous
and organic phase in ml; both volumes and [H*}y are known from the amounts added. In this
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expression « is given by:
- amount of Hg*" in aqueous phase
* = total amount of Hg(1D) not bound to HDMD

_ [Hg** 1w - vw
" Hg, — [Hg(HDMD),I, - vo )
_ [HgH]W
- n
2B HgHDMD), | - 22

For the calculation of «, values given by Marcus®® were used for the stability constants of the
mercury(Il) iodide-complexes and for the partition coefficient [Hgl,1o/[HgI:w.

EXPERIMENTAL
Preparation of H,DMD

o0-0’-Dimethyldithizone was synthesized from 2-methylaniline.'* The final product was purified,*?
by shaking a solution in carbon tetrachloride several times with ammonia and re-extracting it with
sulphuric acid into water. To prevent oxidation of the product it was found necessary to add the
sulphuric acid at as low a temperature as possible. After purification the product was transferred
into toluene. The absorption maxima in toluene were found at 632 and 464 nm, the peak-ratio was
24, g43, was 41 X 10% 1. mole~'. mm~'. Busev and Bazhanova'® report a maximum at 630 nm. The
absorption maxima in carbon tetrachloride were found at 628 and 457 nm with a peak-ratio of 2-0.
Takei and Kato report the maxima at 628 and 458 nm with a peak-ratio of 2:3. At 632 nm there is
no absorbance due to Hg(HDMD),.

Determination of K

Reagents. Solutions of mercury(I) chloride, potassium chloride, sodium perchlorate and per-
chloric acid were prepared from analytical grade reagents. A solution of H,DMD in toluene, about
2 X 10-%M, was prepared as described above.

Procedure. To 25 ml (vo) of H;DMD in toluene were added 25 ml (vy) of an aqueous solution
containing slightly less than the stoichiometric amount of mercuric chloride, from 0-09 to 1-8 m-mole
of potassium iodide, from 0-025 to 2-5 mmole of perchloric acid and enough sodium perchlorate to
make the ionic strength 0-5. The phases were shaken together in a separatory funnel, and after
separation the absorbance of the toluene phase was measured at 632 nm.

Calculations

From the absorbance at 632 nm the value of [H,DMD], was found. With this value of [H,DMD],
and the total amount of H,DMD added the value of [Hg(HDMD),], could be calculated. The
values of Hg; and [H*] were found from the amount of reagent added and from the values of v«
and vo. From the amount of i odide added, the value of vy and the physical constants given in the
theoretical part, the values of o was calculated. In this way, all values necessary for the calculation
of K [see equation (3)] were known.

RESULTS AND DISCUSSION

Results are given in the columns headed a in Table I. The mean value of log K is 27-9, the standard
deviation s = 2-1. Furthermore the value X, given by

log K’ = log K -+ npH -+ ¢pl (5)

(where pI = —log[I"]w), was calculated for » = 2 and ¢ = 2. The results shown in the columns
headed b of Table I show that K’ has a mean value of 343 and s; = 0-32. This may be explained by
assuming that the dithizonate is completely converted into the extractable compound Hg(HDMD), -
2HI, with the same spectrum as Hg(HDMD),. There is no further evidence to support this, however.

If it is not assumed that » and q are integers, insertion of the values n = 1-7 and g = 2-2in (5)
gives a mean value of log KX’ = 34-2 with s, = 0-15, a value significantly lower than the value 0-32.
Interpretation of the non-integers seems still more difficult than that of the integers, however
(columns c).
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TaBLE .—VALUES OF LOG K AND LOG K’

pl 1-1 15 1-8 2:4
pH

a b c a b 4 a b c a b c
0 31:6 338 340 310 340 343 302 338 342 291 339 344
05 31:0 342 343 303 343 344 296 342 344 283 341 344
10 301 343 342 293 343 343 283 339 340 271 339 341
15 293 345 34-3 285 345 343 276 342 341 263 341 341
20 286 348 344 278 348 345 270 346 344 256 344 343
2:5 274 346 341 267 347 342 258 344 340 245 343 340
30 264 346 339 258 34-8 342 251 347 342 239 347 343
a:log K.

b:log K'forn=2andgq = 2,
c:log K'forn =1-7 and ¢ = 2:2.

Though no interpretation of the results obtained can be given, this paper may suggest that the

method described here for the determination of extraction constants should be used with caution.

Analytisch Chemisch Laboratorium
der Rijksuniversiteit
Utrecht, Croesestraat 77A

The Netherlands

O 00 -1 AN L BRI

Summary—An attempt was made to determine spectrophotometrically
the extraction constant of mercury(Il) o-o’-dimethyldithizonate into
toluene by means of a known excess of iodide as a masking agent.
The results found, however, could not be explained by a simple
reaction between mercury(ll) o-o’-dimethyldithizonate and iodide.

Zusammenfassung—Es wurde versucht, mit Hilfe eines bekannten
Jodidiiberschusses als Maskierungsmittel die Extraktionskonstante von
Quecksilber  (IT)-0-0’-dimethyldithizonat in Toluol spektrophoto-
metrisch zu bestimmen. Die Ergebnisse lieen sich jedoch nicht mit
einer einfachen Reaktion zwischen Quecksilber (II)-0-o’-dimethyl-
dithizonat und Jodid erkldren.

Résumé—On a fait un essai pour déterminer spectrophotométrique-
ment la constante d’extraction de I'0,0’-diméthyldithizonate de mer-
cure(IT) en toluéne au moyen d’un excés connu d’jodure comme agent
de dissimulation. Toutefois, les résultats trouvés n’ont pu étre ex-
pliqués par une simple réaction entre 1’0,0’-diméthyldithizonate de
mercure(H) et ’iodure.
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Spectrophotometric determination of lanthanum, thorium and iron(III)
with chromotropic acid azo dyes of the pyridine series

(Received 21 August 1970. Accepted 14 January 1971)

CuromOTROPIC acid azo dyes are a group of organic reagents used for the determination of lan-
thanum in trace quantities. The selectivity and sensitivity of their reactions depend mainly on
the nature of the atomic grouping present. The presence of an arsonic acid group'~® ortho to the
azo group gives a very favourable reaction with lanthanum but unfortunately none of these reagents,
including Chromotrope 2B, is very selective. Arsenazo II, however, has been claimed to be selective
in its reaction with lanthanum in the presence of other rare-earths.?

Quite a few derivatives of phenylazo chromotropic acid dyes®~® without an arsonic acid group,
are found to react with iron(1lI) and thorium. No attempt has been made so far to assess their
suitability as spectrophotometric reagents for iron(1II), except Chromotrope 2C'* which has been
utilized as an indicator in the complexometric titration of iron(11I).

Arsenazo I, which has also been used to determine thorium in 9M hydrochloric acid, requires
the presence of gelatin to keep the complex in solution.’* Chromotrope 2B reacts with thorium at
pH 3:5,"® but the sensitivity of the reaction is very poor and common cations and anions interfere.
Though the pyridylazo dyes appear to be good analytical reagents, the difficulty with 1-(2-pyridylazo)-
2-naphthol is that it forms water-insoluble complexes which need to be extracted. Selectivity to
some extent is induced by proper adjustment of the experimental conditions. ¢-1?

The present paper describes the use of three derivatives of pyridylazo chromotropic acid dyes
which are highly sensitive in their reactions with lanthanum, thorium and iron(III). These are the
sodium salts of 2-(pyridyl-2-azo)-chromotropic acid (A), 2-(pyridyl-3-azo)-chromotropic acid (B)
and 2-(2-carboxypyridyl-3-azo)-chromotropic acid (C).

It has been suggested'®—** that the reagents A, B and C react with the metal ions through their
tautomeric forms and as such they behave differently towards these three metal ions. For instance,
though B and C react with lanthanum, A does not. Thorium reacts only with A in weakly acid
solution. For iron(111), A and C are reactive, but not B.

EXPERIMENTAL

Reagents

The chemicals used were all of reagent grade and their solutions were made in doubly distilled
water.

Standard lanthanum solution. Prepared by dissolving lanthanum nitrate and standardized by
titration with EDTA 20

Standard thorium solution. Prepared from thorium nitrate and standardized by EDTA titration,'®
and by gravimetric determination as thorium dioxide.

Standard iron(III) solution. Prepared from iron(Ill) chloride and standardized by the tin(1I)
chloride-potassium dichromate method. The standard solution was diluted as required.

Solutions of A, B and C, 0:05%, w/v.

Buffer solutions. That of pH 8:0 was made by adjusting the pH of a 5% w/v ammonium chloride
solution with ammonia solution (1 + 2) and those of pH 5-5 and 6'5 by adjusting the pH of a 5%
w/v hexamine solution with 0-1M hydrochloric acid. The pH of these solutions was checked every
time before use.

To maintain the ionic strength of the solutions at 0-025 in a total volume of 25 ml, a definite
volume of a standard sodium perchlorate solution was used.

Spectral transmittancy curves for lanthanum, thorium and iron

Various solutions were prepared in 25-ml volumes, all having an ionic strength of 0:025. The
amounts of cation and reagent, and the pH were (i) 100 xg of La, 3 ml of solution B, pH 8; (i) 100
ug of La, 3 ml of solution C, pH 8; (iif) 400 pg of Th, 3 ml of solution A, pH 5-3; (iv) 50 g of Fe-
(I11), 3 ml of solution A, pH 6'5; (v) 50 g of Fe(III), 3-5 ml of solution C, pH 55.

The curves in Fig. 1 show that the maximum absorption regions for both the lanthanum-B and
lanthanum-C complexes are at 570 nm, that for thorium-A is at 560 nm and those of iron(IL[)-A
and iron(IIN-C are at 570 and 590 nm, respectively.
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F1G. 1.—Spectral transmittancy curves for systems.
1. La-B. 2. La-C. 3. Th-A. 4. Fe**-A. 5. Fe*-C.

RESULTS AND DISCUSSION

Effect of pH, reagent concentration and time

The intensity of the lanthanum-B colour was found to increase with pH up to 8-0, whereas the
maximum intensity of the lanthanum-C system was attained at pH 7-5. In a total volume of 25 ml,
for maximum colour development with 100 g and 200 ug of lanthanum, only 3 mi of B or C solution
were required. The lanthanum-B system is stable for 80 min but the lanthanum~C system is stable
for only 40 min.

The thorium-A system was very sensitive to pH and the optimum was considered to be 5-3.
For 400 ug of thorium, 3 ml of A solution were found sufficient for maximum colour development.
The thorium-A system is stable for at least 8 hr.

For the iron(IIT)-A system, the colour intensity increases as the pH is raised to 6-0. It remains
constant up to pH 7+0. For the iron(III)-C system, the intensity increases with pH to 5-0, remains
constant up to pH 6-0 and then decreases at a still higher pH. For 50 ug of iron(III), 3 ml of A or
3-5 ml of C were found sufficient to develop the colour fully. Larger amounts of reagent had no
adverse effect as long as the same amount of reagent was taken as blank. At pH 6°5, the iron(IID)-A
system is stable for 90 min while the iron(IlI)-C system is stable for 60 min at pH 5-5.

Beer’s law, optimum range, photometric error, composition and stability
Information on these properties is reported in Table T, and Figs. 2 and 3.

Effect of diverse ions

To study the effect of diverse ions, a ditference of absorbance of more than 0005 unit was arbi-
trarily taken as indicating interference, and solutions with varying concentrations of foreign ions
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TABLE I.—ANALYTICALLY USEFUL PROPERTIES OF THE CHELATES

Relative
error per
Range for Optimum 1% reading Composition,*-*’ e, Stability
Beer’s law, range, error,?* constant?®
Complex ppm ppm %% Me:L L.mole=*mm~!
La-B 1-0-8-0 2:0-8-0 27 2:3 1-06 x 102 2 x 10v
La-C 0-8-10-0  1-6-8-0 27 2:3 9-5 x 10% 5 x 10t
Th-A 3-2-22-4 32224 2:6 1:1 69 x 102 4 x 10%
Fe-A 1-0-3:2 1-0-2:8 27 1:3 1-02 x 10? 2 x 10t
Fe-C 1-0-2-0 1-0-2:0 27 1:2 1:06 x 10® 1 x 10°

06

(o]

IS

T

x
/

Absorbance
o .
W
T
\k\
=]
N
+
®
Vi

o114 1.1 TS T N R S
(o) 02 o4 - - 04 06 0809
(] (M]
[M] + R M + [R]

F16. 2.—Job’s method of composition with equimolar solutions.
Concentrations, M X 10*:
l-La=B=3;, 2—-la=B=4; 3—La=C=2;
4—la=C=3; 5—Th=4=4; 6-Th=4=3;
T—Fe* =4 =4; 8—Fe*=A4= 9—Fe¥t = C = 2'5;

—2

were prepared. Under the experimental conditions, none of the colour systems is influenced by the
presence even in large excess of any of the following ions: alkali metals, alkaline earth metals,
manganese(Il), zinc, vanadium(V), arsenic(V), molybdenum(VI), tungsten(VI), uranium(VI), palla-
dium(ID), platinum(1V), cadmium and common anions such as chloride, bromide, iodide, nitrate,
nitrite, sulphite, chlorate and perchlorate.

Lead, antimony, tin(Il and IV), mercury(Il) and bismuth(III) form precipitates which can be
filtered off and lanthanum, thorium or iron(I1I) can be determined in the filtrate. Iron(III) does not
interfere in the determination of lanthanum with B but it does so in the lanthanum—C system. Lantha-
num can be determined with C in the presence of copper(II), nickel(IT) or cobalt(II) but these metal
ions interfere in the determination of lanthanum with B. Aluminium (400 ppm) can be tolerated in
the determination of lanthanum with B when 10 ml of 409; glycerol are added to the solution. So
also erbium(III) up to 15 ppm is tolerated when lanthanum is determined with B.

Thorium can be determined with A in the presence of all the rare-earths, except cerium(IV),
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F1G. 3.—Job’s method of composition with non-equimolar solutions.

Concentrations, M x 104:

1-La=3,B=5; 2—la=3,B=4; 3—La=2C=4;
4—Ja=2,C=35, 5Th=3,4=5; 6-Th=2,4 =4,

T7—Fe(Ill) = 3, 4 = 7'5; 8—Fe(Ill) =2, 4 = 5;
9—Fe(Ill) = 2, C = 5; 10—Fe(IIl) =1, C = 2-5.

scandium(IIT) and yttrium(II). Iron(IIl) and anions such as sulphate, oxalate, citrate, fluoride and

EDTA must be absent.

Iron(IMI) can be determined with C in the presence of copper(Il), nickel(II) and cobalt(II) and
thorium(IV). Aluminium and the rare-earths including yttrium(IIl) and scandium(IIl) do not

interfere in the determination of iron(II1) with A.

Department of Inorganic and Analytical Chemistry
Jadavpur University
Calcutta-32, India

A. K. MAJUMDAR
A. B. CHATTERIJEE

Summary-—Highly sensitive methods for the determination of lan-
thanum, thorium and iron(II) have been developed with the sodium
salts of 2-(pyridyl-2-azo)chromotropic acid, 2-(pyridyl-3-azo)chromo-
tropic acid and 2-(2-carboxypyridyl-3-azo)chromotropic acid. Opti-
mum concentration ranges are of the order 1-20 ppm. The effect of
diverse ions (cations and anions) including those of rare-earths are
reported. The nature of the complexes has been investigated and
values for the instability constants are given.

Zusammenfassung—Hochempfindliche Methoden zur Bestimmung von
Lanthan, Thorium und Eisen (III) mit Hilfe der Natriumsalze von
2-(Pyridyl-2-azo) chromotropsiure, 2-(Pyridyl-3-azo) chromotropsiure
und 2-(2-Carboxypyridyl-3-azo) chromotropsdure wurden entwickelt.
Die besten Konzentrationen licgen bei 1-20 ppm. Der Einflu8 ver-
schiedener Ionen (Kationen und Anionen), darunter auch der der
seltenen Erden, wird mitgeteilt. Die Natur der Komplexe wurde
untersucht, und es werden Werte fiir die Instabilititskonstanten
angegeben.

Résumé—On a élaboré des méthodes hautement sensibles pour le
dosage de lanthane, thorium et fer(IIT) avec les sels de sodium des acides
2-(pyridy! 2-azo) chromotropique, 2-(pyridyl 3-azo) chromotropique
et 2-(2-carboxypyridyl 3-azo) chromotropique. Les domaines de
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concentration optimaux sont de I'ordre de 1-20 p.p.m. On rapporte
P’influence de divers ions (cations et anions), y compris ceux des terres
rares. On a étudié la nature des complexes et I’'on donne les valeurs
pour les constantes d’instabilité.
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Elimination of nitrate interference in the trace determination of sulphate as
hydrogen sulphide

(Received 5 February 1970. Revised 6 January 1971. Accepted 13 January 1971)

DuRING an investigation of non-volatile sulphur compounds in freeze-dried beer it was necessary to
determine the total sulphur content of chromatographic fractions which contained different amounts
of nitrogenous material. The Schoniger technique®+? was used to convert organic sulphur into sul-
phate, followed by reduction of the sulphate to hydrogen sulphide by the method of Gustafsson.?
The hydrogen sulphide was determined colorimetrically after conversion into Methylene Blue. In
preliminary studies of the assay of sulphur compounds in model systems results obtained within the
range 0-40 ug of sulphur were satisfactory. When, however, nitrogenous material was introduced
the analytical precision and accuracy were impaired, with a bias to low recoveries. Similar effects had
previously been noted by Gustafsson® and by Johnson and Nishita* who suggested losses were due to
the formation of volatile products which interfered with the formation of Methylene Blue.

When the method was applied to synthetic sulphate/nitrate mixtures the low recovery of hydrogen
sulphide in the reduction step became significant as the ratio of nitrogen:sulphur increased. It was
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found that previously described procedures for removal of nitrate ion (with concentrated hydrochloric
acid* or a formic acid-hydrochloric acid mixture®) gave variable results. These are considered to be
due to the occasional presence of sulphur-containing impurities in the reagents in addition to in-
complete removal of the nitrate ion.

An alternative method based upon the differences in thermal stability of zinc sulphate and zinc
nitrate is proposed. It was found that the addition of zinc acetate after Schoniger combustion,
followed by evaporation to dryness and ignition at 320° gave reproducible and quantitative recoveries
of sulphur in the subsequent reduction despite the presence of relatively high levels of nitrogenous
material in the original samples.

EXPERIMENTAL

Reagents

All were of analytical grade unless otherwise stated.

Hydrogen peroxide, 100 vol.

Potassium permanganate, 4 %, w[v.

Glacial acetic acid

Zinc acetate absorption solution. Zinc acetate (0-25M) in 0-1M sodium acetate.

Zinc acetate, 0-1 %, w[v.

Iron(IIl) ammonium sulphate. A 0-25M solution in 0-5M sulphuric acid.

p-Amino-N-dimethylaniline. A 0-093 9 w/v solution in 3-5M sulphuric acid.

Reducing solution. Sodium hypophosphite monohydrate (2-5 g) dissolved in 25 ml of glacial
acetic acid and 100 ml of hydriodic acid (s.g. 1-7). This mixture was refluxed under nitrogen for one
hour, cooled, stoppered and stored in the dark. It is normally stable for one month. Any iodine
produced can be removed by refluxing under nitrogen.

Nitrogen. “Oxygen-free” grade was further purified by passage consecutively through solutions of
alkaline pyrogallol (109, w/v in 10%{ sodium hydroxide), and potassium permanganate (2:5%, w/v)
saturated with mercury(II) chloride.

Millipore membrane filters. Cellulose acetate, 8 pum, 25-mm diameter.

Recommended procedure

Oxidation. A 10-mg sample is weighed on a Millipore membrane, wrapped in a Whatman paper
(No. 42, 50-mm diameter), placed in the platinum basket of a 500-m! Schoniger combustion flask
which contains 10 ml of demineralized water and 0-25 ml of hydrogen peroxide, and ignited in the
usual way.

After%ombustion, the flask is shaken (ca. 5 min) and allowed to stand for 5 min to ensure complete
absorption of the combustion products. Then 3 ml of glacial acetic acid are added, followed by 1 ml
of 0-17; zinc acetate solution. The contents are then quantitatively transferred to a reduction flask,
and 3 ml of potassium permanganate solution are added to destroy excess of hydrogen peroxide. The
mixture is evaporated to dryness over a micro burner with nitrogen passing through the solution at
150 ml/min. The flask and residue are ignited for one hour at 320° in a muffle furnace.

Reduction. The flask and contents are cooled, 5 ml of the reducing solution are added and the
solution is refluxed gently for 15 min with nitrogen purging at 125 ml/min. The effluent gas stream is
passed through a water trap to remove any impurities and hydrogen sulphide is absorbed in 10 ml of
zinc acetate absorption solution plus 70 ml of demineralized water in a 100-ml volumetric flask.

Colour development. After absorption of the hydrogen sulphide the volumetric flask is placed in a
water-bath at 20° + 1° for 10 min. Then 10 ml of p-amino-N-dimethylaniline reagent are carefully
added to form a layer on the bottom of the flask and the contents are gently mixed by swirling. Any
zinc sulphide adhering to the inside of the delivery tube is dissolved by sucking some of the acidic
mixture up into the tube. Then 2 ml of iron(III) ammonium sulphate reagent are added, the flask is
stoppered and the contents are vigorously shaken for about 30 sec. The solution is finally diluted to
100 ml with demineralized water and let stand at 20° for a further 15 min. The absorbance is measured
at 667 nm against water.

The reagent blank (including the Millipore filter and the filter paper) is determined and the ab-
sorbance deducted from that for the sample. Normal blank values lie within the range 0-004-0-009.
The amount of hydrogen sulphide present is obtained either from a calibration graph or routinely by
using an appropriate factor. Beer’s law is obeyed over the range 0-50 yrg of hydrogen sulphide.

RESULTS AND DISCUSSION

Analysis of model systems containing methionine (Table I) or potassium sulphate (Table II)
showed good recoveries of sulphur. When an excess of urea was added to methionine samples lower
recoveries were observed.
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TABLE 1.—EFFECT OF NITROGEN AND ZINC ACETATE ON SULPHUR
DETERMINATION IN METHIONINE

Sulphur found
Sulphur Nitrogen Sulphur in presence of
added, added, found, zinc acetate,
M us g Hg
48 0 45 3-8 54 53
4-8 70 22 29 51 4-7
4-8 140 26 2:6 51 50
99 0 86 83 93 86
99 70 80 67 — 10-8
99 140 51 58 91 104
19-8 0 20-2 17:6 201 —
19-8 70 13-8 13-8 19-8 197
19-8 210 14-1 13-4 192 192
32:0 0 32:0 288 32-0 —
32:0 28 246 26-6 32-0 —
32:0 70 262 243 316 316
32:0 700 12:2 307 32-0

TABLE [I.—DETERMINATION OF SULPHUR ADDED AS
POTASSIUM SULPHATE

Sulphur added, Sulphur found, Error,
1 1 Mg
10 93 90 —07
20 19:3 19-2 —0-8
30 29-4 29-4 —06

Confirmation that this effect was due to the presence of nitrate ion was shown by reduction of
known amounts of sulphate in the presence of excess of potassium nitrate (Table III). This inter-
ference can be eliminated by using the difference in thermal stability® of zinc sulphate and zinc nitrate.

TABLE ITI.—THE EFFECT OF NITRATE ON THE REDUCTION
OF SULPHATE

Nitrate ion
added, Sulphur added, Sulphur found,
mg 29 g
-— 50 48-1
0-5 50 319
10 50 163
50 50 37

By adding zinc acetate to the solution after combustion of the sample, evaporating to dryness,
and igniting the residue it is possible to decompose the nitrate ion. When samples containing nitrate
ion were treated identically except for the addition of zinc acetate the results showed greater error
(Tables I-V). Although heating the residue may decompose the nitrate it has been found that reliable
removal takes place on heating in the presence of zinc acetate.

Typical results shown in Table IV illustrate the improvement of the sulphur assay in the presence
of large amounts of added nitrogen (140 yg) when zinc acetate is added. These confirm the previous
observations (Table I) and indicate a limiting nitrogen :sulphur ratio beyond which low results will be
obtained.
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TaBLE IV.—EFFECT OF NITROGEN (added as urea) AND ZINC ACETATE ON SULPHUR

DETERMINATION
Nitrogen added, ug
§ added, 0 70 140
Hs S found
ug

Zinc acetate present 5 5-0 5-0 53 4-4 4-7 52

10 92 86 89 8-8 104 91

20 184 18-3 19-6 184 198 197
Zinc acetate absent 5 42 54 50 43 13 07

10 89 9-4 92 9-4 73 59

20 19-1 189 184 187 132 11-4

TABLE V.—DETERMINATION OF SULPHUR (10 gg) IN THE PRESENCE OF NITROGEN (200 ug)
(added as urea prior to combustion)

Method Sulphur found, ug Range, ug Mean, pg
Boil with hydrochloric acid 4-0 7-8 33 4-5 50
Boil with formic acid/hydro-
chloric acid mixture 50 88 7-1 3-8 7-0
Ignition of combustion residue 51 91 66
without addition of zinc { 4-0 7-4
acetate 73 7-4 89
No ignition of combustion 51 5-8 7-3
residue and no addition of { 22 61
zinc acetate 59 71 51
Ignition of combustion residue 104 9-0 92
after addition of zinc { 1-4 95
acetate 9-1 104 9-0

TABLE VI.—SULPHUR CONTENT OF BEER RESIDUES

Sulphur content of freeze-dried
residue, (ug/mg)

Sample
No zinc acetate Zinc acetate
added added
1 33 50
35 4-8
2 2-1 2-5
21 —
3 63 67
62 65
4 32 33
30 —
S 51 58
51 60
6 3-8 41
4-0 4-3
7 17 1-8
1-7 1-8
8 3-8 4-6
37 4-5
Average replication 0-08 011
error
- prE .
Standard deviation = 5 = 0-10, where d = difference between

duplicates.®
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Soep and Demoen” showed that nitrite and nitrate were formed when organic nitrogen compounds
undergo oxidative combustion and the products are dissolved in water. After treatment with hydro-
gen peroxide and permanganate all the nitrogen is present as nitrate. Gustafsson, and Johnson and
Nishita, ascribed the low sulphur assays obtained in their work to the existence of an unknown
volatile compound arising from the interaction between nitrate ion and the hydrogen iodide present
in the reducing solution.

However, in the present authors’ opinion the effect on sulphur recovery is due to the liberation of
traces of iodine which are carried over into the zinc acetate and interfere in the formation of Methylene
Blue. This latter effect, which is due to oxidation of hydrogen iodide, can be readily demonstrated by
admitting air into the reducing solution before reduction.

Typical results obtained routinely when the recommended method was applied to biological
material are given in Table VI. The nitrate interference is seen to vary from sample to sample and thus
the zinc acetate addition and the ignition are necessary to ensure nitrate removal,

CONCLUSION

A method has been developed for the removal of nitrate interference in the trace determination of
sulphate by reduction to hydrogen sulphide. The method gives reproducible results and is satisfactory
for the analysis of biological samples low in sulphur content and containing relatively large amounts
of nitrogenous material or nitrate ion.

Acknowledgements—The authors wish to express their thanks to the Directors of Allied Breweries
Ltd. for permission to publish this paper.

Allied Breweries Research Department A. SINCLAIR

Burton on Trent, UK. R. D. HarL
Department of Chemistry D. THORBURN BURNS
Loughborough University of Technology W. P. HAvYEs

Loughborough, UK.

Summary—The microdetermination of sulphate by reduction to
hydrogen sulphide, determined colorimetrically as Methylene Blue, is
subject to interference from nitrate ion. This interference is eliminated
by adding zinc acetate and igniting samples at 320° for one hr.

Zusammenfassung—Die Mikrobestimmung von Sulfat durch Reduk-
tion zu Schwefelwasserstoff, der kolorimetrisch als Methylenblau
bestimmt wird, wird durch Nitrationen gestort. Diese Storung wird
durch Zugabe von Zinkacetat und einstiindiges Gliihen der Proben bei
320° beseitigt.

Résumé—La microdétermination du sulfate par réduction en hydrogéne
sulfuré, déterminé colorimétriquement & I’état de bleu de méthyléne,
est soumise & interférence par I’ion nitrate. Cette interférence est
¢liminée par addition d’acétate de zinc et calcination des échantillons
& 320° pendant une heure.
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Rapid photometric method for the determination of taurine and cysteic acid
(Received 17 November 1970. Accepted 29 December 1970)

TAURINE (2-aminoethanesulphonic acid) and cysteic acid are major products of X-irradiation of
cystamine and cystine respectively, and cysteic acid occurs in hydrolysates of irradiated cystine
peptides. Our investigations® of the radiation chemistry of such disulphides necessitated rapid
quantitative estimation of these aminosulphonic acids at concentrations as low as 1075A in the
presence of relatively large amounts of the corresponding disulphides, thiols, sulphinic acids, thio-
sulphonates and several other amino-acids. The procedure developed promises to be of general
value; cysteic acid is important in protein primary-structure elucidation and as a component of
hydrolysates of peptides oxidized with performic acid, and both compounds can occur in urine and
in other body fluids and tissues, especially under certain pathological conditions and after exposure
to ionizing radiations.

Cysteic acid and taurine, along with most other amino-acids, undergo quantitative conversion
into N-2,4-dinitrophenyl (DNP) derivatives upon treatment with fluoro-2,4-dinitrobenzene (FDNB)
_ in weakly basic medium.? The DNP derivatives are yellow and exhibit absorption spectra char-

acteristic of the 2,4-dinitrophenylamine chromophore. Procedures for spectrophotometric deter-
mination of taurine and cysteic acid after chromatographic separation of the DNP derivatives have
been reported® but such methods require at least 24 hr for completion. The procedure reported here
takes less than 1 hr. DNP-taurine and DNP-cysteic acid are very soluble in water and almost
insoluble in non-polar organic solvents, a typical property of sulphonic acids, while the converse
holds for the DNP derivatives of most other amino-acids. It is found that chloroform will quanti-
tatively extract the DNP derivatives of cystamine, cystine, cysteamine, cysteine, hypotaurine, cystamine
dioxide,* alanine, phenylalanine, leucine, lysine, proline and tyrosine, along with dinitrophenol and
any unreacted FDNB from an acidified aqueous dinitrophenylation mixture, whereas the derivatives
of cysteic acid and taurine are completely retained in the aqueous phase, and may be determined
simply by measurement of the absorbance of the aqueous solution.

EXPERIMENTAL
Reagents

Cystamine, cystamine dioxide and taurine were prepared by hydrogen peroxide of cysteamine
hydrochloride.® Other amino-acids were obtained commercially.

Procedure

A sample (10 ml or less, containing not more than 5 umole of taurine or of cysteic acid) is diluted
with water to about 10 ml, then 2 ml of 497 sodium hydrogen carbonate solution and 2 ml of 39
FDNB solution in 959/ ethanol are added. The mixture is heated at about 90° for 30—40 min, cooled,
transferred quantitatively with water to a 50-ml separatory funnel, acidified with 1 ml of 6M hydro-
chloric acid and extracted with four or more 10-ml portions of chloroform. The final chloroform
layer should be colourless. The aqueous layer is filtered quantitatively (water wash) through a wisp
of absorbent cotton into a 25-ml volumetric flask and diluted to 25 ml. The absorbance of the aqueous
solution is measured in a 10-mm silica cell at 360, 405 or 430 nm (taurine) or 352, 405 or 430 nm
(cysteic acid) against water or a reagent blank as reference. A blank determination is desirable,
especially in determinations of very small amounts.

Notes. Convenient absorbance values at 352-360, 405 and 430 nm are obtained with a 10-mm
cell and a sample containing as little as 0-5 umole. The acceptable upper limit of absorbance at the
wavelength of maximum absorption (360 or 352 nm), with a 100-mm cell, is reached with a sample
containing approximately 10~2 mole. An excess of bicarbonate is necessary for dinitrophenylation.
Very strongly acidic solutions may require more solution or even solid sodium bicarbonate for
neutralization. The absorbance of the resulting sodium salts in the final solution is usually negligible,
but blank determinations may be necessary when determining extremely small amounts of taurine

* NH,CH,'CH,-SO,'S-CH,-CH,'NH, is often referred to as cystamine disulphoxide, but is
almost certainly a thiosulphonate.* The name cystamine dioxide is brief and self-explanatory and is,
at least, not incorrect. The dioxide decomposes rapidly in weakly alkaline medium so that the
products of its dinitrophenylation are N,N’-bis-(DNP)-cystine and N,S-bis-(DNP)-hypotaurine
(N-2,4-dinitrophenylaminoethyl-2,4-dinitrophenylsulphone)® both of which are removed completely
by chloroform extraction.
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or cysteic acid in very acidic samples. At least a 20-fold excess of FDNB is desirable. The specified
volume and concentration provide about 0-3 mmole of the reagent. The volume and/or concentration
may be increased for samples containing more than 10 umole of groups (amine, thiol, sulphinic
acid, etc) capable of dinitrophenylation. Dioxan is a suitable solvent for more concentrated FDNB
reagent. The temperature and time may be as low as 75° and 15 min for heat-sensitive samples.
Dinitrophenol may persist in the aqueous layer even after four chloroform extractions if very large
amounts of FDNB are used. Extraction should be continued until the final chloroform layer is
colourless and does not produce a yellow colour (dinitrophenate ion) in the aqueous phase when
extracted with sodium hydroxide solution.

The total amount of taurine or of cysteic acid, in nmole, in the original sample is 10¢ V.4/sl where
¥ ml is the final volume of the aqueous solution, 4 its absorbance at the wavelength used, & the molar
absorptivity (I.mole~t.mm~) at that wavelength, and / mm is the path-length.

The concentration in the sample is 10° VA/elv nmole/ml where v is the volume of the original
sample. These relationships reduce to KA and KA/v where K = 10V/el. Values of K and ¢ are given
in Table L.

TABLE 1.—VALUES OF ¢ AND OF K FOR / = 10 mm AND V = 25 ml

Wavelength, £,

Substance nm Lmole=*.mni—1 K
Taurine 360 1615 1-55 x 10®
Taurine 405 757 3-30 x 103
Taurine 430 521 4-80 x 10°
Cysteic acid 352 1645 1-49 x 10®
Cysteic acid 405 675 3-82 x 103
Cysteic acid 430 333 7-50 x 10*
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Fic. 1.—Determination of taurine at 430 nm. The line represents perfect recovery.

The points represent the recovery obtained, calculated from the molar absorptivity of

pure sodium DNP-taurine at 430 nm and the absorbances resulting from dinitro-

phenylation of samples containing taurine and the following concentrations of other

amino-compounds: (@) none; (b) cystamine, 1 mM; (c) cysteamine, 1 mM; (d)
cystamine dioxide, 0-05mM; (e) hypotaurine, 0-05mM.
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FiG. 2.—Determination of cysteic acid. The lines represent the absorbancies to be expected for

perfect recovery, calculated from the molar absorbtivities of pure disodium DNP-cysteic acid

at the three wavelengths. The points are actual absorbance values resulting from solutions with the
following compositions.

Concentration, umole/m!

Component

1 2 3 4 5 6 7 8 9 10 11
Cysteic acid 0-50 0-40 030 0205 020 010 010 005 004 002 001
Cystine 1-0 — 10 — -0 — 10 10 —  — 10
Cysteine 1-0 — 1-0 — 10 — 10 1-0 — — 10
Alanine 0125 0-125
Phenylalanine 0-125 0-125
Leucine 0-125 0-125
Lysine 0-125 0-125
Proline 0-125 0-125
Tyrosine 0-125 0-125

Some check on the reliability of a determination is given by the ratio of the absorbances at the
three wavelengths. For taurine this should be 2-13:1:0-688 and for cysteic acid, 2:56:1:0-51. Devia-
tion from these ratios is most commonly due to insufficient extraction and incomplete removal of
dinitrophenol. The absorbance at 430 nm is almost unaffected even by large amounts of dinitro-

henol.
P The procedure does not, of course, differentiate taurine from cysteic acid in mixtures containing
both. The absorbance at 358 nm gives a ready measure of the total in such mixtures since the molar
absorptivities in acidic solution are almost equal at this wavelength. However, DNP-taurine and
DNP-cysteic acid are readily separated by electrophoresis. The amounts of taurine and cysteic
acid in a sample containing both may be defermined as follows. The sample is dinitrophenylated and
the total DNP-sulphonic acids determined at 358 nm. The yellow solution is then concentrated until
about 10 mM with respect to these acids, usually by evaporation almost to dryness (50°, reduced

9
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F1G. 3.—Absorption spectra of DNP-taurine and DNP-cysteic acid (sodium
salts) in neutral and in acid (10mM H,SO,) solution.

pressure) and redissolution in water. A portion (5-10 pl) of the concentrate is applied to a 150 x 25
mm electrophoresis strip (paper or, better, Sepraphore III cellulose acetate) soaked in either 131
formic acid (pH 2) or barbital (pH 8:6) buffer and subjected to electrophoresis at 250-300 V for
10-15 min. Separation of the yellow bands is readily observed. In either buffer DNP—cysteic acid
moves more rapidly toward the anode than does DNP-taurine. The yellow bands are cut out,
each eluted with exactly 3 m! of 10 mM sulphuric acid and the absorbances of the solutions are
measured at 358 nm. The ratio of the absorbances gives the ratio of the components, the total of
which is already known.

RESULTS AND DISCUSSION

Recoveries of taurine and of cysteic acid are shown graphically in Figs. 1 and 2. Both precision
and accuracy are excellent over a wide concentration range and in the presence of relatively large
concentrations of a number of amino-acids, particularly the corresponding thiols and their lower
oxidation products.

Authentic specimens of DNP-taurine and DNP-cysteic acid were prepared as the monohydrates
of the mono- and disodium salts respectively, by dinitrophenylation of the amino-acids, evaporation
and extraction with and recrystallization from ethanol. (A commercial sample of DNP-cysteic
acid was less than 509 pure). The spectra of the two compounds in both neutral and acid (10 mM
sulphuric acid) solutions over the range used in the analysis procedure are shown in Fig. 3. The
spectrum of DNP—-taurine is the same in acid as in neutral solution and the shape of the spectrum for
neutral DNP—cysteic acid is quite similar to that for the taurine derivative. The marked differences
between the curves for the neutral and acidified DNP-cysteic acid systems are much as would be
predicted from protonation of the carboxylate ion to give the carboxyl group, inductive electron-
withdrawal by the latter lowering the availability of the unshared electron-pair on nitrogen for
resonance with the ring. Further increase in acid concentration up to 100 mM produced little further
change in the spectrum at wavelengths longer than 340 nm.
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Summary—A method is described for the rapid determination of
microgram quantities of taurine or cysteic acid in the presence of rela-
tively large amounts of other amino-acids. Dinitrophenylation of the
sample followed by chloroform extraction yields an aqueous solution
containing only DNP-taurine or DNP-cysteic acid, the absorbance of
which gives a direct measure of these components.

Zusammenfassung—Ein Verfahren zur schnellen Bestimmung von
Mikrogrammengen Taurin oder Cysteinsdure in Gegenwart relativ
groBBer Mengen anderer Aminosduren wird beschrieben. Die Probe
wird dinitrophenyliert und mit Chloroform extrahiert; es bleibt eine
wiBrige Losung, die nur DNP-Taurin oder DNP-Cysteinsiure enthilt.
Deren Extinktion gibt ein direktes MaB fiir den Gehalt an diesen
Komponenten.

Résumé—On décrit une méthode pour le dosage rapide de quantités
de I'ordre du microgramme de taurine ou d’acide cystéique en la
présence de quantités relativement importantes d’autres amino acides.
La dinitrophénylation de I’échantillon suivie d’extraction chloro-
formique donne une solution aqueuse contenant seulement fa DNP-
taurine ou I’acide DNP-cystéique, dont ’absorption donne une mesure
directe de ces composants.
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ANNOTATIONS

Cation-exchange separation of strontium from manganese
and other elements in citrate media

(Received 19 November 1970. Accepted 8 December 1970)

Axk1 and Khopkar? have stated recently that strontium can be eluted effectively with 57 citric acid
of pH 22 from a column of Dowex S0W-X8 cation-exchange resin and separated from manganese
which is retained. This is not in agreement with the fundamental affinities of cations for Dowex
50W-X8 or AG50W-X8 resins. These follow the series®

Mg ~ Mn(Il) < Ca < Sr < Ba < Ra

as indicated by their distribution coefficients in dilute perchloric acid. In citric acid or citrate media
differences between Mn(II) and Sr should be slightly enhanced because the citrate complexes of
Mn(II) are slightly more stable than those for Sr.?

The work of Akki and Khopkar also contradicts the work of Tompkins ef a/.* who found that
even with 109 citric acid solution strontium practically could not be eluted from an Amberlite
IR-1 cation-exchanger, and state that it is even more strongly retained by a Dowex 50 resin, requiring
10% ammonium citrate of pH 7-5 for fast elution.* 1t is also in disagreement with the work of
Milton and Grummit® who have shown that 5% citric acid neutralized to pH 5 with ammonia did
elute the alkaline earths in the sequence Mg < Ca < Sr < Ba, and the work of Povondra and
Sulcek? which shows that with increasing pH values at first Zn, then Mn(Il), followed by Mg and
finally by Ca are eluted from an Amberlite [R-120 cation-exchanger.

To clarify this apparent contradiction, distribution coefficients for Mn(ll), Mg and Sr were
determined in citric acid and ammonium citrate solutions, for AGS0W-X8 cation-exchange resin,
and are presented together with relevant elution curves.

EXPERIMENTAL
Distribution coefficients

Distribution coefficients were determined by equilibrating 250 ml of a solution containing 1-0
mmole of the element in citric acid or in citric acid neutralized to the required pH with ammonia,
with 2718 g of dry AGS0W-X8 cation-exchange resin in the ammonium form (equivalent to 2:500 g
in the hydrogen form) for 24 hr at 25° in a mechanical shaker. In the case of citric acid 2-500 g of
resin in the hydrogen form was used. After equilibration the resin was separated, ashed and the
amount of the element in the ash determined by suitable analytical methods. From the results
distribution coefficients

amount of element on resin ml of solution
= : — X —
amount of element in solution = g of dry resin in H* form

were calculated and are shown in Table I.

TABLE [.——DISTRIBUTION COEFFICIENTS IN CITRATE MEDIA

Molarity Citric acid NH, citrate at pH 3 NH, citrate at pH 7

of medium  npoy Mg St Mn(1T) St Ma(l) Mg  Sr
0-0333 =>10* 104 = 10° 61 x 103 =104 237 279 172
0-0667 >10* =104 =108 107 x 10* 2-8 x 10® 4-8 7-8 43-3
0-167 =>10* ~101 = 10° 214 431 1-0 1-5 76
0-333 >10* >10* ~10% 52 116 0-8 07 20
0-667 >10* 84 x 10® =>10* 112 26-4 06 04 06
10 94 x 10° 65 x 10° >10* 41 105 05 02 03

983
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Elution curves

Citric acid. An aqueous solution containing about 0-5 mmole each of Mn(ll) and Sr as the
chlorides was passed through a column containing 15 ml (14 mm x 0-10 m) of AG50W-X8 cation-
exchange resin (200-400 mesh) in the hydrogen form. After sorption Mn(Il) and Sr were eluted
with 0-25M citric acid (about 5% solution) at a flow-rate of 2-5 -- 0-3 ml/min. Fractions (25 ml)
were collected automatically, and the amounts of the elements in the fractions were determined by
atomic-absorption spectrometry, using an air-acetylene flame and the 279-5 and 460-7 nm lines for
Mn and Sr respectively. Standards contained the same amounts of citrate as the eluate fractions.
With detection limits of better than 0-1 ppm for both elements, no Sr could be detected in any of
the 1000 m! of eluate taken, while traces of Mn first appeared after about 850 ml of eluate had been
collected, but the total amount eluted was less than 0-1 mg. A similar result was obtained with a
column of Dowex S0W-X8 resin of 200400 mesh particle size. The resin in the columns was ashed
in both cases and the amounts of Mn and Sr in the ash determined, indicating that all the Sr and
almost all the Mn were still retained by the column.

Micromoles per ml

Eluate, ml

F1G. 1.—Separation of Mn(Il) and Sr with 0-067M ammonium citrate at pH 7 on
AGS50W-X8 resin (200-400 mesh, NH,* form).

Citrate media. By using a 60-ml (21 mm X 0-18 m) column of AG50W.-X8 resin of 200-400
mesh particle size which had been converted into the ammonium form and eluting with 0-067M
ammonium citrate at pH 7 (~1-4%; solution) at a flow-rate of 3-0 + 0-5 ml/min a satisfactory
separation between Mn(lIl) and Sr could be obtained, as is shown in Fig. 1. Mn(lI) was eluted first
and Sr second, and Mn(lI) showed some tailing at a low concentration level (<1 ppm) which is not
visible on the figure. With the same column no Sr and less than 1 mg of Mn(II) could be eluted with
1000 ml of 0-25M citric acid (~5 %) neutralized to pH 2-2 with ammonia, when 1 mmole of each
element was present.

Quantitative separations

Standard solutions containing about 1 mmole of Sr and one other element were measured out,
mixed and passed through a column of 60 ml (21 mm x 0-18 m) of AG50W-X8 resin (200-400
mesh) in the ammonium form. The solution was washed onto the resin with 0-1M ammonium
chloride and the other element was then eluted with 500 ml of 0-067M ammonium citrate at pH 7-5.
Citrate and most of the ammonium ions were removed from the column by washing with 300 ml
of 0-4M hydrochloric acid. Finally Sr was eluted with 200 ml of 3M nitric acid. The eluate fraction
containing the other element was acidified with hydrochloric acid to a pH of about 1 (~0-1M hydro-
chloric acid). Then 1 g of hydroxylamine hydrochloride was added to the fractions containing Mn
and Co to ensure that these elements were in the bivalent state. The fraction was then passed through
a column of 60 ml (21 mm X 0-18 m) of AG50W-X8 resin (200-400 mesh) in the hydrogen form.
The citrate and most of the ammonium ions were removed by elution with 500 ml of 0-4M hydro-
chloric acid. Ca was then eluted with 300 ml of 3M nitric acid, and 3M hydrochloric acid was used
for Mn(II) and the other elements. A flow-rate of 35 & 0-5 mi/min was used throughout. The
eluates were evaporated to dryness and the elements determined by titration with EDTA, a suitable
indicator being used. Methyithymol Blue was used for Sr, Ca and Mn(II); Naphthylazoxine S for
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TABLE II.—QUANTITATIVE SEPARATIONS OF Sr FROM
OTHER ELEMENTS

Amount taken, mg Amount found, mg

Sr Other element Sr Other element

881 Mn(Il) 554 88-0 4- 02 554 £ 0-10
881 Ca 400 88-1 4- 0-1 40-0 4 0-05
881 Mg 247 881 4 0-1 24-7 4- 0-05
88-1  Cu(ll) 643 880 1 0-1 644 401
881 Co(l) 578 88-1 4- 02 578 £ 01
881 Zn 65-1 881 £ 02 651 £ 01

The results are means of triplicate runs

Cu(ll) and Co(Il); Xylenol Orange for Zn and Eriochrome Black T for Mg. Blank runs were
carried out on reagents, and corrections applied. The results are presented in Table II.

DISCUSSION

The distribution coefficients in Table I indicate that Sr is very strongly retained from citric acid
solutions by sulphonated polystyrene resins such as AG50W-X8 or Dowex 50W-X8. Distribution
coefficients decrease with increasing pH when the citric acid is neutralized with ammonia, but the
coefficients for Mn(II) decrease faster than those for Sr. Figure 1 shows that Mn(II) and Sr can be
separated by elution with 0-067M ammonium citrate at pH 7 or 75, but Mn(II) is the element eluted
first and not Sr. After elution of Mn(II) the Sr can be eluted with 3M hydrochloric or nitric acid.
Ca,*Mg, Cu(Il), Zn, Co(II) and other bivalent transition elements accompany Mn(II) quantitatively
when the separation is carried out on a 60-ml resin column with 500 ml of 0-067M ammonium citrate
at pH 7'5 as eluting agent. The separations are quantitative and quite satisfactory, yet we should like
to point out that separation of these elements in citrate media will only be attractive when the presence
of citrate cannot be avoided.

Better methods for separating Mn(II) from Sr and from other elements are available. The most
selective uses hydrochloric acid-acetone mixtures as eluling agents®** and has a separation factor of
about 1000 for the Sr/Mn(II) pair in 0-75M hydrochloric acid containing 90 9; of acetone® as compared
with about 9 for 0-067M ammonium citrate at pH 7 as eluent. Quite selective separation of Mn(II)
from Sr and other elements is also possible by anion-exchange in hydrochloric acid-isopropanol
mixtures.!*

No strontium could be eluted with 1000 ml of 0-25M citric acid from a column of 15 ml (5 g) of
AG50W-X8 resin in the hydrogen form or with 1000 ml of 0-25M citric acid (~5 2 solution) neutral-
ized to pH 2-2, from a column of 60 m! (20 g) of AG50W-X8 resin in the ammonium form. We
therefore cannot confirm the statement of Akki and Khopkar* that 5% citric acid solution at pH 2:2
is an effective eluting agent for Sr, and are unable to explain how their quantitative separations have
been obtained.

National Chemical Research Laboratory F. W. E. STRELOW
P.O. Box 395, Pretoria, S. Africa M. D. BosHOFF

Summary—Mn(Il) can be eluted quantitatively with 0-067M ammo-
nium citrate at pH 70 or 7-5 from a column of AG50W-X8 cation-
exchange resin (200-400 mesh), and separated from Sr which is
retained. Mg, Ca, Cu(Il), Zn and Co(Il) accompany Mn(II). From
citric acid solutions up to 1M (20%7) and from 59} citric acid solution
at pH 2-2 both Mn(II) and Sr are retained very strongly. This is in
agreement with some previous work but disagrees with a recent
statement by others that 57} citric acid at pH 2-2 is an effective eluting
agent for Sr.

Zusammenfassung—Mn(ll) kann mit 0,76M Ammoniumcitrat bei
ph 7,0 oder 7,5 von einer Siule mit AG50W-X8 Kationenaustausch-
harz (200400 mesh) quantitativ eluiert und damit vom zuriick-
gehaltenen Sr getrennt werden. Mg, Ca, Cu(ll), Zn und Co(ll)
begleiten Mn(ll). Aus Zitronensdureldsungen bis zu 1M (20%)) aus
aus 59 Zitronensiureldsung bei pH 2,2 werden sowohl Mn(Il) als
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auch Sr sehr stark zuriickgehalten. Diesr Befund steht im Einklang
mit einigen fritheren Arbeiten, widerspricht jedoch einer neueren
Angabe, da8 59, Zitronensdure bei pH 2,2 ein wirksames Elutions-
mittel fiir Sr sei.

Résumé—On peut €luer quantitativement Mn(Il) au moyen de citrate
d’ammonium 0,76 M a pH 7,0 ou 7,5 d’une colonne de résine échan-
geuse de cations AG50W-X8 (200400 mesh), et le séparer de Sr qui
est retenu. Mg, Ca, Cu(ll), Zn et Co(II) accompagnent Mn(Il). A
partir de solutions d’acide citrique jusqu’a 1 M (209;) et d’une solution
a 59 d’acide citrique a pH 2,2, Mn(II) et Sr sont tous deux retenus trés
fortement. Ceci est en accord avec quelques travaux antérieurs mais
en désaccord avec une récente conclusion présentée par d’autres que
Pacide citrique a 59 a4 pH 2,2 est un agent d’*¢lution efficace pour Sr.
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The precision of determinations of zinc content of food
(Received 13 May 1970. Revised 10 March 1971. Accepted 19 March 1971)

A NECESSARY preliminary step in all procedures for the determination of zinc in food is the destruction
of organic matter, a process which may be achieved by dry ashing or wet oxidation.!* The sub-
sequent steps are determined by the composition of the inorganic residue and the technique used.

Elimination of interference effects can be difficult and can result in procedures of varying length,
accuracy and precision. Accordingly a number of different colorimetric®~? and polarographic®~!
procedures have been proposed for food analysis.

Atomic-absorption spectroscopy is less prone to interference effects and analytical procedures
based on this technique are comparatively speedy and simple. For these reasons it has been recom-
mended'? as a tentative standard procedure.

To provide further experimental proof of the improved precision that may be achieved by using
atomic-absorption spectroscopy, a range of different foodstuffs has been analysed by this technique
and the results compared with those obtained by the Westoo” colorimetric procedure and by
polarography.

RESULTS AND DISCUSSION

The results obtained are summarized in Table I. It may be observed that with one exception
(the polarographic determination of Zn in cheese) the mean results recorded for each sample are
similar. This observation was predictable since each technique has been shown in individual studies
to give an accuracy far better than the +10%; upper limit considered satisfactory by the Metallic
Impurities in Foodstuffs Sub-Committee.? The anomalous polarographic result was caused by
precipitate formation in the selected base electrolyte.

Though the mean values were comparable, the individual techniques varied in precision. The
limiting values observed on each sample are shown in Table I in parentheses, and for comparison
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TABLE I.—THE DETERMINATION OF ZINC IN FOOD PRODUCTS

Zinc content, ppm

Sample
Colorimetry Polarography A.AS.
Mean Range* Mean Range* Mean Range*
Wheat 266 (25:9-27-1) 252 (23-9-267) 267 (25-1-27-5)
Lettuce 182 (181-183) 179 (176-182)
(dry samples) 67-7 (64-7-71-8) 62-5 (58-7-64-4) 61-5 (60-1-62-3)
Potato 26-7 (25-4-27-7) 277 (27-4-27-9) 27-5 (26-9-28-8)
(dry samples)
Apple 405  (3-87-4-62) 4-35 (4-11-4-59) 4-38  (391-4-84)
(dry samples) 314 (2-83-3-50) 292 (2:74-3-01)
Lamb chops 81-0 (77-9-83-3) 83-0 (81-5-84-8) 79-5 (78-1-83-8)
(dry samples)
Cheese 620 (57-7-65-3) 54-4 (51-2-56-7) 63-0 (59-0-67-4)
(dry samples)
Vegetable yeast 373 (36-4-38-2) 388 (35-2-42.3) 39-4 (36-9-40-6)
extract
Average coefficient 4-5 4-0 3-8

of variation, %

* These figures represent the spread of results observed with individual portions of the same
sample of material; the actual amount of zinc in the different samples of a particular material
can vary greatly, as shown by the two lettuce samples.

purposes all the individual results were used to calculate an average coefficient of variation for each
technique. The average coefficients obtained in this manner are comparable with the values quoted
by workers who have studied the individual techniques or applications in great detail.

The slightly larger value observed in the colorimetric study is attributable to the need to mask
interferents and to the difficulty associated with reducing reagent blanks to zero. For example, in the
colorimetric procedure, blank runs give a final absorbance of about 0-08. Variations in this blank
were small and hence were at their most significant in studies of low zinc concentrations.

However, in all methods of trace analysis, coefficients of variation tend to increase with decreasing
sample content. Thus while atomic-absorption spectroscopy can give zero blank readings, it has been
reported’® that samples containing 10-60 ppm zinc have a coefficient of variation of between 2 and

%6, while the variation observed with a 6-ppm sample can be as high as 129,

The study reported in this note involved a random selection of foodstuffs, and the results indicate
that all three techniques require little modification for widespread application. On the other hand,
the precision and simplicity of the atomic-absorption technique must appeal, and greater use of this
method for metal analysis in foods can be confidently predicted.

EXPERIMENTAL

Dissolution of food products

A suitable quantity (e.g. 2-5 g) of sample (pre-dried at 70° and 20 mm pressure in a vacuum oven)
was digested in a mixture of sulphuric and nitric acids, prior to treatment with perchloric acid.?

Colorimetric determinations

The acid digest was diluted to 50 ml with distilled water, and 10-ml aliquots were then treated in
accordance with the procedure outlined by Westoo,? with special care being taken in the purification
of the dithizone reagent and in the cleaning of glassware. The absorbance of the zinc dithizonate in
carbon tetrachloride solution was measured at 535 nm.

Polarography

The acid digest was diluted with distilled water prior to neutralization of the residual sulphuric
acid with ammonia. Sufficient excess of ammonia was then added to give a solution which after
dilution was approximately molar in both ammonium sulphate and ammonia. The solution was
cooled, 5 ml of 1M sodium sulphite and 1 ml of 0-5%; gelatin solution were added, the whole was
diluted to 50 ml, and polarographic curves were recorded.
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The standard solutions required for calibration purposes were prepared by adding known amounts
of a zinc salt to solutions initially containing about 1-5 ml of concentrated sulphuric acid.

Atomic-absorption spectroscopy

The acid digest was diluted to 50 ml and this solution was aspirated directly into the flame unit of
the atomic-absorption spectrophotometer. The absorption of the 213-9-nm line of zinc was recorded
and compared with the absorbance of standard zinc solutions. A coal-gas/air flame was used through-

out the study, in conjunction with a slit width of 25 um.

Australasian Food Research Laboratories

Cooranbong, N.S.W . 2265, Australia

Department of Chemistry

The University of Newcastle
N.S.W. 2308, Australia
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Summary—Seven different types of foodstuff (containing 3-100 ppm
Zn) were each analysed for zinc by colorimetry, polarography and
atomic-absorption spectroscopy. All the techniques yielded similar
values for the zinc content of a given sample, but atomic-absorption
spectroscopy had a smaller average coefficient of variation.

Zusammenfassung—Sicben verschiedene Arten von Lebensmittein
(mit Zinkgehalten von 3-100 ppm) wurden jeweils kolorimetrisch,
polarographisch  und mittels Atomabsorptionsspektrometrie auf
Zink analysiert. Alle Verfahren ergaben dhnliche Werte fiir den
Zinkgehalt einer gegebenen Probe, aber die Atomabsorptionsspektro-
metrie zeigte einen kleineren mittleren Variationskoeffizienten.

Résumé—Sept types différents d’aliments (contenant 3-100 ppm de
Zn) ont été analysés pour le zinc, chacun par colorimétrie, polaro-
graphie et spectroscopie d’absorption atomique. Toutes les techniques
ont donné des valeurs similaires pour la teneur en zinc d’un échantilion
donné, mais la spectroscopie d’absorption atomique a un coefficient
moyen de variation plus petit.
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LETTER TO THE EDITOR

On the melting point of 2,9-dimethyl-1,10-phenanthroline

SIR,

The purity of organic reagents has often conveniently been evaluated by their melting points;
however, we have found discrepancies in the melting points of 2,9-dimethyl-1,10-phenanthroline
reported in the literatures. For the hemihydrate, melting points were 159-160°,'-* 158-162°,2 160-1°4
and 165°,% and for the dihydrate, 158-160°.° We have also observed that the melting point of this
reagent is very sensitive to the drying conditions used for the purified sample. In this connection, we
undertook an investigation of the relationship between the melting point and the degree of hydration.

About 1 g of 2,9-dimethyl-1,10-phenanthroline was recrystallized from 1 litre of hot water to
yield colourless needles, which were air-dried at room temperature; m.p. 140-1°. (Found: C,
69-1%; H,66%; N,11:5%, H,0 (by Karl Fischer titration) 14-6 %;; calculated for C,,H;,N,-2H,0:
C, 68-83%; H, 6:60%, N, 11-46%, H,0, 14:75%,.) When the dihydrate was dried at 60° for 6 hr,
the hemihydrate was obtained as a white powder which melted at 159-160°. (Found: H,O 3-8%(;
calculated for C,,H 3 N,-3H,0: H,0 4-149,)

Samples of various degrees of hydration between anhydrous and the dihydrate were prepared by
putting the dihydrate under a heating lamp, and their water contents and observed melting points are
plotted in Fig. 1. It is seen that the melting points of the hemihydrate and the dihydrate, if their

Water of crystallization, mole

o A | 5

] i |

160

°c

150

Meiting point,

140
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Water content, %

FiG. I.—Relationship between the degree of hydration and the melting point of 2,9-
dimethyl-1,10-phenanthroline.

water contents are correct, show reliable melting points, but the samples at intermediate stage of
hydration show very variable melting points, possibly because of inhomogeneous dehydration and
consequent lowering of the melting point. On the other hand, anhydrous or hemihydrate material
tends to pick up atmospheric moisture rather easily when exposed to the atmosphere, resulting in the
eventual lowering of the melting point to 140-1°, which corresponds to that of dihydrate. When the
dihydrate with a melting point of 140-1°, is heated too slowly in a capillary tube, a gradual de-
hydration occurs, resulting in a higher melting point of 159-160°. An unusual higher melting point
Lepo'rted by O’Reilly for the dihydrate, 158-160°,° may have been observed as a result of such slow
eating.

989
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Our results show that great care must be taken in the evaluation of 2,9-dimethyl-1,10-phen-
anthroline by its melting point, with regard being paid to the degree of hydration as well as the rate
of heating. The dihydrate is recommended as a final form, since it is more stable than the hemi-
hydrate, and its melting point is less influenced by the degree of hydration.

Kyushu University KEeHEr UENO
Faculty of Engineering

Department of Organic Synthesis

Fukuoka, Japan

MIKIHIKO SAITO

Research Laboratories Hipekazu Iwano

Dojindo Co., Ltd.
Kumamoto, Japan
10 December 1970
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OBITUARIES

Dr. Wolfgang Schoniger, Ph.D.
4 August 1920-24 February 1971

Dr. Wolfgang Schoniger, on 24 February 1971, died in Basel, Switzerland.

Dr. Schoniger was born on 4 August 1920 at Karlsbad-Weheditz, Czechoslovakia.
His early education, the elementary school and Straatsrealgymnasium, was received in
Karlsbad followed by his matriculation at the German Technical University of
Prague in the fall of 1939. He received the degree of Doctor of Philosophy (Dr.
rer. nat.) in the spring of 1945. In December 1945 at the conclusion of World War 11,
he went to Graz, Austria, and in January 1946 was appointed instructor at the
Medizinisch-Chemisches Institut and the Pregl Laboratorium of the University of
Graz. He became an Austrian citizen in 1949. In January of 1950 he received the
Van’t Hoff Fellowship of the Royal Dutch Academy of Science, and in July of the
same year received the Fritz Feigl Award of the Austrian Microchemical Society.
In May 1951 he was invited to give a course of instruction in microanalytical tech-
niques at the University of Uppsala, Sweden. In the following year a Fulbright
Fellowship enabled him to spend six months in the United States, first at the University
of Wisconsin and later at the University of California.

On | October 1953, he joined the pharmaceutical department of Sandoz A. G.
in Basel, Switzerland, where he was assigned the task of establishing a microanalytical
service. This laboratory rapidly grew to be not only an important part of the entire
Sandoz complex, but world famous as well. In 1959 in recognition of his outstanding
work and abilities he was promoted by Sandoz to the management position of
“Prokurist” and assigned additional administrative and technical duties. At the
time of his death he was in charge of the design and construction of a large modern
central analytical building for Sandoz. He had a total of sixty-five publications.

In his lifetime, Dr. Schéniger received many honors and was active in the affairs of
many societies and committees. He was a member and chairman of the Commission
on Microchemical Techniques of the International Union of Pure and Applied
Chemistry, a member of the Board of Directors of the Austrian Society for Analytical
Chemistry and Microchemistry, a member of the Board of Directors of the Swiss
Microanalytical Society, an honorary member of the American Microchemical
Society, and was a member of the Society for Analytical Chemistry.

Dr. Schéniger, perhaps more than all others, was the guide of microchemistry in
its progress from the Pregl Laboratories in Graz to its present world-wide high
level of technology. No scientific meeting was complete without Wolf Schoniger.
His contributions to the program and his willingness to assume the responsibility
for a share of the organizational tasks made him a welcome participant. His open-
minded approach to problems led to many new innovations in microchemistry,
notably the application and popularization of the oxygen flask combustion method.

He had a full appreciation of the drives and problems that influence one’s actions.
This, coupled with a rare sense of humor, gave him the ability to bring together in
harmony and good fellowship persons from widely differing interests and disciplines.

He is survived by his wife Annamarie, and by three children: Gaby, Jiirg, and
Christian.

King of Prussia Howarp J. Francis, JR.



Professor Dr. Ing. Fritz Feigl

The death of Professor Feigl in his eightieth year has robbed analytical chemistry of
one of its most outstanding exponents and practitioners. Throughout the world his
name is synonymous with spot-tests and with the systematic development of organic
reagents for analytical purposes. Possessed of an encyclopaedic knowledge of chemical
reactions, he was able to see clearly which tests might be expected to work, and then
to make them do so. The results of his efforts are enshrined in something over 400
papers and his several books.

Professor Feigl’s life history is too well known to need recapitulation, and tributes
to Feigl the man were paid at the Symposium held in his honour in Birmingham in
1962. In his life he received many honours, notably the Vienna Academy of Sciences
Award, the Haitinger Prize, the Pregl Prize, the Emich Medal of the Austrian Society
of Microchemistry, the Israel Weizmann Prize, the Einstein Medal of the Brazilian
Academy of Sciences, the Talanta Gold Medal, the Wilhelm Exner Medal of the Aus-
trian Gewerberein, and the Austrian Ehrenauszeichnung fiir Kunst und Wissenschaft.
He held several honorary doctorates and was a member of several national Academies
of Science.

Analytical chemistry was made the richer by his being and the poorer by his going.

R. A. CHALMERS
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NOTICE

AMERICAN VACUUM SoOCIETY SHORT COURSE ON VACUUM
PHYSIcS AND TECHNOLOGY FOR TECHNICIANS

To be held at the Sheraton-Boston Hotel on October 11-15, 1971 in conjunction with The Fifth
International Vacuum Congress. Three courses will be offered: “Vacuum Technology™ similar to last
year’s course, ““Vacuum Processes,” and ‘“Vacuum System Technology.” The courses have been
arranged so that two courses can be taken during the week. Contents will include state-of-the-art
reviews on a number of subjects; for example, achieving a vacuum, total and partial pressure
measurement, leak detection, system fabrication, vacuum deposition, film thickness measuring and
evaporation rate monitoring, film analysis, vacuum equipment testing, system design, surface analysis,
etc. Leading vacuum authorities have been invited to lecture on their area of specialization. A
considerable amount of time will be available to discuss particular vacuum interests.

For further information and/or application forms, write to to American Vacuum Society Short
Course, P.O. Box 655, Livermore, California 94550 or contact Howard G. Patton (415) 447-1100
X7144 or Miss Nancy Hammond, 335 East 45 Street, New York, New York.

il
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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
sections corresponding 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
(six papers). III. 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 1 622. £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. Sawickr, 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. Zorotov 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.

10 v
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PAPERS RECEIVED

Characterization of ceramic ion-selective membrane electrodes—I. The Ag,S electrode: CANDIN
Liteanu, IoNEL C. PorescU and VALDIMIR CIOVIRNACHE. (9 June 1971)

Conductometric titration with indicating resistance—III. Mechanism of the PVC 4 Alassium CS
(Cationite R—-H) 4 dioxtylphthalate (plasticizer) membrane as indicating resistance: CANDIN
LiteaNU and LUCRETIA GHERGARIV-MIRZA. (14 June 1971)

Determination of iron in biological material by substoichiometric isotope-dilution analysis: E.
GUNDERSEN and E. STEINNES. (16 June 1971)

Studies on the membrane-electrode polymer -+ plasticizer—VIII, Use of the PVC - tricresylphosphate
membrane as indicating electrode in potentiometric precipitation titrations: CANDIN LitEANU and
ELena HoPirRTEAN. (17 June 1971)

Improved synthesis and stability of 8-selenoquinoline and its sodium salt as organic reagents: Enchi
Sekipo and IsamMu FusuwaRra. (18 June 1971)

Synthetic inorganic ion-exchangers—II. Salts of heteropoly acids, insoluble ferrocyanides, synthetic
aluminosilicates and miscellaneous exchangers: V. PEKAREK and V. VESELY. (18 June 1971)

Reaction rate methods in analysis: Harry B. Mark, Jr. (19 June 1971)

Polarographic maximum of tellurium as the catalytic wave of hydrogen: MUTSUAKI SHINAGAWA,
NoeovUkI YANO and TAKEYUKI Korosu. (19 June 1971)

Spectrophotometric determination of water in organic solvents with solvatochromic dyes—I1. SADAKATSU
Kumor, Hirosat KoBayasHi and KEemer Ueno, (19 June 1971)

The formation and composition of the precipitates of the varicus metal 8-selenoquinoline complexes:
Encur SEKIDO, IsAMU FuntwaRrA and YOSHITAKA Masupa. (19 June 1971)

Investigation of manganese(II) fluoride for coulometric titration: M. KAtoH and T. YOSHIMORI.
(19 June 1971)

Spectrophotometric studies on 5,7-dibromo-8-aminoquinoline chelates of some bivalent transition
metals: Katsumi YamamoTto and HirosH TABATA. (19 June 1971)

Enhancement of polarographic reduction currents by a static magnetic field: Smizuvo Funwara and
Yosuio UMEZAWA. (19 June 1971)

Thermodynamic proten ligand stability constants of /N-phenylbenzohydroxamic acids and benzohy-
droxamic acid: Y. K. AgrawaL and S. G. TanoonN. (19 June 1971)

Ultraviolet absorption spectra of N-arylhydroxamic acids: Y. K. AGrawaL and S. G. TANDON.
(19 June 1971)

Non-destructive method for the analysis of gold(I) cyanide plating baths, Complexometric determination
of nickel and indium: R. PRiBiL and V. VESELY. (24 June 1971)

Use of membranes for equivalence point indication—VIIL. Electrechemical characterization of the
BaSO,-parchment membrane-electrede: CANDIN LiTeaNU and Ioer CATALIN PoPescu. (24 June
1971)

N-Acetylacetone-anthranilic acid as a gravimetric reagent for copper(II): R. K. MenTA, R. K. Gurra
and S.L. Pania. (25 June 1971)

Complexing behaviour of silver tellurite: M, C. Menra and S. M. Knan. (5 July 1971)

Preconcentration techniques for trace analysis via neutron activation: J. MARK ROTTSCHAFER, RONALD
J. BoczrowskI and HARRY B. MARK, JR. (5 July 1971)

Elementorganische Verbindungen in der analytischen Chemie des Selens. Darstellung einer neuen
Verbindung (C;H,COCH,),Se und deren analytische Anwendung zur Abirennung des Matrix-
elements—I. Bestimmung von Te in Reinem Selen: L. Futekov and V. ATANASOVA. (5 July 1971)
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A voltammetric and chronopotentiometric study of molten alkali acetates: ROBERTO MARASSI, VITO
BArTtocct and FiLipPE PUCCIARELLL. (6 July 1971)

Possibility of using Ag,S ceramic membrane-electrode for the determination of the concentration of solu-
tions in flow conditions: Chromatographic detector: CanpIN LiteanNu, IoNEL CATALIN PoPESCU
and Horia Nascu (6 July 1971)

On the distribation coefficient of nickel dimethylglyoximate between an aqueous solution and organic
solvents: SHOHACHIRO OKI. (6 July 1971)

On the analytical utility of quasi-linear molecular emission spectra: R. J. Lixasiewicz and J. D.
WINEFORDNER. (6 July 1971)

Oxidation of aromatic amines by peroxydisulphate ion—III. Identification of aromatic amines on the
basis of absorption maxima of coloured oxidation products: S. P. SrivasTava and R. C. GUrTA.
(6 July 1971)

Development and publication of work with selective ion-sensitive electrodes: G. J. Mooby and J. D. R.
THomas. (7 July 1971)

Analytical mass spectrometry: J. R. Major. (12 July 1971)

Determination of periodic acid by volumetric titration with thiourea: H. ArRenD and A. RUEGG.
(12 July 1971)

Electrochemical determination of adenine and adenosine. Adsorption of adenine and adencsine at the
pyrolytic graphite electrode: GLENN DRYBURST. (12 July 1971)

Electrification of gas bubbles as an analytical tool: D. A. Pantony and D. C. STAGG. (15 July 1971)

The separation of the non-volatile noble metals by reversed-phase extraction chromatography : CHRISTEL
PouLanpT and T. W. SteeLE. (15 July 1971)

A rapid automatic method for the determination of oxygen in organic substances, using coulometry at
controlled potential: K. J. KARrRMAN and RoNALD KarwLssoN. (15 July 1971)

Kinetic method of analysis, using analogue computer simulation: MAsak1 Nakanmsur (15 July 1971)

Spectrophotometric molybdenum determination with thiolactic acid: James S. Frirz and DONALD
R. BEUERMAN. (15 July 1971)

Spectophotometric study of the reaction of bismuth(III) with Xylenol Orange: DoONKA KANTCHEVA,
PeTrana NENova and BorisLav KArapakov. (16 July 1971)

Complexation of polyvinyl alchol with iodine—analytical precision and mechanism: J. G. PRITCHARD
and D. A. AxinToLA. (16 July 1971)



SUMMARIES FOR CARD INDEXES

Chitosan for the collection from sea-water of naturally occurring zinc,
cadmium, lead and copper: RiCCARDO A. A. MuzzaRrRpLLI and
LAszrLd Steos, Talanta, 1971, 18, 853. (““G. Ciamician” Chemical
Institute, University of Bologna, Via Selmi 2, Bologna 40126, Italy
and “R. Boskovic” Institute, Centre for Marine Research, Rovinj,
Yugoslavia.)

Summary—Anodic stripping voltammetry with a composite graphite—
mercury electrode was applied in order to demonstrate that chitosan
can collect naturally occurring zinc, cadmium, lead and copper from
sea-water, with high yields. Chitosan columns (15 X 10 mm) can be
used to preconcentrate trace metals from 3 1. of sea-water; the four
elements can be selectively eluted with electrolytes suitable for conven-
tional polarographic determinations. The method can find application
in sea-water pollution survey and detection.

Spectroscopy in separated flames—VIII. Determination of bismuth by
atomic-fluorescence spectroscopy in a separated air-acetylene flame
with electronically modulated electrodeless discharge tube sources:
R.S.Hosgs, G. F. KirkBrIGHT and T. S. WEsT, Talanta, 1971, 18, 859.
(Chemistry Department, Imperial College, London S.W. 7, UK.)

Summary—The application of electronically modulated and unmodu-
lated bismuth and iodine electrodeless discharge lamps as sources for
the excitation of bismuth atomic fluorescence in conventional and
nitrogen-separated air-acetylene flames has been investigated. Separa-
tion of the flame results in improved detection limits for bismuth even
when a modulated source is employed. The effect of 500-fold weight
excesses of foreign ions on the determination of bismuth at 302-46 nm
with a modulated iodine source and separated flame has been studied;
only calcium and zirconium are found to cause significant interference.
The determination of bismuth in aluminium alloy samples is reported.

Chromatographic separation of vanadium, tungsten and molybdenum
with a liquid anion-exchanger: James S. FriTz and JosepH J. TOPPING,
Talanta, 1971, 18, 865. (Institute for Atomic Research and Depart-
ment of Chemistry, Iowa State University, Ames, Jowa 50010, U.S.A.)

Summary—In acidic solution only molybdenum(VI), tungsten(VI),
vanadium(V), niobium(V) and tantalum(V) form stable, anionic
complexes with dilute hydrogen peroxide. This fact has been used in
developing an analytical method of separating molybdenum(VI),
tungsten(VI) and vanadium(V) from other metal ions and from each
other. Preliminary investigations using reversed-phase paper chroma-
tography and solvent extraction led to a reversed-phase column
chromatographic separation technique. These metal-peroxy anions
are retained by a column containing a liquid anion-exchanger (Gen-
eral Mills Aliquat 336) in a solid support. Then molybdenum(VT),
tungsten(VI) and vanadium(V) are selectively eluted with aqueous
solutions containing dilute hydrogen peroxide and varying concentra-
tions of sulphuric acid.



Annoranuun crareit

WNCIOJIbL30BAIINE XHUTOCAHA JJIS1 HAKOILJIEHN L
BCTPEYAIOIUUXCHA B IIPUPOAE HOUIIKA, KAIIMUA,
CBUIITA U MEOM M3 MOPCKOM BOJ/IBI:

Riccarpo A. A. MuzzareLLl and LAszL6 Siros, Talanta, 1971,18, 853.

Pesiorre—Meror, BOALTAMIICPOMETPUU C AHOJHEIM CHATHEM C
KCIOJB30BAHUEM  CIOMKHOTO  TPafiTHO-PTYTIIOTO  DIEKTPOJA
nprMeled ¢ Heabl HOKa3aTh CMOCOOHOCTh XUTOCANA HAKOIUIATH
¢ BLICOKHM BBIXOIOM BCTPEUAIIMECH B IIPUPOe HUHK, Kagmuii,
cBHTIEI U Meb u3 Mopckoit Bogel. Hoaomku xurtocana (15 x 10
MM) HCIIOJIB30BAUBI  NJAA NPERBAPUTCIBHON  KOULEHTpAMH
CIEI0B METAJUIOB U3 3 11 MOpCKoit Bomnl. YeTsipe aleMeHTH
CEJeHTUBHO 3JIIOMPOBAHBL DIEKTPOJIUTAMA, NPUMEIHNMBIMII B IIX
onpesieneun 00BKHOBEBREIMA LOJAPOTPAPIICCKUMY METONAMU.
Meron [03BONAET KOHTPOJAUPOBATL M OGHAPYHIMBATH 3Arpsis-
HCHEE MOPCIOIl BOJLI.

CIIEKTPOCHONINST B OTJIEJEHHDLIX
IJIAMEHAX—VII. OIIPEAEJEHUE BMCMYTA
METOHOM ATOMHO-®JYOPECHUENTITON

CIEKTPOCKOIIWNY B OTAEJENIOM ILIAMEITH
BO3AVX-AIIETHJIEH, C HCIIOJNAL3OBAITHNEM
HALKTPOHHO MOJJVINPOBAHION BE3DJIEKTPOJIHON
PABPAMAIIOCIT JAMIIBI B HAYECTBE MCTOYIIMEA:

R. S. Hoses, G. F. KirkBRIGHT and T. S. WEsTt, Talanta, 1971, 18,
859.

Pesiome—U3yycHo  MCHONb3oBaHNE  QJIEKTPOHHO  MOLYIHPO-
BAHHLIX M HEMORYIANPOBAHHBIX Ge3dICKTPORHLIX DPAa3PARHBIX
JlaMn BUCMYTA ¥ MOJA B KAYeCTBE MCTOYHMIOB [ BO3OyHIeHuA
arOMHOI QiIyopecreHIin BUCMYTA B OOBIKIIOBCHNLIX U OTHACJEH-
HBX a30TOM ILUIAMEHAX BOsmyX-amernigeH. OTmcaennc IIaMenit
VIYYIIaeT 4YyBCTBUTCIALHOCTH ONPEMEeNCHHA BACMYTA JUKC B
cIy4ae HCHONB3OBAHUA MOLYIIPOBauioro nerouunra. Usydewo
piusHEe 500-KparHoro 1o Becy W30HITHA MOCTOPONHLIX HWOIOB
HA ompefleleune BucMmyTa Ipu 302,46 UM ¢ HCHOOJNL30BAHUEM
MOJLYIUPOBAMIOIT JIAMIIBL HOTA M OTAeICHHOro WiamMenn. Toabko
KaNBRUEG 11 IUPKOHNIT MeIIaloT OHpefeiCldio B 3HAYNTCIBHON
mepe. Onucalio ompefesdeHnre BICMYTA B CINTAGAN AJIIOMNIHA.

NPOMATOI'PAOHYECKOE PA3IEJIEINE
BALATI, BOILOPAMA I MOJUBJIEIIA C
HMCIOJAb30BAHUEM HNAKOTO
AHMOIOOBMEHHHWHA:

James S. Fritz and JosepH J. TorPING, Talanta, 1971, 18, 865.

Pestome—DB  BucIoTHLIX  pacreopax  Todbko MoauOmen(VI),
somppam(VI), pauagnii(V), muobmit(V) u tanran(V) oGpasyior
¢ DPasBeffHHON IePEeKUCHI0 BOAOPOJA YCTONUMBLIC AHMOHHEE
KOMILICKCH. 9TOT (akT GBI HCHONB3ORAM AJA paspaloTRI
afajuTIecKkoro Merona orienenust monaubpena(VI), Boasfpama-
(V1) n pawamgus(V) oT HMOHOB APYIUX MeTajIoB U JApyr oOT
npyra. Ilpeasapureabable  MCCIEMOBAINA,  TIPHUMEHABILIE
Oymamuylo xpomarorpadmio ¢ ofpatnoit ¢asoif, mpusemu K
MCTOY OT/ICJICIHS NPH MOMOUIH KOJOHKOBOII Xpomarorpadui ¢
oGpaTioii $asoif. DTII RHMOHHL IePEKHCIEX METAJLIOB 3alepHu-
BAlOTCH KOIOHKO, comepskamell KUZKYI0 aHHOHOOOMEHIIYIo
emony (General Mills Aliquat 336) B TBepaoM fepiaTese. 3areM
momuOmen(VI), Boasdpam(VI) u Bauapuii(V) wuspreraiorcsa
BOJHLIMH PACTBOPAMHU, COJEPHAIIMMU ICPEKHCL BORKOPORA H
CepHYI0 KUCJIOTY B PABJIMYHbLIX KOHIEHTPAIMsIX,



Summaries for card indexes

Stability constants of aluminium fluoride complexes: RAGHUNATH P.
AGARWAL and EDGARD C. MORENO, Talanta, 1971, 18, 873. Depart-
ment of Chemistry, Forsyth Dental Center, Boston, Mass. 02115,
U.S.A))

Summary—Pointwise titrations of aluminium nitrate sclutions with
sodium fluoride were made at ionic strengths of 0-5, 02, 0-1 and
0-05M and at temperatures of 25° and 37°. The total AI’*+ concentration
was kept constant at 5 X 107*M and the total F~ concentration
covered therange 5-20 X 107%M with a minimum of 20 points per titra-
tion. It is shown that only mononuclear complexes were present with
these solution compositions. Determinations of H* and I'~ in solution
were made by the use of quinhydrone and lanthanum fluoride elec-
trodes, respectively. Formation constants were calculated by three
different procedures. Best results were obtained by a non-linear general-
ized least-squares method that (@) permits calculation of the formation
constants with the simultaneous presence of all the complexes being
taken into account, (b) does not require segregation of data according
to the values of the formation function (41), and (c) yields standard
errors that reflect the errors in all the experimental measurements.
Values for the formation constants at infinite dilution were obtained
by a linear least-squares adjustment of the values obtained for the four
finite ionic strengths. The formation constants thus obtained for the
reaction AlF,_, -+ F = AIF, (charges omitted) at 25° have logarithmic
values of 6-69 4- 0-02, 5-35 4 0-03, 3-68 - 0-01 and 2-75 4+ 0-04 for
n=1, 2, 3 and 4, respectively. The corresponding values at 37° are
668 - 0-10,5-34 :1: 0-02,3-94 4 0-04and 3-29 & 0-05.

Zur Elementaranalyse des Schwefels im Nanogramm-Bereich: ApOLF
GRrUNERT and GUNTHER TOLG, Talanta, 1971, 18, 881. (Institut fir
Anorganische Chemie und Kernchemie der Johannes-Gutenberg-
Universitit Mainz and Max-Planck-Institut fiir Metaliforschung,
Institut fiir Sondermetalle, Stuttgart.)

Summary—For the exact determination of nanogram amounts of
sulphur in very small amounts of organic substances (<2 ug), hydrogen
sulphide, produced by hydrogenation, is determined argentometrically
by means of bipotentiometric end-point indication, or tluorimetrically
by quenching of the intensity of the fluorescence of fluorescein-
mercuric acetate. The relative standard deviation of the titrimetric
method was 2,5% with ~120 ng of sulphur, that of the fluorimetric
method 3,79 with ~25ng of sulphur. Silver sulphide electrodes,
developed for the bipotentiometric end-point indication, and methods
for standardization efc are described.

Structure, bonding and fluorescence of divalent metal chelates of 0,0’-
dihydroxyazobenzene: JounN KNoeck and J. A. BuchHoLz, Talanta,
1971, 18, 895. (Department of Chemistry, North Dakota State
University, Fargo, North Dakota 58102, U.S.A.)

Summary The structure and bonding of bivalent metal chelates of
0,0"-dihydroxyazobenzene (DHAB) have been studied by PMR and
absorption spectroscopic methods. These studies indicate that
fluorescence, which is observed only for the MgDHAB chelate, may
arise from a greater degree of ionic character in the metal-oxygen
bonds of this compound than in the other metal(II) chelates examined.
Possible structures of these chelate compounds are proposed and
discussed.
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HOHCTAIITBI YCTONUNBOCTUN KOMIIEKCOB
OTOPHIA AJIIOMIIINA:

RAGHUNATH P. AGARWAL and EDGARD C. MORENO, Talanta, 1971, 18,
873.

Pesome—IIpoBesiennl  Toueunnie TuTpanuu  GropumoM HATpHUA
PacTBOPOB HUTPATA AJNOMUHHUA NOpM HONHHX cumaax 0,5; 0,2;
0,1; 0,05M u mpu temmeparypax 25 u 37°C. OO0um@as Koupcur-
panusa  Al** BujlepsKHBaHA TIPU  TOCTOSHIIOM BITQYEHNINT 5 X
10-'M, a obmasa KouuenTpanus F- Ooma B mpegenax 5 —
20 x 10-1M, vcHonbsys He MeHee deM 20 ToYeK IS KaH{GLOTO
THTpoBanusA. llokasamo 4To B ATHX PACTBOPAX MPUCYTCTBYIOT
TOJIBKO OfHOSAMepHBe Kommuekchl. Onpegenenme II* m F- n
pacIBope MPOBEAeHO ¢ MCHONb30BAHMEM XHHTHIAPOHHOID W
JNAHTAHOBOIO  DIEKTPOJOB,  COOTBETCTRCHIIO. Honcranret
00pasoBaHnA BEIYHCIICHE IPUMEHSIA TPU PABJINYHEIX IIPOIEeHy pLl.
CaMLie Jyuine pesyibTaThl IOJyUeHb! 0600HIQIINM HeJTuHel-
HBHIM METOLOM HalMellbHIUX LKBafparTor, KOTOPHIl (a) MosBoiser
BBIYACJATL KOHCTAUTHL 00pasoBallud NpUHUMAas B BHUMaHHe
BCE IPUCYTCTBYIOLINE KOMILIEKCH, (6) He M3LICKYeT Cerperamuio
JAHHBIX COIVIACHO C BHAYCHUAMH (PYHKIUM 00pasoBaHus (n), U
(8) maer craHmapTHbe OmMOKK OTpPAXKAOINUE OMMOKLI BCeX
PKCIePUMEHTANBHNX U3MepeHMi. 3WadeHus: Koucrantr oGpaso-
BaHAA IpU OeCHOHeYHOM pas30aBlleHHH IIQJIY4YeHH IWHEHHLIM
TpHICHoCOfIeHneM HaliMeHbIIMX KBaJpaToB BHAYEHMIl IMOJIyder-
HBIX I YeTHIpE OMNpefeleHHBIX HOHNHX cui. Jorapudmer
IIOJAYYeIIINX 9TIM 006pa3oM KOIICTAHT 00pa30BanNA JIJIA PeaKInu
AlF,_, + F = AlF, (sapaAgil He IpuKasansl) Opu 25° pasumn
6,69 £+ 0,02, 5,35 4+ 0,03, 3,68 -0.01 nu 2,75 & 0,04 mun
n =1, 2, 3 1 4, COOTBeTCTBEHHO. SHAYeHHA NpH 37° paBHLl
6,68 + 0,10, 5,34 + 0,02, 3,94 &+ 0,04 u 3,29 4 0,05,

SJIEMEHTAPHDBI AHAJIU3 HHAIIOTPAMMOBLIX
HOJUYECTB CEPBI:

ADOLF GRUNERT and GUNTHER TOLG, Talanta, 1971, 18, 881.

Pesropme— /17151 TOUHOTO OmpefesIeHNA COHepHATNA CepHl B HAHOT-
pamMMax B OYCHb MaJHX KOJIUYECTHAX OPTaHMYeCKUX BelecTB
(<2 pr) oNpeeaA0T apreHTOMETPIYCCKH MOTYIaeMbli THRPUPO-
BaHIEM CepOBOJOPOJ MOCPENRCTBOM OHIOTEHINAJIBHOTO YKAZaHUA
KOHEYHOIT TOYRN, NI (JIyOPUMETPHIECKH, TOMABIISAS HIITCICUB-
HOCTh  (uiyopecleHOuE  (QIyopCCHeNHOBOTO —AaleTara pTYTH.
OTHOCUTEIBHOE CTAHJAPTHOE OTKIOHEHHE IIPU THTPUMETPUUECKOM
Merofne OpIo 2,5 % muA ~120 Hr cepul, Mpy (IIyOPUMETPIICCKOM
Merome 3,7 95 aaA ~25 ur cepsl. ONHCHBAIOTCA TaK#ke paspabo-
TaHHBIE [ OMOIOTEHIMATLHOTO yHKA3aHWsA KOHEUHOW TOUKU
9IEKTPOH U3 cyab(uma cepefpa, MCTOLB CTAHAP THBAITUM 1 T.11.

CTPOEHMUE, CBA3II 11 OJVOPECHENIINA
ABYBAJIEHTHBIX XEJATOB METAJJIOB
0,0’-TUOKCHA3B0BEI30JIA:

Joun KnNoeck and J. A, BuceHoLZ, Talanta, 1971, 18, 895.

Pesrome—Mayuenn merogamu AMP n acopOuuoHHOMK creKTpo-
CKOIMK CTPOeHNME M CBABH JBYBAJEHTHEIX XeJaTOB METaJIOB
0,0’-puokcuasobenzona (HOAD). Iloxyuennnle pesyabTarnt
VKaspBAIOT uTO (uIyopecueHuus, oGHAPYIKEHHAS TOJBKO B
caydae xXedara Mg JIOAD, BusBaHa 0ojee BHPOKEHHHIM
UOHHBLIM XapaKTepoM cBsseil MeTAII-KHCIOPOS OTOr0 COeju-
HEHNA 4YeM JAPYIUX WCCIeOBAHHHIX XeJATOR JBYBAJIEHTHHIX
meTannoB. Ilpepimoskensl M pPaccMOTPEHB BepOATHBIE CTPYH-
TYpPH DTUX XeJaToB.



Summaries for card indexes

Determination of aluminium in molybdenum and tungsten metals,
iron, steel, and ferrous and non-ferrous alloys with Pyrocatechol
Violet: ELsiE M. DONALDSON, Talanta, 1971, 18, 905. (Analytical
Chemistry Section, Mineral Sciences Division, Mines Branch, Depart-
ment of Energy, Mines and Resources, Ottawa, Canada.)

Summary—A method for determining 0-001-0:109; of aluminium in
molybdenum and tungsten metals is described. After sample dissolu-
tion, aluminium is separated from the matrix materials by chloroform
extraction of its acetylacetone complex, at pH 6-5, from an ammonium
acetate-hydrogen peroxide medium, then back-extracted into 12M
hydrochloric acid. Following separation of most co-extracted elements,
except for beryllium and small amounts of chromium(IIl) and cop-
per(dD), by a combined ammonium pyrrolidinedithiocarbamate—
cupferron-chloroform extraction, aluminium is determined spectro-
photometrically with Pyrocatechol Violet at 578 nm. Chromium
interferes during colour development but beryllium, in amounts
equivalent to the aluminium concentration, does not cause significant
error in the results. Interference from copper(Il) is eliminated by re-
duction with ascorbic acid. The proposed method is also applicable to
iron, steel, ferrovanadium, and copper-base alloys after preliminary
removal of the matrix elements by a mercury cathode separation.

Coulometric trace determination of chloride: A. CEDERGREN and G.
JonanssoN, Talanta, 1971, 18, 917. (Department of Analytical
Chemistry, University of Umed, 901 87 Umed, Sweden.)

Summary—1-2000 nmole of chloride was determined by coulometric
titration with silver ions. The error was 0-1-5%;, depending on sample
size. Chloride in water could be determined down to 0-01 ppm.
The titrations were made in 759 acetic acid, 259, water. The dis-
placement of the electrode potential on dilution of the solvent with
water was determined. Two alternative procedures to compensate the
end-point displacement are described. The titration times were 2-4 min
for pretitration of the solvent and 2-4 min for titration of the sample.
In some cases another 4 min were required for equilibrium to be
reached. Various solvent compositions were used in order to find the
optimum conditions.

Practical analysis of high purity chemicals—IV. Precision silver chloride
gravimetry: K. LiTTLE, Talanta, 1971, 18, 927.  (Analytical Services,
J. T. Baker Chemical Co., Phillipsburg, New Jersey 08865, U.S.A.)

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.
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OIIPE[JEJEHUNE AJIOMUHNA B METAJUJINYECKOM
MOJUBAENE I BOJb®PAME, HEJE3E, CTAJIU, U
CIUIABAX JREJE3SA 1 HBETHBIX CILIABAX C UC-
ITOJIB30OBAHNEM IIMPOKATEXUIIOBOTO

OUOJETOBOTO:

ELsiE M. DONALDSON, Talanta, 1971, 18, 905.

Pestome—OnncrBaeTca MeTO/, OTPefesICHIA COACPHRANMsE QITIOM-
unua or 0,001 go 0,10 97 B meTaiaax Moaubjicuc n BoIabfpame.
Ilocae pacrsopenus obpasia aJIOMUHMIE B CROCM aleTHIANeTo-
HOBOM KOMILIEKCE HM3BICKAJICA N3 OCHOBHLIX MaTepuason
xaopoopmom npu pH = 6,5 U3 cpegsl amerar aMMOHUA/mepe-
KICh BOTOPOJA, 4 3aTeM N3BICKAICHA IIOBTOPHO B COJAIYI0 KUCIOTY
12 m. llocnme aToro c1efoBaso OTHeNeHNE M3BIICYCIHBIX BEMECTE ¢
AOMUHUEM DJEMEHTOR, 33 MCKIOYeHHeM OepHJINS H He(oJbh-
mux gounvects xpoMma(Ill) n megu(Il); aro ormenciue ocymect-
BJAAJIOCH KOMOHIHPOBAHHBIM I3BJICUEHIIEM IIOCPEACTBOM aMMOIUA
I ppoIUANIAHTHOKapfaMaTKyn{eppoHa /Xiopodopma, nocae
9ero cofep:kanue ajlloMIHUA ONIPeJlesIANock CeKTpodoToMeTpHeil
npu 578 UM OpH DOMOINH NMupoKaTexun Quoieronoit. Bo spems
pasBUTHA LBETA XpOM HuTepdepupyceT, Ho OepHiauii, B KoJurie-
CTBAX DHKBMBAJEHTHHIX KOMIEUTPAIMH QJIOMHUNA, He BelleT K
BHAUNTCIBILM olmbKaM B pesyiabrarax. Miurepdepenuus co
cropousl Mepu(Il) yerpamsieTca poccramosiicieM  ackopOH-
HOBOI Kircaoroil. IlpemiaraeMsii MeTon Momer ObITH HCNONL-
30BaH [IA Aelesa, CTadH, (eppoBalaisa U CNJIABOB HA OCHOBE
Mefu Nocjle NpeJBapHTeNbOTO YAAJEHHA OCIOBHLIX SJIEMEHTOR
OTHeJeHeM PTYTHBIM KaTOAOM.

OIIPEJAEJEHHUE CJETOBLIX KOJIUYECTB
XJIOPUIOA KYJOHOMETPUYECHKUM METOIOM:

A. CeDERGREN and G. JOHANSSON, Talanta, 1971, 18, 917.

Pesome—1-2000 mmuieil xaopufos ObLIo ompefielleHO KYJIOH-
MeTpHYECKUM THTpoBaHMeM monamu cepebpa. llorpemxocts, B
3aBHCHMOCTH OT pasmcpa olpazua, Owmma or 0,1-5%. Comep-
JAHUe XJOPHAOB B BOJAE MOMKIIO OBLIO ONPECAUTL MO TaKOi
HH3KOIt Benuuununl, Kak 0,01 u/muni. Turpopanue mpoBogumoch
B 75 % yKeycuoii xucaote (25 9% Bogsl). Onpejieieno cMeuicHue
DIEKTPOAIIONO MOTeHNHala IIPH pasbBefclull  pPaCTBOPHTENs
Bofoii. OmucHBaloTcA JIBe AJLTEPHATHBHLIE HPOLEAYPLl IS
KOMIlEHCAlll CMeLleHMA Koneunoit Touyku. Ila Turposaune
YOLIO BpeMCHii: 2—4 MHH. Ha IpeJBapuTeNbloc THTpOBAHHE
pactBoputeas u 2-4 Mun. ua rtarponaiue obpasma. B neko-
TOPHX CIydasx morpefoBasioch eie 4 MHH. IS JOCTIKeHMHSA
pasHoBecns. llpumedanuch pacTBOPUTEIN PA3IMYHLIX COCTABOB
¢ 1eJIbI0 HANUTH ONTUMANBHLIE YCHOBUSA.

HPAKTUYECKIIN ANAJNS BLICOKOUYUCTOTHBIX
XMMHRAAUN—IV. HPLEUH3HOHIIAA
TPABUMETPHST NJIOPUIA CEPLEBPA:

K. LiTTLE, Talanta, 1971, 18, 927.

Pesrome—IIpuBeeHE  geTanu  JOBOJBLIO IIPOCTOTO  BECOBOTO
MeTofla OIpefzieHuA Xiopuga cepedpa ¢ MOBONBHO IINMPOKUM
MIalla3oHoM  ycJaosuif, BEKJIOYAd Bce KpPUTHYECKUE HTAOBI U
MepHL IIpPeOCTOPOKHOCTH. Mereq Mo3BOIeT IpELl3HONHOoe
ompefeIciiec XJIOpHAA AHAANTHKAM, HMEOIUIM TOJABKO orpa-
HUYEeHHOe HCKYCCTBO B IPOBCACHUN TOYHIIX BECOBHX OIpefe-
JIeHU#1, & MO3BOJAELT IPOBECTN OIpPeHeHese ¢ HOMOINbLIO 00LiKHO-
penHOro Ja0OPaTOpHOTO O00OPYZOBAHHA M He-3aMUCHMO  OT
ATAJIOHHOrO BemieeTna. IlpogomkuTeILHOCTL MCTOAA U Tpedye-
moe BpeMsa paloTLl NI TPOHIOro ompejeNens TBeproil npoGsul
pasHo 65 u 10-12 4., COOTBCTCTBEHHO. Onucano npuMeHenne
MeTOJa B AHAJNM3€¢ BHICOKOUMCTOTHBIX XJOPHJHBIX CcOJiell U B
YCTaHOBKE TUTPA PACTBOPOB COJSAHON KUCIOTEL,



Summaries for card indexes

Computer-assisted study of the complexation of quinizarin-2-sulphonic
acid with iron(III): J. A. THomsoN and G. F. ATkInsoN, Talanta, 1971,
18, 935. (Department of Chemistry, University of Waterloo, Waterloo,
Ontario, Canada.)

Summary—A detailed spectrophotometric study of the complexation
of iron(IIl) with quinizarin-2-sulphonic acid (Q) in 0-1M 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.

Effect of metal ions on the determination of semicarbazide hydrochloride
with potassium bromate: M. J. M. CampBeLL, R. GRZESKOWIAK and
B. PERRETT, Talanta, 1971, 18, 943. (Department of Chemistry,
Thames Polytechnic, London, S.E.18.)

Summary-—Semicarbazide can be titrated quantitatively with potassium
bromate in the presence of nickel(II), cobalt(1I) and manganese(Il)
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.

Potentiometric titrations with a mercury-mercury sulphide electrode:
T. R. WILLIAMS, S. PiIEKARSKIand C. MANNING, Tulanta, 1971, 18, 951.
(Chemistry Department, The College of Wooster, Wooster, Ohio
44691, U.S.A)

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

Potentiometric titration of cyanide and chloride, using the silver specific-
ion electrode as an indicator: FrRANK J. CoNRAD, Talanta, 1971, 18, 952.
(Sandia Laboratories, Albuquerque, New Mexico, U.S.A.)

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

AAS-Bestimmung von Rhenium in Wolfram, Molylddn und Tantal:
G. M. NEumANN, Talanta, 1971, 18, 955. (OSRAM-Studiengesell-
schaft, Miinchen.)

Summary-Results of the atomic absorpticn 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 the lower
determination limits were 750 and 560 ppm in W and Mo respectively.
The sensitivity found for 19( absorption was 5 ug Re/ml.

XV
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AuyHoTanuu crareit

N3YUYEHUE KOMINIEKCOOBPA3SOBAUUA
XUHN3APUH-2-CYJIBOOHOBOU KUCIOTHI C
HEJTE3OM(III) C ITIPUMEHEHUEM
BIEKTPOIHOBBIYUCIUTEALITON MAIIUIBL:

J. A. TaowmsoN and G. F. ATKINSON, Talanta, 1971, 18, 935.

Pesrome—IIpoBeneno jeTanbHOe CHEKTPofOoTOMETPUUECKOe H3Y-
yenue KomiulekcooOpasoBanna sexesa(lIl) ¢ xunusapun-2-
cyabdonooii Kucaoroit (X) B pactBope 0,1 M XJI0pioii KUCIOTHL.
Janmple yKasuBaiOT HA NPHUCYTCTBUHE B pacrnope (oJsbmie veM
OHOr0 KoMmiiekca. OHU HPOAHATM3NPOBAHE ¢ MOMOUIBI0 METOA
runa PITMAP u cpaBHeHHe pesyJbTaTOB II0Jy4YCHHBIX HA pAne
MofeJleil cocTaBa pACTBOpA MOKA3aJM YTO IPCATOYTHTEILHBIMI
MOJIeIAMNI ABIATCS MOLEIN KOMIUIEKCOB ¢ oTHoImeHueM Fe: X
pasHeiM 1:1 u 4:3. llpuBegeHsl KOHCTAHTHL YCTOHYMBOCTH I
paccauTaHIibie CHNEeKTPH AJA BTHX KOMIIeKcoB. DBwripasieno
MHeHue yro aurang OGmc-xesgarooOpasylolmii B MHOTOATLEPHOR
dopme.

BJIVAINE NOTIOB METAJIJIOB HA OIIPEJEJEHUE
COJIAHOKUCJIOrO CEMIIKAP BA3SUJIA BPOMATOM
KAJIUS:

M. J. M. CamPBELL, R. GrzeskowiaK and B. PERRETT, Talanta, 1971,

18, 943.

Pestoye—CeMuxap0asuy] TUTPUPYIOT KOJIMYECTBCHHO OpoMaroM
KaJud B MpUCYTCTBIM HIKeaA, Kobanpra(Il) n maprauna(Il), no
Menb(I1) cuabuo Memaer ompepeienuio. Jisyuenmo pinAHHE
HOHOB MM HA peaKlun ceMukapbasujga ¢ GpoMaroM Kajiud U U
IpHBEIEHL YCJIOBUA IPH HKOTOPHX DEAKLUA SBIACTCA KOJU-
YeCTBECHHOIL.

TMOTEHIIMOMETPUYECKUE THUTPAIIMK C
SNEKTPOJIOM PTYTHCYILOUI PTYTH:

T.R.WILLIAMS, S. PiekArski and C. MANNING, Talanta, 1971,18,951.

Pestome—JIncr MIaTHHK TOKRPHITHIH MIEHKOR PTYTH U CyabpuAaa
PTYTH MPCJIOMKEH B KayecTBe 3JIeKTPOAA A MOTelInoMeTpuye-
CKUX TUTPAIMIL ¢ THOAUETAMUFOM.

NOTEHINOMETPUYECKOE TUTPOBAHUE
IMANUTA U XJIOPUIOA C UCIOJb3OBAHUEM
NOHOCIENUGHUYIECKOTO SJIEKTPOINA JIA
CEPEBPA B KAYECTBE MHINKATOPA:

FrANK J. CONRAD, Talanta, 1971, 18, 952.

Pesone—IIpusefensl yciobma JAS IOCIEAYIOIEr0 IOTEHINO-
METPHYCCKOTO THTPOBAHNUA IUAHN/A M XIOPHAA B MIIIIINMOJIEBEIX
KOHIeNTPAIUAX, ¢ HCHOJIB30BANHMC MOITOCTICIU(PHYIECKOTO BIIEK-
Tpofa A cepedpa B KaueCTse WIJHKATOPHOTO DIIERTPORA.

ONPEARJNEHUE PEHUA B BOJIbOPAME,
MOJIUBIAIEHE 11 TAHTAJIE METOIOM
ATOMIIO-ABCOPBIUOHHOI CHEKTPOCKOIINN:

G. M. NEUMANN, Talanta, 1971, 18, 955.

Pestoye—lIpuBegeHsl aTOMHO-afcopGLIIONHLIC XAPAKRTCPUCTIIKIL
penHs B MPICYTCTBUI JOTBIX KOANYECTB BOILGpama i MO 6-
AeHa, MaTpuyibie 5IEMEHTH B M3BCCTHOH Mepe BIIHAIOT HA
onpefiedeiie, Ho TMOCKOJALKY OHH TOCTOSIHLL IIPH  BHCOKHX
KOHUEHTPAIMAX BoabppaMa I MoJIuOHeia, METoJ ATOMHO-
aGcop OIMOHHOI CIICKTPOCKOIIMY MOKHO IPHMEHSATH B ONpefese-
mnu penua B cunasax Ref/W u Re/Mo B MaKpo- i CeMUMIKpPO-
obmactax, Ge3 mpegsaputenbHoro otfAcicnud.  dyBcTBHUTENb-
HOCTH MeTofa Miss 1 T mpoOu paBHa 750 u 560 uyacreil Ha
munon 1iA W 1 Mo, cooTBeTCBeHHO, a 00IapyUMOCTh JIJIA
1% morsjomenna—bo Mur Re/mi.



Summaries for card indexes

The organic solvent effect on phosphomolybdic acid, and its analytical
application: TarTiro FuiNaGA, Mutsuo Kovama and TOSHITAKA
Hor1, Talanta, 1971, 18, 960. (Department of Chemistry, University
of Kyoto, Kyoto, Japan.)

Summary—The ultraviolet spectra of phosphomolybdic acid in
aqueous and mixed solvent systems were studied. The spectra are
profoundly affected by the addition of organic solvents such as
tetrahydrofuran, ethanol and their homologues and eventually exhibit
an absorption maximum at 310 nm. The formation of phosphomo-
lybdic acid was found to be quantitative even with low concentrations
of molybdate ions (ca. 10-*M) at pH about 3. By using these facts, a
simple method for direct spectrophotometric determination of phos-
phate ion has been developed.

Radio-controlled apparatus for automatic analytical measurements:
A. BeLLoMo, Talanta,1971, 18, 962. (Institute of Analytical Chemis-
try, University of Messina, Italy.)

Summary—An apparatus is described for remote control of chemical
operations and for remote monitoring of processes, by means of a
radio-receiver tuned to the initial frequency of an oscillator that
transduces some physical parameter of the system monitored. The
receiver operates a relay (with feed-back to the system) when the
emitted frequency changes as a result of a change in the system ex-
amined.

The extraction constant of mercury(Il) o-o’-dimethyldithizonate into
toluene: B. A. H. G. JUTTE, J. AGTERDENBOS and R. A. VAN DER
WELLE, Talanta, 1971, 18, 965. (Analytisch Chemisch Laboratorium
der Rijksuniversiteit, Utrecht, Croesestraat 77A, The Netherlands.)

Summary—An attempt was made to determine spectrophotometrically
the extraction constant of mercury(Il) o-o’-dimethyldithizonate into
toluene by means of a known excess of iodide as a masking agent.
The results found, however, could not be explained by a simple
reaction between mercury(ll) o-o’-dimethyldithizonate and iodide.

Spectrophotometric determination of lanthanum, thorium and iron(III)
with chromotropic acid azo dyes of the pyridine series: A. K.
MaJuMpAR and A. B. CHATTERIEE, Talanta, 1971, 18, 968. (Depart-
ment of Inorganic and Analytical Chemistry, Jadavpur University,
Calcutta-32, India.)

Summary—Highly sensitive methods for the determination of lantha-
num, thorium and iron(III) have been developed with the sodium salts
of 2-(pyridyl-2-azo)chromotropic acid, 2-(pyridyl-3-azo)chromotropic
acid and 2-(2-carboxypyridyl-3-azo)chromotropic acid. Optimum
concentration ranges are of the order 1-20 ppm. The effect of diverse
ions (cations and anions) including those of rare-earths are reported.
The nature of the complexes has been investigated and values for the
instability constants are given.

xvii
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Aunnoranun crareit

BINAHUE OPTAHNYECKUX PACTBOPUTEJIEN
HA ®OCOOPHOMOJUBAEHOBYIO KUCGJIOTY 1
EIr'o IPUMEHEHUE B AHAJIN3E:

TAITIRO FUJINAGA, MUTSUO KovaMA and TosHITAKA Hori, Talanta,
1971, 18, 960.

Peziome—Uazyuennt  yabrpaduoserossie cmekiphl  QocopHo-
MoJMOAeHOBOIT KHCJIOTH B CMECAX M BOJHHIX PACTBOPAX PACTBO-
puredieit. llpucyTcrBue opramMyecKUX pAacTBOpHTeseif, B TOM
yneye TeTparuppodypaia, STaHONA U UX TOMOJOrOB B 3HA-
YNTeABHO{ Mepe BIHAET HA CHOEKTPHl, BLIBUBAA MAKCHMYM
cBetonorgomeHnA npn 310 M. OGHApPYHEHO KONUYECTBEHHOE
oOpasopanne (ochopHOMONNOTEHOBOU KHCIOTH Jame INpu
HU3KUX KOHLCHTpauuax Moaubpariona (~10-4M) mpu pH ~ 3.
Ha ocHoBe aTuX AaHHLIX paspaloTaH HeCIOMHHII METOJ Hemo-
CPEJCTBEHHOTO CIERTPOlOTOMETPUULCKOTO onpepelienina
focdarnona.

TEIEINPUTUPOBAHHLIN IIPUBOP IJI5I
ABTOMATNYECHKUX AHAJUTUYECKIX
U3BMEPEHUIA:

A. BELLoMo, Talanta, 1971, 18, 962,

Pesome—Omucan npufop OgaA TeIeFUPHTrHpPOBAILOr0 YIPAaB-
TeuMd XUMMUCCKUMH OIepamMaAMUM HCTAILMONHOrO aHajIusa
NpOoIEeCcCoB, MOIL3YIOIMIICA pagUONpPHeMHRKOM, HACTPOEHHBIM
Ha HAYQJHYI0 YaCTOTY OCHHUIIATOpA, IEpefaBsarollero HeKoTo-
peit fusndccKuil mapameTp aHAIN3NPOBANHOil cucteMer. llpme-
MHIK aKTUBUPYET pede (¢ OTBETOM CHCTCME) KOTMIa MclylieHHasA
YACTOTA NBMENSICTCA B PE3yabTare N3MCHEHUs aHaIusupoBaH-
HOW CHCTeMLI.

HROIICTAHTA U3BJIAEYEHUA o-o’- THMETWINTH30-
HATA PTYTIIIL) TOJYOIIOM:

B. A. H. G. JUrtE, J. AGTERDENBOS and R. A. vaN DER WELLE,
Talanta, 1971, 18, 965.

Pesome—Cjlenana IOMBITHA ONpPeledUTh CICKTPOPOTOMETpH-
YECKUM IIyTeM KOHCTAHTY H3BJeYEHHHA 0-0 -JMMETHIIHTU30HATA
pryti(Il) ToayosoM, ¢ HMCIOJB30BAHHEM W3BECTHOrO HOJIM-
4ecTBa HOIMAA B KaUeCTBe MacKHpyowero arenra. lHonydenmsie
PesyabTATHl MEHJY TeM He YHaI0Ch IIPOTOJKOBATL MpOCTOil
pearnueil o-o’-gumeruapuTHzoHara pryru(Il) ¢ momumonm.

CIIEKTPOGOTOMETPUYECKOE OIUPEAEIEINNE
JIAHTAITA, TOPUA 1 KEJE3A(IIL) G UCIHOJbB30-
BAHUEM A30KPACUTEJIEN A OCHOBE
XPOMOTPOIIOBOM KUCJIOTHI HUPUAUTIOBOTO PSJIA:

A. K. MasumpAR and A. B. CHATTERIEE, Talanta, 1971, 18, 968.

Pearome—PaspalboTallbl BHCOKOUYBCTBUTENBILIC METORLI OIIpe-
medeHus jnadTamna, ropua u kenesa(lIl) ¢ wucroanszosanmem
HATPHEBLIX CcoJyeil 2-(Mnpuani-2-a30) XpoOMOTPONOBOH KUCIOTEHI,
2-(MIpHI-3-230) XPOMOTPOMOBO KHCIAOTH U 2-(2-rapOoKcu-
upnni-3-a30)  XPOMOTPOMOBOI  KMCJIOTHL. OnruManbHbIe
Ipeflesitl RoHnenTpaunit—1-20 mMr/a. MaydeHo BINAHNE pasHLIX
HOHOB (&HHOHOB M KATHOHOB), BKIIOYAS MOHBI PEKOBEMENbHBIX
aneMenTon. Takie HMaydeHa HPHUPOAA KOMINICKCOB U IIpUBe-
JIeTTbl KOHCTAHTH HeyCTOunBOCTH.



Summaries for card indexes

Elimination of nitrate interference in the trace determination of sulphate
as hydrogen sulphide: A. SINCLAIR, R. D. HALL, D. THORBURN BURNS
and W. P. Haves, Talanta, 1971, 18, 972. (Allied Breweries Research
Department, Burton on Trent, and Department of Chemistry,
Loughborough University of Technology, Loughborough.)

Summary—The microdetermination of sulphate by reduction to
hydrogen sulphide, determined colorimetrically as Methylene Blue, is
subject to interference from nitrate ion. This interference is eliminated
by adding zinc acetate and igniting samples at 320° for one hr.

Rapid photometric method for the determination of taurine and cysteic
acid: AnNTONY C. WILBRAHAM, TERENCE C. OWEN, BARRETT G.
Jonnson and JouN A. G. RoAcH, Talanta, 1971, 18, 977. (Department
of Chemistry, Southern Illinois University, Edwardsville, Illinois
62025 and the Department of Chemistry, University of South Florida,
Tampa, Florida.)

Summary—A method is described for the rapid determination of
microgram quantities of taurine or cysteic acid in the presence of rel-
atively large amounts of other amino-acids. Dinitrophenylation of
the sample followed by chloroform extraction yieldsanaqueoussolution
containing only DNP--taurine or DNP—cysteic acid, the absorbance of
which gives a direct measure of these components.

Cation-exchange separation of strontium from manganese and other
clements in citrate media: F. W. E. STRELow and M. D. BoSHOFE,
Talanta, 1971, 18, 983. (National Chemical Research Laboratory,
P.O. Box 395, Pretoria, S. Africa.)

Summary—Mn(II) can be eluted quantitatively with 0-067M ammo-
nium citrate at pH 7-0 or 7-5 from a column of AG50W-X8 cation-
exchange resin (200-400 mesh), and separated from Sr which is
retained. Mg, Ca, Cu(Il), Zn and Co(Il) accompany Mn(II). From
citric acid solutions up to 1M (209() and from 59 citric acid solution
at pH 2-2 both Mn(ll) and Sr are retained very strongly. This is in
agreement with some previous work but disagrees with a recent
statement by others that 57 citric acid at pH 2:2 is an effective eluting
agent for Sr.

The precision of determinations of zinc content of foed: M. L. HiGGINS
and W. F. PickerING, Talanta, 1971, 18, 986. (Australian Food
Research Laboratories, Cooranbong, N.S.W. 2265, Australia. and
Department of Chemistry, The University of Newcastle, N.S.W. 2308,
Australia.)

Summary—Seven different types of foodstuff (containing 3-100 ppm
Zn) were each analysed for zinc by colorimetry, polarography and
atomic-absorption spectroscopy. All the techniques yielded similar
values for the zinc content of a given sample, but atomic-absorption
spectroscopy had a smaller average coefficient of variation.

xix



Anboraunn crareii

YCTPAHEHUE BJIMAHUA HUTPATA HA
OIIPEAEJIEHUE CJIEOBLIX KOJUYECTB
CYIJILD®ATA B ®OPME CEPOBOJOPO/IA:

A. SINCLAIR, R. D. HALr, D. THORBURN BURNS and W. P. HAYES,
Talanta, 1971, 18, 972.

Pesrome—linTparnon MemaeT MHKpOOMNpeReJeHUd Cyabdara
OCHOBBLIBAIOIL[CMYCH HAQ BOCCTAHOBIEHHI [0 CePOBOZOPOAA M €ro
nTocIefyiomeM KoJOpUMEeTPHYECKOM OIIpeleIe I B JopMe MeTH-
JIEHOBOTO Toay0oro. OTO BJIMAHUE YCTpAHAECTCA HOOABIICHMEM
aleTara qunKa u o6soanBanneM npo6 npu 320° B reuenue OFHOTO
Jaca.

BLICTPBEII ®OTOMETPUYECKUN METO/
OIIPEARJIEHUST TAYVPUHA U JUCTEUHOBONU
RUCJOTDhI:

ANTONY C. WILBRAHAM, TERENCE C. OWEN, BARRETT G. JOHNSON and
JouN A. G. Roacn, Talanta, 1971, 18, 977.

Pesome—Omucan MeTox AuA GBICTPOrO OIpefieeNua MUKpO-
TPAMMOBHIX HKOJIUYECTB TAYPMHA WM [UCTCUHOBON KUCIOTH B
TMPHCYTCTBUM OTHOCHTENIBHO OOJBINNX KOJIMYECTE APYIHX AMUHO-
kicaor.  JduHutpodeHnmmpoBaHmeM INpoGEL ¢ MOCIAERYIOUIUM
u3BJICYEHNEM XJIOPOYOPMOM IIONIyyaeTCH BOMHEIT PACTBOD COmep-
mamuii ronske JHII-raypur uan JHII-uucrenHosyo Kuciory.
Ix cperomoruomienue HpeAcTaBiaAer co0oit HeIoCpenCTBEHHO
Mepy AJIA KOHLEHTPALM HTHX BellecTs.

v
OTOEJIEHUE CTPOHHUA OT MAPTAHIIA U

APYTHX HJIEMEHTOB HA HATHUOHUTE B
IUTPATHBIX CPEIJAX:

F. W. E. STRELOW and M. D. BosHoFF, Talanta, 1971, 18, 983.

Pezrone—Mn(I1) nmonpylor komuuecrsenno 0,76 pacrsBopom
nurpara ammonuna npum pH 7,0 nam 7,5 U3 KOJOHKHM KATHOHO-
oOmenno# cMoabl AGS50W-X8 (200400 Merlr) u OTHCIAT OT Sr
KOTOpBHIf ocraerca Ha koxomke. Mg, Ca, Cu(Il), Zn u Co(II)
compopomgaor Mn(II). IIs pacrBopoB JIMMOHHON KHCIOTH
BOJIOTs 1M (20 9,) M U3 5 %-THOr0 PacrBOpa JMMOIHON KUCIOTH
npu pH 2,2 Mn(II) u Sr cunpHO 3ageBaHbl HA KOJIOHKE. OTH
HaOIONEHNA B COTVIACHOCTY € PaHee IIOJIYYCHHBIMI JAHHBIMU HO
pacxogATCA € HEeJABHO OJYOIMKOBAHHLIMU JAHHLIMHE EPYTHUX
aBTOPOB: OHU HAILIK 4YTO 5 %, JuMOHINAA Kuciora mpu pH 2,2
npepcraBisaeT 9000l efdeKTHBHEIN egioonT Jud Sr.

BOCIIPOU3BOIUMOCTDL ONPENEJIEHNS IJUHKA B
MIHIAX:

M. L. HigGiNs and W. F. PICKERING, Talanta, 1971, 18, 986.

Pesome—CeMb pa3IMUHBIX THIIOB NUIIEBHIX BEIECTB (COXepra-
mux oT 3 10 100 4/MuIII. Zn) HCCAeROBANNCh KaMI0e HA COLep-
HAHNE ITHKA METOOM KOJIOPHMETPHI , HOJAporpadun ¥ aTOMHOI
abcopOuuonHoli cnexTpockonuu, ITpu Bcex MeTOTAX MOIYyYAaNUCh
nofoGHEIE BeIMYNHBL COTEpHAHNA IINHKA B gaHHoM ofpasie, Ho
TIpu aToMHolt a0copOInOHHOM CHeKTpOCKONNH cpejuuii Koaddu-
I(NEeHT M3MeHeHU ObLI MeHbIIe,
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