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NOTES FOR AUTHORS
1. General

Contributions may deal with any aspect of analytical chemistry, although papers exclusively concerned with
limited fields already catered for by specialist journals should normally be directed to those journals, and
should only be submitted to TALANTA if their analytical implications as a whole are such as to make their
inclusion in a more general background desirable. Original papers, preliminary and short communications,
reviews and letters will be published.

Because TALANTA is an international journal, contributions are expected to be of a very high standard.
They should make a definite contribution to the subject. Papers submitted for publication should be new
publications. The submission of a paper is held to imply that it has not previously been published in any
Ianguage, that it is not under consideration for publication elsewhere, and that, if accepted for publication,
it will not be published elsewhere without the written consent of the Editor-in-Chief. Special importance will
be attached to work dealing with the principles of analytical chemistry in which the experimental material
is critically evaluated, and to similar fandamental studies. Reviews in rapidly expanding fields, and reviews
of hitherto widely scattered material, will be considered for publication, but should be critical. The Editor-
in-Chief will welcome correspondence on matters of interest to analytical chemists.

Original papers, short communications and reviews will be refereed (see Talanta, 1962, 9, 89). Referees
will be encouraged to present critical and unbiased reports which are designed to assist the author in
presenting his material in the clearest and most unequivocal way possible. To assist in achieving this
completely objective approach, referees will be asked to submit signed reports. At the discretion of the
Editor-in-Chief, the names of referces may be disclosed if thereby agreement between author and referee is
likely to result. Authors should appreciate that the comments of referees are presented in a constructive
spirit, and that agreement between the views of author and referee must result in a higher standard of

ublication,
P Preliminary communications will be refereed urgently and will be accorded priority in publication.
Letters to the Editor will not be refereed, but will be published at the discretion of the Editor-in-Chief. If
accepted, they will also be given priority.

Fifty free reprints will be provided (regardless of the number of authors) and additional copies can be
supplied at reasonable cost if ordered when proofs are returned. A reprint order form will accompany the
the proofs.

2. Script requirements
By following the Script Reguirements carefully, authors will ensure more rapid publication of their papers.

General

Contributions should be submitted to the Editor-in-Chief or to a Regional Editor where appropriate (see
editorial page for addresses). They may be written in English, French or German. All contributions in
the French language should be submitted to Dr. M. Pesez, and those in the German language to Professor
E. Blasius.

Preliminary communications should be limited to less than 1000 words in length and should not contain
diagrams. If they do not fulfill these conditions they will be treated as short communications.

Scripts should be submitted in duplicate; they should be typewritten and the lines double-spaced. Where
possible, papers should follow the pattern: Introduction, Experimental, Results, Discussion, Conclusion (or
such of these headings as apply).

Because all material will be set directly in page proof, every attempt should be made to ensure that before
being submitted, manuscripts are essentially in the final form desired by the authors, and that no alterations
of moment will be required at the proof stage. Alterations suggested by the referee will be agreed with the
authors at the manuscript stage. Authors writing in a foreign language are advised that in submitting
papers they should endeavour to have the paper thoroughly corrected before submitting for publication.
If the manuscript requires considerable editing, it may have to be returned to the authors for retyping,
resulting in a serious delay in publication.

Summaries

The essential contents of each paper should be briefly recapitulated in a summary placed at the beginning
of a paper, or at the end of a preliminary or short communication. This should be in the language of the paper,
but for French or German papers an English version should also be provided wherever possible.

Hlustrations

Illustrations should be separate from the typescript of the paper. Original line drawings should be
supplied (about twice the final size required) together with one set of copies. Line drawings should contain
all lines of equal thickness; it is not possible to reproduce illustrations with weak lines. If the illustrations



require redrawing, publication of the paper will be delayed. The following standard symbols should be used
on line drawings:

A A O O o O A O @ © ¢ ®

Legends for illustrations should be typed on a separate sheet.

Straight-line calibration graphs are not generally permitted; the necessary information can usually be
included in the text (e.g., in the form of an equation).

Tables should be so constructed as to be intelligible without reference to the text, every table and column
being provided with a heading. Units of measure must always be clearly indicated. Unless it is essential
to the argument, tables should not list the results of individual experiments, but should summarise results
by an accepted method of expression, e.g., standard deviation. The same information should not be
produced in both tables and figures.

The preferred positions for all figures and tables should be indicated in the manuscript by the authors.

References
References should be indicated in the text by consecutive superior numbers; and the full references should
be given in a list at the end of the paper in the following form:

1. J. B. Austin and R. H. H. Pierce, J. Am. Chem. Soc., 1955, 57, 661.

2. 8. T. Yoffe and A. N. Nesmeyanov, Handbook of Magnesium-Organic Compounds, 2nd Ed., Vol. 3,
p. 214. Pergamon, Oxford, 1956.

3. R. J. Winterton in C. L. Wilson and D. W. Wilson, Comprehensive Analytical Chemistry, Vol. IB,
p- 238. Elsevier, Amsterdam, 1960.

4. A. B. Smith, The Effect of Radiation on Strengths of Metals. A.E.R.E., M/R 6329, 1962.

5. W. Jones, Brit. Pat. 654321, 1959,

Journal-name abbreviations should be as used in Chemical Abstracts.
Footnotes to pages and to tables, as distinct from literature references, should be indicated by the

following symbols: *, f, {, ¥, commencing anew on each page.

Proofs
Proofs are not set in galley form and will be sent out to authors in page form for correction. It is
emphasised that at this stage extensive alterations to the text or failure to return the corrected proofs promptly

may result in serious delay in publication.
Authors are particularly requested to check the correctness of their references, which should, at some stage,

also be checked against the original papers.

Miscellaneous

Because of the international character of the journal, authors should follow the recommendations of the
International Union of Pure and Applied Chemistry as regards nomenclature and symbols. In editing papers
for publication, English spelling will be used for all matter in the English language. Authors who wish to
retain American spelling, or to adhere to other generally accepted usages, should indicate this clearly at the

time of submission of the manuscript.
Where several authors are involved in a paper, an indication of the author to whom requests for reprints

should be addressed may be given by placing the symbol ® after the name of that author.

Des exemplaires en francais des Notes aux Auteurs peuvent étre obtenus auprés du Rédacteur en Chef
Deutsche Abdrucke der Anmerkungen fitr Mitarbeiter sind beim Hauptschriftleiter zu erhalten

OTTHCKE TPRBUT KIS ABTOPOB HA PYCCKOM S3KIKE MOMKHO HOIYUMTH Y TTABHOTO PeAAKTOpa
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DETERMINATION OF GOLD BY X-RAY
FLUORESCENCE METHODS

A. CHow and F. E. BEAMISH
Department of Chemistry, University of Toronto, Toronto 5, Canada

(Received 8 October 1965. Accepted 10 December 1965)

Summary—X-ray fluorescence methods for the determination of gold
in silver beads and in hydrochloric acid solutions are described. These
techniques may be applied to silver containing 0-2-5 75 of gold and to
solutions containing 0-004-0-19; of gold. Platinum, palladium,
rhodium and iridium do not interfere.

THE use of X-ray fluorescence methods for the determination of metals is well estab-
lished for all but the lightest elements.® These techniques are rapid, and because the
sample is not destroyed a comparison of accuracy and precision with other methods
can be made. Furthermore, accuracy and precision can be increased by repeated or
prolonged counting intervals.

Although gold has been determined by the complete range of analytical techniques,
very little has been reported on its determination by X-ray fluorescence methods.
Strasheim and Wybenga? determined platinum, gold and iridium in small quantities
in solutions of matte, using a correction factor for platinum and a ratio method for
gold and iridium. Although the results obtained agreed with values obtained by
chemical methods, the latter are not described.

This report describes procedures used for the determination of gold, and gold in the
presence of platinum metals in hydrochloric acid solutions and of gold in silver assay
beads. The determination of gold in acidic solution provides a rapid and accurate
alternative to spectrophotometric and titrimetric methods and there is the significant
advantage that platinum metals do not interfere appreciably.

The determination of gold in silver beads is of particular interest to those using
fire assay procedures. A common method for determining milligram amounts of gold
in silver beads includes parting with acids, filtration and heating before weighing.
For microgram amounts of gold in silver, dissolution and spectrophotometric deter-
minations are usually required. A necessary condition for the application of X-ray
fluorescence to silver-gold beads is the homogeneous distribution of gold in the silver.
In general, gold-silver alloys are considered to be solid solutions, but because of the
specific conditions required for the preparation of assay beads the homogeneity of
the latter was investigated by irradiating several locations on both surfaces of a few
foils produced by rolling the beads.

EXPERIMENTAL
Apparatus

Philips Universal Vacuum X-ray spectrograph equipped with a tungsten target X-ray tube
Beckman Model B spectrophotometer

William and Wilson 20 KW electric furnace

Cupels supplied by A. P. Green Co. (Weston, Ontario, Canada)

539
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Reagents

Gold foil (Johnson Matthey)

Gold, precipitated powder (Fisher purified)

Silver, precipitated powder (Fisher certified reagent)

Lead foil (Matheson Coleman and Bell reagent)

All acids used were commerically pure reagent grade except the hydrobromic acid which was the
col%urless fraction obtained by distillation of reagent-grade acid. All other chemicals were reagent

rade.

& Standard gold solutions. Approximately 1 g of gold foil was dissolved in aqua regia and the
nitrous oxides removed by repeated evaporations with hydrochloric acid in the presence of a few
milligrams of sodium chloride. The solution was filtered and the residue ignited, dissolved by the
same procedure and added to the original filtrate. The final solution was diluted to 1 1. with 0-12M
hydrochloric acid. Dilute gold solutions were prepared by dilution with 0-12M hydrochloric acid.
The concentrated stock solution was standardised with hydroquinone.?

Procedure

For the determination of gold in dilute hydrochloric acid solution, the gold L; line (31:19°, 26)
(lithium fluoride crystal) was used because of lower interference from the tungsten-scattered spectral
lines compared to that found for the other analytical lines. The tungsten tube was operated at 40 kV
and 22 mA, and the scintillation detector at 800 V.

Because the setting of the goniometer is crucial for accurate readings, once it had been adjusted
to the gold peak it was not changed until a complete series of results had been obtained. The blank
was determined by counting at the same angle a solution containing the same constituents as the
samples with the exception of gold. This method allowed for any trace gold or impurity present in
the reagents.

To avoid any change in path-length, the same acid-resistant PVC liquid-sample holder in the same
position and alignment was used for all measurements; the sample holder was left assembled with
the same Mylar film bottom until a complete series of samples had been treated. The cell was inverted
to remove the sample, rinsed twice with water and dried with a tissue, care being taken not to distort
the Mylar film.

Infinite layer thickness was found to be given by about 10 ml of sample solution. Although
consistent results could be obtained with the cell three-quarters full, this volume was inconvenient
to use. If the same volumes of sample solutions were added to the dry sample holder, a constant
level was maintained and consistent results were obtained. Any volume seems suitable provided the
solution covers the bottom of the holder, and the use of smaller aliquots permits the determination
of smaller amounts of gold.

Gold solutions are easily decomposed by ultraviolet light* and it was found that prolonged exposure
to X-rays also causes the formation of a reddish precipitate of gold. Attempts were made to stabilise
the gold solution by the addition of gelatin but were unsuccessful. In order to avoid decomposition
of the gold solution, a fixed irradiation time of 10-0 sec was maintained and the Mylar film was
examined for any gold precipitate by the frequent counting of blank solutions in the same cell.
Short irradiation times produced no precipitate. At least five aliquots of each sample were counted
and the average deviation was always less than 1 7.

Large variations in the concentration of hydrochloric acid significantly affected the counting
rate; ‘an increase from 0-25 to 0-50M in hydrochloric acid decreased the counting rate by 7 7. The
acid concentration was easily maintained within the permissible limits.

RESULTS AND DISCUSSION

The results for 5-0 ml and 2:0ml of dilute standard gold solutions in 0-12M
hydrochloric acid are given in Table 1. These show good consistency for the range
40-1000 ppm. The addition of various platinum metal chlorides to gold samples
introduced only a slight error; equal concentrations of platinum metal and gold gave
results which were 0-5% low. The results obtained when platinum, palladium,
rhodium, iridium, or a combination of the four platinum metals were added to gold
are also given in Table L.

Pulse height analysis with a base-line level of 5-0 V and a window width of 12:5V
reduces the high background more than the gold peak so that the difference is increased
by approximately 79%. Results obtained with 5-0 ml of gold solution by pulse height
analysis are included in Table 1.
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TABLE 1.—DETERMINATION OF GOLD IN SOLUTION

Concentration Aliquot P.H.A. Pt metals added Intensity, Average, At
of gold, ppm used, ml used cps A*
0 2:0 No No 1958
100 2:0 No No 2241 2-83
200 20 No No 2513 278
300 20 No No 2727 256
400 2:0 No No 2967 2-52
500 20 No No 3255 2:59 2:66 + 012
0 50 No No 2685
40 50 No No 2799 2-85
80 5-0 No No 2904 274
120 5-0 No No 3028 2-86
160 5-0 No No 3149 2:90
200 50 No No 3246 281 2-83 4 0046
0 5-0 No No 2620
200 50 No No 3260 3-20
400 50 No No 3890 318
600 50 No No 4495 3-13
800 50 No No 5100 3-10
1000 50 No No 5695 3-08
2000 50 No No 8520 2:95 311 4 0063
0 50 Yes No 1899
40 50 Yes No 2026 318
80 50 Yes No 2135 295
120 50 Yes No 2259 3-00
160 50 Yes No 2382 3-02
200 5.0 Yes No 2488 2:95 302 4+ 0-064
0 15-0 No No 2371
400 150 No No 3371 2-50
400 15-0 No Pt 3369 2:49
400 15:0 No Pd 3341 243
400 150 No Rh 3356 246
400 15-0 No Ir 3316 2:36
400 150 No Pt, Pd 3365 249 245 + 0-04
Rh, Ir

* A is the difference in count rate between sample and blank, divided by concentration.
T Average value of 4 + average deviation,

Gold in silver beads was determined under conditions similar to those used for
gold in solution. The LB; gold line at (31-19°, 26) (lithium fluoride crystal) was used
for counting and the same power settings were used. The use of a blank eliminated
changing the goniometer setting for a set of samples, and avoided adjustment errors
and interference from impurities in the reagents.

Gold-silver beads weighing 100, 25, 12 and 8 mg were prepared. For the larger
amounts of gold, gold powder was weighed directly on a microbalance and transferred
to a boat made from 6 X 6in. lead foil. For smaller amounts of gold, an aliquot of
gold solution was added to the lead boat and the liquid was evaporated in a steam
cabinet. For all samples, silver powder was added and the lead boat carefully folded.
The artificial lead buttons containing gold and silver were cupelled at 980° on pre-
heated #8 S.A. cupels. Preliminary cupellation tests showed no loss of gold powder
and only insignificant losses for low concentrations of evaporated gold solution.
Silver losses on cupellation were appreciable and varied because of differences in
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temperature within the furnace and variations in the silver content of the lead. The
final concentrations of gold in the gold-silver alloys were calculated from the amount
of gold added and the weight of the silver bead after cupellation. Blanks were prepared
from silver powder added to lead foil and also by evaporating 0-12M hydrochloric
acid in lead foil.

Because the X-ray path-length must be constant for consistent results, the hemi-
spherical silver bead produced by cupellation is not suitable for the determination of
gold. The beads were, therefore, rolled to a thickness of 0:02-0-03 mm after adhering
cupel material had been gently removed with a spatula. To facilitate rolling and
prevent splitting, the alloys were intermittently annealed® several times by heating
them to red heat in porcelain crucibles over a Meker burner for 2-3 min. After
sufficient rolling and annealing the silver foil was flattened between two steel blocks.
This procedure provides a much larger surface area for irradiation and thus gives a
higher counting rate.

To obtain a constant surface area for irradiation a metal disk with a central hole
was used as a shield. Copper foil was the best of several metals tried because it gave
the lowest background. The size of hole used was the largest that was just smaller
than the smallest rolled bead of a particular set. Different diameters of openings
were used for different weights of beads, but the same shield was used for any one
set. The number of counts for gold per unit area was found to be a constant within
experimental error. Any variation in the irradiation of the sample caused by a change
of position was avoided by using the same copper shield held firmly in position in
the sample holder, in the same orientation and holder position. The sample was kept
flat and in the proper position by a brass weight which fitted inside the sample holder.
No Mylar film was necessary with this arrangement.

Pulse height analysis was used to eliminate some of the interference from silver
although the background was still significant. The base-line level was set at 2:5V
and the window width at 8-5V. Because no appreciable gain in precision was ob-
tained by longer fixed counting times, 50-0 or 100-0 sec were used. The homogeneity
of several beads was checked by irradiating several locations on both sides of the
foil. The average deviation in count rate was no more than 19,. Repeated counting
of the same area showed an average deviation of less than 0-5%,. The slight difference
in count rates may be caused by slight irregularities on the surface of the foil caused
by rolling or adhering cupel material. Because some of the X-rays penetrate the thin
foil and are reflected by the brass block, the thickness of the foil could be of signifi-
cance. Fortunately for the ease of preparation, this does not appear to be the case.
A difference of 509 in thickness does not affect the count rate appreciably. A plot
of results from samples of about the same thickness shows a similar deviation to a
plot for samples of random thickness.

The results in Table 1T indicate that silver beads weighing 5-100 mg may be used,
provided a constant surface area is irradiated. The useful concentration range is
0-2-59 or 20-500 ug of gold in a 10-mg silver bead.

Several of the gold-silver beads used for these experiments were parted in nitric
acid (1 + 2) and the gold filtered off. The paper was carefully burned and the gold
annealed. The larger amounts of gold were weighed, then dissolved in aqua regia.
After removal of nitrous oxides by several evaporations in the presence of hydro-
chloric acid and a few milligrams of sodium chloride, the gold solution was diluted
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TABLE IIL.—DETERMINATION OF GOLD IN SILVER
Determination of gold
Gravi- Liquid
Weight of Weight of Gold, Intensity, Average, metric, Colorimetric, X-ray,
bead, mg gold, mg % cps * At mg mg mg
110-0 0 0 1956
88-3 0-080 0-091 206-8 1233 0-080
1241 0-202 0163 2260 1861 0195
1270 0-276 0-217 243-6 221 0-276
824 0-412 0-500 3100 228 0412
159-0 0-534 0-336 273-4 231 0-504
123-4 0-583 0-472 298-0 217 0-563
117-9 0-711 0-603 3270 218 0-709
866 0-775 0-895 401-4 230 0-770
1224 0-912 0-745 358-2 218 0-893
107-5 1-070 0-995 433-8 239 1-07 1-12 1-10
1397 1-258 0-901 409-0 237 1-25 —
109-2 1-640 1-50 5532 238 1-61 —
959 2-100 2-19 713-6 237 1-88 2:09 1-87
1377 3-512 2-55 799-2 237 341 3-56 3-53
869 4273 492 13792 241 4-03 4-27 4-15
114-5 5-180 4-52 12396 231 4-58 471 4-76
1583 7-444 470 1274-4 230 7-44 7-38 718
115-1 9-470 8-23 20482 225 230 £ 65 1032 9-35 9:63
101-98 0-740 0-726 370-6 241
109-9j 1020 0928 4177 239
11249 0-909 0-809 409-5 2641
103-7%* 0-804 0-775 368-2 223 234 4 8
12-3 0 0 159-8 —
11-0 0-021 0-191 176-1 85-3 0-0209
i4-1 0-021 0-149 1713 772 0-0233
12-1 0-042 0-347 195-7 103-5 0-0433
13-1 0-042 0-321 1859 813 0-0433
13-8 0-063 0457 204-8 98-5 0-0625
11-9 0-063 0-529 211-8 983 0-0630
11-5 0-084 0-730 2231 867 0-0840
11-5 0-084 0-730 2264 912 0-0830
127 0-126 0-992 249-0 89-9 0-123
11-4 0-126 1-11 2586 894 0-122
126 0-189 1-50 2973 917 0-181
11-9 0-189 1-59 300-6 886 901 + 54 0-179
8-01 0 0 159-5
6-46 0-042 0-650 220-6 94-0 0-0415
8-80 0-084 0955 2556 1006 0-0810
872 0-126 1-444 298-6 963 970 + 24 0-120
29-8 0 0 193-0 —
257 0-042 0-163 234-6 255 0-0402
263 0-084 0-319 275-4 258 0-0805
27'3 0-126 0-462 3120 257 257 + 10 0-126
* A is the difference in count rate between sample and blank, divided by the concentration.
T Average value of 4 1 average deviation,
1 This value of 4 not included in average.
§ Contains 1 mg of Pt.
}| Contains 1 mg of Pd.
€ Contains 1 mg of Rh.

*

* Contains 1 mg of Ir.
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with 0-12M hydrochloric acid, and aliquots were taken for determination by liquid
X-ray fluorescence and for spectrophotometric determination as bromaurate.® The
smaller amounts of gold were determined only spectrophotometrically. The results
of these analyses are given in Table IL

Samples of gold-silver beads containing platinum metals were prepared by evapo-
rating 1 mg of platinum metal as chloride solution in a lead boat. After addition of
gold and silver powder, the lead boat was folded and cupelled as before. Rhodium
and iridium are not fully soluble in silver and during cupellation may appear as black
particles on the surface of the silver bead. This prevents the determination of either
thodium or iridium by this technique because mechanical losses will occur diring
rolling and in any case the beads are not homogeneous. The results in Table I1 show
that platinum, palladium and iridium do not interfere with the determination of gold.

The use of vacuum in the sample chamber increases the count rate of the gold
samples by approximately 109,. This is a slightly more sensitive technique provided
the vacuum is reproducible, but it is more time-consuming.

Accurate and reproducible results are obtainable for gold in hydrochloric acid
solation and for gold in silver beads. It is not improbable that the use of X-ray tubes
with other target materials might eliminate the high background found with both
techniques and produce more intense gold lines. Higher energy applied to the X-ray
tube would also increase sensitivity. Despite the restrictions imposed by the available
equipment, quantitative results were obtained quickly and without difficulty. The
data obtained by the recommended techniques were confirmed by comparisons with
known compositions and by chemical determinations.

Zusammenfassung—R ontgenfiuoreszenzmethoden zur Bestimmung von
Gold in Silberperlen und in salzsauren Losungen werden beschrieben.
Die Vorschriften sind anwendbar auf 0,2-59; Gold enthaltendes

Silber und auf LGsungen mit 0,004-0,1%; Gold. Platin, Palladium,
Rhodium und Iridium stéren nicht.

Résumé—On décrit des méthodes de fluorescence aux rayons X pour
le dosage de I'or dans les perles d’argent et les solutions en acide
chlorhydrique. On peut appliquer ces techniques & de l’argent con-
tenant 0,2-5% d’or at & des solutions contenant 0,004-0,1%, d’or.
Le platine, le palladium, le rhodium et I'iridium n’interférent pas.
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Summary—Methods for the standardisation of vanadium(II) sulphate
are described. With weak oxidising agents, e.g., Fe(IIT)/Fe(Il) in
phosphoric acid, vanadium(Il) undergoes a one-electron change,
which is satisfactorily indicated by Neutral Red, Phenosafranine or
Safranine T, or by potentiometry. Stronger oxidising agents oxidise
vanadium(Il) to vanadium(IV); Variamine Blue, Methylene Blue,
o-dianisidine, cacotheline, ferroin, bis(x,a™-bipyridyDiron(II) and
ammonium molybdate are satisfactory indicators. Binary mixtures of
oxidising agents can be determined.

INTRODUCTION

THE continuation of our work on the standardisation of vanadium(II) sulphate and its
applications in reductimetric titrations has now shown that in the presence of 8-10M
phosphoric acid iron(III) oxidises vanadium(II) to vanadium(III) only. The formal
redox potentials of the Fe(III)/Fe(II) system in varying concentrations of phosphoric
acid have already been studied in detail by Gopala Rao and Sagi' and they have shown
that the potentials fall steeply with increasing phosphoric acid concentration (formal
redox potential 4-0-438 V in about 8 phosphoric acid). This enabled Rao and
coworkers to develop methods of determination of uranium(VI),! molybdenum(VI),2
vanadium(IV) and vanadium(V).?

In the present investigations the one-electron change in the case of vanadium(II)
with iron(IHI) in the presence of phosphoric acid has been indicated visually, by Neu-
tral Red, Phenosafranine and Safranine-T, and potentiometrically, and the titre values
have been shown to agree fairly well. With stronger oxidising agents (oxidation
potential > -0-76 V) vanadium(II), however, undergoes a two-electron change and
the end-point has been indicated by a number of visual indicators not employed
earlier.

Ellis and Vogel* used Phenosafranine as an indicator for the one-electron change
of vanadium(II) on the addition of iron(I1I) solution to vanadium(II) sulphate. It has
now been found that the one-electron change can be indicated by the conventional
and more convenient method of adding vanadium(II) sulphate to iron(IIl) solution
in the presence of 8-10M phosphoric acid.

The two-electron change was also noted by Ellis and Vogel* by titrating vanadium-
(II) sulphate against cerium(IV), chromium(VI) and vanadium(V). They, however,

* Part I—Talanta, 1965, 12, 665.
545
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used N-phenylanthranilic acid as visual indicator. Earlier, Banerjee® used diphenyl-
amine for the standardisation with cerium(IV). In thepresent investigations vanadium-
(IT) has been standardised against cerium(IV) visually using Methylene Blue, Vari-
amine Blue, o-dianisidine, cacotheline and ferroin, against chromium(VI) using
Variamine Blue, o-dianisidine, cacotheline and ferroin and against vanadium(V)
using Variamine Blue, o-dianisidine, cacotheline, ferroin, bis(x,e’-bipyridyl)iron(IY)
and ammonium molybdate as internal indicators. The two-electron change with
iron(I1IT) has also been indicated by cacotheline as internal indicator in the presence
of copper sulphate as catalyst. Methods for the determination of binary mixtures of
the oxidising agents with iron(III) have been devised.

Erdey and Bodor® described the use of Variamine Blue as internal indicator in the
titration of iron(IIl) against ascorbic acid; Bergmann? employed cacotheline in the
titrimetric determination of tin(II) with iodine. Szarvas and Lantos® used cacotheline
as a redox indicator in the titration of iron(IIl), chromium(VI), cerium(IV) or vana-
dium(V) against tin(II) chloride. Weeks® proposed the use of o-dianisidine as oxida-
tion-reduction indicator. Szabo and Sugar!® used ammonium molybdate as internal
indicator in the reductimetric titration of iron(III) with tin(IT) chloride.

EXPERIMENTAL AND RESULTS
Reagents

Vanadium(II) sulphate solution. Prepare approximately 0-05 to 0-1M solution and standardise as
described in the earlier communication.**

Iron(I1l) sulphate solution. Prepare approximately 0-1M solution and standardise as described
previously.™

Cerium(IV), chromium(VI) and vanadium(V') solutions. Prepare approximately 0-1N solutions from
analytical-grade samples.

Copper(Il) sulphate solution, 0-1M.

Phosphoric acid. Use syrupy phosphoric acid of E. Merck quality.

Neutral Red, Phenosafranine and Safranine-T, 0-17; agqueous solutions.

Variamine Blue, 1%, aqueous solution.

Cacotheline and ammonium molybdate. Prepare saturated aqueous solutions.

o-Dianisidine. Dissolve 0-5 g of the compound in 200 ml of water, add 2 ml of hydrochloric acid
and dilute to 500 ml.

Bis-(at,0’-bipyridyDiron(II) . Dissolve 1-17 g of the base in 100 ml of water containing 0695 g
of iron(Il) sulphate heptahydrate.

Ferroin, 0-025M solution.

Apparatus

Apparatus used was the same as described previously'* except that the potentials were measured
with the help of a Student’s Potentiometer (Pye) using a Cambridge Spot Galvanometer, and a
magnetic stirrer was used for stirring the solutions.

Standardisation of vanadium(I1) sulphate against iron(I11) solution using Neutral Red, Phenosafranine
and Safranine-T as visual indicators (one-electron change)

Place 2 to 5 m! of iron(IlI) solution, 5 to 15 mi of syrupy phosphoric acid, 2 to 3 drops of the
indicator in the titration vessel and bubble carbon dioxide through the solution for about 10 min.
Titrate the solution slowly with vanadium(I) solution to a yellowish green colour. The indicators
are reversible and the indicator correction is almost negligible. The titre corresponds to a one-electron
change i.e., V(ID) to Y(III). A few typical results are given in Table I.

Standardisation of vanadium(II) sulphate against iron(III) solution potentiometrically

The procedure followed was the same as described above except that the titrations were carried
out potentiometrically (see Fig. 1, curve A). A few typical results are given in Table IL
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TABLE I.—VISUAL INDICATORS FOR TITRATION OF
iRON(III) wITH vANADIUM(IT)

Vanadium(II), mmoles

Indicator used

Present Found
Neutral Red 0-1998 0-1989
0-3996 0:3997
0-4994 0-4999
Phenosafranine 0-1998 0-1989
0-3996 0-3997
0-4994 0-4999
Safranine-T 0-1998 0-1989
0-3996 0-3997
0-4994 0-4999

E.M.F.

Vanadium II solution added, ml

Fic. 1.—Potentiometric titrations with vanadium(ll) solution, using platinum and
calomel electrodes:—
A—iron(I1I) C—iron(Ill) + chromium(VT)
B—iron(IIl) + cerium(1V) D—iron(IIl) + vanadium(V)
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TABLE II.—POTENTIOMETRIC TITRATION OF
IRON(III) wrtH VANADIUM(II) IN PRESENCE
OF 8-10M PHOSPHORIC ACID

Vanadiom(IT), mmoles

Present Found
0-1999 0-1998
0-3988 0-3996
0-4988 0-4984

Standardisation of vanadium(II) sulphate against cerium(IV), chromium(VI), vanadium(V) and iron(III)
solution using visual indicators (two-electron change)

Place 5 to 10 ml of the oxidising agent in the titration vessel, add sulphuric acid (12N) so as to
make the overall acidity about 6N except for the standardisation with iron(III) solution and also
when Methylene Blue is used as indicator. In these cases the acidity is that due to the solutions taken,
which for iron(III) is approximately 1N. Add 2 to 3 drops of the indicator, in the case of Variamine
Blue, adding it near the end-point. Deoxygenate the solution by bubbling carbon dioxide through it
for about 10 min and titrate slowly till a sharp colour change is obtained. All the indicators are
reversible and the indicator correction is almost negligible. The titre corresponds to a two-electron
change in the case of vanadium(Il), i.e., V(II) to V(IV). A few typical results are given in Table IIL.

TaBLE III.—VISUAL INDICATORS FOR TITRATION OF CERTUM(IV), vaNapiuMm(V),
curoMIUM(VI) anD RON(III) wrtH vANaprum(Il)

Vanadium(Y), mmoles

Oxidising Indicators used
agent used Present Found
Cerium(lV) Methylene blue 0-4803 0-4800
Variamine blue 04779 0-4779
o-Dianisidine 0-4400 0-4400
Cacotheline 0-2222. 02222
Ferroin 0-8216 0-8215
Vanadium(V) Variamine blue 0-5204 0-5205
o-Dianisidine 0-4600 0-4600
Cacotheline 0-2111 0-2100
Ferroin, 0-4600 0-4600
Bis(x,«’-bipyridylliron(Il) 0:5204 0-5205
Ammonium molybdate 0-4600 0-4600
Chromium(VI) Variamine blue 0-4991 0-5000
o-Dianisidine 0-5000 0-5000
Cacotheline 0-4999 0-5000
Ferroin 1-0002 0-1000
Iron(I1I) Cacotheline 0-4999 0-4995

0:4730 0-4755

Determination of mixtures of cerium(IV) and iron(I1I), chromium(VI) and iron(III) and vanadium(V’)
and iron(III) with vanadium(lI) solution

Visually. As shown earlier cacotheline can be used satisfactorily as an internal indicator for the
standardisation with iron(IIf), cerium(V), chromium(VI) or vanadium(V) solution. When these
oxidising agents are present together the colour transition of the indicator takes place only when they
are reduced completely. The titre, therefore, corresponds to the sum of the components. Cerium(IV),
chromium(VI) or vanadium(V) can, however, be estimated visually in the presence of N-phenyl-
anthranilic acid as indicator and iron(III) does not interfere. Titrations under these conditions

rovided the methods of estimation of such binary mixtures. The detailed procedure follows:

Place 5 to 10 ml of iron(IIT) and S to 10 ml of other oxidising agent in the titration vessel and add
1 to 2 ml of 0-1M copper(Il) sulphate and 2 to 3 drops of the indicator. Bubble carbon dioxide
through for about 10 min and titrate the solution slowly with vanadium(lI) sulphate to a distinct blue
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colour. The titre corresponds to the simultaneous reduction of iron(I1l) and the other oxidising agent
and to a two-electron change in the case of vanadium(II). Take another aliquot of the mixture and
add sulphuric acid (12N) so as to make the overall acidity to about 6. Now add 2 to 3 drops of N-
phenylanthranilic acid indicator and bubble carbon dioxide through for about 10 min. Titrate the
solution slowly to the green colour. The end-point corresponds to the reduction of cerium(IV),
chromium(VI) or vanadium(V) only and to a two-electron change in the case of vanadium(Il). A
few results are given in Table 1V. ‘

TABLE 1V.—VISUAL AND POTENTIOMETRIC TITRATIONS OF MIXTURES OF CERIUM(IV)
AND IRON(IIT), cHrROMIUM(VI) AND IRON(III) AND VANADIUM(V) AND IRON(LII)
WITH VANADIUM(IT)

First component, mmoles Second component, nunoles
Mixture Taken Found Taken Found
Potentio- Potentio-
Visually  metrically Visually metrically
Cerium(IV) 1-0960 1-0980 1-0890 0-4755 0-4783 0:4750
and (by first
iron(I1I) break)
1-0920
(by second
break)
Cerium(IV) 0-5545 0-5544 0-5511 09510 09511 09479
and (by first
iron(I1I) break)
0-5522
(by second
break)
Cerium(IV) 0-5545 0-5544 0-5576 0-4755 0-4783 0-4783
and (by first
iron(I1I) break
0-5565
(by second
break)
Chromium(VI) 0-0833 0-0833 0-0836 04755 04760 0-4760
and
iron(I1I)
Chromium(VI) 0-1666 0-1666 0-1666 0-4755 0-4760 0-4784
and
iron(III)
Vanadium(V) 0-5355 0-5355 0-5331 0-9510 0-9520 09570
and
iron(IIT)
Vanadium(V) 0-5355 0-5355 0-5331 0-4755 0-4760 0-4760
and
iron(I1X)

Potentiometrically. When the mixture of cerium(IV) and iron(IIl) was titrated against vana-
dium(Il) solution potentiometrically, three potential breaks were obtained, the first corresponding to
the oxidation of vanadium(II) to vanadium(V) by the cerium(IV) present, the second to the reduction
of vanadium(V) formed to vanadium(IV) and the third to the reduction of iron(IlI). The potential
break in the first case was about 140 mV, in the second case about 30 mV and in the third case about
80 mV per 0-05 m! of vanadium(Il) solution. When the mixtures of chromium(VI) and iron(IIT) and
vanadium(V) and iron(Ill) were titrated, only two breaks were obtained, the first corresponding to
the reduction of chromium(VI) or vanadium(V) and the second to the reduction of iron(III) and to
the two-electron change in the case of vanadium(Il). The potential breaks in the reduction of
chromium(VI) and vanadium(V) were about 30 mV and 50 mV per 0-05 ml of vanadium(tl), respec-
tively. It was thus possible to estimate both the components of these binary mixtures with one
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titration in each case (Fig. 1). The procedure followed was as given above except that sulphuric
acid (6N) was added to make the overall acidity about 1N in chromium(VI) and iron(III) and
vanadium(V) and iron(ITI) mixtures. In the absence of the acid the first break in the potential was not
well defined. A few results are given in Table IV.
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Résumé—On décrit des méthodes d’étalonnage du sulfate de vanadium-
(XI). Avec ‘des agents d’oxydation faibles, par exemple fer(II)/fer-
(I1) en acide phosphorique, le vanadium subit une transformation 4 un
seul électron, indiquée de fagon satisfaisante par le rouge neutre, la
phénosafranine, la safranine T ou par potentiométrie. Des agents
oxydants plus forts oxydent le vanadium(Il) en vanadium(IV); le
bléu variamine, le bleu de méthyléne, I'o-dianisidine, la cacothéline,
la forroine, le bis(x,a-bipyridyl)fer(II) et le molybdate d’ammonium
sont des indicateurs satisfaisants. On peut doser des mélanges binaires
d’agents d’oxydation.

Zusammenfassung—Methoden zur Einstellung von Vanadin(I)-sulfat
werden beschrieben. Mit schwachen Oxydationsmitteln, z. B. Eisen-
(II)/Eisen(Il) in Phosphorsaure, verliert Vanadin(IT) ein Elektron;
befriedigende Indikatoren sind Neutralrot, Phenosafranin, Safranin T
oder die Potentiometrie. Stirkere Oxydationsmittel oxydieren Vana-
din(II) zu Vanadin(IV); Variaminblau, Methylenblau, o-Dianisidin,
Kakothelin, Ferroin, Bis(a,o’-bipyrid)Eisen(II) und Ammonmolyb-
dat sind brauchbare Indikatoren. Es konnen binidre Gemische von
Oxydationsmitteln bestimmt werden.
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Summary—A comparison of the reaction mechanisms by which nickel
or palladium dimethylglyoximate is precipitated from homogeneous
solution by the reactions of biacetyl and hydroxylamine discloses many
differences. Knowledge of the kinetics and mechanism of the reactions
can be used to avoid formation of excess dimethylglyoxime, a limitation
of the conventional methods of precipitation.

SINcE the introduction of dimethylglyoxime in 1905 by Tschugaeff' as a qualitative
test for nickel and its subsequent application to quantitative determination, it has
become universally accepted as the most important and most widely used analytical
reagent for the gravimetric determination of nickel and palladium. Despite impressive
reasons for the universal acceptance of dimethylglyoxime, and these can be found in
any comprehensive text on analytical chemistry, there are some disadvantages.
Among these are the insolubility of the dimethylglyoxime itself, the bulkiness of the
precipitates which limits the quantity of metal ion which can be readily handled, some
undesirable coprecipitation effects and, in the case of low concentrations of metal
ions, some difficulties arising from the solubility of the metal chelates.

The disadvantages can be greatly alleviated by the use of PFHS (precipitation from
homogeneous solution). This involves the reaction of biacetyl and hydroxylamine?*
in the presence of either nickel(II) or palladium(II) as shown by the simplified scheme
of Fig. 1. To cite but one advantage obtained by the use of PFHS, a chemical
technician can easily handle 200 mg of nickel whereas 30 mg is the upper limit when
conventional precipitation is utilised.

The reactions of biacetyl and hydroxylamine in the presence of either nickel or
palladium have been the subject of considerable investigation in our laboratories. A
comparison of these reactions, at ~pH 7 where nickel is precipitated and at ~pH 0-4
where palladium is precipitated, discloses some significant differences in the mecha-
nisms involved. Furthermore, the results of these studies have suggested possibilities
for improvement in existing methods of PFHS.

Precipitation of Nickel Dimethylglyoximate
In the investigation of the kinetics and mechanism of the precipitation of nickel
dimethylglyoximate by Hileman and Gordon,* studies were first made of the reaction
* Present address: Department of Chemistry, Hanover College, Hanover, Indiana, U.S.A.
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of biacetyl and hydroxylamine at pH 7 in the absence of nickel. A partial summary
of the reactions is as follows:

kl(fast)

B + Hx % I; (where], is a carbinolamine intermediate) “)
1
I, 2> HM + H,0 )
HM -+ Hx ;f%:)’ I, (I, is also a carbinolamine intermediate) ©)
12 > HD + H,0 0
where
CH, CH,
=0 C=NOH
=0 C=0
| |
CH, CH,
CH, CH, CH,
C=NOH HO—C—NHOH C=NOH
HD = | I, = , Iy = |
C=NOH C=0 HO—C—NHOH
| | |
CH, CH, CH,

With the exception of k, and k_;, the rate constants for the above reactions have
been measured in the absence of nickel; spectral evidence for the intermediates has
also been obtained.

Further studies of the reactions in the presence of nickel indicate that there are at
least two independent paths by which nickel is precipitated as the solid red chelate.
One path involves the precipitation of nickel with dimethylglyoxime formed by the
above sequence of equations. Another faster path involves the formation of complexes
of nickel with the intermediate I, followed by subsequent dehydration of the nickel
complexes to form the solid phase; the complexes are possibly Nil;+ and Ni(Iy),.
The two paths are

Ni2t + 2HD > NiD, + 2H* (8)
—2H,0 : +HD
+HX” NiD+

Niz+ - I, — Ni(I)* > NiD, + 2H*  (9)
—41,0
+2Hx

N,
There are two sub-paths in reaction (9), because of the dehydration of some Ni(I;)* to
NiD* which ‘must then wait for dimethylglyoxime to be produced by the slow reaction
sequence [reactions (4)~(7)] before being converted into nickel dimethylglyoximate.
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CHs CHy
| | oH
C=—=0 C:N/
] + H2NOH - | Q)
~H»0

°=T o==c¢
CHs CHs
(lIH3 (l:H3

OH OH

C:N/ C:N/ (2)
' -+ H, NOH —Tob l

O=—C 2 /N:C
| Ho” |
CHs CH3
(|3H3 cHS——ﬁ —lcl —— CHy

OH
" —2H* N N
C==N — o~ ~0
| + M2+ H/ \M/ \ (3)
2 N=c SN /N Lo
0o
~ P
wo | T

I
CHy CHy—C C——CH,
MZ*s Pg?tor NiZ*

F1G. 1.—The precipitation of palladium and nickel dimethylglyoximates
from homogeneous solution—a simplified mechanism.

Because there are two major independent paths by which nickel dimethylglyoximate
is produced, one observes two nucleation bursts. [If one starts with biacetyl monox-
ime instead of biacetyl, i.e., the reaction sequence numbers (6)—(7), one observes
but one nucleation burst because there is only one path by which nickel dimethyl-
glyoximate is formed. The intermediate I, apparently does not react with nickel so
that the mechanism is simpler in the previous case.]

Analytical method for nickel

In devising the analytical method for the PFHS of nickel, Salesin and Gordon?®
suggested adding an amount of biacetyl equal to 6 X the weight of nickel (but never
less than 0-12 g of biacetyl) and an amount of hydroxylamine hydrochloride equal to
4 x the weight of biacetyl (but never less than 0-5 g of hydroxylamine hydrochloride).
In addition, the following was specified:

Ni present, Solution volume,
mg mil
0-5-5 100
5-50 200
50-100 300
100-200 400

v a 4
‘wmzm‘ﬂ ATHINYIEIEAT
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The solution containing all the reactants is (a) allowed to stand at room temperature
for at least 1 hr (or longer) after precipitation begins, (b) heated at 80-90° for 2 hr,
then (c) cooled to room temperature before filtration. The solution is allowed to
stand at room temperature so that a slow reaction will occur, thus allowing minimum
supersaturation in order for nucleation and initial crystal growth to proceed under
conditions leading to a precipitate with favourable analytical characteristics. The
heating process then results in virtually complete conversion of biacetyl into dimethyl-
glyoxime.

280

N

o

Z 200}

-]

o

b 150 |-

3

W
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=

2 A °
A 50 -
)]
+

£ o) 1 1 1 i !
2 00 10 20 30 4-0 50 60
©

Biacetyl Used
Blacetyl Theoretically Reguired

Fic. 2.—Salesin’s study of the amount of biacetyl required to precipitate
completely nickel as NiD; in a reaction time of 48 hr.

Most of the nickel will be precipitated by the faster path [¢f. reaction (9)] in which
the metal ion is complexed by the carbinolamine intermediate. However, dimethyl-
glyoxime will still continue to be formed by the slow path of reactions (4)-(7). If one
utilises the rate constants and other information obtained by Hileman and Gordon?, one
finds that only a small fraction (~5%;) of the residual biacetylis converted into dimethyl-
glyoxime by the slow path in the 1-hr standing period at room temperature. Further
approximations show that the 2-hr heating period converts over 99 7; of the residual
biacetyl into dimethylglyoxime. In the procedure of Salesin and Gordon? this will result
in a final supersaturation of 1-3 to 4 X the equilibrium solubility of dimethylglyoxime
over the range of conditions used. It is strange and indeed fortuitous that excess of
dimethylglyoxime is not coprecipitated with the red chelate under these conditions.

In other experiments, Salesin® also found that coprecipitation of the free reagent
did not begin until the supersaturation is somewhat higher than the upper limit in
the 1-3 to 4 range. Salesin’s® results are shown in Fig. 2; in obtaining the data for
this figure Salesin allowed the precipitation reactions to continue at room temperature
for 48 hr. Subsequent calculations by means of the rate data of Hileman and Gordon
show (a) that the conversion of the residual biacetyl into dimethylglyoxime is 909
complete, (b) that at point A on the curve of Fig. 2, where the precipitation of nickel
dimethylglyoximate just begins to be quantitative, the supersaturation is 1-35 and (c)
that at point B on the curve, where coprecipitation of the free reagent becomes
evident, the supersaturation is 7-3. Again, it is not obvious why excess of dimethyl-
glyoxime does not coprecipitate in 48 hr when the solution is so supersaturated.
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Although the procedure of Salesin and Gordon? gives very satisfactory results, it is
now possible to design a revised procedure wherein one does not encounter a solution
supersaturated with dimethylglyoxime. This requires the rate data of Hileman and
Gordon for the reaction of biacetyl and hydroxylamine and, in addition, rate data for
the precipitation of nickel dimethylglyoximate. The latter were obtained from Fig. 3,
the data for which were obtained from precipitation reactions in which the following

° ﬁ
..E. o quantitative
2001 precipitation
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©
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Initial Concentration of Biacaty!
(moles per liter x 102)

Fi16. 3.—Weight of nickel dimethylglyoximate obtained in 15 min
as a function of initial biacetyl concentration.

were present in a 250-ml final volume: 6-4g of hydroxylamine hydrochloride,
48-8 mg of nickel, and biacetyl from 1-86 x 102 to 7-44 X 10~2M. The solutions
were adjusted to pH 7-1 and allowed to stand at room temperature for 15 min after
which’the red precipitate was quickly filtered off, dried and weighed. The rate constant
for the precipitation sequence, which is first order with respect to biacetyl, was
approximately 3 X 102 min—!. From this rate constant and the rate data of Hileman
and Gordon,* the theoretical time values of Table I were obtained.

TABLE I.—THEORETICAL TIMES REQUIRED TO PRECIPITATE NiD, AND TO
SATURATE SOLUTION wITH HD

Initial concentration of biacetyl,
M x 102

7-44 3-72 1-86 1-40%

Time required for quantitative 8 17 39 61*
precipitation of NiD,, min
Additional time for solution 60 181 516 1060

to become saturated with
HD at equilibrium value,
min

* The value 1-40 X 10~2 corresponds to the amount of biacetyl
recommended in the procedure of Salesin and Gordon.?
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Table I indicates that, at a value of initial biacetyl concentration equal to 1-40 X
10~2M/ and all other conditions as shown for the experiments of Fig. 3, it requires
61 min for quantitative precipitation of the red nickel chelate and an additional
1060 min just to saturate the solution with dimethylglyoxime. To test this, several
precipitation reactions were allowed to proceed and at various time intervals, nickel
dimethylglyoximate was filtered off, dried and weighed. The results, shownin Table I,
generally confirm the predictions in that quantitative precipitation of the red chelate
was complete in 30-60 min and that coprecipitation of dimethylglyoxime had not
taken place even after a total of 2880 min had elapsed.

TABLE JI.—WEIGHT OF NICKEL
FOUND AS A FUNCTION OF TIME
(Ni taken: 47-1 mg)

Time of Nickel
reaction, found,
min mg

30 45-8
60 47-0
90 471
120 471
180 47-0
240 47-1
360 47-3
960 473
1440 47-1
2880 47-0

Precipitation of Palladium Dimethylglyoximate

In the palladium investigation® the reaction of biacetyl and hydroxylamine was
also studied initially with palladium absent. In contrast to the nickel reaction which
was carried out at pH 7, the palladium reaction was carried out at ~pH 0-4. The
reactions of biacetyl and hydroxylamine proceeded as follows:

B + Hx + H* = HMH* + H,0 (10)
HMH* = HM + H* (11)

HM | Hx -+ H* < HDH* + H,0 (12)
HDH* = HD + H+ (13)

where HMH* = conjugate acid of HM, HDH" = conjugate acid of HD, and
H* = hydrogen ion.

No evidence was found for the presence of detectable quantities of carbinolamine
intermediates at pH 0-4; rather, as the reaction sequence shows, the synthesis of
dimethylglyoxime proceeds via the formation of protonated biacetyl monoxime and
protonated dimethylglyoxime. It is to be noted that reaction (13) for the formation
of dimethylglyoxime is reversible at pH 0-4. This is in contrast to reaction (7) where
the formation at pH 7 is irreversible.

It was found that palladium does not play a role similar to nickel in that the for-
mation of dimethylglyoxime proceeds by reactions (10)—(13) unaffected by the presence
of palladium (present as PAC1,27).
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Analytical method for palladium

Ellefsen’s data® for the investigation of the PFHS of palladium predict that
0-200 mg of palladium can be quantitatively precipitated in 5 hr under appropriate
analytical conditions without free dimethylglyoxime also being precipitated. To
test this prediction, several precipitation reactions were carried out with 200 ml of
solution (pH 0-4) containing 520 mg of biacetyl, 830 mg of hydroxylamine hydro-
chloride, 6-8 ml of concentrated hydrochloric acid and 0-200 mg of palladium. In
this reaction medium, in the absence of palladium, the quantity of dimethylglyoxime
formed is sufficient just to saturate the solution. The solutions were filtered after a
6-hr reaction period, thus allowing one additional hour beyond the 5-hr theoretical
period. Part I of Table IiI shows the results obtained. They indicate, first of all,
the absence of free dimethylglyoxime. However, some palladium remains in solution
particularly in the case of large initial amounts of palladium. In an attempt to remedy
this effect, other experiments were performed with suitable alterations as shown in
part II of Table III. A longer reaction time, rather than stirring to relieve super-
saturation, seems necessary to effect quantitative precipitation.

TABLE III.—WEIGHT OF PALLADIUM FOUND

L 1L
By procedure described in text* By alteration of procedure
Pd taken, Pd found, Pd taken, Pd found,
mg mg difference mg mg difference
144 —01 207-1 —8-4b
34 —0-1 207-1 —7-2¢
137 —03 207-1 —73,
—69d
345 —04 207-1 —6:4¢
69-0 —0-5 207-1 —61!
1381 —09 207-1 —0-38
2071 —4-6, 2071 —0-5
—11-7

a Stirring was not used in any of the experiments.

b 7-hr reaction time without stirring,

¢ §-hr reaction time without stirring.

4 5-5-hr reaction time followed by 0-5-hr stirring period.
© 6-hr reaction time with continuous stirring.

f 8-hr reaction time with continuous stirring,

& 14-hr reaction time without stirring.

B 13-hr reaction time with 1-hr stirring period.

DISCUSSION

One of the great advantages of PFHS is that it affords a method of controlling
the rate of a precipitation reaction. By obtaining information about the kinetics and
mechanism of the generation reactions, it is possible to design gravimetric methods
on a non-empirical basis. Two possible examples of how this might be done have been
demonstrated: (a) in the case of nickel dimethylglyoximate where the formation of
free dimethylglyoxime by an irreversible process is avoided by utilising kinetic
information about the rate of production of the reagent, and (b) in the case of palla-
dium dimethylglyoximate where the formation of free dimethylglyoxime is avoided by
utilising equilibria information.
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Zusammenfassung—Ein Vergleich der Reaktionsmechanismen, nach
denen Nickel- oder Palladiumdimethylglyoximat aus homogener
Losung durch Reaktion von Biacetyl und Hydroxylamin gefalit
werden, zeigt viele Unterschiede. Die Kenntnis von Kinetik und
Mechanismus der Reaktionen kann dazu verwendet werden, die
Bildung von iiberschiissigem Dimethylglyoxim zu vermeiden, was
eine Begrenzung deriiblichen Fillungsmethoden darstellte.

Résumé—Une comparaison des méchanismes réactionnels selon
lesquels les diméthylglyoximates de nickel ou de palladium sont
précipités & partir d’une solution homogéne par réaction du biacéryle
et de I'hydroxylamine révéle de nombreuses différences. On peut
utiliser la connaissance de la cinétique et du mécanisme des réactions
pour éviter la formation d’un excés de diméthylglyoxime, qui est une
limitation des méthodes ordinaires de precipitation,
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USE OF ASYMMETRICALLY-POLARISED
DROPPING-MERCURY ELECTRODES IN
CONTROLLED-POTENTIAL POLAROGRAPHY
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(Received 28 September 1965, Accepted 1 November 1965)

Summary—It is shown that uncompensated cell resistance in con-
trolled-potential polarography can be decreased by the use of asym-
metrical polarisation of the dropping-mercury electrode.

INTRODUCTION

IN polarographic studies with solutions of very high specific resistance or with rela-
tively high cell-currents, controlled-potential polarography is generally used. In this
case, a three-electrode polarographic cell is employed, the potential of the dropping-
mercury electrode being measured against a reference electrode, while the polaro-
graphic current is conducted through a counter-electrode.!=12 This technique yields
strikingly favourable results as long as solutions of moderately high specific resistance
are used, and the high cell resistance is either simulated by means of a resistor con-
nected in series with the cell>!! or it is the result of special cell geometry with rela-
tively long and narrow current paths.1*!® However, as has been demonstrated by
Schaap and McKinney,'>* a certain amount of the cell resistance cannot be compen-
sated, the uncompensated part being the greater, the higher is the specific resistance
of the solution. The resistance of the polarographic cell (R) has been considered to
be the sum of an ““internal” (R;) and an “external” (R,) resistance.®'® The value of
R, is given by the formula R; = p/4=r if the distance between the dropping-mercury
electrode and counter-electrode is large, where p is the specific resistance of the
solution and r the radius of the mercury drop. Accordingly, it is independent of the
geometry of the polarographic cell; the latter affects only the value of R,.. Schaap and
McKinney!* have found that “potentiostats used in connection with three-electrode
polarographic cells do not effect compensation for R; if the tip of the reference
electrode is more than about 0:5cm from the dropping-mercury electrode” and
““although R becomes small when the reference electrode probe is placed very close
to the dropping-mercury electrode surface, it was not possible experimentally to
position the probe so that R was reduced to zero”.

The authors have come to the conclusion that the above limitation is the result
of the fact that the usual electrode arrangement is unfavourable as regards resistance
compensation. In the three-electrode cells, as well as in every conventional polaro-
graphic cell, the counter-clectrode is placed at a distance from the dropping-mercury
electrode which is greater by at least one order of magnitude than the radius of the
mercury drop at its maximum size. Accordingly, every point on the surface of the

* METRIMPEX, Hungarian Trading Company for Instruments, Budapest V, Nador u. 21,
Hungary.

559



560 T. Damokos and E. JunAsz

dropping-mercury electrode is practically equidistant from the counter-electrode.
This results in a symmetrical current distribution in the vicinity of the dropping-
mercury electrode with a current flow in a radial direction.*” This accounts for the
fact that a relatively high current density prevails at the surface of the dropping-
mercury electrode, and a large potential drop is built up in its immediate vicinity.
Consequently, the tip of the reference electrode cannot be placed near enough to
the surface of the dropping-mercury electrode neither can it be placed out of the path
of the cell current, even if it is on the opposite side with respect to the counter-
electrode.

A substantial decrease in uncompensated resistance was obtained by establishing
a highly asymmetrical current distribution at the dropping-mercury electrode. For
this purpose, a polarographic cell was used (Fig. 1) in which the counter-electrode (C)
was a micro-electrode placed in close proximity to the dropping-mercury electrode.

—

c %

R

Fia. 1

Current was thus conducted almost completely to the nearer side of the mercury drop
and the reference electrode (R) was out of its path, The effectiveness of this arrange-
iment can be judged from Fig. 2, which shows the polarograms of 8 x 10—3M Cd?+
in butyl alcohol containing 0-01M/ lithium chloride. The curves were recorded with a
controlled-potential polarograph, type OH-102, of Hungarian make. The counter-
electrode was a platinum wire, 0-6 mm dia. fused into a glass capillary and ground,
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together with the glass envelope, in a plane perpendicular to its axis. Both reference
and counter-electrodes could move along a common axis, the latter intersecting the
middle of the dropping-mercury electrode at maximum drop size. The cell also
contained a mercury pool electrode.

RESULTS

Curve ! in Fig. 2 is a normal polarogram recorded with two electrodes, a dropping-
mercury electrode and a pool. Curve 2 was taken with three electrodes and symmetri-
cal polarisation, the mercury pool serving as counter-electrode, whereas curve 3
was recorded with asymmetrical polarisation, using the micro-electrode as counter-
electrode. The apparent cell resistances can be estimated from the slopes of the
polarograms.1® On the basis of the equation of the polarographic curve, an approxi-
mate cell resistance of 77:3 kQ was calculated for curve 1, while for curves 2 and 3
values of 47-7kQ and 31-4kQ, respectively, were obtained. (For a more precise
resistance determination, the question of reversibility of the electrode reaction should
be taken into consideration; this has been neglected in estimating the above values.)
1t is apparent that the decrease in cell resistance brought about by i.R compensation
was further enhanced by the use of asymmetrical polarisation. While recording curve
3, both reference- and counter-electrodes were in close proximity to the surface of
the dropping mercury electrode. With increasing distance of the counter-electrode,
the polarograms approximated to curve 2, and became identical to it if the distance
was higher than 7 to 10 mm. On the other hand, the distance of the reference electrode
tip had practically no effect on the curve slope, provided that the counter-electrode
was close to the dropping-mercury electrode.

On the basis of the above considerations, the concept of R; appears in a different
light: it is not an intrinsic property of the dropping-mercury electrode, as is suggested
by the term “internal resistance”, but rather the contribution of the small electrode
surface to the total resistance of the system. Any other micro-electrode should behave
in very much the same manner. Thus, in the case of the above-mentioned micro-
electrode, when placed in a solution of specific resistance p = 2-94 X 10° ohm.cm,
and measured against a counter-electrode of large surface area placed near to it, a
resistance value of 3-14 X 10*Q was obtained, while by the use of the Brditka
equation,’® an “internal resistance” of

p 294 x 10°

R s —_— —m—m—
Y7o 314 x 003

=312 x 102 Q

was calculated. (The formula p/nr instead of p/4nr was used to account for the fact
that the electrode surface was a circular plane and not a sphere.)

It must be borne in mind that the geometry shown in Fig. 1 prevails only at
maximum drop size. At the earlier stages of drop life, the distance dropping-mercury
electrode—counter-electrode is larger, resulting in a smaller degree of asymmetry in
polarisation and in a lower performance of the compensation circuit. Consequently,
the use of intermittent scanning (tast-polarography) is likely to bring about a further
decrease in the uncompensated cell resistance in controlled potential polarography
with asymmetrically polarised dropping-mercury electrodes.
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Résumé—On montre que la résistance non compensée de la cellule en
polarographie a potentiel contrdlé peut €tre abaissée par Pemploi d'une
polarisation asymétrique de I’électrode & goutte de mercure.

Zusammenfassung—Es wird gezeigt, da8 der unkompensierte Zell-
widerstand bei der Polarographie mit geregelter Spannung durch
asymmetrische Polarisation der Quecksilbertropfelektrode herabgesetzt
werden kann.
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(Eingegangen am 29 Juli 1965, Angenommen am 7 November 1965)

Zusammenfassung—FEs wird eine Methode zur Bestimmung von
Carbonaten in Mineralien und Gesteinen vorgeschlagen, die auf der
Zersetzung der Probe mit 20-proz. Schwefelsdure im Vakuum beruht.
Die Bestimmung erfolgt in einer Apparatur von verhiltnisméssig
einfacher Konstruktion, Der Kohlendioxidgehalt wird nach dem Grad
der Druckveridnderung im System bestimmt und von einer geeichten
Skala abgelesen. Die Methode ist fiir die Analyse von Proben mit
0,1 bis 40% Kohlendioxidgehalt anwendbar. Die Genauigkeit der
Bestimmung betrdgt 0,75 bis 1097.

DiE verbreitetste, in verschiedenen Varianten vorgeschlagene Methode zur Bestimmung
von Carbonaten beruht auf deren Zersetzung mit Sduren.'~ Das freigewordene
Kohlendioxid wird von einem geeigneten Absorptionsmittel aufgefangen und nach
der Gewichtsverinderung des letzteren die Menge des freigewordenen Gases beurteilt.

Zuverlissige Ergebnisse kann diese Methode aber nur dann liefern, wenn die
Carbonatzersetzung, das Vertreiben des Kohlendioxids und die Absorption voll-
stindig sind. Um diesem Erfordernis zu geniigen, muss man das Reaktionsgemisch
erwirmen und indifferentes Gas durchstromen lassen. Dies alles erfordert eine
komplizierte Apparatur, verlingert die Bestimmungsdauer und schafft neue Fehler-
quellen.

Um das Vertreiben des Kohlendioxyds durch andere Gase zu vermeiden, haben
Pentscheff und Jordanov® vorgeschlagen, das Zersetzen des Carbonats im Vakuum
auszufiihren. Zu diesem Zweck wurde ein spezieller Apparat konstruiert, dessen
Schema in Abb. 1 gezeigt ist. Die zu untersuchende Probe wird mit Phosphorsdure
(2:1) zersetzt, das freigewordene Kohlendioxid iiber Phosphorpentoxid getrocknet
und mit Hilfe einer modifizierten Toplerpumpe abgesaugt und gesammelt. Die
geringen Wassermengen verdunsten unter diesen Bedingungen und werden im Absor-
ber festgehalten, wobei das in ihnen geldste Kohlendioxid frei wird.

Dieser Apparat ermdglicht die bequeme Bestimmung von Carbonaten in Mineralien
und Gesteinen mit einer Genauigkeit von ungefihr 0,59,. Sein Nachteil ist jedoch,
dass mit Quecksilber gearbeitet werden muss.

Es wird daher hier eine neue Methode vorgeschlagen, bei der das Zersetzen des
Carbonats ebenfalls im Vakuum geschieht, aber die Menge des entweichenden
Kohlendioxids nach dem Grad der Druckverinderung im System bestimmt wird.

Hierzu dient der in Abb. 2 gezeigte Apparat.
563
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Das Probestiick befindet sich im Reaktionsgefdss R. Der Apparat wird iiber den
Hahn H, evakuiert bis die Quecksilbersdule im Manometerrohr das als Null ange-
nommene Niveau erreicht. Man bringt das Reaktionsgeféiss durch Eintauchen in ein
Becherglas mit Wasser und das Absorptionsgefiss iiber den Kiihler auf Temperatur
konstanz. Druckbestimmend in dem Apparat ist das in ihm verblicbene Gas und der
Gleichgewichtsdruck des Wasserdampfes bei gegebenen Temperatur. Auf die Probe
ldsst man Schwefelsdure aus dem Hahn H, in das Reaktionsgefiiss tropfen. Zur
vollstdndigen Zersetzung der Probe und Vertreibung des in der Losung befindlichen
Kohlendioxyds wird das Reaktionsgefiss leicht angewdrmt. Nach Abkiihlen auf die
Arbeitstemperatur liest man den neuen Stand der Quecksilbersdule ab.
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Beschreibung des Apparates

Der Apparat besteht aus folgenden Hauptteilen (s. Abb. 2): Reaktionsgefiss R, Absorptionsgefiss
mit Wasserkiihimantel K und Manometerrohr M. Diese drei Teile des Apparates sind durch Schliffe
miteinander verbunden und auf einen Plexiglasstinder montiert.

Das Reaktionsgefiss hat eine besondere Form. Sein unterer Teil, in den die zu untersuchende
Probe gebracht und die Reaktion mit der Sdure ausgefiihrt wird, ist schmaler. Die Siure wird in den
Trichter T gegossen und durch Offnen des Hahns H, iiber das innen angeschmolzene Kapillarrohr
(lichte Weite 1 mm) ins Reaktionsgefiss abgelassen.

Das Absorptionsgefiss K ist mit kupfersulfatgetrinktem Bimsstein gefiillt und hat die Aufgabe,
den evtl. entweichenden Schwefelwasserstoff abzufangen. Im Mantel des Gefisses zirkuliert Wasser
mit konstanter Temperatur aus e¢inem Thermostaten, oder noch einfacher, aus der Wasserleitung.

Als Manometerrohr wird eine Kapillare von 1,5 mm Innendurchmesser und 780 mm Linge
verwendet. Ihr unteres Ende ist mit einem kleinen Quecksilberbehilter verbunden. Zur Ablesung
dient eine Millimeterskala.

Der gesamte freie Raum im Reaktions- und im Absorptionsgefdss betrdgt wihrend der Arbeit
ungefihr 20 cm®. Er ist so gewihlt, dass bei einer Ausgangsprobe von 0,5 g mit 0,19, Kohlen-
dioxidgehalt sich der Druck im Apparat um ungefihr 10 mm Hg dndert.

Vorbereiten fiir die Inbetriebnahme des Apparates

Die cinzelnen Teile des Apparats werden mittels eingefetteter Schliffe verbunden. Der Behilter
B wird bis zur Hélfte mit Quecksilber gefiillt. Der Apparat wird liber den Hahn H, evakuiert. Es
muss gewissenhaft (mehrere Stunden) kontrolliert werden, ob der Apparat luftdicht ist.

Zu den Vorarbeiten gehort auch das Eichen der Millimeterskala in Gewichtsprozenten entwei-
chendes Kohlendioxid. Diese Eichung ist fiir alle weiteren Bestimmungen giiltig, vorausgesetzt, dass
der freie Raum im Apparat, die Quecksilbermenge und die Arbeitstemperatur in bestimmten, von der
Genanigkeit der Methode geforderten Grenzen, konstant bleiben.

Die Eichung der Skala erfolgt durch 0,1 g Ausgangsprobe mit 1 bis 2097 Kohlendioxidgehalt. Ist
der Kohlendioxidgehalt der Probe hoher oder niedriger, dann nimmt man von der Probe 0,5, 0,2
oder 0,05 g und multipliziert die von der Skala abgelesene Zahl mit einem entsprechenden Faktor.

Das Eichen der Skala geschieht am einfachsten mit Natriumcarbonatlésung einer Konzentration,
bei der 19 Kohlendioxid 0,1 ml Losung entspricht. Eine derartige Losung erhélt man durch 16sen
von 2,4100 g wasserfreien Natriumcarbonats in 100 ml Wasser. Wird die Skala fiir Kohlendioxid-
gehalte von 10 bis 209, geeicht, so ist es empfehlenswert, die Konzentration der Lésung auf das
Doppelte zu erhdhen.

Eine bestimmte Menge der obigen Losungen wird mit einer entsprechenden Pipette in das Reak-
tionsgefdss eingemessen, das ein Stiickchen Bimsstein enthélt. Beim Anschliessen des Gefdsses an
den Apparat muss darauf geachtet werden, dass der Schliff gut eingefettet ist. Der Apparat wird mit
Hilfe einer Wasserstrahlpumpe evakuiert und auf Temperaturkonstanz gebracht, bis sich der Queck-
silberstand in dem Manometerrohr nicht mehr verindert. Dann wird das Quecksilberniveau genau
auf Null eingestellt. Man offnet sodann vorsichtig den Hahn H, und ldsst soviel 20-proz. Schwefel-
sdure in das Reaktionsgefdss eintropfen, bis das Niveau in letzterem bis zum Unterrand des Kapil-
larrohrs gestiegen ist. Die Losung wird vorsichtig erwdrmt, damit das darin geloste Kohlendioxid
entweicht. Nach Einstellung konstanter Temperatur wird das Niveau der Quecksilbersdule abgelesen.

Die Druckinderung im Apparat, die das von 0,1 ml Na,CO, L&sung mit obenerwihnter Kon-
zentration freigesetzte Kohlendioxid bewirkt, 1dsst sich abschitzen, wenn der freic Raum im Apparat
bekannt ist. Da das Volumen des Kohlendioxids bei Normalbedingungen 0,506 cm® und der freie
Raum im Apparat ungefahr 20 cm? betrigt, ist die entsprechende Druckénderung etwa 20 mm Hg.

Arbeitsvorschrift und Genauigkeit der Methode

Die Menge der Ausgangsprobe wihlt man je nach ihrem vermutlichen Carbonatgehalt aus fol-
gender Tabelle:

CO,-Gehalt, % Probe, g
0,1-1 0,5000
1,0-10 0,2000
2,0-20 0,1000

20,040 0,0500
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Die Probe wird direkt in das Reaktionsgefdss eingewogen und mit einigen Tropfen Wasser
benetzt. Nach Eingabe der notwendigen Siuremenge wartet man 1-2 Minuten, bis der grdssere
Teil des Carbonats aufgeschlossen ist.* Sonst wird wic oben beschrieben verfahren.

Zur Vorbereitung des Apparats fiir die nichste Bestimmung gleicht man den Unterdruck durch
Offnen des Hahns H, aus, nimmt das Gefiiss R ab, sdubert und trocknet es.

Eine Bestimmung dauert etwa 30-40 Minuten.

Die kleinste, noch nachweisbare Carbonatmenge entspricht etwa 0,01 % Kohlendioxid. ‘Bequem
und mit befriedigender Genauigkeit lasst sich bei einen Kohlendioxidgehalt héher als 0,1 9 arbeiten.

Die Genauigkeit der Methode héingt von der Temperatur konstanz ab. Unter
Beriicksichtigung des Gleichgewichtsdrucks des Wasserdampfs iiber 20-proz. Schwefel-
sdure bei verschiedenen Temperaturen weicht bei Temperaturschwankungen von
+41°C der im Apparat ermittelte Druck um etwa 0,75 mm Hg ab. Der relative Fehler
der Bestimmung ist somit durch dic Probemenge und ihren Carbonatgehalt, d.h.
durch den Grad der Druckinderung im Apparat bedingt. So wird zum Beispiel bei
0,5 Ausgangsprobe und 0,1% CO,-Gehalt der relative Fehler 7,57, und bei 0,1 g
Probe und 109, CO,-Gehalt der relative Fehler 0,75 %; betragen,

Summary—A method of determining carbonates in minerals and ores
is suggested, based on decomposition of the sample with 20 %, sulphuric
acid in vacuum. The determination is carried out in an apparatus of
relativelysimple construction. The carbondioxidecontentis determined
by the alteration in pressure of the system and read off from a graduated
scale. The method is applicable for the analysis of samples with
0-1-40 % carbon dioxide content; the accuracy of the determination is
0-75-10%;.

P.smné—On suggére une méthode de dosage des carbonates dans les
ryinéraux et minerais, basée sur la décomposition de 1’échantillon au

10yen d’acide sulfurique & 20 sous vide. Le dosage est mené dans un

opareil de construction relativement simple. La tenuer en gaz carboni-
que est déterminée par la modification de pression du systéme et lue sur
une échelle graduée. La méthode est applicable & I'analyse d’échan-
tillons contenant 0,1 4 40 % de gaz carbonique; la précision du dosage
est de 0,75-10%;.
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Summary—Errors of kinetic data obtained from thermogravimetric
curves at increasing temperature are discussed.

INTRODUCTION

THERMOANALYTICAL METHODS,*® such as thermogravimetry, differential thermal
analysis, dilatometry and thermovolumetry, are currently being used to investigate the
kinetics of chemical processes at increasing temperature in heterogeneous systems with
some success. These methods measure, in 2 continuous and usually automatic way, the
changes of some physical property, such as weight, enthalpy, length or volume, of the
investigated system with temperature under a chosen temperature programme. If this
programme is a linear function of time

dT
a=¢,i.e; T="T,+ ¢t n

where T is the temperature, ¢ is the time and ¢ is the heating rate, then one is dealing
with thermographic methods and, in particular, with thermogravimetric weight analysis
at increasing temperature; it is the particular nature of these methods which is the
subject of the present paper.

It was in 1932 that §kramovsk§1 pointed out the advantages of these methods;
however, the experimental techniques being imperfect in these times, these methods
helped only in the quantitative and qualitative determination®” of substances. Though
remarkable successes were declared, it was only the commercial production of
various modern apparatus (especially thermobalances and temperature regulators)
and last, but not least, the basic theoretical essays of the applicability of thermogravi-
metric curves for mathematical evaluation of kinetic data by van Krevelen, van
Heerden and Hutjens? and by Freeman and Carroll,® that proved the main advantages
of this approach, consisting of the determination of kinetic data by a single decompo-
sition curve. Though the development of the above-mentioned method is evident,
preference is given to slow isothermal measurements, which generally are considered
more precise. Satava and Sestak* obtained by both isothermal and non-isothermal
methods (with the same apparatus and under the same experimental conditions for the
heat decomposition of a-CaSO, . 0-5H,0) kinetic results corresponding to each other,
by which the applicability of the non-isothermal method was confirmed. Of course,
this does concern the accuracy of kinetic data measurement, but does not inform us

* Presented at the Symposium on Thermal Analysis, Northern Polytechnic, London, 13-14 April,
1965,
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about the nature of the process which becomes the rate-controlling process of the
investigated reaction, e.g., surface chemical reaction, diffusion or nucleation,?2%% ezc,
If it is the question of accuracy of kinetic data, it is important to maintain the possi-
bility of reproducing the conditions of the investigated reaction. However, when one
tries to determine the particularity of mechanism of the investigated process, one has
to arrange the conditions of reaction in order to isolate the investigated reaction from
disturbances (the disturbing effects are, for example, diffusion of gaseous products or
heat exchange, that might, in certain cases, become the rate-controlling process, i.e.,
the slowest effect). The arrangement of conditions of the reaction is specific for each
investigated reaction.

The error of computed kinetic data is influenced by:

1. The accuracy of determining directly measured data (weight, temperature of
sample, time, etc.).

2. The accuracy of maintaining conditions defined in advance during the reaction
(linearity of temperature increase, constancy of aerodynamic conditions and composi-
tion of gaseous medium) and removing the influence of disturbing effects.

3. The accuracy of mathematical evaluation of experimental curves.

Many authors®® have described the errors, the nature of which was various;
however, their explanations estimated purely the qualitative aspects of the problem.

OUTLINE OF ACCURACY OF COMPUTED KINETIC DATA

1. Errors of directly measured data

Accuracy of weight-change measurements. This depends on the perfection of the
apparatus used, i.e., sensitivity of balances, width of recording chart, linearity of
weight scale, reliability of recording chart motion, etc. In addition, it depends on the
removal of the buoyancy variations and acrodynamic forces™!? (which, usually, are
negligible in given temperature ranges) and of aerodynamic noises.l* These two
phenomena are given by the arrangement (i.e., by the kind of thermobalances, by the
size and geometry of both the heated space and the crucible) and the heating rate and
either by the pressure or the controlled motion of the medium. Buoyancy and aero-
dynamic noises are also a part of the accuracy mentioned below in maintaining the
conditions of the reaction.

Accuracy of temperature measurements. Thermocouples are used as detectors for
temperature measurement by means of the e.m.f. compensation method. Error
arising from measurements of “cold-side” temperature (if zero temperature is not
maintained) is negligible provided that the temperature level is constant during decom-
position. However, the setting of the thermocouple welded junction is much more
important. When the usual way of setting outside the sample is used, the differences
between the measured and correct temperature range from 5 to 20°K depending on
temperature and heating rate, the thermocouple junction being placed some 2 mm
from the crucible®7? [similar to Fig. 5(5)].

2. Accuracy in maintaining reaction conditions and reducing disturbances

The arrangement of the experiment is most important for accuracy. The rate of
the investigated process must be kept from distortion by the slow rate of disturbing
effects. The slowest disturbing effects are usually found to be those of transport,
which consist of heat and mass transfer.



Fic. 1.—Different kinds of crucible-holder suitable for the decomposition of solid
substances:

(la) Perforated silver block (hollows containing the investigated sample in the
outer-wall). The hollow in the inner wall serves for the setting in of the corund twice-
capillary with a thermocouple for the purpose of temperature measurement by contact
of the thermocouple welded junction inside the metal block (the setting of all other types
of crucible holder is the same).

(1b) Perforated silver block with hollows (capillaries) of 1 mm diameter and of 3
different depths, intended for investigating the problem of diffusion through a layer of
the sample

(2a) Aluminium block with a very light lid holder (on which the investigated sample
is spread out in a thin layer) is set on the conical top of a metal heating block fixed in a
furnace with stabilised temperature. This arrangement is convenient for isothermal
decomposition when rapid attainment of decomposition temperature of the investi-
gated sample is wanted (for detailed information see reference 4).

(2b) The same as in the preceding type of block holder but made out of platinum
(the cone in reverse position).

(3a) Silver ribbed holder intended for non-isothermal decomposition. A thin layer
of the investigated sample is spread on the ribs of the ribbed holder.

(3b) The same as the preceding type of crucible holder but made out of platinum,
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When the heat transfer (heat exchange between the reaction interface and the
source of heat) turns into a disturbing effect, non-linearity of temperature increase
occurs. Linearity of temperature increase apparently depends on the kind of pro-
gramme equipment chosen and on the heat situation inside the furnace (heat capacity,
system of regulation of heating, acrodynamic conditions). However, the most com-
plicated problem appears to be the removal of the non-linearity of temperature
increase which is determined by the geometry and the sample mass. The errors from
heat transfer are described as follows.

Influence of temperature gradient in sample. Taking into account some simplified
premises, the author® deduced that the maximal temperature gradient between the
wall of the sample holder and the centre of the sample (¥m) considered as a disk (or
a cylinder), is. proportional to the thickness (s) [diameter (r)] and the constant
of proportionality equal to the square root of the product of the enthalpy change of
reaction (AH), of the heat capacity of the sample (G) and the heating rate ($), and of
the reciprocal of its heat conductivity (4).* For example, with a cylindrical sample
of diameter 1 mm, placed in a silver block, the temperature increase of which was
5°K/min, the maximal temperature gradient found was as follows: 4-8°K for the
dehydration of kaolin; 13-2°K for the decarbonisation of magnesite and 3-1°K for the
dehydration of «-CaS0,.0-5H,0 (computed for powdery and compressed samples).

The amount of sample influences the enthalpy change during the reaction in the
sample and is able to slow down (or speed up) the temperature increase with a view
to the original programme. In that case, one has to handle the errors from self cooling
of the sample™® which is a function of sample load, and of the enthalpy change of the
reaction, in addition to the heat inertia of the crucible [depending on its weight, heat
capacity and conductivity, e.g., for the decomposition of 0-15 g of kaolin in a silver
crucible of 27 g, see Fig. 1(1a), with a heating rate of 5°K/min, the temperature
increase will be slowed down by about 1°K/min]. It is possible to estimate the opti-
mum amount of sample by means of a semi-empirical method® under given experimen-
tal conditions (i.e., taking the dependence of the maximum rate of decomposition on
the heating rate).

When one wants to choose a suitable heating rate, it is necessary to consider not
only its influence in removing the above stated factors (for that purpose the value of
the heating rate should be as small as possible), but also its influence on the tempera-
ture range in which the reaction will be accomplished (the temperature range increases
at rising heating rate and thus the field of temperatures for mathematical evaluation
will be extended; e.g., for decomposition of kaolin the temperature range is about
85°K for a heating rate of 2-0°K/min and about 180°K for 20°K/min). The most
convenient heating rate seems to be from 3 to 6°K/min.

The influence of heat phenomena may be limited in the following ways in accord-
ance with the above-mentioned considerations. The temperature is measured by
contact of the thermocouple welded junction inside a metal holder of suitable heat
conductivity and capacity (e.g., silver, platinum or aluminium or sintered corundum,
etc.) slipped onto the corundum dual-capillary thermocouple tube (the crucible is
placed above the balance beam to diminish the influence of aerodynamic noises
but it imposes the problem of its considerable weight). The load of the investigated

AH-G- AH-G -
* For a disk Ym=A/——A—é.25; for a cylinder Ym = A/———z—f—qs.-r.
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substance is either put into a perforated crucible® [see Fig. 1(1a)] or mixed with
granular metal material whose surface is covered by the powdered sample (granules
allow good heat conductivity and capacity).’® The most convenient experimental
arrangement seems to be as follows.%¢ A thin layer of the investigated sample is
spread on the ribs of a ribbed crucible [see Fig. 1(3a and 3b)] for better heat exchange
between sample and holder (and environment). In this way, the disturbing effect
of the diffusion of gaseous products through the sample Iayer are reduced (see the
following paragraph).

The influence of mass transfer cannot be eliminated in a simple way, because it is
very hard to find out in advance how important this influence will be and, conse-
quently, general conclusions cannot be formulated. The most frequent disturbing
transport effect is the removal of gaseous reaction product from the reaction inter-
face.22 For simplification, this effect can be imagined as two consecutive effects:
first, migration of gaseous products through the solid phase (internal diffusion) and
secondly, the removal of gaseous products from the surface of the sample (external
diffusion). When the diffusion rate is small, it is evident that local concentration of
gaseous products may occur, thus changing the equilibrium conditions. By migration
of gaseous products through the solid product (or by contact with the surface of the
solid product) recombination (or adsorption on the surface) takes place.

Mass transfer is undoubtedly the source of the majority of phenomena reported
by different authors. These phenomena concern the diffusion®-15 (shape, size and size
distribution of sample) or the influence of environment*14-17:2-32 (constancy of gaseous
environment composition, influence of pressure of vacuum, dynamic conditions in
the case of a circulating gaseous medium, and especially the effect of the aerodynamic
conditions on the gaseous film sticking to the surface of the sample). Therefore, it is
very important to choose experimental conditions so as to minimise the influence of
mass transfer (and the reverse reaction). These experimental conditions will be found
out by means of semi-empirical tests in apparatus intended for kinetic analysis (in this
way, for example, it is possible to decide whether a stream of inert gas may adequately
prevent the influence of the reverse reaction or whether the use of vacuum is necessary).

The importance of mass transfer is proved by a set of decomposition thermo-
gravimetric curves of kaolin obtained under various experimental conditions (Fig. 2).
The influence of the transport of reaction product from the surface of the sample is the
cause of variation in the shape of curves 1 and 2 of Fig. 2. The substance is spread in
a thin layer on the ribs of a ribbed silver crucible [see Fig. 1(3a)] under a static (curve
2) and dynamic (curve 1) air environment. The influence of diffusion in the sample
is the cause of variation in the shape of curves 3, 4 and 5 of Fig. 2, obtained by decom-
position of a kaolin sample placed in 1-mm capillaries of different length in the per-
forated silver crucible [see Fig. 1(1b)]. The above-mentioned experiments will result
in reducing the thickness of the sample layer and, in this particular case, in speeding
up the gaseous stream (or in decreasing the pressure) conditions should be established
to prevent distortion of the investigated reaction from mass transfer within the limits
of uncertainty of directly measured quantities.*

* These phenomena are closely connected with the nature of the rate controlling process and there-
fore are important for the physico-chemical interpretation of the measured data (equally as the

nature of the starting material, e.g., size and shape of its crystals and its mechanical and thermal
history, etc.).2®
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Fie. 2.—Experimental curves for the decomposition of kaolin under various experi-
mental conditions (beating rate: 4-3°K/min; sample load: 0-04 g; specific weight of
sample from 1-2 to 1-3 g/cm®; size distribution of kaolin: 1-2u):
(1) Decomposition accomplished on a ribbed holder [see Fig. 1(3a)] in a dynamic
environment (circulating air).

(2) Same arrangement as in (1) but in a static environment (static air).

(3) Decomposition accomplished in a perforated silver block [see Fig. 1(1b); length of
capillaries: 3mm].

(4) Same arrangement as in (3) but length of capillaries 6 mm.

(5) Same arrangement as in (3) but length of capillaries 10 mm.

3. Accuracy of mathematical evaluation of curves

With isothermal methods one assumes several mechanisms and by substitution of
experimental data one determines the most convenient one. However, this procedure
is much more complicated when the method of rising temperature is used and,
therefore, the evaluation of thermogravimetric curves will be founded on the formal
kinetic equation

dx

-5 =kx )

where X is the amount of substance under reaction, » is the order of reaction and k
is the specific rate of reaction. Equation (2) describes very well the course of the heat
decomposition of solids, such as the endothermal decomposition of hydrates, sul-
phates, carbonates, or the exothermal decomposition of oxalates, permanganates,
perchlorates, metal azides and further the combination of metals with oxygen or
hydratation and, finally even sublimation and evaporation. The temperature
dependence of the specific rate k, may be expressed, according to Arrhenius, by the

relationship
k = Ze EIRT 3

where Z is the frequency factor, E is the activation energy and R is the gaseous con-
stant, for these processes pass in a narrow temperature range. A mathematical
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treatment of thermogravimetric curves is given by the preceding equation, making
possible three methods of evaluation:

(i) differential,
(ii) integral,
(iii) approximate.

Because the value of the weight loss is known it will be suitable to transfer the quantity
X to the weight loss w by the following equation:

—dx = "o gy @)
w(!)
where my is the initial amount of substance and w,is the maximal weight loss. By

integration of the left-hand side of equation (4) from my to X and by integration of
the right-hand side from zero to w, the following relationship is obtained :3

X= 2w, —w) ©)
woc
By substitution of equations (5) and (3) into equation (2) and by differentiating
the logarithmic form, one obtains the evaluating equation for the differential method
according to Freeman and Caroll® (see Table I). By means of this equation one obtains
both the value of the activation energy and the order of reaction. The latter can only
be presumed when using the other two methods or it can be determined through many
laborious computations.
Integral methods use the integrated form of equation (2) after a preceding trans-
position of the weight loss w of equations (4) and (5)

()" [T o m o =Z [Memmvar ©

The right-hand side of equation (6) will be solved by per-partes method and the solu-
tion of equation (6) consists of an infinite series of which, usually, the first two terms
serve for all calculations of interest to us. These methods were used by Doyle' and
by Coats and Redfern’® (sec Table I), as well as by Turner and associates,?® who
deduced the semi-empirical equation, and finally by van Krevelen and associates,?
who reported their solution in the form of a nomogram.

With approximation methods the integral on the right-hand side of equation (5)
is solved by approximation using the temperature T; (corresponding to maximal rate
of decomposition, i.e., to the inflection point of the curve). This method was used by
Horowitz and Metzger,* by van Krevelen and associates? (see Table I), by Fuoss and
associates,® by Berlin and Robinson3 and by Reich? and associates.?*

Every mathematical method is more or less subject to some inexactitude that
influences the accuracy of the results.?> We felt that due interest had not been paid

* The latter authors have been studying the evaluation of the kinetic data from several traces
obtained at different heating rates as well as Friedman® and Anderson.3¢ (We shall be concerned
with the detailed mathematical description of the individual methods in a report which will
appear in Silikdty probably at the end of 1966.)
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to this fact and our work tried to bring herewith the contribution of our own experi-
ence. In order to determine the errors from mathematical evaluation it is necessary
to introduce theoretical curves, because it is impossible to avoid all the errors from
experimental arrangement. That is why the thermogravimetric curves, computed
from chosen kinetic data, will serve for the following considerations.

THEORETICAL CALCULATIONS OF THERMOGRAVIMETRIC CURVES

According to Satava,® if one solves the right-hand side of equation (6) by exponen-

tial integral:
@ L,—u

= [ ©

z U
(where u is variable and x is the integral limit which in this case equals E/RT) and one
transfers equation (5) to the form, used further to theoretical calculations of curves,
forn=1

w
*2:3log —>— =
8 Wy — W

forn#1

- (=) - s | || - s-0)=x[[] ®

where K is a multiplying constant equal to the fraction on the right-hand side of
equation (8) and [f] is the term in square brackets on the right-hand side.
The values of [{] were taken from Akahira’s tables,?® where values of x from 20 to
50 are listed in steps of 0-02.
The following kinetic data were chosen for calculations of curves:
E=27x 104
Z=7x 101
n=3% % 8 1; 2
my = 84 x 10~
¢ = 3-18/60

(kinetic data correspond to the dehydration of «-CaS0,.0-5 H,O in a static environ-
ment).

Theoretical thermogravimetric curves and their derivative curves [the latter
obtained by numerical derivation equation (9)] are plotted in Fig. 3

().~ ]

where 4 is a step of derivation, the equidistant ordinate of the temperature is chosen,
and Ay = w; — wy; A_; = w, — w_;. The numerical derivation is much more precise
than any usual graphical method, and is more suitable with respect to further pro-
cedure (especially differential method).

e—u

u

COMPARISON OF DIFFERENT MATHEMATICAL METHODS
The values of weight loss and temperature were taken from the thermogravimetric
curves drawn in Fig. 3 by the same procedure as in the case of elaboration of
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Fig. 3.—Theoretical thermogravimetric curves at increasing temperature plotted

(using the equation and chosen kinetic constants see Table I) with their corresponding

derivative curves. %, %, %, 1 and 2: these symbols indicate the values of the reaction

order taken for computation of the given curves, Dashed lines indicate the situation

of theoretical thermogravimetric curves if the load of sample is 1 mol. The symbols

correspond to the following values of reaction order: a=14,b=1%,¢c= 31=1
and d = 2.

experimental curves and the values were then treated by different evaluation
methods,811.19.21
A comparison of the values obtained is given in Table I.

DISCUSSION

1. Errors of mathematical treatment

In Table I are shown the deviations of computed values of E from the originally
chosen real values. They do not differ by more than 109, so that all the methods
seem to be satisfactory for the computation of kinetic data within the limits of
required accuracy.

Let us have a look at the sensitivity of the mathematical treatment with regard to
occasional errors due to inaccuracy of visual deduction of values from the automati-
cally-recorded decomposition curves. For the purpose of rough determination let us
consider the curve for n = } (see Fig. 3) and according to the rule of the transfer
of errors it is possible to calculate the uncertainty &5 of the value of E, if one subtracts
the weight loss w with uncertainty &y, = 0-5% and the temperature with one e = 1°K.
(Equations used for the calculation of errors will not be explained because of their
extensitivity.) For the Freeman-Caroll derivation method is e = 49 (¢, = 12%),
for the Doyle integration method &, — 4% and for the Horowitz-Metzger approxi-
mative method e = 99 (when the right value of » is assumed). However, the



TABLE 1.—COMPARISON OF THE RESULTS OF KINETIC ANALYSIS (THE CURVES FROM EIG. 3) OBTAINED BY DIFFERENT MATHEMATICAL METHODS

The theoretical shape of the thermograms (of the values w/ies) was computed by the equation
-3 b- T -l o
Tl I SR 0 o —w 23R ] { 2
using the arbitarly chosen values of E= 27 X 10,7 =7 x 10", ¢ = 318/60, my =84 x 10 (0333) 1 (0rS00) | (0-666)
and several values of the order of reaction 2.
The vahuies of ]y obtained, through applying the usual experimental procedure from the plotted (Fig. 3) theoretical thermograms, were evalusted
by kinetic analysis using the following methods:
Theoretically computed inflection points according to the equation (I—Wl)=n"“" Fon | 0192 1 0250 | 028 | 0368 | 000
o
Experimentally obtained inflection points (I—;;—l-)i 0184 | 0287 | 0272 | 0350 | 0515
Frequency factor Z obtained by inscrting the values wfie, from the thermograms into the equation:
23R | ( ) 6% | 675 | T08 | 7 | M1
$hm™ Al ke 2l e | x| xaon | x| xon
Z= - 1-»— 1=
af R T
Frecman and Caroll* (graphically) n 028 | 046 | 073 | 101 | 190
Differential
nehod Alog(dvld) _ _ _E_ L. g | w6 | e | %0 ) me | 7
Noglwa~w) 23RAlog(va —) XU | X108 | x| e | w10t
RTXL = n)(dwldD), RTXdwiT),
o) m— 'E= my " i B2 B W W
LR T e | | | e | -
2 W Wa /4 Weg = Wig
9
N s O s e
2| = 0 "=k w5 | w8 | %6 | m
3 M= _ - : : - -
Integral 5 Tt = YT, T, E XIE | X1 | x10 | x 10
methods 8 | For the computed values of o) tabulated in Doyle’s tle (gy) = x,{[ %)
one finds the corresponding x, and computes £ by the equation x, = ERT,,
Coats and Redfetn™ (graphically)
W Weo — Wi i WS | %8 | 28 | W6 | —
23log o - - T W E 1 X100 | )10t | x 107 | x 108
*log 0 =|log —=lg=|l-— | -5
r {t-ar gEL EJ MR'T
Horowitz and Metzger® {graphically)
" P e i 4| B8 ) B8 | 09| -~
I LI ol I Va=Wl _ . nq, RT X100 X100 | X100 | x 10
log[l (———Ww ) }—Iog(l ")+2~3RT,-2'0 *loglog( o ) log23 4+ F N
Approtimate Van Krevelen, van Heerden and Hutjens? (graphically)
methods o
{*mgmog( ) ]1og|:1—( ) ] Pl Bl me f | ome | -
XU x10 | X100 ) x100
1 [Z(O%B)E/ ! } (E )l
=log 7 T.' RT 71 + 1)logT ‘
Symbols used: Indexes used:
E = activation energy (cal. mol™), w = loss of weight (mol; g; efe), 1 = time (sec), i = valugs of the symbol comrespanding to
1 = order of reaction, Vo = maximal loss of veight (mol; g, ete), 6= T~ Ti) = difference of given temperature point of infleetion (to the highest rate
Z = frequency factor (sec”, mol*-", iy = sample load (mol; g; etc.), Tand temperature T conresponding to of the decomposition process),
R = gas constant (1987 cal. mol deg™), T = temperature ('K), mammaldecomposmonrate (K), a = value of the symbol for a defined
X = number of mokes (mol) ¢ ={(d7/dr) = rate of heating (deg. min~t),  dwfds = rate of loss of weight (mol. sec™), (usually chosen) poit,
(respective amount of component, 4 = diffrence, * those symbols are valuable only for the order # = 1
concentration, efc, 1 [eve (@ E .
i, ) [JHT —J A du} (x—R—T) (aken from Akahies tblg),
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magnitude of this error depends considerably on the position of the point on the
thermogravimetric curve, in which the kinetic analysis is being performed. The
analysis of errors proves that in the case of the derivation method the most precise
kinetic data are obtained when medium steep parts of the thermogravimetric curves
are taken for computation, these being more convenient for a precise determination
of the instantaneous rate of reaction (the same absolute &, is far more perceptible in
a small value A, for the initial and the final parts than at the steep medium part).
The same is true with Doyle’s method. The accuracy of the approximation method
depends considerably on the accuracy of determination of the inflection point tempera-
ture (especially with the Horowith-Metzger method).

However, the reverse of the coin of evaluation methods is the work consumption.
From this point of view, Doyle’s method seems to be very simple because kinetic data
may be obtained from a single point on the decomposition curve. The necessity to
know beforehand the value of the reaction order appears to be a disadvantage, which,
partially, finds a remedy in the Coats-Redfern method. Whether the supposed
reaction is suitable will be further proved by the linearity of dependence resulting
from their evaluating equation (a similar application with the methods in references
2 and 21 is possible). These methods are time consuming but a knowledge of the
theoretical inflection point position with different reaction orders? (see Table I) will,
however, be useful because the approximate value of the reaction order can be
deduced from the inflection point position of the experimental curve. The van
Krevelen method seems to be the most rapid one, even though the derivative method
should not be omitted because of the possibility of parallel determination of reaction
order. The Coats-Redfern method seems to be more accurate but considerably work
consuming.

2. Theoretical influence of variation of kinetic constant on shape and position of theoretri-
cal thermogravimetric curves

Consider equation (8) and vary the values of E, n and Z so that either the value of
the exponent (I — ») on the left-hand side or the value of term K[{] on the right-hand
side is changed.

* A change in the reaction order n reveals merely a change of shape of the thermo-
gravimetric curve, as shown in Fig. 3 (curves a, b, ¢, 1 and d) if my, = 1.

Changes in the frequency factor Z and the activation energy E induce either a change
in the multiplying constant K or a change in the term [f]. To maintain the real sense
of the left-hand side of equation (8), the value of the product K[f] must approach one;
if the value of Z is decreased by one order, i.e.:

7 x 1011 7 x 10t
=™ g PRI

from

the value of X is decreased. If the value of the term K[[] is to be maintained com-
parable to one, the value [{] must increase by one order (if kinetic constants are main-
tained), this being possible only by a change of integral limits and thus by a decrease
of the value

_£ to x’ —————E 10
YT RT = ET L AT) a0
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FI6. 4—Influence of kinetic constants on the position and shape of theoretical thermo-
gravimetric curves of order 3.
(3) Original theoretical thermogravimetric curve (see Fig. 3 and Table I).

(A) Theoretical thermogravimetric curve taken at 10% declination from the original
heating rate.

(B) Theoretical thermogravimetric curve calculated at 90% reduction of the original
frequency factor

(O) Theoretical thermogravimetric curve calculated at 10% reduction of the original
activation energy.

this coming into action by shifting of curves by AT (=x23°K) to the region of high
temperatures (see Fig. 4, curve B). This proves that a decrease of frequency factor
shifts the decomposition of substance to the high temperatures region.
If the value of the activation energy is increased by 109, i.e.
from 2:7 X 10¢ to 297 x 104
(and the original value of Z is maintained), the change in the value of the multiplying
constant is small but with respect to the change of integral limits, the value of i1
decreases considerably. This may be compensated by an increase of the value of the
temperature T’ ‘
E E+ AE
£ __ETAE an
RT ~ R(T + AT)
The compensation will reshift the curves to the region of high temperatures by
AT(=35°K) characterising the increase of decomposition temperature due to a higher
activation energy (see Fig. 4, curve C).
A conclusion can be drawn from the above reported consideration. The reaction
order theoretically influences only the shape of curves, the values of activation energy



Errors of kinetic data 577

and the frequency factor (as well as the load and the heating rate) influences the
position of curves in temperature scale [and, partly, the steepness of curves] (see Fig. 4).

3. Theoretical influence of variables T and ¢ on kinetic data obtained from thermogravi-
metric curves

With experimental temperature T measurements a higher temperature will usually
be found. This means that the value of the integral limits [{] is decreased to the value:

R(_T—fTT) (which is equivalent to ER—TAE) (12)
when the decreasing integral limit of value [] increases. To maintain the right-hand
side of equation (8) close to one, the multiplying constant X must be decreased in this
way: the value of the product EZ is decreased. Hence, if a higher temperature than
the real one was taken, lower values of E and Z should be obtained.

This is confirmed by experiments (see Fig. 5). The theoretical curve 1, computed
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FIG. 5.—Experimental thermogravimetric curves for the decomposition of «-CaS0;.0-5
H,O in static air environment.

(1) Theoretical decomposition curve (computed by means of kinetic analysis of ex-
perimental curves obtained under optimal condition of the case in question) [see
Table I].

(2) (3), (4) Experimental thermogravimetric curves obtained through decomposition
on a ribbed silver holder [see Fig. 1(3a)].

(5) Experimental thermogravimetric curves obtained through decomposition in a
perforated crucible [see Fig. 1(1a); temperature taken outside the crucible].

The sketched curves in this figure are evaluated according to the Freeman-Caroll

kinetic analysis method:

Thermograv. Heating Sample Inflex. Activation Reaction  Frequency
curves rate load, g  point energy order factor

3-18 013 0237 256 X 10° 0-46 76 X 101
3-:04 0-13 0333 266 x 10° 0-67 6-7 x 101
3-26 0128 0317 255 x 10® 0-65 65 % 101
3-18 0135 0381 260 x 10® 097 79 x 10"
317 0-18 0343 195 x 10® 067 0-3 x 101

[T N FUR S T
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from values obtained under the optimal experimental arrangement,! is compared with
curves 5 obtained experimentally for the decomposition «-CaS0,.0-5 H,0 in a per-
forated silver crucible [Fig. 1(1a)] in a static environment, if the temperature is
measured by means of thermocouples placed between the crucible and the furnace
wall. In this case the values of E and Z are really lower than those obtained under the
“optimal experimental arrangement (change of temperature by some 50°K and a
slight decrease of the steepness of the curves decreases the value of E by approxi-
mately 309 and that of Z by approximately 100 77).

Consider when the value of the heating rate ¢ is changed in consequence of self
cooling (for example the value ¢ becomes lower by 10%). Suppose that ¢ decreases
from an original value of 3-18°K/min to 2-86°K/min. This means that one obtains
the values of ¢ .ns. a0d Ty, (providing a precise direct measurement of temperature,
e.g., inside the metal holder) but, in fact, the decomposition in the sample takes place
at the temperature T, and at the heating rate ¢, i.e.:

T, meas, — {real. (d’real. - ¢meas.)t (13)

Curve 4 modified in this way is plotted in Fig. 4 (weight loss w is plotted vs. T,
and when 7, and ¢, are used for computation). This modification influences
either the multiplying constant K (slightly) or the value of [f]. In Fig. 5 the deforma-
tion of shape (and the slight decrease of steepness) is shown. These deformations
bring about a considerable change of # and a slight change of E and Z (see Fig. 4,
curve A; by evaluation of curve 4 according to Freeman-Caroll the values E =
24-2 % 103 and n = 0-23 are obtained).

A similar conclusion will be found if one compares the experimental curves of
«-CaS0,.0-5 H,O decomposition in Fig. 5, curves 2, 3, 4 (in a static environment on
the ribbed silver crucible) with the theoretical curve 1. The positions of all these
curves are virtually the same, their shapes being slightly different, which probably is
due to self cooling (even though the influence of non-constancy of aerodynamic
conditions would have a similar effect). In addition, the deformation will mostly
appear as a change of the value of the reaction order. |

Experimental conditions influence not only the accuracy of the values of T and ¢
but even the values of weight loss (as mentioned above). According to equation (8)
modification of all the kinetic quantities E and Z and even n may be expected but no
generalisation was found.

CONCLUSIONS

The error of mathematical treatment of reported methods is found to range from
5to 10%. With current experimental procedure these errors are usually found to be
less than those due to false determining of directly measured quantities, incorrect
definition and to inconstancy of experimental conditions.

However, if it is possible to reduce the errors caused by the experimental arrange-
ment it is necessary to have an accurate mathematical evaluation in view. A preference
should be given to derivative and integral methods for the purpose of accurate mathe-
matical evaluation.

A theoretical analysis of errors proves that faulty measurements of temperature
must distort, in the first place, the value of the activation energy, while non-linearity
of heating rate distorts, predominantly, the value of the reaction order.
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Zusammenfassung—Die Fehler von aus thermogravimetrischen Kurven
bei steigender Temperatur ermittelten kinetischen Daten werden
diskutiert.

Résumé—On discute des erreurs sur les données cinétiques obtenues a
partir des courbes thermogravimétriques 4 température croissante.
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DETECTION AND DETERMINATION OF CHLOROPHENOLS
AND CHLOROPHENOXYACETIC ACIDS
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Summary—A quantitative method for the determination of chloro-
phenols and chlorophenoxyacetic acids in aqueous solutions is
described. The samples investigated contained 2-chlorophenol,
2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,6-trichlorophenol and their
phenoxyacetic acid derivatives. The total amount of chlorophenols is
determmed by spectrophotometry, the ratio of individual chloro-
phenols by gas chromatography and the total quantity of phenoxyacetic
acids by acidimetric titration. The determinations are carried out after
extraction with diethyl ether, carbon tetrachloride and petroleum
ether, respectively.

THE chlorophenoxyacetic acids produced by reacting chlorophenols with monochlo-
roacetic acid are very effective herbicides. Among the isomers of dichlorophenoxy-
acetic acid, 2,4-dichlorophenoxyacetic acid is the most effective, and therefore the
chlorination of the phenol is directed so as to obtain a product consisting mainly of
2,4-dichlorophenol. The proportion of other isomers formed depends on the degree
and conditions of chlorination. Information about the ratio of the isomers formed
is important for the promotion of the desired main reaction. An accurate and rapid
method of analysis, supplying data of this kind, may also provide important help
for the factory management.

For the control of the efficiency of acylation with monochloroacetic acid, knowl-
edge of the chlorophenol content and chlorophenoxyacetic acid content of the product
is required.

For the quick detection of chlorophenols Kanazawa! has converted the chloro-
phenols into methyl ethers, to be investigated successively by vapour phase
chromatography.

Barry et al.® have determined the optimum conditions of gas chromatography on a
column packed with three stationary phases [silicone oil, Dow Corning No. 200,
silicone grease for high vacuum and di(2-methylnonyl)phthalate], using helium as the
carrier gas. The results obtained were checked by infrared spectroscopy. Kolloff et al.3
obtained satisfactory results on a Carbowax 20M stationary phase containing phos-
phoric acid in the gas-chromatographic investigation of a mixture containing 2,4-
dichlorophenol, 2,6-dichlorophenol, o-chlorophenol and 2,4,6-trichlorophenol.

Polish authors* have determined by acidimetry the total quantity of the chloro-
phenols. Faust and Aly® reported on a colorimetric method using 4-aminoantipyrin
as the reagent.

Aly® and Faust determined 2,4-dichlorophenoxyacetic acids in aqueous solution
after extraction with ether plus chloroform and chromotropic acid. Bevenue ef al.”8
determined traces of chlorophenoxyacetic acid in potato and other agricultural produce.

581



582 L. LECHNER, A. SoMoGY!I and L. BIRO

After extraction with benzene, the extract was investigated at 200° by gas-chromatog-
raphy on a column packed with silicone grease as the stationary phase. Yip® deter-
mined 2,4-dichlorophenoxyacetic acid and its esters by gas chromatography at 225°
on silicone grease as the stationary phase, using a micro-coulometric detector. Erne!®
employed paper chromatography for the detection of chlorophenoxyacetic acids in
water. The process involves the extraction of the corresponding parts on the paper
chromatogram and the colorimetic determination of the extract of the various
chlorophenoxyacetic acid derivatives with chromotropic acid. An acidimetric method
is reported by Gribovall for the determination of chlorophenoxyacetic acids, using
potentiometric indication. The determination of dichlorophenoxyacetic acids is de-
scribed by Wudzinska and Lefter;* the determination is carried out titrimetrically in
isopropyl alcohol, with a solution of tetramethylammonium hydroxide in isopropyl
alcohol.

The samples examined by authors contained 2-chlorophenol, 2,4-dichlorophenol,
2,6-dichlorophenol, 2,4,6-trichlorophenol and their phenoxyacetic acid derivatives in
aqueous solution. Depending on the phase of manufacture from which the samples
had been taken, the individual components were present in the form of free phenols
or phenoxyacetic acids or their sodium salts,

The total quantity of the chlorophenols has been determined by spectrophotom-
etry, the amount of the individual chlorophenols by gas-chromatography, in
conjunction with the spectrophotometric results. This combination of methods
proved more rapid and simple than performing the total analysis by gas chromatog-
raphy with the available equipment.

For the determination of the total quantity of phenoxyacetic acids an acidimetric
method has been employed. Before the determination, contaminants, water and
interfering components were removed by extraction.

EXPERIMENTAL
Reagents
Chlorophenols. 2-Chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol and 2,4,6-trichloro-
phenol of analytical purity and 2,4-dichlorophenoxyacetic acid, obtained by the acylation of 2,4-
dichlorophenol, were used.

Apparatus

Gas chromatography. Gas-chromatographic determinations were carried out with a Carlo Erba
Fractovap, Type B apparatus, with detection of the heat conductivity by a thermistor. The results
were registered by a potentiometric line-recorder. Chromatographic peak areas were measured with
an electronic integrator. The column was an acid-proof steel tube of 2 m length and of 6 mm internal
diameter. The packing was Celite carrier, of mesh size 40-60, containing 25 % of Carbowax 1000 and
2% of phosphoric acid. Tests were carried out at 150°; the temperature of the evaporating zone was
220°. The flow rate of the hydrogen carrier gas was 2 L./hr.

The Celite carrier was dehydrated by drying at 160°. The Carbowax 1000 stationary phase was
dissolved in carbon tetrachloride at about 40°, and after the addition of the concentrated phosphoric
acid was admixed with the carrier. The solvent was evaporated on a water-bath, and the packing
was stabilised in a drying-oven at 160°.

Spectrophotometer. Unicam SP 700.

Automatic titrator. Orion OP 501.

Gas-chromatographic investigations

The gas-chromatographic investigation of aqueous solutions containing chlorophenols, or
chlorophenols and chlorophenoxyacetic acids, cannot be carried out directly. Though the difference
between the boiling points of the investigated components and of water is sufficient to permit satis-
factory separation, the tailing of the water peak appearing in the chromatograms of the aqueous
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14 12 [©] 8 6 4 2 [¢]

Fi16. 1.—Gas chromatogram of aqueous chlorophenol solutions:—1: Water;
2: 2-chlorophenol; 3: 2,6-dichlorophenol
4: 2,4-dichlorophenol; 5: 2,4,6-trichlorophenol.

FIG. 2,—Gas chromatogram of chlorophenol solutions in ether:—1: ether;
2: 2-chlorophenol; 3: 2,6-dichlorophenol;
4: 2,4-dichlorophenol; 5: 2,4,6-trichlorophenol.

chlorophenol solutions will interfere considerably with the quantitative determination, and in some
cases, even with the detection of 2-chlorophenol and 2,6-dichlorophenol (Fig. 1).

The chlorophenols are separated from the water by extraction with ether. It has been established
that by extracting the acidified solutions twice, the total quantity of the chlorophenols will be trans-
ferred to the solvent phase. The chromatogram was recorded on the ether extract (Fig. 2) on a column
packing containing 259, of Carbowax 1000 +4- 2%; of phosphoric acid.

The quantitative evaluation was carried out on the basis of the single peak areas and referred to
the total areas of the chlorophenol peaks. In this way, the ratio of the chlorophenols in the sample
was obtained. The total chlorophenol content of the aqueous solutions was determined by

spectrophotometry.

Spectrophotometric investigations

The absorption spectra of 2-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol and 2,4,6-
trichlorophenol were investigated, using carbon tetrachloride as the solvent, in the ultraviolet and the
near infrared range. The absorption spectra show that the individual chlorophenols cannot be deter-
mined simultaneously, because their absorption maxima occur at almost identical wavelengths (Fig. 3).

The molar extinction coefficients of these chlorophenols were determined and were found
to differ slightly from each other. Hence, if it is desired to determine spectrophotometrically
the total amount of the chlorophenols, a chlorophenol mixture, containing the individual chloro-
phenols in a ratio similar to that of the sample to be tested, will be prepared for the plotting of the
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F1G. 3.—Absorption spectra of chlorophenols in carbon tetrachloride:
— - — 2-chlorophenol
+——= 2,4-dichlorophenol
—--—+= 2,6-dichlorophenol
~- —— 2,4,6-trichlorophenol
standard chlorophenol mixture.

calibration curve (Fig. 3, standard). The chlorophenol ratio to be expected in practice was deter-
mined with the help of previously recorded gas chromatograms, on the basis of which the proportion
of the chlorophenols in the standard mixture was fixed as follows:

2-chlorophenol: 1:3% 2,4-dichlorophenot: 78:1%
2,6-dichlorophenol: 12:8%; 2,4,6-trichlorophenol: 7-7%;

The chlorophenols, or rather the aqueous solutions containing their sodium salts, were acidified
with hydrochloric acid and extracted with- carbon tetrachloride. The transmission of the chloro-
phenols in the extract was measured at a frequency of 3,540 cm~2, and the chlorophenol concentration
of the aqueous solutions was determined with the aid of a transmission-concentration diagram,
plotted for the standard mixture. The optimum concentration range of chlorophenol was found to be
10 — 4-0 x 10-*M (Table I).

In the course of the carbon tetrachloride extraction one part of the chlorophenoxyacetic acids will

pass into the solvent phase, but their presence does not interfere with the determination of the
chlorophenols.

Acidimetric investigations

The total quantity of the chlorophenoxyacetic acids was determined by potentiometric titration
with 0-1M sodium hydroxide solution in an acetone medium,

According to our investigations, chlorophenols interfere with the titrimetric determination of
chlorophenoxyacetic acids, and, therefore, after acidification, they were removed from the aqueous
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TABLE I.—ACCURACY OF THE SPECTROPHOTOMETRIC DETERMINATION OF
CHLOROPHENOLS AND EFFICIENCY OF THE EXTRACTION

Chlorophenol mixture

Test No. Taken, g Found, ¢ Deviation, g Recovery, %
1 01165 0-1161 0-0004 99-6
2 0-2330 0-2330 0-0000 100-0
3 03495 0-3457 0-0038 98-9
4 0-4660 0-4646 0-0014 99-7
5 0-5825 0-5773 0-0052 99-1

TapLE II.—ACCURACY OF THE TITRIMETRIC DETERMINATION OF
CHLOROPHENOXYACETIC ACIDS AND CHLOROPHENOLS AFTER
PRELIMINARY EXTRACTION

Taken, g Found, ¢ Deviation, g
Chlorophenoxyacetic 0-1909 0-1897 0-0012
acids 01755 0-1731 0-0024
0-1310 0-1292 0-0018
0-2017 0-2227 0-0210
Chlorophenols 0-1419 0-1479 0-0060
0-2380 0-2350 0-0030
A
1
400 2
300
>
[3
200t
100}
I 1 ! | H 1 [ I L L I | —
5 6 ¢ 8 9 10 1l 12 1B 14 15 16 v

0,l n NaCH, mlL

Fic. 4 —Potentiometric titration curves:—
1: Dichlorophenoxyacetic acid and mixture
2: Dichlorophenol mixture.

solution of the samples by cxtraction with petroleum ether. It has been established that chloro-
phenoxyacetic acids are insoluble in petroleum ether, while chlorophenols can be removed quantita-
tively from the aqueous phase. The chlorophenoxyacetic acids were extracted with dicthyl cther, the
solvent was evaporated, the residue taken up in acetone and the acids were determined titrimetrically
(Table II; Fig. 4, Curve 1).

The titration curve for the chlorophenoxyacetic acid mixture obtained from the sample is identical
with that of the curve for pure 2,4-dichlorophenoxyacetic acid. According to gas-chromatographic
determinations, the product obtained in the chlorination of phenol contains more than 857 of the
2, 4-dichlorophenol. The phenoxyacetic acid mixture is formed in the course of the acylation of the
chlorophenol mixture. Trichlorophenoxyacetic acids are not significantly noticeable. Thus, no
substantial error is incurred if the results of titration are calculated as dichlorophenoxyacetic acid.
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TABLE III.—COMPOSITION OF PROCESS SAMPLES AS DETERMINED
BY THE PROPOSED METHOD

Concentration
Total chlorophenol Proportion of of chloro- Concentration of
Sample content, chlorophenols, phenols, chlorophenoxyacetic
No. weight %, % weight %, acids, weight %,
2-chlorophenol 1-5 1-0
1 2,4-chlorophenol 69-6 757 527
2,6-chlorophenot 15-3 106 —
2,4,6-chlorophenol 75 52
2-chlorophenol 15 04
2 2,4-chlorophenol 28-3 760 187 10-4
2,6-chlorophenol 166 47
2,4,6-chlorophenol 60 17
2-chlorophenol 1-0 02
3 2,4-chlorophenol 15-9 81-5 129 39-8
2,6-chlorophenol 7-1 11
2,4,6-chlorophenol 10-4 17
2-chlorophenol 1-5 05
4 2,4-chlorophenol 37:0 793 283 159
2,6-chlorophenol 12-5 46
2,4,6-chlorophenol 69 2:6

The titration curve of the chlorophenol mixture is protracted (Fig. 4, Curve 2), and is therefore
unsuitable for the determination of chlorophenols.

The composition of the samples from the plant was calculated from the results of the spectro-
photometric, gas-chromatographic and acidimetric determinations (Table IIT).

Parallel tests show the relative error, referred to the mean value of the results obtained by the
described methods, to be less than +5%.

Procedure

Gas-chromatographic determination of ratio of chlorophenols. Add a weighed amount (about 2 2
of the substance to be tested to a 50-ml separating funnel, add 2 ml of distilled water, acidify with
concentrated hydrochloric acid, add 5 ml of diethyl ether, and shake the mixture. Separate the aqueous
phase, and re-extract with a further 5-ml portion of diethyl ether. Reduce the volume of the combined
ethereal phases to about 2 ml.

Record the chromatogram from 50 xl of the ethereal solution. The sequence of the peaks appear-
ing on the chromatogram is the following: 2-chlorophenol, 2,6-dichorophenol, 2,4-dichlorophenol,
2,4,6-trichlorophenol. The relative quantity of the individual chlorophenols is evaluated from the
total of the area of the chlorophenol peaks.

The percentage of the individual chiorophenols in the samples investigated was established by
consideration of the results of the spectrophotometric and gas-chromatographic tests.

Spectrophotometric determination of chlorophenols. Add a weighed amount (0-1-0-5 g, depend-
ing on the chlorophenol content of the sample) of the sample to a separating funnel. Acidify the
sample with 0-5 ml of concentrated hydrochloric acid, add 2 ml of distilled water, and from a pipette
10 ml of carbon tetrachloride. Shake the mixture for 3 min and allow to stand for a few hours.
After this period, drain about 5-6 ml of the carbon tetrachloride phase into a dry closed vessel, and
discard the rest; ensure that the total volume of the aqueous phase shall remain in the separating
funnel. Repeat the extraction with another 10-ml portion of carbon tetrachloride.

Transfer 0-5 to 5-0 ml from each of the two extracts to dry 25-ml flasks, and fill to the mark with
carbon tetrachloride. Measure the transmission of the prepared samples in 1-cm quartz cells at a
frequency of 3,540 cm='. Add the results obtained for the two extracts. Prepare a calibration curve
by putting standard amounts through the procedure.

The optimum concentration range of chlorophenol was found to be 10 to 40 x 10-3M.

Titrimetric determination of chlorophenoxyacetic acids. Place a weighed amount (0-2-0-5 g) of the
sample in a 50-ml separating funnel, and add 0-5 ml of concentrated hydrochloric acid and 2 ml of
distilled water. Extract the solution with three 3-ml portions of petroleum ether. The petroleum
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ether phase, containing the chlorophenols, is not required and may be discarded. Extract the
aqueous phase with three 3-ml portions of diethyl ether. Drain the ether extract into a 100-ml
Erlenmayer flask and evaporate the ether at room temperature. Dissolve the dry residue in 50 ml of
undried acetone.

Titrate the solution in acetone with 0-1M/ sodium hydroxide solution. The chlorophenoxyacetic
acid content is calculated from the titration curve.

The determination is carried out with an automatic titrimeter, using a glass electrode as the
measuring electrode and a calomel electrode as the reference electrode.

Zusammenfassung—Eine Methode zur quantitativen Bestimmung von
Chlorphenolen und Chlorphenoxyessigsduren in wégrigen Losungen
wird beschrieben. Die untersuchten Proben enthielten 2-Chlorphenol,
2,6-Dichlorphenol, 2,4,6-Trichlorphenol und die davon abgeleiteten
Phenoxyessigsiuren, Die Gesamtmenge an Chlorphenolen wird spektro-
photometrisch, das Verhiltnis der einzelnen Chlorphenole gaschro-
matographisch und die Gesamtmenge an Phenoxyessigsiuren durch
acidimetrische Titration bestimmt. Die Bestimmungen werden nach
Extraktion mit Diathylather, Tetrachlorkohlenstoff und Petroldther
ausgefiihrt.

Résumé—On décrit une méthode quantitative de dosage des chloro-
phénols et des acides chlorophénoxyacétiques en solutions aqueuses.
Les échantillons étudiés contenaient: 2-chlorophénol, 2,4-dichloro-
pbénol, 2,6-dichlorophénol, 2,4,6-trichlorophénol et leurs dérivés
phénoxyacétiqueacides. La quantité totale de chlorophénols est dé-
terminée par spectrophotométrie, les taux des chlorophénols individuels
par chromatographie en phase vapeur et la quantité totale d’acides
phénoxyacétiques par titrage acidimétrique. Les dosages sont menés
apreés extraction A ’éther diéthylique, au tétrachlorure de carbone et &
I’éther de pétrole respectivement.
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SPECTROPHOTOMETRIC EXTRACTIVE TITRATIONS—II*
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Summary—A procedure for the determination of the sum of metals,
which are extractable with dithizone, in gallium arsenide is given. After
the dissolution of the sample the impurities are extracted with several
portions of 10~*M dithizone in carbon tetrachloride, gallium being
screened by tartrate ion. The excess of the reagent is extracted into
0-1M aqueous ammonia and after stripping into carbon tetrachloride
the dithizone is determined by spectrophotometric extractive titration.
The effect of pH is considered. The limit of detection, based on the
evaluation of twenty blanks, is 2:30 X 10-¢ mole, the equivalent of
1:50 pg of zinc.

INTRODUCTION

THE semiconductor industry needs sensitive, reliable and simple methods for the
determination of trace impurities in a variety of high-purity materials. Hitherto
spectrographic, spectrophotometric or polarographic methods have proved most
convenient. Neutron-activation analysis and mass spectrometry are seldom applied,
though they are advantageous. Most of the methods offer either information about
the concentration of a single element, or semiquantitative information in the case of
the simultancous determination of several elements. This latter is true in the case of
spectrography and mass spectrometry. When a more precise determination of trace
metal content is required, lengthy and laborious calibration is necessary.

In some cases, especially when raw materials are to be evaluated, it s sufficient to
know the general degree of purity of the material. This requirement may be fulfilled
by the methods of group determinations, such as those reported by various workers
in the last few years. Hiberli! determined the sum of metals forming complexes with
dithizone in antimony of high purity, Marczenko et al.? used the same reagent for
determination of the impurity content in reagent-grade chemicals. Both these authors
used direct or indirect extractive titration. Blank er al? developed the spectro-
photometric procedure using diethyldithiocarbamate for the determination of the sum
of lead, bismuth, cadmium, zinc, manganese and iron. As far as is known to us,
rio such method has been applied to the analysis of gallium arsenide. The present
paper deals with this problem.

Determination of the sum of elements using spectrophotometric exiractive titration

In the methods of group determination the impurity content is most conveniently
expressed in terms of a single element, e.g., zinc or copper. But there is the question

* Part I—Talanta 1966, 13, 109.
1 Present address: Kazngjov 4, Plzeii—North District, Czechoslovakia.

589



590 A. GaLfk and M. KNiZex

which element should be chosen as a representative. This problem is solved, however,
when the content is expressed in moles. For this purpose, among others, spectro-
photometric extractive titration* can be used. When titrating the sum of metals by
this technique, there are at least two possibilities: first, direct titration at the wave-
length of the maximum absorbances of chelates; second, titration at the wavelength
of the maximum absorbance of the chelating agent. Both these possibilities are
treated in this paper.

Dithizone was chosen as an extractive chelating agent because it is able to extract
the metal impurities most frequently found in gallium arsenide. At the same time,
metals which form extractable complexes with dithizone are the most interesting
from the point of view of the electrical properties of the material investigated.

EXPERIMENTAL

Apparatus

Absorbance was measured using a Unicam SP 600 spectrophotometer, Titrations were performed
using the cells and cell-attachment described before.*

Reagents

All reagents were of G.R. purity.

Water. Water was deionised and then twice distilled from an all-quartz apparatus; its conduc-
tivity was lower than 1 X 10-¢ ohm=!cm.

Acids and bases. Hydrochloric acid and aqueous ammonia were prepared by isopiestic distillation,
Nitric acid was twice distilled from an all-quartz apparatus.

Dithizone. Dithizone solution in carbon tetrachloride was purified in the way described by
Iwantscheff® using twice distilled carbon tetrachloride as solvent.

Masking agents. Ammonium citrate solution (309 w/v) and sodium-potassium tartrate solution
409 wlv) were purified by extraction with a solution of dithizone in carbon tetrachloride at
PH 10. The excess of dithizone was extracted with several portions of chloroform until the last extract
was colourless. This manner of purification, based on the different extraction capability of the
solvents mentioned above, was chosen to avoid the addition of any acid which might contaminate
the resulting solution.

Preliminary experiments

Effect of bulk constituent. This effect is most important in trace analysis. At the beginning of the
investigation it was supposed that the chosen reagent, dithizone, does not react with any of the bulk
constituents, i.e., arsenic and gallium. But recently it has been found by Pierce and Peck® that gallium
is extracted by dithizone. The extraction constant is, however, small and extraction occurs only in
the presence of a large excess of reagent. Furthermore, in the presence of citrate or tartrate ions, the
most convenient agents for preventing the hydrolysis of gallium, the extraction should be substantially
diminished. Our experiments have shown that at pH higher than 9 no extraction of gallium from
citrate or tartrate solution occurs, when extracting with a 10~°M solution of dithizone in carbon tetra-
chloride.

Effect of pH. Extraction of most of the metals extracted by dithizone is markedly affected by the
presence of citrate or tartrate jons. It was necessary to find a pH range over which the efficiency of
dithizone extraction is at a maximum. For this reason extraction curves of metal dithizonates in the
presence of the anions mentioned above were investigated. Solutions of metal ions 0-27M in citrate
or 0-285M in tartrate were extracted with a 10-5Mf solution of dithizone in carbon tetrachloride at
various pH values, the ratio of dithizone to metal content being one half of the stoichiometric one.
Amounts of the extracted metal ions were determined using the monocolour or mixed colour method.®
Results of these experiments given in Fig. 1a and in Table I show that in the presence of tartrate ion
the region of maximum efficiency is at pH 9-4-9-9. In the case of nickel the efficiency is less than 99%;.
This is perhaps due to the short time of extraction (2 min). In the case of citrate no pH region
suitable for the simultaneous extraction of the elements of interest was found.

The results here obtained are in disagreement with those of Haberli,* who titrates the sum of
metals with dithizone in the presence of tartrate ion at pH 7-9. He does not consider the point
explicitly so it is possible that he overlooked the influence of tartrate ion on the formation and extrac-
tion of dithizonates and did not verify the conditions experimentally.
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Fic. 1.—Efficiency of the consumption of dithizone as a function of pH of the aqueous
phase:
a—aqucous phase 0-285M in tartrate (except for In and Fe)
b—aqueous phase 0-27M in citrate.

The direct titration. At the beginning of the investigation titrations at the wavelength of absorp-
tion maxima of individual dithizonates were used. It was established that the efficiency of consump-
tion of dithizone is near to unity for most of the dithizone metals and that at best it is possible to titrate
the sum of them at 520-525 mu. Figure 2 shows the typical shape of the titration curve in such a
titration. It was observed that larger amounts of dithizone metals give too high values of absorbance
to yield precise end-point estimation. Therefore the indirect method of determination was developed,
based on the estimation of excess dithizone not consumed by the extracted metals.

Recovery of dithizone. The indirect method based on the titration of excess of dithizone might
be applied provided that the free dithizone is fully recovered after the extraction of metals. This
assumption was checked in a series of experiments when the known amount of dithizone was extracted
from carbon tetrachloride into 0-01 A ammonia or ammoniacal 0-0285M tartrate solution. Dithizone
was back-extracted, after acidification with sulphuric acid, with three 5-ml portions of carbon tetra-
chloride. The amount of dithizone was then established by titration with a standard solution of
mercuric ion. Titrations were performed at 620 mu. The shape of the titration curve is shown in
Fig. 3. From Table II which shows the results of the experiments described it can be concluded that
dithizone is quantitatively recovered from ammoniacal and tartrate solutions.
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TABLE I.—CALCULATED* AND EXPERIMENTAL pH-BOUNDARIES FOR CONSUMP-
TION OF DITHIZONE

Lower pH,
Element cale. found Medium
Cu 4-02 —
Cd 8-08 72
Zn 771 7-7
Bi 8-38 86 0-285M sodium potassium
Pb 859 85 tartrate
Co 9-12 8-5+
Ni 10-74 9-41
Cd >12 >12
Zn — 80
Pb — >12 0-27M ammonium citrate
Co — 93
Ni — 10-3

* Calculated according to data of Charlot!® and Yatsimirski and Vasil’ev!* using the
equationfof RuZitka and Stary.!®
T Efficiency lower than 1.

O_Q
0610 g
=]
« 06 /
q,
03
[} 0-50 1-00 150

ml of 10~¢ M H,D.

Fic. 2.—Direct titration of the sum of dithizone metals in the presence of 50 mg of
Ga(II) (3-04 x 10-* mole of Me(II) present, A = 525 my).

After these preliminary experiments the following procedure for the determination of the sum of
dithizone metals in gallium arsenide was devised and used.

Procedure

Dissolution and pretreatment of the sample. Transfer not more than 1 g of powdered sample into
a 50-ml quartz beaker, and add 2 ml of hydrochloric and 2 ml of nitric acid. When the reaction has
ceased, place the beaker under the infrared lamp and evaporate the excess of acids. Add 2 ml of hydro-
chloric acid and evaporate to syrupy consistency. Add 5 ml of sodium potassium tartrate solution
(40%), adjust the pH to 9 with ammonia using PHAN paper strips. Mix well so that the precipitate,
which may be present, dissolves. Finally adjust the pH of the solution to 9-4-9-9 using a pH meter.
The total volume of the solution should be ca. 25 ml.

Extraction. Transfer the sample solution into a 50-ml separatory funnel (A), add precisely
2-00 ml of 10~*M dithizone solution in carbon tetrachloride and shake for 2 min. Transfer the organic
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Fic. 3.—Titration of 1-00 ml of ca. 10-*M H,Dz with a solution containing 5-00 ug of
Hg(ID/ml at 620 mg.

TABLE II.—RECOVERY OF DITHIZONE FROM AQUEOUS PHASE

Amount of dithizone taken, umole Amount of dithizone found, umole
0-100* 0-1008
0-100* 0-0995
0-100* 0-0970
0-1007 0-0995
0-1007 0-1003
0-100% 0-0991

* Extraction from 0-01 M aqueous ammonia.
T Extraction from 0-285M ammoniacal sodium potassium tartrate solution
(pH 9-5-10).

layer into the second separatory funnel (B). Repeat the extraction using 2-ml portions of dithizone till
a colourless or slightly green extract is obtained. Wash the organic extracts collected in separatory
funnel B with 10 ml of 0-01M ammonia. Join the aqueous layer to the sample solution in separatory
funnel A, acidify it using a few drops of sulphuric acid (1 + 1), till the blue-green turbidity due to the
dithizone appears. Then extract three times with 5-ml portions of carbon tetrachloride shaking each
time for 1 min. Collect the extracts in the titration cell.

Titration and calculation of the results. Into the titration cell containing 15 ml of dithizone solution
recovered in the previous stage, pipette say 0-5 ml of standard mercuric solution of pH 3, containing
5:00 ug/ml. Shake vigorously for 20-30 sec. Let the phases separate and measure the absorbance
at 620 mu against 15 ml of pure solvent shaken for the same time with ca. 5 ml of water (pH 3).
Repeat the addition till the whole titration curve (Fig. 3) is obtained. Titrate 1-00 ml of 10—*M
dithizone, diluted to 15 ml with carbon tetrachloride, in the same manner (to check the concentration
of the dithizone solution). To obtain the blank value carry out the whole procedure using the same
amount of acids as when dissolving the test samples.

Calculate the amount of impurities present in the sample using the relation:

b— bB) 1

- . —3
c a cHzDz 10

= (- an -

where X is the amount of impurities in moles, a and ag are the volumes of 10-4M dithizone solution
in ml used when extracting impurities from the sample and the blank, respectively, b and by are the
volumes in ml of standard mercuric solution used in titrating the excess of dithizone in the sample
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and blank, respectively, ¢ is the titre in ml of mercuric solution of known concentration, obtained
when checking the concentration of the dithizone solution, cu,p, is the molar concentration of
dithizone calculated from the c-value and n is the valency of the metal jon.

RESULTS

The proposed procedure was applied to samples of gallium arsenide and checked
by the method of standard addition (the standard amounts were added before the
dissolution of the samples). Results of these experiments given in Table III indicate
sufficient reliability of the procedure for nearly all the metals extracted by dithizone.
Under the conditions of the procedure low recoveries were obtained only in the case
of silver, because this element is not quantitatively extracted at the chosen pH. A
“mixed n’* was used to take into account the effect of tervalent and bivalent metals;
“n’ == 2(my,,, — mg;) + 3mg;/m, . where the m;’s are the additions in moles.

TABLE II[.—ANALYSIS OF GALLIUM ARSENIDE*}

Recovery,
Amount present, umole Added, pmole Found, umole pumole %

00625 0-0250 Hg 0-0866 0-0241 963
0-0664 0:0955 Cu 0-1576 0-0912 956
00942 0-0955 Bi 0-1802 0-0860 914
0-1690 0-0955 Cd 0-2810 0-1120 108-6
0-1167 0-0955 Pb 0-2300 0-1133 109-4
0-0625 0-1490 Co 0-2010 0-1385 932
0-0664 0-1490 Ni 0-2009 0-1345 90-3
0-1690 0-2450 Zn 0-4050 02360 96-1
0-2250 02820 Zn, Bi, 0-5045 0-2795 99-3

Co, Ni
00794 0:3440 Hg, Cu, 0-4296 0-3502 1017

Cd, Bi
0-0812 0-1775 Ag 0-1987 0-1175 662
0-1197 0-2023 In 0-1201 essentially zero *

* Average results from duplicate or triplicate determinations. Blank subtracted.
T Sample weight of 1 g.

For real samples n was taken to equal 2 because it is the most frequent value.
The metals extracted with dithizone but not included in TableIIl, e.g., iron, manganese,
platinum, palladium, selenium, tellurium and thallium, should not be extracted under
the conditions used.>™® Similarly, indium is not included in the sum (Fig. 1a).

On the basis of twenty blank values the standard deviation of a single determination
of the blank was found to be 5-24 X 10~®mole. Consequently the sensitivity
limit is 2:30 X 108 mole, which represents 150 ug of zinc. This value, which seems
rather high at first sight, is understandable, because it represents the sum of nine
metals.

DISCUSSION

The procedure developed is very rapid; results may be obtained within 2 hr,
including the dissolution of the sample. It offers general information about the
purity of gallium arsenide but is unable to give any idea about the concentration of
individual impurities. This disadvantage may be overcome, however, by a convenient
spectrographic treatment of the collected extracts containing metal impurities.

In the present paper the procedure for gallium arsenide only is described but there
are no obstacles in its application to the analysis of gallium or arsenic. In the case of
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gallium the sample weight should not be higher than 0-5g, but when analysing
arsenic no difficulties should appear with much larger samples. Furthermore, there is
no need of tartrate and consequently 2 much wider pH range is admissible. Generally,
the proposed procedure may be applied to the analysis of a variety of materials
successively sequestered by tartrate ion.

Higher sensitivity might be achieved by using nitric acid of higher purity for the
dissolution of the sample and also by omitting the addition of sulphuric acid when re-
extracting the free dithizone. The latter method is dependent on the use of chloroform
instead of carbon tetrachloride. When omitting the tartrate in the analysis of arsenic
it should be also possible to titrate directly the sum of dithizone metals at lower pH,
measuring the absorbance at 620 my after each addition. The shape of the titration
curve should be such as was given for silver or bismuth in the previous paper.*

Acknowledgement—The authors are thankful to Dr. Glasnerova for her kind help in preparing the
manuscript.

Zusammenfassung—Es wird eine Arbeitsvorschrift zur Bestimmung der
Summe aller mit Dithizon extrahierbaren Metalle in Galliumarsenid
angegeben. Nach Losen der Probe werden die Verunreinigungen mit
mehreren Portionen einer 10~% molaren Losung von Dithizon in
Tetrachlorkonlehstoff extrahiert, wobei Gallium durch Tartrat
maskiert wird. Das iiberschiissige Reagens wird in 0,1M wiBrigen
Ammoniak extrahiert; nach Zerlegen der Komplexe durch Extraktion
in Tetrachlorkohlenstoff wird das Dithizon durch spektralphoto-
metrische extraktive Titration bestimmt. Der pH-EinfluB wird eror-
tert. Die Nachweisgrenze betrdgt auf Grund von zwanzig
Blindbestimmungen 2,30 - 10-® Mol entsprechend 1,50 ug Zink.

Résumé—On donne une technique de dosage de la somme des métaux
extractibles a la dithizone dans 'arséniure de gallium. Aprés dissolu-
tion de I’échantillon, les impuretés sont extraites par plusieurs portions
de dithizone 10~*M en tétrachlorure de carbone, le gallium étant
protégé par Iion tartrique. L’excés de réactif est extrait en solution
aqueuse d’ammoniaque 0,1M et, aprés passage en tétrachlorure de
carbone, on dose la dithizone par titrage spectrophotométrique par
extraction. On considére Peffet du pH. La limite de détection, basée
sur I’évaluation de vingt essais témoins, est de 2,30 X 10~ mole,
I’équivalent de 1,50 ug de zinc.

REFERENCES

1 E, Hiberli, Z. Anal. Chem., 1958, 160, 15.

? Z. Marczenko, M. Krasicjko and L. Choluj, Chem. Anal. (Warsaw), 1963, 8, 375,

3 A. B. Blank, N. T. Sizotenko and A. M. Bulgakova, Zh. Analit. Khim., 1963, 18, 1046.

4 A, Galik, Talanta, 1966, 13, 109.

8 G. Iwantscheff, Das Dithizon und seine Anwendung in der Mikro- und Spurenanalyse. Verlag
Chemie, Weinheim, 1958.

¢ T. B. Pierce and P. F. Peck, Anal. Chim. Acta, 1962, 27, 392.

7 H. Mabuchi, Bull. Chem. Soc. Japan, 1956, 29, 8421.

8 H. Mabuchi and H. Nakahara, ibid., 1963, 36, 151.

® H. Kaiser and H. Specker, Z. Anal. Chem., 1956, 149, 46.

30 G, Charlot, Qualitative inorganic analysis. Wiley, New York, 1954.

1 K. V. Yatsimirski and V. P. Vasil’ev, Konstanty nestoikosti kompleksnykh soedinenii. Izd. AN
SSSR, Moscow, 1959.

12 J, Ruzicka and J. Stary, Talanta, 1961, 8, 226.






Talanta, 1966, Vol. 13, pp. 597 to 601. Pergamon Press Ltd. Printed in Northern Ireland

CERATE OXIDIMETRY OF ALPHA-HYDROXY
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Summary—Methods for the preparation and use of a solution of
ammonium hexanitratocerate(IV) in acetic acid as a titrant for the
oxidation of alpha-hydroxy and alpha-keto carboxylic acids in acetic
acid are presented. The applicability of this reagent with respect to the
stoichiometry, products and reaction times obtained is discussed.

INTRODUCTION

THE first systematic study of cerium(IV) oxidation of organic compounds in aqueous
solution was presented by Smith and Duke.® They were able to establish concise rules
for the products and stoichiometry to be expected by using severe conditions, e.g., 4M
perchloric acid, excess oxidant, extended reaction times and often elevated tempera-
tures, to ensure the complete oxidation of the organic molecule to formic acid and
carbon dioxide. Subsequent investigators®3 have been able to effect cerium(IV)
oxidation of organic compounds under less severe conditions by utilising non-aqueous
solvents. The oxidations previously reported in the literature*® have been of structur-
ally unrelated compounds and of little prognostic value. Consequently, a study of
cerium(IV) oxidation of alpha-hydroxy carboxylic acids and some related compounds
in acetic acid was undertaken to ascertain the extent to which knowledge of the
stoichiometry, products and reaction times would be analytically useful.

EXPERIMENTAL
Reagents

Cerium(IV) reagent (0-05M). Nine hundred and fifty ml of acetic acid, which is 1A£ in water, are
heated to 60° in a 1-litre round-bottom flask and 26 g of ammonium hexanitratocerate(IV) are added.
The solution, which is constantly stirred and protected from light, is allowed to cool to room tem-
perature, then transferred to an amber bottle for storage.

Sodium oxalate. 4:6904 g of dried sodium oxalate (0-0700/) are dissolved in 1 litre of glacial
acetic acid which is 1M in perchloric acid.

Organic compounds. Glycolic acid, lactic acid and pyruvic acid were used without further purifica-
tion and the purity was established by titration with standard base. Mandelic acid was recrystallised
twice from benzene. Phenyllacetic acid was recrystallised from benzene and the purity established
by titration with standard base. Reagent-grade citric acid and tartaric acid were used without further

urification. Sodium benzoyl formate was recrystallised from dioxan-water. Sodium glyoxylate was
recrystallised from acetone-water. Phenylcyclopentylglycolic acid and mesitoylformic acid were
organic research preparations and were used without further purification.

Procedures

Standardisation of cerium reagent. Four ml of concentrated perchloric acid (70%() are added to
50 ml of the cerium reagent and the resultant solution immediately titrated with standard sodium
oxalate either to the disappearance of the yellow colour of cerium(IV) or to a biamperometric end-
point using a Sargent “Model III”” manual polarograph equipped with platinum-platinum electrodes
at an applied potential of 400 mV.

* Present address: Eli Lilly and Co., Indianapolis, Indiana, U.S.A.
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Oxidation of organic compounds. The organic sample is dissolved in 50 ml of glacial acetic acid
and 8 ml of concentrated perchloric acid are added. The solution is immediately titrated with the
cerium reagent, preferably using an amber burette, to a biamperometric end-point. An alternate
procedure is to add an excess of the cerium reagent to the organic sample dissolved in glacial acetic
acid. After a suitable interval, the solution is made 1M in perchloric acid and the excess cerium(IV)
immediately titrated with a solution of standard sodium oxalate. All oxidations are performed at
room temperature.

RESULTS AND DISCUSSION
The alpha-hydroxy acids studied can be divided into two groups. One group,
including glycolic, lactic, phenyllactic, mandelic and tartaric acids, produces an
aldehyde as a result of the two-electron changeand an acid as a result of a four-electron
change. The other group, including phenylcyclopentylglycolic acid and citric acid,
produces ketones as a result of a two-electron change. The alpha-keto acids (pyruvic,
benzoylformic and glyoxylic acids), which can be readily represented as reacting in

their hydrated forms to give acids, are in the second group.

Glycolic acid, lactic acid and phenyllactic acid

These compounds are slowly oxidised to the corresponding aldehyde and carbon
dioxide; the resultant aldehyde is oxidised somewhat slowly to the acid:

RCHOHCO,H - 2Ce* — RCHO +- 2Ce3* + 2H+ + CO,*
RCHO + H,0 -+ 2Ce** — RCO,H + 2Ce¥+ + 2H™,

The overall reaction proceeds so slowly that the stability of the reagent becomes the
limiting factor in precisely determining the stoichiometry.

Mandelic acid

The cerium reagent rapidly oxidises the mandelic acid to benzaldehyde and carbon
dioxide:
CsH;CHOHCO,H + 2Ce*" — C;H;CHO 4 2Ce3+ 4 2H* + CO,.

The benzaldehyde was identified with 2,4-dinitrophenylhydrazine and the carbon
dioxidewas quantitatively recovered bymeans of standard solutions of barium hydrox-
ide. As seen from Table I, the milliequivalents of cerium(IV) per millimole, of
acid for the direct titration are a little over two, probably as a result of the reaction of
benzaldehyde with the cerium reagent. The values by the excess method average 2-00.
Apparently, under these conditions, the benzaldehyde is very much less reactive than
the mandelic acid.

Tartaric acid

Not only is tartaric acid an alpha-hydroxy acid, but it is also a diol, so that there is
a possibility of a diol cleavage competing with the decarboxylation. Four equivalents
of cerium(IV) produce 2 moles of carbon dioxide, which was determined by sweeping
the reaction mixture with nitrogen and collecting the carbon dioxide in solutions of
standard barium hydroxide. Tartronaldehydic acid (CO,HCHOHCHO) was
identified vig the p-nitrophenylhydrazone after 2 equivalents of cerium(IV) had been
consumed. Glyoxal (CHOCHO) was detected via a spot test using dianisidine! after
4 equivalents of cerium(IV) had been consumed. The amount of formic acid present

* Because the exact nature of the cerium species in solution is unknown, no attempt will be
made to present a balanced system,



TABLE 1.—STOICHIOMETRY OF CERATE OXIDATIONS

Cerate oxidimetry

Reaction Megquiv of Ce(IV)/
Acid Mmole times mmole organic
Glycolic 0-500 4-8 hr 112
9-0 1-53
12:0 1-91
220 2-08
Lactic 0-620 57-0 hr 255
2-60
Phenyllactic 0-595 1-5 hr 093
10-0 1-11
Mandelic 0-100 Immed.* 203
2:04
2-04
0-200 5 mint 1-99
0-429 2:01
0475 1-99
0476 201
Tartaric 0-1327 Immed. 4-56
4-59
0-1335 4-45
4-45
4-45
0-1661 80 min 623
90 min 650
95 min 621
Phenylcyclopentylglycolic 1-032 Immed. 1-98
1-98
1-98
5 min 2:02
2:00
201
1-99
2-00
2:01
Pyruvic 0-644 5 min 201
1-99
200
Benzoylformic 0-487 5 min 1-99
0477 1-99
0-464 1-98
Glyoxylic 0-756 5 min 2-:00
0-773 200
0-839 200
Citric 0-0250 Immed. 395
397
4-00
0-115 25 min 131
0-0645 85 min 12:6
12:5
11-6

* Direct titration
+ Indirect titration
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after the addition of 6 equivalents of cerium(1V) was estimated via the reduction of
mercuric chloride. Consequently, the oxidation of tartaric acid can be represented as
proceeding in the following manner:

CO,H Co,

|

CHOH ,.,  CHO oCett CHO  ,..  HCOM
l — | | B

CHOH CHOH CHO HCO,H
| |

CO,H CO,H co,

Tartaric acid is rapidly oxidised, but the stoichiometry obtained in the direct
titration does not correspond to any well defined stage in the oxidation sequence and
is not analytically valuable. Nevertheless, it is apparent that the reagent will preferen-
tially react with the alpha-hydroxy carboxyl functional group rather than the diol
functional group.

Phenylcyclopentylglycolic acid
This acid is rapidly oxidised to phenylcyclopentyl ketone and carbon dioxide.
CsH;C(C;Hy)OHCO,H + 2Ce* — CH,COCH, + 2Ce®*t 4 CO, + 2H.

The ketone was identified vig the 2,4-dinitrophenylhydrazone and the carbon dioxide
was quantitatively recovered with solutions of standard barium hydroxide. Here
again, even though the direct titration is more precise, the average value of 2-01 for
the stoichiometry from the excess method is more consistent with the oxidation
reaction.

Citric acid

The cerium reagent rapidly oxidises citric acid. Four equivalents of cerium(IV)
produce 1-4 mole of carbon dioxide per mole of citric acid. The initial product is
probably acetone dicarboxylic acid (CO,HCH,COCH,CO,H), which is also rapidly
oxidised by the cerium reagent. The stoichiometry as indicated by the direct titration
is probably not valid and is merely a psuedo end-point occurring at an integral number

of equivalents of cerium(IV) per mole of citric acid due to the cummulative effect of
reactive intermediates.

Pyruvic acid, benzoylformic acid and glyoxylic acid

These compounds are all rapidly oxidised by the cerium reagent to carbon dioxide
and the corresponding acid with one less carbon. Benzoic acid was isolated by carbon
disulphide extraction:
RCOCO,H + H,0 — RC(OH),CO,H + 2Ce*+ — RCO,H + 2Ce** 4 CO, +-2H+.
Direct titrations with the cerium reagent resulted in values slightly less than those
provided by the excess method.
Mesitoylformic acid

This acid consumes 3-9 equivalents of cerium(IV) per mole by the excess method.
Variable results caused by decarboxylation of the compound in the presence of acid
were obtained for the carbon dioxide recoveries. The values approached 1:8 mole of



Cerate oxidimetry 601

carbon dioxide per mole of acid. It was possible to identify mesitol as a product by
isolation of the dibromo derivative, so that the reaction could be represented as:

CyH,(CH;);COCO,H + 2H,0 + 4Cet+ — CoHy(CHZ);0H + 2CO, + 4Ce** | 4H*.

Apparently, the steric effect of the ortho methyl groups on the benzene ring obviate
the formation of mesitoic acid, which is fairly stable to the cerium reagent, and enables
the oxidation to proceed further.

CONCLUSIONS

It is readily apparent that molecules with similar functional groups are oxidised
by the cerium reagent at radically different rates. Factors such as the steric and
electronic environment of the functional group oxidised and the stability of the pro-
ducts play their usual prominent roles. The low mineral acid content and low di-
electric constant of the solvent no doubt contribute to the selectivity of the cerium
reagent. Integral stoichiometry, which does not always indicate stable oxidation
products, is best obtained by use of the excess method with compounds that are
rapidly oxidised. Generalisations which can be made on the basis of the compounds
studied are:
(1) Alpha-keto acids are rapidly oxidised and amenable to accurate determination.

(2) Aliphatic alpha-hydroxy acids are slowly oxidised and not amenable to accurate
determination.

(3) Alpha-hydroxy acids with an alpha-phenyl group are rapidly oxidised and amen-
able to accurate determination.

(4) Polycarboxylic hydroxy-acids are rapidly oxidised but are not amenable to accurate
determination.

Acknowledgements—Acknowledgement is made to the Socony-Mobil Oil Co.and to the Dow Chemical
Co. for fellowships awarded to one of the authors (J. T. G.).

Zusammenfassung—Methoden zu Herstellung und Gebrauch einer
Lésung von Ammoniumhexanitratocerat(IV}) in Essigsdure als Titrier-
Issung zur Oxydation von alpha-Hydroxy- und alpha-Keto-Carbon-
sduren in Essigsdure werden angegeben. Die Anwendbarkeit des
Reagens beziiglich Stéchiometrie, Produkten und Reaktionszeiten wird
diskutiert.

Résumé—On présente des méthodes pour la préparation et I'emploi
d’une solution d’hexanitratocérate (IV) d’ammonium en acide acétique
comme agent de dosage pour 'oxydation des acides o-hydroxy et
a-céto carboxyliques en acide acétique. On discute des possibilités
dapplication de ce réactif des points de vue stoechiométrie, produits et
temps de réactions obtenus.
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Summary—Optimum conditions have been found for a highly selective
determination of bismuth vie EDTA titration with biamperometric
indication of the end-point. The influence of the applied potential, pH
and stirring on the accuracy and selectivity of the determination has
been studied. Inamedium of 0-4M nitric acid only high concentrations
of iron(I11) and copper(1l) interfere with the determination of bismuth.
Zirconium, thallium(III) and indium interfere even in small concentra-
tions. The average error of the determination of 5-100 mg of bismuth
(when titrated with 0-05M EDTA solution) is £0-19 rel. and for the
determination of 0-5-10 mg it is 4-0-3 % rel. (0-005M EDTA). The
method has been verified by the analysis of a Wood’s metal of known
composition.

INTRODUCTION

IN THE titration of some metals with EDTA biamperometric indication of the end-
point is satisfactory in acidic media. The limited pH range of the titration is influ-
enced only by the stability and rate of formation of the complex formed during the
titration. The determination of the metal can be carried out in an acidic medium
where the determination is most selective and visual indicators fail.t

Up to now optimum conditions for the determination of iron(III),? thallium(I1I),?
thorium,? indium?® and gallium® have been found by using chelometric titration in a
strongly acidic medium with biamperometric indication of the end-point. In the
present paper conditions for the determination of macro amounts of bismuth are

given.
EXPERIMENTAL

Reagents

0-05M EDTA solution. Prepared by dissolving Chelaton III (Lachema, Brno, Czechoslovakia)
in water and standardising by titration with lead nitrate solution using Xylenol Orange as indicator.

0-05M Bismuth nitrate solution. Prepared by dissolving bismuth nitrate pentahydrate in dilute
nitric acid (0-1M) and standardised chelometrically using Xylenol Orange as indicator.

Buffer solutions (pH 1-5-2-5). Prepared from 1M trichloroacetic acid by neutralisation with
aqueous ammonia, under potentiometric control of pH with a glass electrode.

Apparatus

The same instruments as described in a previous paper were used.” The electrodes were two
platinum plates (5 X 6 x 0-2 mm) fused in glass tubes. As detector a micro ammeter (0-200 uA) was
used.

* Part X: J. Vorlitek and F. Vydra, Collection Czech. Chem. Commun., in press.
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Procedure

To a suitable amount of 0-05M bismuth nitrate solution a measured amount of 7N nitric acid
(or 10 ml of 1M buffer solution) was added. When the selectivity of the determination was studied,
the chosen amount of the substance to be examined was added. The solution was diluted to 100 mi.
In the absence of this information the titrations must be carried out in 0-5M nitric acid 2 or 3 min
after the potential has been applied on the electrodes. The applied potential was 15V and the rate
of stirring 1500 rpm. After each addition of the titrant the value of the current was read on the
micro ammeter. In the neighbourhood of the equivalence point the titration curve is linear. All data
given in this paper are arithmetical means of three determinations.

RESULTS

As in previous papers it has been found that the magnitude of the applied potential
does not influence the accuracy of the determination when a sufficiently sensitive
detector is used. Using a micro ammeter a suitable vatue of applied potential is 1-5V.

The influence of the rate of stirring and of temperature on the course of the
titration with biamperometric end-point detection is the same as in the determination
of other metals carried out in an acidic medium. If the rate of stirring is higher than
600 rpm the course of the titration is independent of stirring.

An increase in temperature gives a small increase of current. Because higher
temperatures increase the hydrolysis of bismuth salts, titration of bismuth at a higher
temperature is not recommended.

Passivation of the electrodes during the titrations does not occur in practice. To
prevent passivation phenomena, it is quite sufficient to wash the electrodes with water
after each titration, and occasionally to wash them with a warm mixture of sulphuric
acid and potassium dichromate solution, then immerse the electrodes in distilled
water for 2-3 hr.

TABLE L.—INFLUENCE OF pH ON THE ACCURACY OF THE
DETERMINATION OF BISMUTH

Bismuth, mg
Medium Taken Found Error, % rel.
1N HNO, 22-80 16-2 —29:0
0-7N HNO, 2280 20-75 —90
0-6N HNO; 22-80 2263 —07
0-5N HNO, 22-80 22-69 —0-5
0-4N HNO, 22:80 22-85 +0-2
0-2N HNO,3 22-80 22-75 —0-2
0-1N HNO, 22:80 22:80 0-0
pH 15 22-80 22-75 —0-2
pH 21 22-80 22-63 —07
pH 2'5 22-80 21-43 —60

The biamperometric titration of bismuth was examined in more acidic solutions
because of the great stability of the bismuth-EDTA chelate and because solutions of
bismuth salts hydrolyse easily in slightly acidic media.

A series of titrations was carried out at various concentrations of nitric acid and
in various buffer solutions; the corresponding titration curves are given in Fig. 1.
From these curves it is clear that the error is 4-0-29] rel. in the range from 0-4N
nitric acid to pH 2. At higher concentrations of nitric acid the corresponding curves
are not sharp enough in the neighbourhood of the equivalence point and the results
of the titrations under these conditions have a large negative error. Above pH 2
hydrolysis effects influence the course of the titration and the results are lower.
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Fic. 1.—Influence of concentration of nitric acid and pH on the course of the titration

curves in the biamperometric titration of bismuth with EDTA {2 ml of 0-05M Bi(NO,),;

Pt-Pt electrodes; applied potential: 1-5V; total volume: 100 ml]: (1) 1N HNO;;
(2) 07N HNOjy; (3) 0-4N HNO;; (4) pH 1-5; () pH 2:1; (6) pH 2'5.

Concentration range and accuracy

Using 0-05M EDTA solution as titrant and biamperometric indication it is possible
to determine 5-22-104-2 mg of bismuth with an average error of 4-0-1%; rel. in 0-4N
nitric acid. This accuracy is better than that obtained in the visual titration of bismuth
with EDTA. Using a micro ammeter 0-005M EDTA can be used as titrant. The
identification of the equivalence point is not so precise in this case (see Fig. 2), but
the consumption of the titrant can be read with sufficient accuracy. Under identical
conditions as in the titration with 0-05 EDTA, bismuth in the range 0-52-10-4 mg
can be determined with 0-005) EDTA with an average error not exceeding 4+-0-3 9/ rel.

The results obtained show that even more dilute solutions of EDTA could be
used for biamperometric titration of bismuth.

Selectivity

The determination of bismuth described above is not altered by any concentration
of magnesium, cobalt, strontium, barium, beryllium, uranium(VI), manganese(II),
silver, aluminium, thallium(I), fluoride, perchlorate and sulphate. The determination
of 5-22 mg of bismuth in the presence of 1500 mg of lead, 2240 mg of cadmium,
1300 mg of zinc, 1160 mg of cobalt, 1170 mg of nickel, 175 mg of lanthanum and
290 mg of thorium has been carried out with an error not exceeding 4-0-39; rel.
Under certain conditions bismuth may also be determined in the presence of 45 mg
of scandium, 70 mg of gallium, 55 mg of iron(III), 6:2 mg of copper and 300 mg of
sodium chloride. Even small concentrations of indium, zirconium and thallium(IIT)
interfere with the determination of bismuth.

These data show that the described biamperometric titration of bismuth should
be successfully applicable in analytical practice because of its high selectivity.
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FiG. 2.—Influence of the titrant concentration on the course of the titration curves

in the biamperometric titration of bismuth with EDTA [2 ml of 0-005M or 0-05M

Bi(NOy);; 0-4N HNO;; Pt-Pt electrodes; applied potential: 1-5V; total volume:
100ml]: (1) 0-005M EDTA; (2) 0-05M EDTA.

Determination of bismuth in Wood’s metal

As an example of the application of the described titration the determination of
bismuth in low-melting alloys has been chosen. The procedure given describes the
course of the determination of bismuth in Wood’s metal.

Treat 0-2 g of sample with 20 ml of conc. nitric acid and evaporate almost to dryness. Evaporate
five times with 10-ml portions of 40 % hydrobromic acid. Dissolve the final residue in 10 ml of conc.
pitric acid, transfer to a 100-ml volumetric flask and dilute to the mark with water. Twenty-five ml of
this final solution are transferred to a beaker, diluted to 50 ml with water and titrated under biampero-
metric control with 0-05M EDTA solution at an applied potential of 1-5V. For calculating the end-
point, plot the current readings against m! of EDTA added.

Using the above procedure 50-02% of bismuth (average of three titrations) was
found for an alloy sample of composition 49-929, of bismuth, 36:60%, of lead,
4:50% of cadmium and 8:98 % of tin (control analysis carried out chelometrically®).

Résumé—On a trouvé les conditions optimales d’un dosage hautement
sélectif du bismuth par titrage au moyen d’EDTA avec indication
biampérométrique du point final. On a étudié P'influence du potentiel
appliqué, du pH et de Pagitation sur la précision et la sélectivité du
dosage. Dans un milieu acide nitrique 0,44, seules des concentrations
élevées en fer(III) et cuivre(I1) interférent avec le dosage du bismuth.
Le zirconium, le thallium(III) et I'indium interférent méme 4 faibles
concentrations. L’erreur moyenne du dosage de 5-100 mg de bismuth
(lorsqu’on titre par une solution 0,05M d’EDTA) est de +0,17; rel.
et pour le dosage de 0,5-10 mg elle est de £0,3 9 rel. (EDTA 0,005M):
On a vérifi€ la méthode par ’analyse d’un métal de Wood de comp-
osition connue.

Zusammenfassung—Die giinstigsten Bedingungen fiir eine hochselektive
Bestimmung von Wismut durch EDTA-Titration mit biamperometri-
scher Endpunktsanzeige wurden ermittelt. Untersucht wurden der
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Einfiu8 der angelegten Spannung, des pH und der Riihrung auf
Genauigkeit und Selektivitdt der Bestimmung. In 0,4M Salpetersdure
storen die Wismutbestimmung nur hohe Eisen(III)- und Kupfer(Il)-
Konzentrationen. Zirkon, Thallium(III) und Indium stbren auch in
kleinen Konzentrationen. Der mittlere Fehler der Bestimmung von 5-
100 mg Wismut (titriert mit 0,05M EDTA-Losung) betrdgt 10,1 %
relativ und bei der Bestimmung von 0,5-10 mg +0,3 7; relativ (0,005M
EDTA). Die Methode wurde durch Analyse eines Woodschen
Metalles bekannter Zusammensetzung gepriift.
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Summary—Salicylidene-o-aminophenol provides a sensitive spectro-
fluorimetric reagent for the determination of aluminium down to 27 ng
(or2:7 X 10~* ppm in the final solution). The most suitable conditions
of pH (5'6), reagent concentration and development time (>20 min)
have been established. Extraction with sodium diethyldithiocarbamate
into ethyl acetate at the pH of the determination renders the method
highlyselective; outof 46foreigncations examined only chromium(III),
scandium and thorium interfere. Anions which form complexes with
aluminium, such as citrate, tartrate and fluoride, also cause interference,
but none of the common anions interferes. A 1:1 stoichiometry of the
complex has been established and some conclusions have been drawn
concerning its nature,

INTRODUCTION
THE standard fluorimetric methods for the determination of aluminium utilise Morin
(3,5,7,2',4'-pentahydroxyflavone)!, Pontachrome Blue Black R (4-sulpho-2-hydroxy
1-naphthalene-azo-2"-naphthol)? or 8-hydroxyquinoline.? In a recent communication
from this laboratory, 2-hydroxy-3-naphthoic acid* has been described as an alternative
reagent which possesses several advantages.

The first two reagents listed necessitate the use of highly coloured solutions and
the fluorescence emission is, therefore, measured in a region where most detectors
are less sensitive. Furthermore, there is considerable overlap of absorption and
emission bands with both these reagents and hence an internal screening effect on the
fluorescence of the aluminium complex. Morin is a highly unselective reagent and the
Pontachrome BBR method, although reported to be specific for aluminium is, in fact,
vitiated by the precipitation of the hydroxides of many metals; it also requires a
development time of nearly 1 hr. 8-Hydroxyquinoline forms fluorescent complexes
with very many cations, and consequently more than one extractive separation is
usually necessary, often at different pH values. The 2-hydroxy-3-naphthoic acid
reagent, which was developed principally as a reagent for beryllium, provides a
method for aluminium which is basically more selective than the Morin and 8-hydroxy-
quinoline methods and relies on the use of masking agents to overcome the difficulties
arising from the precipitation of metal hydroxides. However, many ions still cause
serious interference.

The present paper describes a method based on the use of salicylidene-o-amino-
phenol, which is considerably more sensitive than the previous methods, requires only
a short development time and which, by incorporation of a simple and rapid extractive
separation, achieves much higher selectivity.
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In his studies on the fluorescence reactions of Schiff bases with metal ions,57
Holzbecher found that salicylidene-o-aminophenol gave a very sensitive fluorescence
reaction with aluminium. This reaction has been used® to determine aluminium in
some simple compounds. The reagent is conveniently prepared from readily available
materials® and can be easily purified. Many cations interfere with the reaction, but
the majority may be removed by extraction as their diethyldithiocarbamates into
ethyl acetate at the pH of the determination, without adverse effect on the subsequent
spectrofluorimetric determination of aluminium. Out of 46 cations examined,
the only interferences which could not be removed readily were those due to
chromium(III), scandium and thorium.

The method provides a rapid, sensitive and selective determination of nanogram
to microgram quantities of aluminium using virtually colourless solutions.

EXPERIMENTAL
Apparatus

A Farrand Optical Co. Spectrofluorimeter (Cat. No. 104244) fitted with a 150-W d.c. xenon arc
lamp (Hanovia Division Cat. No. 901 C-1) and RCA 1P 28 photomultiplier. Both excitation
and emission beams are passed through monochromators with 10-mu half-bandwidth slits, the
effective optical path lengths in solution being 5 mm for excitation and 10 mm for emission. Fused
quartz cells (10 X 20 x 50 mm) were used throughout.

Vibron pH meter, model 39A (Electronic Instruments Ltd., Richmond, Surrey, England).

Volumetric flasks were periodically coated with silicone “Repelcote™, 2 9 dimethyldichlorosilane
in carbon tetrachloride (Hopkin and Williams Ltd.), to minimise adsorption of metal ions on the glass.

Reagents

0-1% Salicylidene-o-aminophenol solution. Prepared from salicylaldehyde (General Purpose
Reagent, B.D.H. Ltd., Poole, England) and o-aminophenol (Technical Grade, B.D.H. Ltd.) by the
method of Freeman and White.®

The microanalytical results obtained for the analyses of two different preparations of the reagent
corresponded to:

Found: C: 73-2,729%; H: 563,508%; N: 647, 677%.
Calculated: C: 73-3%; H: 516%; N: 6-589%;.

Dissolve 0-5 g of the solid reagent in 500 mi of acetone. This reagent solution is stable for several
weeks.

Buffer solution (pH 5-6) Add sufficient glacial acetic acid (ca. 10 ml) to 50 g of ammonium acetate
in 400 ml of water to give pH 5-60 -+ 0-05.

10-*M Aluminium solution. Dissolve 0-4744 g of potassium alum, [AIK(SO,),-12 H,0], in 100 ml
of water. Dilute this stock solution as required before use for the preparation of calibration curves.
Solutions more dilute than 10-3M should not be stored for any length of time, even in siliconed
flasks because of the tendency for aluminium to be adsorbed strongly on glassware. 1 ml of 10-*M
solution = 0-027 ug of aluminium.

0-2% Sodium diethyldithiocarbamate solution. Dissolve 1 g of sodium diethyldithiocarbamate
(Hopkin and Williams Ltd.) in 500 ml of water. This solution is subject to oxidation and should be
made up daily.

Ethyl acetate. (General Purpose Reagent, Hopkin and Williams Ltd.)

All other reagents were of analytical reagent quality. Distilled water from an all-glass dis-
tillation apparatus was used.

Procedure

Add a 10-ml aliquot of standard aluminium solution, containing 2-7 X 10~ ug to 2-7 ug of
aluminium, to a 250-ml separatory-funnel containing 10 ml of pH 5-6 buffer and 30-35 ml of ethyl
acetate. Add 10 ml of 0-2%; sodium diethyldithiocarbamate solution and shake for 30 sec. Reject
the organic phase, which contains the undesired foreign ions, and transfer the aqueous extract to a
100-ml standard flask. Add 5 ml of 019 salicylidene-o-aminophenol reagent and dilute to 100 ml
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with water. Measure the fluorescence of the solution after 20 min at 520 mu using an excitation
wavelength of 410 mg.

The calibration curves should be prepared as above, using aliquots of 10~*M to 10-*M aluminium
solutions freshly prepared by dilution of the 10-2A or 102 M stock solution. The curves pass above
the origin because of the blank value.

RESULTS AND DISCUSSION
Spectral characteristics
The uncorrected emission and excitation spectra are given in Fig. 1. The excitation
spectrum has maxima at 410 and ca. 340 my, in agreement with the absorption
spectrum of the reagent, while the fluorescence emission maximum occurs at 520 mu.

—  Excitation Emission

Fluorescence intensity

! l | | |
300 400 500

Wavelength, mu

F1G. l.—Uncorrected excitation and emission spectra of (a) 0-005 9/ reagent with 2:7 x
107® ug/ml aluminium; (b) 0-0059; reagent alome.

The correction curves for variations of photomultiplier response (Fig. 2a) and source
intensity with wavelength (Fig. 2b) have been obtained using a standard tungsten
lamp. The corrected spectra have been published elsewhere.

The peak at 340 mu was found by spectrophotometry to be characteristic of the
reagent, and contributes little towards the fluorescence of the complex.

Influence of pH

The intensity of fluorescence was measured over a range of pH values obtained by
adjusting the pH of the solution with ammonia or acetic acid (Fig. 3b). The aluminium
complex shows a sharp pH dependence with a maximum at pH 5:6 in agreement
with other work.® It is, therefore, advisable to check the pH before measurement;
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Fi. 3.—(a) Variation of intensity of fluorescence of a solution containing 2-7 ug of
aluminium with concentration of reagent. (b) Variation of intensity of fluorescence with
PH, for a solution containing 0-005 7/ reagent and 0-27 ug of aluminium.
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the tolerance is 4-0-1 pH unit, but in this respect the proposed method does not
demand closer limits than other fluorimetric procedures.®4

Reagent concentration

The effect of variation of the reagent concentration on the fluorescence intensity
of the aluminium complex is shown in Fig. 3a. In the recommended procedure,
5 ml of 0-1%; reagent are used, corresponding to a 1000-fold excess over the upper
limit of aluminium used in this investigation.

Influence of time

The fluorescence intensity of a 10-¢ 3£ (0-027 ppm) aluminium test solution was
measured and found to be steady 15 min after mixing. A constant ratio was obtained
thereafter when measured against a quinine sulphate standard throughout the next
4 hr; on standing overnight the ratio had dropped by only 3 %.

On addition of the reagent, a yellow colour is first observed both in the absence
and presence of aluminium, which gradually fades after dilution. The fading process
takes 10-15 min, after which measurements can be made. The fading is independent
of lighting conditions, because a reagent blank, freshly diluted and kept in a dark
cupboard, fades at the same rate as one exposed to normal laboratory illumination.
Because the fading process is rapid in solutions of low pH, it is thought that the
reagent, but not the aluminium complex, is hydrolysed in the acid solution. Although
aluminium reacts with salicylaldehyde, one of the hydrolysis products, to give a
green fluorescence, the reaction is not as sensitive as with the Schiff base reagent.

Limits of determination

A linear relationship between fluorescence intensity and concentration of the final
solution exists for aluminium in the range 10~8 M (2:7 X 10~* ppm) up to 1075M,
i.e., for amounts ranging from 27 ng to 2:7 ug in 100 ml. The linearity probably
extends above this range. If due allowance is made for the volume of reagents to be
added in the procedure, this corresponds to a working concentration range of
4 x 10%to4 x 1072 ppm for the original aluminium test solution. The blank value
corresponds to 0-1 ug of aluminium.

The limit of determination of aluminium using the 2-hydroxy-3-naphthoic acid
reagent previously investigated in this laboratory* was ca. 270 ng so that the present
procedure is approximately 10 times more sensitive.

Attempts were made to reduce the value of the blank of the present reagent by
preparing it in the presence of EDTA, to remove trace metals from the starting
materials, and by repeated recrystallisation of the reagent from various solvents to
remove fluorescent impurities. The use of appropriate filters on emission and excitation
beams to minimise second-order diffraction and the variation of monochromator
slit-widths was also examined. None of these approaches caused any significant
reduction of the residual fluorescence. Reduction of the amount of reagent also
reduced the metallofluorescence from a given amount of aluminium, and it was not
felt necessary to sacrifice sensitivity because the blank value was reproducible. The
blank is due to salicylaldehyde produced by hydrolysis of reagent. This also accounts
for the relatively large excess of reagent required.
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Interferences

Five ml of 10~5 M aluminium solution (1:35 x 10~ gg) were used with a 100-fold
molar excess of foreign ion. The limiting error was taken empirically as 45 of the
pure aluminium solution. Marginal interferences were examined in more detail.
The following 34 cations did not interfere beyond the diethyldithiocarbamate ex-
traction stage: Li, Na, K, NH,, Be, Mg, Ca, Sr, Ba, Ga, In, TI(T), TI(IID), Sn(IV),
Pb, As(III), Se(IV), Te(IV), V(IV), Mn, Fe(Il), Fe(IIl), Co, Ni, Cu(ll), Zn, Cd,
Hg(II), Y, La, Mo(V]), Ag, Ce(III).

Antimony(I1T), bismuth and uranium(VI) were quantitatively removed after two
or more extractions and did not subsequently interfere. It was more convenient to
use carbon tetrachloride for these multiple extractions and ethyl acetate only for the
final extraction.

Tungsten formed a yellow product with the reagent which gave low results, but
only when present in greater than a 10-fold excess. A similar interference caused by
vanadium(V) and cerium(IV) could be eliminated completely by reduction with
ascorbic acid before extraction. Reduction with ascorbic acid also improved the
extraction of iron and the stability of the reagent to oxidation at pH 5-6. Tin(II) was
best removed by extraction of tin(IV) diethyldithiocarbamate following oxidation
with hydrogen peroxide and removal of the peroxide. Zirconium gave low results
because of precipitation, but this interference could be almost entirely removed by the
addition of large excesses of mandelic acid after the diethyldithiocarbamate extraction.
A 100-fold excess of platinum gave a turbidity which yielded high results; the addition
of cyanide masked this interference.

The remaining cations were thorium, scandium and chromium(IIY). Thorium
gave slightly low results (ca. 109, with 100-fold excess) with no visible signs of
interference. -Scandium appeared to form a flnorescent complex, and chromium(III)
gave very low results. The effects of niobium and tantalum were not examined
because these cations could only be obtained in fluoride or tartrate solutions which
are mentioned below as anionic interferences.

An extensive study of anionic interferences was not made, but it was confirmed
that small quantities of fluoride, tartrate, citrate and oxalate interfered seriously by
diminishing the fluorescence due to aluminium, while acetate, chloride, bromide,
iodide, sulphate, nitrate, perchlorate, cyanide and carbonate showed no interference.

Members of the complexan series, e.g., EDTA, CDTA, NTA and IDA, and the
diketone acetylacetone reduced the fluorescence of the complex. The metal complexes,
zinc-EDTA, manganese(II)-EDTA and cadmium-EDTA, did not affect the fluores-
cence, but proved ineffective as masking agents.

Beryllium, even in 1000-fold excesses, did not interfere with the determination as
it does with most other methods for aluminium. It is, however, noteworthy that at
higher ph values (ca. 9-10), beryllium gives a blue fluorescence with salicylidene-o-
aminophenol. Because beryllium is not extracted as its diethyldithiocarbamate,™
this could form the basis of a sequential determination of beryllium and aluminium.
The reagent is, however, not very sensitive for beryllium.

Structure of complex

Slope-ratio plots (Fig. 4) indicate a metal:ligand ratio of 1:1, but no solid complex
could be isolated for further examination. It is probable that the complex formed is
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polynuclear and similar to those proposed for the aluminium complexes of Ponta-
chrome BBR and 2-hydroxy-3-naphthoic acid. This is supported by the following
observations:—

1. Although no aluminium complex could be isolated, a green fluorescence was
produced when a 0-1 9/ solution of salicylidene-o-aminophenol was dropped on to
a sample of alumina which had been converted to the inert form by heating strongly.
Simultaneously, the surface of the alumina was stained yellow, the colour of the
reagent, and the colour was not removed at all by washing with water, alcohol or
acetone.

2. The pH of formation of the complex is pH 5-6, which is considerably higher than
the pH at which aluminivm hydroxide precipitates (approximately pH 4-1).

6
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Fic. 4. —Slope-ratio plot showing variation of intensity of fluorescence of (a) aliquots
of 10~5M aluminium solution with 5 mi of 0-19; reagent solution at pH 5-6 in 100 ml;
(b) aliquots of 10~*M reagent solution with 5 ml of 10~} aluminium solution in 100 ml.

3. The fluorescent aluminium complex of salicylidene-o-aminophenol has several
properties similar to the complexes of aluminium with 2-hydroxy-3-naphthoic acid
and Pontachrome BBR. The pH range for formation is narrow in all three instances
and occurs over a similar range: Pontachrome BBR, pH 5; 2-hydroxy-3-naphthoic
acid, pH 5-8; salicylidene-o-aminophenol, pH 5-6. The pH of formation for these
aluminium complexes would, therefore, seem to be dependent more on the degree
of hydrolysis of the aquo complex of aluminjum than on the state of ionisation of
the ligand.

The above evidence suggests that the aluminium:reagent adduct may exist as an
entity in which the reagent molecules are adsorbed chemically on to the surface of
colloidal aluminium hydroxide by replacement of surface hydroxyl groups.

There is other evidence, however, which favours the formation of a more definite
chemical compound. Forexample, it is possible to extract the aluminium-salicylidene-
o-aminophenol complex into water-immiscible solvents, such as n-butanol, isopentanol,
n-pentanol and n-hexanol. This behaviour is more characteristic of a true aluminium
complex, such as aluminium 8-hydroxyquinolate, rather than a simple adsorption
compound. Itis relevant to note that only alcohols were effective extracting solvents,

6
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and it is possible that these molecules substitute for solvated water molecules to form
the extractable species. This is also supported by the partial extraction of the alumin-
ium complex into methyl isopropyl ketone (to the extent of 5097) and the very low
extraction into methyl isobutyl ketone (ca. 59;). The difference in extraction is
possibly due to the steric effects of the isobutyl and isopropyl groups in the solvated
complex; the donor properties of the carbonyl group are unlikely to be substantially
different for the two ketones.

The 1:1 stoichiometry found for the compound also favours the existence of a
true complex rather than an adsorption compound.
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F1G. 5.—Scatter produced by 2-7 X 10~* pg/ml aluminium solution with (a) varying
acetone content of solution; (b) varying reagent content of solution.

To investigate the solubilising effect of the reagent on the aluminium solution at
pH 56, light scattering experiments were carried out using the spectrofluorimeter.
Inner-filter and fluorescence effects were minimised by setting both monochromators
at 550 myu. It was found that the addition of reagent produced a higher degree of
scatter than was obtained from the aluminium solution. Subsequently, it was observed
that the acetone in which the reagent was made up was responsible for at least some
of theincreased light scattering. Thiscan be attributed to the aggregation of aluminium
hydroxide caused by the reduced dielectric constant of the medium. When the
experiments were repeated and the same amount of acetone was added to a blank
solution, it was found that correspondingly less scatter was obtained in the presence
of larger excesses of reagent (Fig. 5). Although it is not possible to interpret these
results unequivocally, it would appear that the reagent definitely opposes the formation
of insoluble aluminium hydroxide species. It probably does so by the suggested
mechanism, whereby chemical combination of the ligand through replacement of a
hydroxyl group in the hydrated alumina unit terminates the possibility of further
aggregation of these units through cross-linking.

With this evidence in mind it appears that the complex is neither a simple
mononuclear one, nor an adsorption of reagent on to polymeric alumina, but most
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probably resembles a low order polynuclear species such as the binary one suggested

below
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The properties of such a body should be consistent with the observed resistance
to precipitation; 1:1 stoichiometry; degree of light scattering; narrow pH zone of
stability; extractability into water-immiscible, oxygen donor solvents.
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Zusammenfassung—Salicyliden-o-aminophenol! ist ein empfindliches
Reagens zur spektrofluorimetrischen Bestimmung von Aluminium bis
27 ng (oder 2,7 - 10~ ppm in der Endlosung). Die am besten geeig-
neten Bedingungen in pH (5,6), Reagenskonzentration und Entwick-
lungszeit (iiber 20 min) wurden ermittelt. Extraktion mit Natrium-
digthyldithiocarbamat in Essigester beim pH der Bestimmung macht
die Methode hochselektiv; aus 46 untersuchten Fremd-Kationen
storen nur Chrom(III), Scandium und Thorium. Mit Aluminium
Komplexe bildende Anionen wie Citrat, Tartrat und Fluorid stéren,
nicht dagegen die gebriuchlichen Anionen. Der Komplex hat die
Zusammensetzung 1:1; beziiglich seiner Natur wurden einige Schliisse
gezogen.

Résumé—Le salicylidéne o-aminophénol est un réactif spectro-
fluorimétrique sensible pour le dosage de I'aluminium en quantité
aussi faible que 27 ng (ou 2,7 X 10~ ppm dans la solution finale).
On a établi les conditions les plus convenables de pH (5,6), con-
centration du réactif et temps de développement (>20 mn). L’ex-
traction au moyen de diéthyldithiocarbamate de sodium en acétate
d’éthyle au pH du dosage rend la méthode hautement sélective; des
quarante six cations étrangers examinés, seuls le chrome (III), le
scandium et le thorium interférent. Les anions qui forment des
complexes avec I'aluminium, tels que citrate, tartrate et fluorure
provoquent aussi une interférence, mais aucun des -anions communs
n’interfére. On a établi une stoechiométrie 1:1 du complexe, et
dégagé quelques conclusions concernant sa nature.

REFERENCES

1 F. Will, Anal. Chem., 1961, 33, 1360.
® C. E. White and C. S. Lowe, Ind. Eng. Chem., Anal. Ed., 1937, 9, 430.

3 E. Goon, J. E. Retley, W. H, McMullen and S. E. Wiberley, Anal. Chem., 1933, 25, 608.

4 G. F. Kirkbright, T. S. West and C. Woodward, ibid., 1965, 37, 137.
§ Z. Holzbecher, Chem. Listy, 1953, 47, 680.
s Idem, ibid., 1953, 47, 1023; Chem. Abstr., 1955, 49, 947.
? Idem, Collection Czech. Chem. Commun., 1954, 19, 241.
8 E. A. Bozhevol’'nov and V. M. Yanishevskaya, Zh. Vses. Khim. Obschestva im. D. I. Mendeleeva,
1960, 5, 356; Anal. Abstr., 1961, 8, 4098.
* D. C. Freeman, Jr. and C. E. White, J. Am. Chem. Soc., 1956, 78, 2678.
10 R. M. Dagpall, R. Smith and T, 8. West, Chem. Ind. (London), 1965, 1499,
1t J. Stary, The Solvent Extraction of Metal Chelates, p. 158. Pergamon, Oxford, 1964.






Talanta, 1966, Vol. 13, pp. 619 to 629. Pergamon Press Ltd. Printed in Northern Ireland

USE OF GAS-LIQUID AND THIN-LAYER
CHROMATOGRAPHY IN CHARACTERISING
AIR POLLUTANTS BY FLUOROMETRY

E. Sawick1, T. W. STANLEY, S. McPHERSON and M. MORGAN
Laboratory of Engineering and Physical Sciences, Division of Air Pollution
Robert A. Taft Sanitary Engineering Center, Public Health Service, U.S.

Department of Health, Education and Welfare Cincinnati, Ohio 45226, U.S.A.

(Received 26 October 1965. Accepted 10 December 1965)

Summary—Relatively large amounts of alkylated derivatives. of the
polynuclear aromatic hydrocarbons are present in some urban atmos-
pheres. These compounds are believed to be derived from industrial
sources. Because alkylation of the tetracyclic aromatic hydrocarbons
can confer carcinogenic activity on the derivatives, the presence of
substantial amounts of these alkylated compounds in the air needs
thorough study. The Ry value and the retention time, by themselves, are
inadequate for characterisation of the polynuclear compounds. Gas-
liquid chromatography followed by fluorometric examination of the
eluent bands, and mixed-adsorbent two-dimensional thin-layer chroma-
tography followed by direct fluorometric examination are very useful in
characterising all types of organic compound in the organic fractions
of airborne particulates and effluents from air pollution sources.

INTRODUCTION
THE identification of large conjugated compounds in polluted air has been expedited
and simplified by recently introduced separation and spectral methods. The two
separation methods that show the most promise for this application are two-dimen-
sional thin-layer chromatography and gas-liquid chromatography.

The greatest value of two-dimensional thin-layer chromatography with mixed
adsorbents is that it allows quick separation, characterisation, and assay of com-
plicated molecules. Even with two-dimensional thin-layer chromatography on one
adsorbent, polynuclear ring-carbonyl compounds collected from the urban atmos-
phere have been separated and assayed satisfactorily.?

To date, the most important property of gas-liquid chromatography is its resolving
power, which is sometimes far superior to that of other methods. The type of separa-
tion possible with this technique has been exemplified by Solo and Pelletier? in their
separation of phenanthrene and ~60 of its alkylated derivatives.

We have found that identifying unequivocally the large conjugated molecules in
polluted air requires more than the Ry value or the retention time. Consequently,
research has been concentrated on methods of spectral characterisation. This work
has shown that the quickest and most satisfactory methods of characterising unknown
compounds separated by paper or thin-layer chromatography consists of direct
fluorometric®® and phosphorimetric® examinations of the chromatogram. In some
cases the elution of a spot on to glass-fibre paper before spectral examination gives
more useful results, especially when the spot is to be treated with a caustic reagent
or solvent before spectral examination.

The techniques of high-temperature gas-liquid chromatography, mixed-adsorbent
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two-dimensional thin-layer chromatography, and spectrophotofluorometry have
been combined in a co-ordinated study of the composition of the urban atmosphere
in terms of its particulate matter. Such qualitative studies are a necessary preliminary
to the more thorough investigation of the quantitative composition of air pollution
source effluents and the polluted urban atmosphere.
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F1G. 1.—Fluorometric excitation (A) and emission spectra of benzo[k]fluoranthene
on an alumina-cellulose acetate (2:1) thin-layer plate.
Abbreviations—SPF on TLC = direct spectrophotofluorometric examination of the
thin-layer plate. Exc. 4 (Em. 1) = excitation (emission) wavelength at which the
emission (excitation) spectrum was obtained.

EXPERIMENTAL*
Reagents and apparatus

All standards were obtained from commercial sources and were crystallised to a constant melting
point when they were found to be chromatographically impure.

Spectrophotometry. Spectrophotometric examination of column chromatographic effiuents was
done with a Cary Model II recording spectrophotometer with 1-cm path-length cells; fluorometric
work, with an Aminco-Bowman spectrophotofluorometer with a solid-state attachment and a 1P21
phototube; phosphorimetric work, with.an Aminco-Keirs spectrophotophosphorimeter with a
1P21 phototube.

Gas chromatography. For column chromatographic fractions 14 and 16 a Perkin-Elmer Model
800 chromatograph was used at temperatures of 240° in the column, 400° at the injection port, and
300° in the detector; helium flow was 40 ml/min at the vent and 80 ml/min through the column;
air flow was 400 ml/min, and hydrogen flow, 20 ml/min. For column chromatographic fraction 11,
the column temperature was kept at 210°. The column was 10 %; Apiezon L (W/W) on 60- to 80-mesh
Chromasorb W (HMDS) in a stainless steel tube 2 m long and 1/8-in. O.D.

Gas chromatographic bands were collected by holding an alumina thin-layer plate as close as
possible to the column vent without allowing it to touch the vent. The spots on the plate were then
examined directly with the fluorometer.

Fluorometric examination of thin-layer plates

Thin-layer chromatograms and alumina thin-layer plates containing the collected gas chromato-
graphic bands were treated and examined in a Chromato-Vue cabinet (Kensington Scientific Corp.,
Berkeley 10, Calif.) under the short and the long ultraviolet lights. Exposure to light and chemicals
was kept at a minimum until the material was examined fluorometrically. A preliminary visual
examination can be of help in ascertaining the type of compound present.

Fluorescence excitation and emission spectra of the spot in neutral, acid, and alkaline solution
can be obtained by direct fluorometric examination of the spot. The experimental directions were
given in previous papers.”®

* Mention of commercial products does not constitute endorsement by the Public Health Service.
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Scatter bands can interfere with the measurement of the complete excitation and emission spectra
of an unknown directly from a chromatogram. The resolution of this type of interference is shown
in Fig. 1. With the instrument set at the strongest emission wavelength, 408 mu for benzo[klfluo-
ranthene, only the 310 mu band of the excitation spectrum is obtained. By use of emission wavelengths
farther away from the excitation bands, the entire excitation spectrum can be obtained.

DISCUSSION
Alkyl derivatives of polynuclear aromatic hydrocarbons in the urban atmosphere

The research in this paper was undertaken to answer several questions. The
first question was whether large amounts of alkylated polynuclear aromatic hydro-
carbons are present in the atmosphere and in effluents from air pollution sources.
Because large amounts (relative to benzo[a]pyrene) of compounds containing
a tetracyclic ring are present in the atmosphere and especially in source effluents,
the question has arisen whether any of these compounds are alkylated.

It is well known that methylation of tetracyclic aromatic hydrocarbons and
aza heterocyclic compounds can enhance their carcinogenic activity or can make
inactive compounds carcinogenic.®1® Thus, chrysene is inactive on the subcutaneous
tissue of mice, whereas its 4-, 5- and 6-methyl derivatives yield activities rated as
+, +-++,-and +, respectively.l® Benz[a]Jacridine and benz[c]acridine show no
carcinogenic effect on mouse skin, whereas 7-methyl derivatives yield - ---- activity
and many of their other methyl derivatives show carcinogenic activity.1® The relatively
large amounts of alkylated tetracyclic compounds in some types of air pollution
could be of some significance in the etiology of lung cancer.

To test whether alkylated hydrocarbons are present in urban atmospheres, we
assembled a large composite organic sample for study. This sample was a benzene-
extracted fraction of airborne particulates collected in 1963 and 1964 from approxi-
mately 100 large American cities. Quantitative analytical data indicated that some
of the collection points were in or near industrial areas contributing large amounts
of pollutants to the surrounding air.

The mixture was column chromatographed and then examined absorptiometri-
cally by standard procedure.”* The spectra indicated the presence of alkyl derivatives
of the polycyclic aromatic hydrocarbons. Spectral examination of samples from
industrial sources shows the same phenomenon while a similar examination of most
urban samples gives no indication of the presence of alkyl derivatives.

Fraction 11, whose absorption spectra showed no evidence of alkyl derivatives,
was examined more thoroughly by gas-liquid chromatography (Fig. 2). On the basis
of fluorometric and phosphorimetric spectra and retention times, phenanthrene,
anthracene, two alkyl phenanthrenes, and 2-methylpyrene were identified in the
sample. Many unknown compounds were present in smaller amounts. In addition,
a large amount of material came out at 60 min. This band contained a small amount
of aromatic compound(s) and a large amount of saturated compound(s).

The absorption spectrum of fraction 14 (Fig. 3) indicated the presence of anthra-
cene, phenanthrene, pyrene, and unknown compounds. Two-dimensional thin-
layer chromatography indicated the presence of at least eight compounds. Gas
chromatography indicated the presence of anthracene, phenanthrene, alkylphenan-
threne, 4H-cyclopenta[d e fiphenanthrene, fluoranthene, pyrene and 2-methylpyrene.
The presence of these compounds was confirmed by direct phosphorimetric and
fluorometric examination of the collected material, as shown for phenanthrene,
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Fig. 2—Alumina column chromatographic tricyclic subfraction (11) of the benzene-
extracted fraction of a composite sample of airborne particulates from American cities.
Absorption spectrum in pentane and a gas-liquid chromatogram.
Abbreviations—CC No. 1 = Column chromatographic tube No. 1.
SP = Spectrophotometric ultraviolet absorption spectrum.
GLC = Gas-liquid chromatography.
A = Anthracene.
PH = Phenanthrene.
RaPH = Alkylphenanthrene.
RbLPH = Another alkylphenanthrene.
2-MeP = 2-Methylpyrene.
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Fig. 3.—Alumina column chromatographic subfraction 14 of same run as in Fig. 2.
Absorption spectrum in pentane at dilutions of 1, 0:1, and 0-01. Gas-liquid chromato-
gram. Two-dimensional thin-layer chromatogram on alumina-cellulose acetate (2:1).
Phosphorimetric and fluorometric spectra obtained from the spectral examination of the

appropriate gas chromatographic bands.

Abbreviations—CC Tube No. 14 = Column chromatographic tube No. 14.

GC = Gas chromatography

TLC = Thin-layer chromatography.

SPP = Spectrophotophosphorimetric spectra.

SPF = Spectrophotofluorometric spectra.

P = Pyrene.

FT = Fluoranthene.

CP = 4H-cyclopenta[def]phenanthrene.
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fluoranthene and 2-methylpyrene. Spectral examination indicated that some of the
bands were not pure, but contained other fluorescing or phosphorescing material.

Fraction 16 was the least complicated (Fig. 4). The absorption spectra showed
the presence of pyrene and fluoranthene and indicated no alkyl derivatives of un-
known compounds. Gas chromatographic examination indicated the presence of
fluorantbene, pyrene and 2-methylpyrene. Direct fluorometric examination of the
collected bands confirmed the presence of these compounds.

CC TUBE # 16

Fi16. 4—Alumina column chromatographic subfraction 16 of same run as in Fig, 2.
Gas-liquid chromatogram. Fluorometric spectra obtained from the spectralexamination
of the appropriate gas chromatographic eluates.

Other column chromatographic fractions examined in the same way also contained
alkylated derivatives of polynuclear aromatic hydrocarbons. Because we lack supply
of alkylated derivatives of many of these compounds, identification of these com-
pounds, except as to parent ring structure, is not satisfactory.

Examination of effluents from industrial sources of pollution, such as oil refineries
and asphalt plants, disclosed a very high proportion of alkylated hydrocarbons.
In these samples even the absorption spectra clearly indicated the presence of alkyl-
ated hydrocarbons.

The evidence indicates that the composition of the column chromatographic
fractions is much more complicated than is indicated by absorption spectrometry, and
sometimes is even more complicated than is indicated by two-dimensional thin-layer
chromatography or gas chromatography. Results show that neither Ry values
obtained by thin-layer chromatography nor retention times obtained by gas chroma-
tography can be used, by themselves, to characterise the large aromatic compounds
unequivocally. Gas chromatography is superior to two-dimensional thin-layer
chromatography for separating the tricyclic and tetracyclic polynuclear aromatic
hydrocarbons.

Two-dimensional thin-layer chromatographic separation of urban atmospheric samples

Another question in this investigation was whether two-dimensional thin-layer
chromatography could be used to accelerate the identification of air pollutants
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FIG. 5.—Two-dimensional thin-layer chromatogram on alumina-cellulose acetate (2:1)
of 0-15 mg of benzene-soluble fraction of the airborne particulates from the downtown
area in Wheeling, West Virginia. One-dimensional runs of standards.
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Fi6. 6.—Two-dimensional thin-layer chromatogram on alumina-cellulose acetate (2:1)

of 0 28 mg of a benzene-soluble fraction of the airborne particulates from a non-urban

atmosphere. Fluorometric excitation (A) and emission spectra of two separated spots
(- —-) and of benzo[alpyrene and benzo[k]fluoranthene on the plate ( ).

present in the benzene-soluble fractions of urban airborne particulates and effluents
from air pollution sources. Separation of a sample from Wheeling, West Virginia,
(Fig. 5) indicated the presence of benzo[a]pyrene and benzo[k]-fluoranthene. These
two cumpounds were readily characterised,asshown foranon-urban sample (Fig. 6). In
these samples the compounds were characterised by Ry, values obtained in two different
solvent systems and by the identity of the fluorometric spectra of the unknown with
spectra of the standard.

Benzo[a]pyrene and benzo[e]pyrene are readily and completely separated by
this method. Such a separation has not yet been achieved in gas chromatography.12:13

Only very small amounts of sample are needed for analysis—0-15 mg for the
Wheeling sample and 0-28 mg for the non-urban sample. Even lesser amounts can be
used.
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The composite urban benzene-soluble fraction was examined by two different
thin-layer chromatographic methods. By separation of 0-49 mg of the sample on an
alumina-cellulose layer followed by direct fluorometric examination acridine, pyrene,
and benz[clacridine were identified readily (Fig. 7). The same sample was separated
two-dimensionally on an alumina-cellulose acetate system. Through Ry values and
direct fluorometric examination the following compounds were identified: anthracene
benz[a]anthracene, benzo[a]pyrene, benzo[blfluoranthene, benzo[k]fluoranthene,
carbazole, chrysene, and pyrene (Fig. 8).
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PLATE SIZE:20 X20em
ACT. TIME: 0 MINS.

SAMPLE USA- 1963 STARDARDS :
URBAN AIRBORNE PARTICULATES | ACRIDINE ~lyg
COMPOSITE: BENZENE-SOL. FRACTION 2 PYRENE-Iug
0.49 mg 3 BENZLCIACRIDINE-1pg

FiG. 7.—Record of a two-dimensional thin-layer chromatographic separation and the
characterisation of three spots on alumina-cellulose (2:1).

Two dimensional thin-layer chromatographic separation of samples
from air pollution sources

The benzene-extracted fraction of an airborne particulate sample collected near
the open burning of auto tyres, floor mats and seat covers was very readily separated
into a large number of spots (Fig. 9). 7H-Benz[de]anthracen-7-one and phenalen-
1-one were characterised by their Ry values as compared to standards, by fluorescence
colours in the neutral and acidic state, and by the identity of their fluorometric
spectra in neutral and acid solution with the comparable spectra of standards. Only
36 ug of sample were needed for these characterisations.

A basic fraction of coal-tar pitch was analysed two-dimensionally on an alumina-
cellulose plate (Fig. 10). Although this mixture was extremely complicated, six
compounds were readily characterised by use of Ry values and fluorometric examina-
tion. These compounds were acridine, benz[alacridine, benz[c]acridine, benzo[f]-
quinoline, benzo[h]quinoline, and dibenz[a,h]acridine.
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Fi6. 8. —Two-dimensional thin-layer chromatographic separation and characterisation

of anthracene, benz[aJanthracene, benzo [alpyrene, benzo[b]fluoranthene, benzo[k]fluor-

anthene, carbazole, chrysene and pyrene. Carbazole is located by the blue colour it
gives with trifluoroacetic acid and ultra-violet light.
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Fi16. 9.—Two-dimensional thin-layer chromatographic separation on alumina-cellulose

acetate (2:1) of a non-basic subfraction of the benzene-soluble fraction of the airborne

particulates collected from the open burning of auto tyres, floor mats, and seat covers.
Separation of phenalen-1-one and 7H-benz[de]Janthracen-7-one shown.,

The corresponding non-basic fraction of coal-tar pitch was separated two-dimen-
sionally on alumina (Fig. 11). A large proportion of the sample was found at the
solvent fronts in the system used. This material, mainly hydrocarbons, was ignored.
Three compounds were characterised: carbazole and 4H-benzo[d e f]carbazole, which
gave blue visible colours with trifluoroacetic acid, and 7H-benz[de Janthracen-7- one.

CONCLUSION

Substantial amounts of alkylated polynuclear hydrocarbons are present in the
atmosphere, especially in areas where a special form of industrial pollution is heavy
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(e.g., asphalt and petroleum industries). Because of the presence of these alkylated
compounds in some polluted atmospheres, a direct gas chromatographic analysis
for polynuclear aromatic hydrocarbons could be highly erroneous unless the com-
ponents of the analysed bands were identified completely. In addition, the presence
of alkylated tetracyclic hydrocarbons warrants a thorough investigation of the
possible cancer peril from these compounds.

Separation of tricyclic and tetracyclic aromatic hydrocarbons by gas chromatog-
raphy was superior to that obtained by two-dimensional thin-layer chromatography,
at least in the investigated systems. Gas chromatography allied with spectrophoto-
fluorometry has shown the complexity of some of the column chromatographic
fractions of organic airborne particulates in terms of the tricyclic and tetracyclic
aromatic hydrocarbons. All the fractions are much more complicated than their
absorption spectra indicate; fluorometric and phosphorimetric analysis show that
most of the fractions are more complicated than is indicated by gas chromatography
or two-dimensional thin layer chromatography. Neither Ry values nor elution times
are sufficient by themselves to characterise the large organic compounds.

Two-dimensional thin-layer chromatography, especially with mixed adsorbents,
followed by direct fluorometric examination is invaluable in characterising a large
variety of polynuclear air pollutants. By the thin-layer chromatographic and spectro-
photofluorometric methods described in this and previous papers investigators
should be able to develop methods to scan automatically and selectively an entire
two-dimensional plate and to assay for the compounds of interest. Meanwhile the
gas and thin-layer chromatographic procedures described should be applicable to
the development of a wide variety of methods for the assay of benzo[a]pyrene and
other air pollutants.

Acknowledgements—The authors express appreciation for the technical assistance of W. C. Elbert in
some of the thin-layer chromatographic separations and to J. Pfaff for the phosphorimetric measure-
ments.

Résumé—Des quantités relativement importantes de dérivés alkylés
d’hydrocarbures aromatiques polynucléaires sont présentes dans
certaines atmospheéres urbaines. On pense que ces composés provien-
nent de sources industrielles. L’alkylation des hydrocarbures aroma-
tiques tétracycliques pouvant conférer aux dérivés une activité carcino-
géne, la présence de quantités substantielles de ces composés alkylés
dans l'air nécessite une étude compléte. La valeur du Ry et le temps de
rétention sont par eux-mémes insuffisants pour caractériser les composés
polynucléaires. La chromatographie gaz-liquide suivie de Fexamen
fluorométrique des fractions d’éluant et la chromatographie en couche
mince bi-dimensionnelle avec absorbant mixte suivie de I'examen
fluorométrique direct sont trés utiles pour la caractérisation de tous les
types de composés organiques dans les fractions organiques des
particules en suspension dans l'air et des dégagements des sources de
pollution de Pair.

Zusammenfassung—In einigen Stadtatmosphédren sind relativ groBe
Mengen alkylierter Derivate von mehrkernigen aromatischen Kohlen-
wasserstoffen vorhanden. Es wird angenommen, daf sie aus der
Industrie stammen. Da Alkylierung tetracyclischer aromatischer
Kohlenwasserstoffe den Derivaten carcinogene Eigenschaften verleihen
kann, bedarf die Anwesenheit betrdchtlicher Mengen dieser Alkylver-
bindungen in der Luft eingehender Untersuchung. Ry-Wert und
Retentionszeit allein sind zur Charakterisierung der mehrkernigen
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Verbindungen ungeeignet. Gaschromatographie mit nachfolgender
fluorometrischer Untersuchung der Eluatbanden und zweidimensionale
Dinnschichtchromatographie auf gemischtem Adsorbens und anschlie-
Bende direkte fluorometrische Untersuchung sind sehr niitzlich bei der
Charakterisierung aller Arten organischer Verbindungen in den organi-
schen Anteilen in Luft suspendierter Festteilchen und Emissionen aus
den Quellen der Luftveruneinigung.
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SHORT COMMUNICATIONS

Determination of free acid in antimony(III) and bismuth(III) solutions
(Received T July 1965. Accepted 24 November 1965)

Becausk of the great hydrolytic tendency of antimony(IIT) and bismuth(III) in aqueous solution it is
necessary to add excess of free acid (up to 2N) to prevent hydrolysis of their stock solutions. In the
course of our investigations on the stability of some complexes of these elements, it was found
necessary to know the free acid content in these solutions. Pavlinova® used potassium hexacyano-
ferrate(I1I) as a precipitant for the removal of antimony and bismuth before determining the free acid
titrimetrically.

Antimony(I1I) and bismuth(IIT) form stable complexes with EDTA, a detailed study of which has
already been reported.? It is shown here that this property can be conveniently utilised for determining
the free acid content in the salt solution. The method is simple, convenient and reliable,

EXPERIMENTAL

Stock solutions

Antimony trichloride solution (~0-4Af) was prepared by dissolving the analytical reagent grade
salt in 2M hydrochloric acid. Bismuth perchlorate solution (0-3M) was prepared by dissolving a
known weight of powdered bismuth trioxide in 2M perchloric acid. The antimony solution was
standardised by the bromate method® and for bismuth the oxide was taken as primary standard. In
the case of bismuth, the free acid content was calculated assuming that 3 equivalents of acid were used
in dissolving every gram atom of bismuth. EDTA solution was prepared by dissolving pure Titriplex
ITL (E. Merck, metal titration grade) in deionised water and standardised by titration against zinc
sulphate solution using Erio T as indicator.

A mixed indicator was prepared by dissolving 0-1%; w/v of Methyl Orange and 0-05%; w/v of
Bromocresol Green in water.

Procedure

A known amount of the antimony or bismuth solution, containing about 0-5 to 1 x 10~* mole
of the metal, is added with constant stirring to about 27; excess over the theoretical amount of
0-01M disodium EDTA solution and titrated against standard 0-1N sodium hydroxide solution.
Potentiometric titrations were carried out with a Beckmann model G pH meter using a glass electrode
and a calomel reference electrode to a pH of 4-5. In the indicator method the end-point is determined
by a colour change from orange to blue-green.

RESULTS AND DISCUSSION

In 2N acid solution, both antimony and bismuth cxist as triply charged ions, so that the reaction
with EDTA can be represented by the equation

M+ + YH,~ = MY~ + 2H* )]

In the presence of an equivalent amount or excess of EDTA, the hydrolysis of the bismuth
complex occurs only at pH > 8 and that of the antimony complex at pH > 5.7 Therefore, the amount
of free acid can be determined by titrating against standard alkali potentiometrically. Some typical
potentiometric titration curves with the complexes, 1:1 metal : EDTA solutions, and in the presence
of excess of EDTA, are shown in Fig. 1, from which it is clear that the inflection point observed at
pH ~ 4-5 is not appreciably altered by the presence of excess of disodium EDTA.

The free acid content is obtained by subtracting the acid liberated in reaction (1) (equal to twice
the concentration of the metal ion) from the titre. The results obtained in the presence of various
amounts of metal and free acid, by potentiometric and visual indicator methods, are summarised in
Table I. The values found by the visual indicator method compare favourably with those obtained
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F1G. 1.—Potentiometric titration curves for Sb- and Bi-EDTA solutions
against NaOH:

(1) 100 ml of 0-01M Sb-EDTA solution;

(2) 5 ml of 0-1M SbCl, solution in HC1 + 5 ml of 0-1M EDTA;

(3) 5 ml of 0-1M SbCl; solution in HC1 + 7 ml of 0-1M EDTA;

(4) 5 ml of 0-1M SbCl; solution in HC1 + 15 ml of 0-1M EDTA;

(5) 10 ml of 0-1M Bi-EDTA solution;

(6) 10 ml of 0-0932M bismuth perchlorate solution in HCIO, + 29:35 ml of 0-1M
EDTA;

(7) 10 ml of 0-0932M bismuth perchlorate solution in HCIO, -+ 11-35 ml of 0-1M
EDTA;

(8) 10 ml of 0-0932M bismuth perchlorate solution in HCIO, + 19-4 ml of 0-1M
EDTA.



Short communications 633

TABLE I.—DETERMINATION OF FREE ACID IN ANTIMONY AND BISMUTH SALT
SOLUTIONS AT HIGH ACIDITIES (>1N)

Free acid found, mequiv

Metal present, Free acid added, Potentiometric Indicator
mole X 10~ mequiv method method

1 5 4-98 497

1 10 10-02 9-97

1 15 15-:00 15-05

1 5 + 109 excess of EDTA 4-98 497

1 5 + 309, excess of EDTA 497 496
Antimony 1 5 4 509 excess of EDTA 4-95 494
2 10 995 994

2 15 1505 1497

3 15 15-00 15-05

3 20 19-95 20-05

05 3 2:99 3-00

0-5 7 7-00 698

05 10 10-02 10-00

05 3 + 102 excess of EDTA 2:99 2:99

0-5 3 + 30%; excess of EDTA 299 298
Bismuth 0-5 3 + 509 excess of EDTA 2:97 2:96
1-0 4 4-00 398

10 7 695 697

10 10 995 10-02

2 10 10-05 10-00

2 15 14-95 15-05

potentiometrically, the error in all cases being less than 17, The values obtained in the presence of
an excess of EDTA. greater than the 1:1 stoichiometric ratio are also given in Table I. From these
data it can be seen that the addition of excess of EDTA tends to lower the experimental values.
However, even in the presence of a 50%; excess of EDTA the maximum error is only about 1-5%.

When the acidity of the salt solution is < 1N for antimony and <<0-5N for bismuth, the average
charge of the ions is known to be one, corresponding to MO+.4.2 Under these conditions the reaction
with EDTA results in the formation of a complex without the liberation of protons

MO+ + YH,*~ & MY~ + H,;0 @

Therefore, the titre gives the free acid content of the solution directly.

Though reactions of the type represented by equation (2) are uncommon, its validity in the case of
antimony and bismuth can be readily proved by dissolving the corresponding oxychlorides (MOCI) in
equimolar amounts of disodium EDTA. These complexes are soluble and the pH of the solution is
about 5, indicating the non-liberation of protons. Further, the identity of the spectra of the complexes
obtained from the normal and oxysalts proves that the same complex is formed in both cases.

The applicability of the present titration methods under conditions where MO* exists has been
checked by determining the free acid by an ion-exchange method as follows. The stock solution of

TABLE JI.—DETERMINATION OF FREE ACID IN BISMUTH SOLUTION
AT LOW ACIDITIES (<0-2N)

Concentration of acid

Bismuth, Free acid,
M N Ion exchange, EDTA titration,
N N
0-025 0-1417 0-1413 0-1420
0-020 01134 0:1130 0-1135
0-015 00850 0-0854 0-0850

0-010 0-0567 0-0564 0-0568
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bismuth perchlorate was diluted to an acidity of about 0-1-0-2N. A known amount of this solution
was passed through a cation-exchange resin column (5 g of Dowex-50W for about 1 mequiv of
bismuth) in the hydrogen form, when the bismuth is absorbed as BiO*. The resin was then washed
with acid-free water and the total acid in the effluent and washings titrated against standard alkali.
The free acid was calculated by subtracting from the titre the acid liberated from the resin due to
absorption of BiO*. In Table 1l are compared some experimental values obtained by this method
with those obtained by the EDTA titration method. The values obtained by the two methods agree
within the limits of experimental error.

The ‘true’ free acid content of the solution can be accurately determined by the present method
only if the ions are present completely in one form, either M** or MO*., When a mixture of M3+ and
MO+ exists in appreciable amounts, the concentrations of each species should be known through
hydrolytic or other data to enable a correct determination of the free acid content.

Acknowledgement—The authors wish to thank Dr. Jagdish Shankar for his interest in the work.
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Summary—A method for the determination of free acid in antimony(III)
and bismuth(I1I) solutions is given. A solution of the disodium salt of
EDTA, 2-3Y%, in excess of the stoichiometric amount, is added to the
metal salt solution and titrated with sodium hydroxide solution
potentiometrically or visually using a mixed indicator. The error in the
method is less than 0-59;.

Résumé—On donne une méthode de dosage de 1’acide libre dans des
solutions d’antimoine(III) et de bismuth(IIT). A la solution de sel
métallique, on ajoute une solution de sel disodique ’EDTA, 2-3{ en
excés par rapport 4 la quantité stoechiométrique, et titre au moyen
d’une solution de soude par potentiometrie ou visuellement au moyen
d’unindicateur mixte. L’erreur par cette méthode est inférieure 20,5 2;.

Zusammenfassung—Eine Methode zur Bestimmung freier Sdure in
Antimon(II)- und Wismut(IlI)-Lsungen wird angegeben. Eine
Lésung des Dinatriumsalzes von EDTA wird in 2-3 % UberschuB iiber
die stochiometrische Menge zur Metallsalzlosung gegeben und poten-
tiometrisch oder visuell mit einem Mischindikator mit Natriumhydro-
xydlosung titriert. Der Fehler der Methode ist geringer als 0,5 %.

REFERENCES

1 G. N. Pavlinova, Zhur. Anal. Khim., 1949, 4, 46.

2 T. R. Bhat and R. Krishna Iyer, Z. Anorg. Allgem. Chem., 1965, 335, 331.

®'W. W, Scott, Standard Methods of Chemical Analysis, Van Nostrand, New York, 1939,
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Einige kritische Bemerkungen zur quantitativen ultrarotspektrographischen
Analyse von Metallen iiber ihre Chelatverbindungen

(Eingegangen am 29 November 1965, Angenommen am 8 December 1965)

ULTRAROTSPEKTROGRAPHISCHE Messungen sind gelegentlich auch in der anorganisch-chemischen
Analyse anwendbar. Neben der qualitativen und quantitativen Auswertung der im Ultrarotgebiet
liegenden Eigenschwingungen verschiedener Anionen'~** konnen diese bzw. auch Kationen in Form
geeigneter meist schwerloslicher metallorganischer Verbindungen, bei Kationen vorwiegend als
Chelate, bestimmt werden. Aus Messung der UR-Extinktion der Praparate (meist als KBr-Pre8ling)
1d8¢t sich dann die im PreBling enthaltene Menge des Ions bestimmen.'*~*" Aus dem Extinktions-
verhiltnis zweier charakteristischer Chelatbanden* kann man auch das Konzentrationsverhéltnis
der Metallionen im PreBling und in Verbindung mit einer weiteren chemischen Bestimmung die
Menge der Einzelkomponenten ermitteln.’*-2° Einige im wesentlichen zwar bekannte Gesichtspunkte
der UR-Analyse sollen hinsichtlich ihrer Besonderheiten bei der Analyse von Metallchelaten kurz
aufgefiihrt werden, da sie bislang nicht oder nur ungeniigend hierbei beriicksichtigt wurden.

(1) Die aus Extinktionsmessungen von Chelatpriparaten unmittelbar erhaltenen linearen oder
gekriitmmten Eichkurven erlauben die Bestimmung geringer Metallionenmengen, bei Verwendung
von HalbmikropreBlingen (ca. 100 mg KBr; ¢ = 11 mm; Dicke = 0,3 mm) sogar im ug-Bereich,
wie Abb. 1 zeigt.
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ABB. 1.—Eichkurve: Yttrium-Oxinat (Analysenbande: 12,21 #; Auswertung:
“basic-line”-Verfahren; Pressverluste gewichtskorrigiert) (Aufnahme mit Mikro-
pressling, Halterung und Reflektionsansatz des Leitz—UR-Spektrographen)

Diese hohe Empfindlichkeit 148t sich aber nur bei vollstindiger und reproduzierbarer Uberfithrung
der Niederschlagsmengen vom Fillungsgefi8 in den KBr-Pre8ling ausnutzen. Deis ist bisher fiir
kleine Niederschlagsmengen nur schlecht moglich. (Zu der bei der ultrarotspektrographischen
Analyse der Anionen®*# erfolgreich benutzten Gefriertrocknung von Losungen liegen ebenfalls
keine Erfahrungen vor.) Die Anwendbarkeit derartiger Verfahren in der praktischen Analyse wird
dadurch erheblich eingeschrankt. Lediglich die Bestimmung des Mischungsverhiltnisses ist von
einer quantitativen Uberfiihrung des Niederschlages in den PreBling unabhingig.

(2) Bei der Ermittlung des Mischungsverhiltnisses zweier schwerloslichen Metallchelate im
PreBling zeigte sich als Ergebnis zahlreicher eigener Versuche, da8 die mit synthetischen Gemischen
und mit Praparaten aus gemeinsamer Ausfdllung erhaltenen Eichkurven in der Regel nicht iiberein-
stimmen (siehe Abb. 2).

Bei gemeinsamen Ausféllungen erhilt man hiufig, vor allem bei Neigung zur Mischkristallbildung,
Abweichungen sowohl der Intensitdt als auch der Wellenlidnge von den fiir die einzelnen Chelate
charakteristischen Banden.’® Eine Priifung dieser Verhiltnisse, besonders auch hinsichtlich des
Einflusses der Fallungsbedingungen, diirfte daher in der Regel notwendig sein.

(3) Ebenfalls kurz hingewiesen sie auf einige in diesem Zusammenhang interessierende Fehler-
mbglichkeiten bei der Herstellung der KBr-PreBlinge. Fiir quantitative Bestimmungen ist bekannt-

* In Wellenlinge und Intensitit vom Metallion abhéngige Bande in einer gleichartigen Reihe
von Chelatverbindungen (z.B. Oxinate, Anthranilate, etc.).
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ABB. 2.—Eichkurve von Cd/Zn-anthranilatmischungen
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(a) mechanische Mischung (b) gemeinsame Ausfillung

lich eine sorgfiltige Mischung und Trocknung des Préparates vor dem Pressen notwendig. Ein
cinfaches Verreiben in einer Porzellan- oder Achatschale gibt aber wegender dabeierhaltenenungleich-
miBigen KorngroBe der Chelatniederschlige nur unbefriedigende Ergebnisse bei quantitativen
Messungen.?* Die Probe + KBr wird daher auch zur Erreichung einer besseren Homogenitit
meist in kleinen Mischern (nach v. Ardenne?®?) vibriert. Mit wachsender Vibrationszeit erhidlt man
dabei bekanntlich infolge der Abnahme der KorngroBe eine Zunahme der Extinktion®:® der sich
bei langeren Vibrationszeiten oft eine durch die Zersetzung der Substanz bedingte Abnahme iiber-
lagert. Diese Erscheinungen zeigten auch fast alle bisher von uns untersuchten Chelatverbindungen.
Eine typische Kurve enthdlt Abb. 3, aus der auch das hdufig zu beobachtende unterschiedliche
Verhalten im NaCl- und CsBr-Bereich hervorgeht.

Die Vibrationsbestindigkeit ist dabei in vielen Fillen der Stabilitdt der Chelatverbindung pro-
portional. In Abb. 4 wurde jeweils das Extinktionsverhiltnis einer charakteristischen Chelatbande
gegen eine bei allen Verbindungen gleichartig auftretende Bande des Reagenzes gebildet.

Man erkennt deutlich, da8 die relative Abnahme dieses Extinktionsverhdltnisses von der Stellung
des Metalles in der Mellor-Malley-Reihe?®:% und damit von der Chelatbestindigkeit abhingt.

0,950 4
L 0,250
E i a E i
0850 t e} {b)
L 0,220+
] i I i
5 10 5 10
min min

ABB. 3.—Abhingigkeit der Extinktion der Chelatbanden von der Vibrationsdauer
Probe: Y-oxinat; ca. 14 mg/700 mg KBr;
(a) NaCl-Bereich (12,21 u)
(b) CsBr-Bereich (20,35 u)
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ABB. 4.—Chelatbestindigkeit und Vibrationsabhingigkeit Proben: Cu-, Zn-, Cd-
anthranilat, je ca. 15 mg/700 mg KBr. (Mischen im Vibrator)

Egos — E
Auswertung: Cu-anthranilat: E = ES_”S%
11,5 — 410,75
E9 45 EIO 5
Zn-anthranilat: E = &————
Ei1.6 — Eioys
E8,75 - EIZ-UO
Cd-anthranilat: E = o¥——=——
Ell,s - Elo,?s

Diese Ergebnisse zeigen die Bedeutung konstanter Mischungs- und Zerkleinerungsverhéltnisse
auch fiir die UR-spektrographische Analyse metallorganischer Verbindungen.
RoLF NEeB
Institut fiir Anorganische Chemie und Kernchemie
der Joharmes Gutenberg-Universitit Mainz
Bundesrepublik Deutschland

Summary—Attention is drawn to some points (measurement, mixing,
calibration curve) regarding the applicability of infrared spectrographic
procedures in the analysis of metals by means of their chelates.

Zusammenfassung—Auf einige Gesichtspunkte (Uberfiihrung, Mis-
chung, Eichkurve) zur Anwendbarkeit ultrarotspektrographischer
Verfahren bei der Analyse von Kationen iiber Chelatverbindungen
wird hingewiesen.

Résumé—On attire I'attention sur quelques points (mesure, mélange,
courbe d’étalonnage) concernant les possibilités d’application des
méthodes spectrographiques infra-rouges dans I’analyse des métaux
au moyen de leurs chélates.
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PRELIMINARY COMMUNICATION

Automatic scanning of chromatoplates by multi-scaling
using a gamma-ray spectrometer

(Received 13 December 1965. Accepted 13 December 1965)

ExisTING radiochromatogram scanners are generally special equipment designed just for application
to chromatography.® Some of them are based on twin Geiger-Miiller tubes, between which the
chromatographic strips are driven; they require a special attachment for reading a thin layer, and
they are good enough for locating a radioactive spot but insufficient for analysis, especially in the
case of gamma-ray spectrometry. The Packard Model 460 uses a typewriter to transport the actual
chromatogram and to print the data on a sheet of paper which is taped to the chromatogram. Other
scanners move the counter upon the chromatographic plates: the Desaga scanner moves a scintil-
lation detector in connection with a strip chart recorder, but the detector is not satisfactorily shielded.

EXPERIMENTAL

Some new models of gamma-ray spectrometers, such as the 128-channel Nuclear Data ND-110
contain an internal multi-scaling device which permits a study of the variation of the radiation
intensity as a function of time: it was elaborated in order to draw the decay curves of short-lived
radioisotopes. The multi-scaling measure time can be of 1 msec up to 10 sec per channel.

We have seen that this instrument can be used to locate and analyse a radioactive spot on a thin
chromatographic layer or on a chromatographic paper strip. In fact, when the spectrometer is used
on multi-scaling, impulses can be collected to drive an X-Y plotter. The plotter is placed close to
the detector’s shield, with its surface at the level of the lead plate where the window is cut. Two
cotton threads are attached to the extremities of the bar that holds the pen, and to the chromato-
graphic paper. When the recorder is at the zero position, the starting chromatographic mark on the
paper should be on the window: the direction is set by two lead bars.

By turning the “analyse” knob the spectrometer and the recorder are started simultaneously;
the recorder draws the paper, step by step, synchronously with the multi-scaling measure times,
on the window upon the scintillation detector.

For standard chromatoplates 200 mm long, a window 9 mm long in a 40-mm thick sheet of lead
is used.

The spectrometer can read out the results as 128 numbers on a Teletype, or 128 points on the
graph previously used. This graph locates different radioactive spots in a very precise way.

Moreover, the plate can be driven back to centre the spot on the window, and the spectrometer
set to give a gamma-ray spectrum to identifiy the substance from which the spot originated. Following
the general rules of quantitative analysis by gamma-ray spectrometry, the amount of radioelement can
be estimated by comparison with a standard.

If several chromatographic spots were evaluated on the same plate, it can be manually positioned
on the window at the subsequent point of application by moving the two lead bars.

This technique presents the great advantages over the commercially available scanning devices,
that the detector is constantly shielded and no equipment is needed to read out and to draw the
chromatogram other than the gamma-ray spectrometer itself. The spectrometer, in fact, performs
functions which are unavailable in any other instrument: namely, examining a bidimensional
chromatogram and-presenting digital and tape informations relative to the location, zone shape and
amount of radioactivity thereon, for every radioelement.

This technique will be applied to our future studies of chromatography and the results reported
in due course.

R. A. A. MUZZARELLI

Faculty of Sciences
University of Sherbrooke
Sherbrooke, P.Q., Canada
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Summary—The location of radioactive tracers on chromatographic
thin layers or papers is realised, together with the qualitative and
quantitative analysis, using only a gamma-ray spectrometer.

Résumé—On peut procéder a la localisation des traceurs radioactifs sur
les chromatogrammes en couches minces et sur papier, conjointement
aux analyses qualitative et quantitative, en utilisant seulement un
spectrometre a rayons gamma.

Zusammenfassung—Radioaktive Tracer auf Diinnschicht- oder
Papierchromatogrammen werden nur mit Hilfe eines Gamma-
Spektrometers lokalisiert sowie qualitativ und quantitativ analysiert.
REFERENCE
* E. Stahl, Thin-layer Chromatography: A Laboratory Manual. Academic, New York, 1965.
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NOTICES

DEUTSCH DEMOKRATISCHE REPUBLIK

Der Fachverband analytische Chemie der Chemischen Gesellschaft in der Deutschen Demokra-
tischen Republik veranstaltet am 31. Oktober und 1. November 1966 in Leipzig eine Vortragstagung

Adsorption und Verteilung in der analytischen Chemie

Um die Thematik in iibersehbaren Grenzen zu halten, sollen im wesentlichen nur die folgenden
Arbeitsgebiete behandelt werden:

Extraktionsverfahren

Papierchromatographie

Diinnschichtchromatographie

Sadulenchromatographie

Tonenaustauschverfahren

Interessenten werden gebeten sich mit dem Sekretariat der Chemischen Gesellschaft in der DDR,
108 Berlin 8, Clara-Zetkin-Strage 105 in Verbindung zu setzen.

Vortragsanmeldungen werden bis zum 15. Mai 1966 von Herrn Prof. Dr. G. Ackermann, 92

Freiberg (Sachs), DDR, Institut fiir anorgan. und analyt. Chemie der Bergakademie, Leipziger
Strage, entgegen genommen.

FRANCE

Wednesday-Friday 2-4 November 1966: Scientific Symposia on Automation in Analytical Chemistry
1966: Technicon Instruments Co., Ltd. Salon de la Chemie, 27, bis, Rue Saint Dominique, Paris VIIe,
France.

UNITED STATES OF AMERICA

Monday-Friday 22-26 August 1966: Gordon Research Conference on Analytical Chemistry. New
Hampton School, New Hampton, New Hampshire.
The programme is as follows:

Monday, 22 August

Mass Transport in Electroanalytical Methods; a Comparative Trearment. Davip K. RoE
Chronocoulometry: Recent Applications of Current Integration Methods. ROBERT A. OSIERYOUNG
Techniques for Elucidation of Organic Electrode Processes in Polarography. PETR ZUMAN

Tuesday, 23 August

Computers in Analytical Chemistry, (1) Basic and Special Purpose N. RASMUSSEN,
Languages (2) System Design Considerations (3) Importance of Time- M. SILBERG,
Sharing to the Analytical Chemist (4) The Computer and the On-Stream R. A. EDWARDs and

Analyzer. V. G. PoLL
Wednesday, 24 August
Analytical Chemistry of Living Systems. Ross U. RopiNsoN
Intercorrelations with NMR, Infrared and Mass Spectrometry. W. DONALD COOKE

Panel Discussion

Thursday, 25 August

Uses of Pulse Techniques in NMR. ErwIN L. HAHN
Open session
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Friday, 26 August
Spectroscopic Applications of Gas Lasers. A. JavaN and M. FeLp
Gas Absorption Spectroscopy in the Infrared using a Laser Light Source.

Further information may be obtained from Dr. W. GEORGE PARKS, University of Rhode Island,
Kingston, Rhode Island.

Sunday-Tuesday 23-25 October 1966: Sixth Informal Conference on Vacuum Microbalance
Techniques.
The conference will take place at Newporter Inn, Newport Beach, California.

Appropriate topics include original use, design and construction of vacuum microweighing
systems and components, in such fields as adsorption studies, surface chemistry and thin film
deposition, including both experimental and theoretical work.

Interested parties are invited to submit titles and abstracts to the following address before 1st
August, 1966: 7500 Jefferson Street, Paramount, California 90723, U.S.A.

Wednesday-Friday 16-18 November 1966: Eastern Analytical Symposium: Sponsored Jointly by
American Chemical Society, American Microchemical Society and Society for Applied Spectroscopy.
Statler-Hilton Hotel, New York, U.S.A.

The symposium will consist of selected invited papers on topics of current interest in chemical
analysis and closely related fields. Suggestions for programme topics and speakers are invited from
all interested persons; these should be submitted to the Program Chairman, Dr. MicHAEL CEFOLA,
Department of Chemistry, Fordham University, New York 58, U.S.A.

For further information on the Symposium contact the Publicity Chairman, Mr, Ivor L. SIMMONS,
M & T Chemicals, Inc., P.O. Box 471, Rahway, N. J. 07065, U.S.A.
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PAPERS RECEIVED

New colorimetric reagents for determination of trace amounts of oxidants and reductants: A. A.
SCcHILT and A, M. CRESSWELL (4 December 1965)

Moisture characteristics of banded ingredients in coal and their influence on preparation of analysis
samples: O. W. REEs (12 December 1965)

Acid-base indicator transition ranges in pyridine: J. S. Frrrz and F. E. GAINER (21 December 1965)

Inorganic chromatography with phenylbenzohydroxamic acid-impregnated paper: J. SHERMA and
J. 8. Frirz (3 January 1966)

Titrimetric determination of hydrogen peroxide in alkaline solution: W. H. McCurpy, Jr. and H. F.
BELL (5 January 1966)

Some new chromogens for iron, cobalt and copper: Substituted hydrazidines and as-triazines containing
the ferroin group: A. A. SCHILT (5 January 1966)

Rapid complexometric analysis of brass with CDTA: C. A. Goerz and T. C. Loowmis (6 January 1966)
The K;S.0,-K.SO,, AgCI-KCl electrochemical cell: C. L. BisseLL and F. R. DUKE (7 January 1966)

Determination of iron in cadmium and cadmium telluride: D. H. WILKINS and G. E. SMITH (15 January
1966)

Acid-base titrations in non-aqueous solvents: Analysis of dimethyl sulphate: W. M. BANICK, Jr. and
E. C. Francis (17 January 1966)

Borate complexes of benzohydroxamic acid and some of its derivatives: A spectrophotometric study:
A. R. FiELps, B, M. DAYE and R. CHRISTIAN (18 January 1966)

Determination of microgram quantities of metal ions by chelometric titration with amperometric end-
point detection: F. Freese and G. DeN BOEF (24 January 1966)

Comparative study of methods for precipitating calcium oxalate from homogeneous solution: A.BASHAR
and A. TOWNSHEND (24 January 1966)

Ultrapurity analysis of zone-melted organic compounds—(A new quantitative differential thermal
analysis method): R. FRIEDENBERG and P. J. JANNKE (24 January 1966)

Effect of salts on the partition of 8-quinolinol: Joun G. Mason and IRVING LipscHrTz (25 January 1966)

Determination of magnesium in pure iron with 2-thenoyltrifluoroacetone extraction: O. KAMMORI,
I. TAcucurand K. YosHIkaWA (27 January 1966)

Automatic neutron-activation unit and its application to oxygen determination in metals: I. Fui and
H. Muro (28 January 1966)

Anion-exchange separation techniques with methanol-aqueous solutions of hydrochloric and nitric acid:
RICHARD J. MORROW (28 January 1966)

Inorganic chromatography on impregnated ion-exchange papers: J. SHERMA (31 January 1966)

Spectrophotofluorometric determination of terbium and europium in potassium carbonate solution:
T. TAKETATSU, M. A. Carey and C. V. Banks (31 January 1966)

Hydrolysis study of organic acid anhydrides by differential thermal analysis—I: Pyromellitic dianhydride
J. M. RoseNFELD, D. F, LoNcrint and C. B. MureHY (1 February 1966)
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L’application des radioisotopes a 1a chromatographic sur colonnes de celluloses substituées: R. A. A.
MuzzareLLl (1 February 1966)

Thermal analysis of some analogous thiols and their palladium complexes: B. C. BERA and M. M.
CHAKRABARTTY (3 February 1966)

Determination of indium in “Standard Rocks’’ by neutron-activation analysis: O. JonHANSEN and
E. STEINNES (3 February 1966)

Complexes de ’acide anthranil-diacétique, ‘‘anda’’, avec des métaux trivalents—I: Sur les complexes
gallium-anda et indium-anda: C. DRAGULESCU, SEPTIMIA POLICEC and T. SIMONEsCU (4 February
1966)

Complexes de I’acide anthranil-diacétique, ‘‘anda’’, avec des métaux trivalents—II: Sur les complexes
scandium-, yttrium-, lanthane-anda: C. DraGULEscU, SEPTiMIA Poricec and T. SmMonescu (4
February 1966)

Separation of strontium from large amounts of calcium with application to radiostrentium analysis:
Vicror E. NosskIN and NorMAN S. MOTT (4 February 1966)

Wet ashing of coal with perchloric acid plus periodic acid for determination of sulphur and other minor
components: GERALD I. SPiELHOLTZ and HARVEY DIeHL (7 February 1966)

Scheme of analysis for separation and accurate determination of iron and aluminium in a single sample
of silicate rock: J. C. VAN LooN (7 February 1966)

Analysis of peracetic acid solutions: W. T. DxoN (7 February 1966)

Carminic acid as a reagent for spectrofluorimetric determination of molybdenum and tungsten—I:
Development of procedures: G. F. KIRKBRIGHT, T. S. WEST and CoLIN WoODWARD (7 February
1966)

Carminic acid as a reagent for spectrofluorimetric determination of molybdenum and tungsten—II:
Determination of molybdenum in mild steel: G. F. KrRkBRIGHT, T. S. WEsT and Cor.1N WOODWARD
(7 February 1966)

Polarography of B, coenzyme: B. KRaTOCHVIL and HARVEY DIeHL (7 February 1966)

Determination of fluorine in bones and teeth with Xylenol Orange: J. A. RUZICKA, H. JAKSCHOVA and
L. MRrkwrAS (8 February 1966)

Selective EDTA titration of gallmm and aluminium in presence of other metals: K. L. CHENG and
B. L. GoypisH (8 February 1966)

Kinetic analysis of glycol mixtures: D. BENSON and N. FLETCHER (9 February 1966)

Study of factors which affect the reaction of ferrous ions with tripyridyl-s-triazine: E. B. BuCHANAN
Jr., D. CRICHTON and J. R. BAcoON (11 February 1966)

Reversible complex formation in organic chemical microscopy: A simple test for HMX: H. J. SCuLLION
and JEFerReY LEwis (11 February 1966)

Oxidation of phosphorothioic acid by chloramine-T: T. Jose Jacos and C. G. R. NAR (11 February
1966)

Vanadatometric determination of thioacetamide: Miss S. Gita, P. T. JosepH and C. G. R. NAR
(11 February 1966)

Mercurimetric determination of thiocyanates and isothiocyanates: MIEczysLaw WRORsk1(15 February
1966)
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International Series of Monographs on Nuclear Energy, Division VIII, Materials, Volume 2: Rubidium
and Caesium: F. M. PEREL’'MAN. Pergamon Press, Oxford. Pp. vii + 145. 60s.

Introduction. The discovery and natural occurrence of rubidium and caesium. Properties
of rubidium and caesium and their compounds. Systems formed by rubidium and caesium
salts. The analytical chemistry of rubidium and caesium. The extraction of rubidium and caesium
from minerals and ores. The preparation of the metals and various compounds of rubidium
and caesium. References. Additional references (1960-64).
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PUBLISHER’S ANNOUNCEMENT

REPRINTS OF REVIEW PAPERS

Reprints of the following reviews published in Talanta are available from Journals Department
Pergamon Press Ltd., Headington Hill Hall, Oxford, England, at 7s. or $1 per copy, on a cash with
order basis only:

““Precipitation of Metal Chelates from Homogeneous Solution’> by F. H. Firsching.
“Recent Developments in the Ring Oven Technique® by H. Weisz.

¢ Adsorption Indicators in Precipitation Titrations’” by R. C. Mehrotra and K. N. Tandon.
‘Radiometric Titrations’’ by T. Braun and J. Télgyessy.

“Recent Uses of Liquid Ion Exchangers in Inorganic Analysis’> by H. Green.

““Applications of Nuclear and Electron Magnetic Resonance in Analytical Chemistry”> by B. D.
Flockhart and R. C. Pink.

““A Critical Evaluation of Colorimetric Methods for Determination of Noble Metals—III: Palladium
and Platinum” by F. E. Beamish.

‘A Critical Evaluation of Colorimetric Methods for Determination of the Noble Metals—III: Rhodium,
Iridium, Ruthenium, Osmium and Gold” by F. E. Beamish.

“Present State of Complexometry—I: Determination of Quadrivalent and Tervalent Metals’> by
Rudolf Pribil.

““Some Recent Developments in Radioactivation Analysis: A Review of Improvements in the Analytical
Technique”’ by F. Girardi.

¢“‘Separation of Transplutonium Elements®’ by J. Stary.

Single copies of the Heyrovsky Honour Issue of Talanta, December 1965, may
be obtained from Journals Dept., Pergamon Press Ltd., Headington Hill Hall,
Oxford, England, at £2 or $6.50 per copy on a cash with order basis only.
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SUMMARIES FOR CARD INDEXES

Determination of gold by X-ray fluorescence methods: A. CHOW and
F. E. BeawmsH, Talanta, 1966, 13, 539 (Department of Chemistry,
University of Toronto, Toronto 5, Canada).

Summary—X-ray fluorescence methods for the determination of gold
in silver beads and in hydrochloric acid solutions are described. These
techniques may be applied to silver containing 0-2-5%; of gold and to
solutions containing 0-004-0-19 of gold. Platinum, palladium,
rhodium and iridium do not interfere.

Vanadium compounds in reductimetric titrations—II: Standardisation
of vanadium(II) sulphate with common oxidising agents and determi-
nation of binary mixtures: K. L. CHAwLA and J. P. TANDoON, Talanta,
1966, 13, 545 (Department of Chemistry, University of Rajasthan,
Jaipur, India).

Summary—Methods for the standardisation of vanadium(Il) sulphate
are described. With weak oxidising agents, e.g., Fe(Ill)/Fe(Il) in
phosphoric acid, vanadium(II) undergoes a one-electron change,
which is satisfactorily indicated by Neutral Red, Phenosafranine or
Safranine T, or by potentiometry. Stronger oxidising agents oxidise
vanadium(II) to vanadium(IV); Variamine Blue, Methylene Blue,
o-dianisidine, cacotheline, ferroin, bis(«,o’-bipyridyliron(I) and
ammonium molybdate are satisfactory indicators. Binary mixtures of
oxidising agents can be determined.

Precipitation of nickel and palladium dimethylglyoximates from homo-
genous solution: Louis GorpoN, P. R. ELLEFSEN, GEORGE WooD and
OrvILLE E. HILEMAN, JR., Talanta, 1966, 13, 551 (Department of
Chemistry, Case Institute of Technology, Cleveland, Ohio, 44106,
U.S.A).

Summary—A comparison of the reaction mechanisms by which nickel
or palladium dimethylglyoximate is precipitated from homogeneous
solution by the reactions of biacetyl and hydroxylamine discloses many
differences. Knowledge of the kinetics and mechanism of the reactions
can be used to avoid formation of excess dimethylglyoxime, a limitation
of the conventional methods of precipitation.



AgroTanum cratei

) ONPENEJIEHNE 30J0TA METOOAMU
PEHTTEHOBCHEOIC ®JYOPECHEHTHOT'O AHAJIU3A:

A. CHow and F. E. BeawmisH, Talanta, 1966, 13, 539.

Pe3ome—ONNCaHE METONH DPEHTTEHOBCKOro (uyopecreHTHOIO
aEanM3a JIA ONpefeleHnsa 30J0Ta B 3epHAX cepebpa U COJAHO-
KUCIBX PACTBOPaX. OTHUMH METOAMH MOMHO IIONB30BATHLCA B
anamuse cepedpa copepmxaiomero 0,2-59, 30J0Ta U B aHAIH3E
pacrnopos comep:katomux  0,004-0,19, 3osoTa. IInaruna,
najinafuii, pogumii W MpHJMA He MEIIAT OnpeAeleHuo.

COEIVNHEHUA BAHAINA B PEJYVHKTOMETPH-
YECHKIX TUTPOBAHMAX -II: YVCTAHOBKA THUTPA
CYJIBb®ATA BAHAIUA(I) C OBBIKHOBEHHBLIMIA
OKUCJIUTEISAMU N AHAJN3 ABOUHBLIX CMECEN:

K. L. CHAawLA and J. P. TanpoN, Talanta, 1966, 13, 545.

Pesiome—OnNMCHBAIOTCA METOML! IJIA YCTAHOBKH TUTPA CY.IbdarTa
pamamua(ll). B caydae ciabux oKucaumreled, Ha TpuMep
menesa(lll)/memesa(1l) B docdopuorucIoM pacTsope, Banammii-
(IT) MenseT ofWH 27MEKTPOH; 2Ta liePeMeHA YA OBIETBOPHUTEILHO
WHIMLMDOBAaHA HeATPaIbHEIM KDAacHHM, feHocafpanunaoM, cad-
pannaoM T uiu noTexnuoMeTpUYecKHM MeTonoM. Bole cuiapHEE
oKMcIuTeNu oKuciAT Banayuii(11) xo anapua(IV); B KauecTse
UHAMKATOPa MOTYT CIYMKUTh BapHaMUHCHHUI, METHJICHCHHMWIA,
O-IMaHN3UIUH , KaKOTeJINH, fepPout , nc{« ,x-AATPUTII HReIe30-
(I1) u monubmar aMMommA. Mo/KHO AHANW3UPOBATH ABONHBE
CMECH OKHUCIIHTeJIeH .,

OCAMIIEHNE OUMETWITJINOKCIMATOB IIMKEJA
I MAJLJIAIRA U3 TOMOTEHHBIX PACTBOPOB:

Louis GorpoN, P. R. ELLEFSEN, GEORGE Wo00D and ORVILLE E.
HILEMAN, JR., Talanta, 1966, 13, 551.

Pesome—CpaBHeHIEM MEXAHA3MA PEAKIIUN OCAMKACHUA KUMETHII-
TIMOKCHMATA HEKeJA MU NaJIafusA U3 TOMOIeHHOTO PacTBopa
Ha OCHOBAHNMM DEaKIUil AMANeTHIIR U TULPOKCUIAMUHA 00HADY-
JKUBAIOTCA MHOTHe pasHuI. CBefeHNA 0 KMHETUKE I MEXaHU3ME
peaKuuit MoryT ObITh MCIONB30BAHH 4To6 msbeur obOpasoBaHme
u3CbITKA JAUMETUITAMOKCHMA, IPeJCTABIAIOMIEr0 HENOCTATOR
OOGEIKHOBEHHBIX METONOB OCAKICHUA.



Summaries for card indexes

Use of asymmetrically-polarised dropping-mercury electrodes in con-
trolled-potential polarography: T. Damokos and E. JuHAsz, Talanta,
1966, 13, 559 (Institute for Physical Chemistry, Technical University,
Budapest, Hungary).

Summary—It is shown that uncompensated cell resistance in con-
trolled-potential polarography can be decreased by the use of asym-
metrical polarisation of the dropping-mercury electrode.

A manometric method for determination of carbonates in minerals and
ores: N. JorDANoV, Talanta, 1966, 13, 563 (Institut fiir Allgemeine
und Anorganische Chemie an der Bulgarischen Akademie der Wissen-
schaften, Sofia, Bulgarien).

Summary—A method of determining carbonates in minerals and ores
is suggested, based on decomposition of the sample with 205, sulphuric
acid in vacuum. The determination is carried out in an apparatus of
_ relatively simple construction. Thecarbondioxide content is determined
by the alteration in pressure of the system and read off from a graduated
scale. The method is applicable for the analysis of samples with
0-1-40% carbon dioxide content; the accuracy of the determination is
0-75-10%.

Errors of kinetic data obtained from thermogravimetric curves at
increasing temperature: J. SesTAK, Talanta, 1966, 13, 567 (Institute of
Solid State Physics, Czechoslovak Academy of Sciences, Prague 6,
Cukrovarnické 10, Czechoslovakia).

Summary—Errors of kinetic data obtained from thermogravimetric
curves at increasing temperature are discussed.

Detection and determination of chlorophenols and chlorophenoxyacetic
acids by instrumental analysis: Mrs. L. LECHNER, Mrs. A. SomoGyrand
Mrs. L. BirO, Talanta, 1966, 13, 581 (Research Institute for Heavy
Chemical Industries, Budapest XI, Hungary).

Summary—A quantitative method for the determination of chloro-
phenols and chlorophenoxyacetic acids in aqueous solutions is
described. The samples investigated contained 2-chlorophenol,
2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,6-trichlorophenol and their
phenoxyacetic acid derivatives. The total amount of chlorophenols is
determined by spectrophotometry, the ratio of individual chloro-
phenols by gas chromatography and the total quantity of phenoxyacetic
acids by acidimetric titration. The determinations are carried. out
after extraction with diethyl ether, carbon tetrachloride and petroleum
ether, respectively.



AHHOTADUH CTarei

VCIIOJIBE30BAHNE HECUMMETPUYECKNI
TIOJIAPUSUPOBAHHBIX PTYTHEIX KATEJILHEIX
SJIIEKTPOZIOB B IIOJAPOTPAQUU ITPU
HOHTPOJMNPOBAHHOM IOTEHIUAJE:

T. Damoxkos and E. JUuHAsz, Talanta, 1966, 13, 559.

Pesiome—Ilorazano 9ro HEKOMICHCHPOBAHHOE CONDOTHBICHUE
KJIETKM B NOIAPOrpaduE TPH KOHTPOJIMPOBAHHOM HAIpPSHK
YMeHBHIAETCA HECHUMMETPHYECKON NOAApU3ANMel PTyTHOrO Ka-
TeILHOTO BIGKTPOIA.

MAHOMETPUYECKHII METO IJIfd ONPENEJEHNS
HAPBOHATOB B MUHEPAJAX U PVJIAX.

N. JorbaNov, Talanta, 1966, 13, 563.

Peatome—IIpenmoser MeTOX ANA ONpEEICHUS KapOowaToB B
MMHEDAIaX M PYAAX, OCHOBHIBAIOIANCA HA PABIOKEHUN MPOGH
¢ 209 THON CEpHOU KMCIIOTOH B BaKyyMe. Onpefiemenve mIpoRo-
AUTCA B CPABHUTENBHO HeCHOkHOM mpmbope. Copeprmanue
OByOKHCH YIilepofa OLpefjeddloT W3 IepeMeH:l [aBJeHUA B
CHCTeME M OTCUMTHIBAIOT HA IrpagynpoBaHHON mkaxe. Merogom
MO}KHO HOJB30BAThCA B aHaJmM3e Ipod copepsxatomux 0,1-409,
ABYOKMCH YTIIepOJia; TOYHOCTH OlpefesieHusa paBHa 0,75-109%,.

ONMMBKN B KIHETUYECKUX OAHHBIX
HOJYUEHHBIX U3 TEPMOI'PABUMETPUYECKNX
HPUBLIX IIPU PACTVIIEN TEMIOEPATVPE:

3. SestAx, Talanta, 1966, 13, 567.

Pesioe—OG6Cy:xnensr ommGKI B HUHETHYECKNX FAHHHX HOIy-
UeHHHX W3 TEPMOTPABMMETPHYECKMX KPHBHIX IDH PacTyIueil
TeMIepaType.

OBHAPYKEHUE O OIPENEJEHUEXJOPO®EHOIOB
U XJIOPOEHOKCUYHKCYCHBIX KUCIIOT C
UCITIOJIB3OBAHUEM MHCTPYMEHTAJIbHBIX
METOOOB AHAJIN3A:

L. LECHNER, A. Somocy! and L. BirO, Talanta, 1966, 13, 581.

Pesiome—ONucan KOJMYECTBEHHLIA METON JIA oNpeNlesTeHms
XTHOPHeHOTIOB U XIOPYHEeHOKCHYKCYCHEIX KHUCIOT B BORHBIX
pactBopax. UccnenosanHsle TPOGH CONEPHABANH 2-XTOPHEHO,
2.4-guxaopdenomn, 2,6-muxaopdenocn, 2,4,6-TpHXIOPHEHON U UX
genokcuruenpe Tpoumssopubie. Ofmee COREpHaEME XITOD-
(PeHoIO0B ONpeseNeHo CNeKTPOHOTOMETPHYECKEM METOHOM, OTHO-
IEHIe WARHBUAYATHHEX XI0PPEHOIOB METONOM Iag0Bol XpoMa-
Torpagum um obmee cofepranne (PEHOKCHYKCYCHHIX KHCJIOT
AUUAUMETPUYECKEM TUTPOBagHEM. OIpeleeHUA IIPOBEEHb
ToCIe HKCTPATHPOBAHUA DTHIIOBKM DPUPOM, TETPAXIOPMETAHOM
WM 1eTPOIeHHEIM 3HPOM, COOTBETCTBEHHO.



Summaries for card indexes

Spectrophotometric extractive titrations—II: Determination in gallium
arsenide of the sum of metals extractable with dithizone: AFTANAS
GaLik and MirosLav KNfZER, Talanta, 1966, 13, 589 (A. S. Popov’s
Research Institute for Radio and Telecommunications, Praguc,
Czechoslovakia).

Summary—A procedure for the determination of the sum of metals,
which are extractable with dithizone, in gallium arsenide is given, After
the dissolution of the sample the impurities are extracted with several
portions of 10-*M dithizone in carbon tetrachloride, gallium being
screened by tartrate ion. The excess of the reagent is extracted into
0-1M aqueous ammonia and after stripping into carbon tetrachloride
the dithizone is determined by spectrophotometric extractive titration.
The effect of pH is considered. The limit of detection, based on the
evaluation of twenty blanks, is 2-30 X 10~ mole, the equivalent of
1-50 ug of zinc.

Cerate oxidimetry of alpha-hydroxy and alpha-keto carboxylic acids in
aceticacid: JouN T. Garro and KENNETH G. STONE, Talanta, 1966, 13,
597 (Chemistry Department, Michigan State University, East
Lansing, Michigan, U.S.A.).

Summary—Methods for the preparation and use of a solution of
ammonium hexanitratocerate(IV) in acetic acid as a titrant for the
oxidation of alpha-hydroxy and alpha-keto carboxylic acids in acetic
acid are presented. The applicability of this reagent with respect to the
stoichiometry, products and reaction times obtained is discussed.

Amperometry with two polarisable electrodes—XI: Determination of
bismuth by EDTA titration: F. VYDRA and J. VORLiCEK, Talanta, 1966,
13, 603 (Analytical Laboratory, Polarographic Institute of J.
Heyrovsky, Czechoslovak Academy of Sciences, Prague 1, Jilska 16,
Czechoslovakia).

Summary—Optimum conditions have been found for a highly selective
determination of bismuth via EDTA titration with biamperometric
indication of the end-point. The influence of the applied potential, pH
and stirring on the accuracy and selectivity of the determination has
been studied. Ina medium of 0-4M nitric acid only high concentrations
of iron(IIT) and copper(II) interfere with the determination of bismuth.
Zirconium, thallium(ITI) and indium interfere even in small concentra-
tions. The average error of the determination of 5-100 mg of bismuth
(when titrated with 0-05M EDTA solution) is 4-0-1% rel. and for the
determination of 0-5-10 mg it is +0-3% rel. (0-005M EDTA). The
method has been verified by the analysis of a Wood’s metal of known
composition.
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Xiv

Amnotanmuu crareif

CIIEKTPOO®OTOMETPHUYECKHUE SKCTPAKTUBHLIE
TUTPOBAHUA—II: OIIPEAEJEHNE CYMMBI
SKCTPATUPYVEMBIX JUTHU30HOM METAJIJIOB B
APCEHUJE TAJIJIAA.

A. GALik and M. KNiZEk, Talanta, 1966, 13, 589.

Peswme—IIpuBeyena npouenypa [AJA  ONpefeleHUsT CyMMBL
BKCTPATMPYEMEIX AUTH30HOM MeTallJIoOB B AapCeHufe raJjiiaf.
Ilocne pacrBopenmst mpo6Ll BHCTPArMpyoT mpumecn ¢ 10743
pacTBOPOM AUTH30HA B TeTPaXIopMeTaHe, MACKAPYA Taaui
raprparuoHoM. la6eiTok peareHTa 3xcTparmpyior 0,1M Bon-
HBIM PACTBOPOM aMMHSAKA U MOCJe HepeBojla B TETPAXJIOPMETaH
OUTHB0H OMPENeNAlT cleKTPoPOTOMETPMIECKAM BKCTPAKTIBHEIM
taTpopaimem. Paccmorpeso Bamsamme pH. Ilpemen ofmapy-
JKEeHNHA, oNpeflelleH Ha OCHOBAHMM 20 CJIENMBIX OIBITOB, paBeH
2,30 x 1078 Moueil, 3KBUBAIEHTHO 1,50 MKI I{UHKA.

OKCUNUMETPUA AJNBOA-TNIPOKCH U AJIbDA-
KETOKAPBOHOBBIX KUCJIOT B YHCYCHOH
KUCJIOTE C UCIHHOJIB3OBAHUEM IIEPATWOHA:

JouN T. GaTTo and KENNETH STONE, Talanta, 1966, 13, 597.

Peziove—Coo0Ie s MeToau JJA NPUTOTOBIEHUS WM MCTOJb-
80BaHNA pacrBopa rekcannrparouepara(l'V) s yKcycuoit Kuciote
B KadecTBE THUTPOBAHHOTO PACTBOPA MJIA OKMCICHHA akbda-
IrUAPOKCH ¥ TbPa-KeTOKAPGOHOBHX KHCIOT B YKCYCHOIi KHCTIOTE .
O6cyHIeHa IPUMEHNMOCTh 3TON0 PEAareHTa YYUTHBAfA CTeXHo-
MeTpuIo, IPONYKTH U AXNTeILHOCTE PeaKnuil.

AMIIEPOMETPUSA € ABYMA MNOJIAPU3UPYIONIMUU-
CA JJIEKTPOOJAMM—XI:
OMNPEJAERJEHUE BUCMYTA TUTPOBAHHUEM C 3ITA:

F. VYDRA and J. VorLICEK, Talanta, 1966, 13, 603.

Peatome—OmpeyieieHsl  OUTHMAJILHLE YCIOBHA JJIA  BEICOKO
U30HPaTENbHOr0 ONpefeleHnsi BucMyTa TurpoBanmem ¢ 9TA,
noJb3yach GuaMmepoMerpnyecKuM o0HapyHeHHeM KOHIA TUTPO-
paEnA. Vsyd4eHo BIMAHNE NPIIOKEHHOro Hamps:xeHud, pH u
MepeMeNIMBAHNA HA TOYHOCTh M N30MPATEIBHOCTD ONpeNeseHus.
B pacreope 0,4 a30THOI KUCIOTHL ONPENENEHUIO BHCMYTA
MeIIaIT TOMLKO (osbmue kKoHyenTpanun xeesa(I11) n megu(Il).
Iapronuit, Tammmit(I1]) m wEANA MemarT mame B HeGOMbIIMX
ronnenrpanuax. Cpennsasa ommbka B ompemeneHmu 5-100 Mr
BUCMYTa (npu TATpoBaHmu ¢ 0,050 pacrsopom IIITA) pasHa
40,19, a B onpegemenun 0,5-10 Mr paBHa +0,39% (0,006M
B TA). Merop Gbut ucHETaH B aHaanse Byma meramma SHAKO-
MOT'O COCTaRBa.



Summaries for card indexes

Spectrofluorimetric determination of submicrogram amounts of aluminium
using salicylidene-o-aminophenol: R. M. DaGNALL, R. SMiTH and T. S.
WEsT, Talanta, 1966, 13, 609 (Department of Chemistry, Imperial
College, London S.W.7, England).

Summary—Salicylidene-o-aminophenol provides a sensitive spectro-
fluorimetric reagent for the determination of aluminium down to 27 ng
(or 27 x 10~* ppm in the final solution). The most suitable conditions
of pH (5'6), reagent concentration and development time (>>20 min)
have been established. Extraction with sodium diethyldithiocarbamate
into ethyl acetate at the pH of the determination renders the method
highly selective; outof 46foreign cations examined only chromium(1II),
scandium and thorium interfere. Anions which form complexes with
aluminium, such as citrate, tartrate and fluoride, also cause interference,
but none of the common anions interferes. A 1:1 stoichiometry of the
complex has been established and some conclusions have been drawn
concerning its nature.

Use of gas-liquid and thin-layer chromatography in characterising air
pollutants by fluorometry: E. SAwick1, T. W. STANLEY, S. MCPHERSON
and M. MORGAN, Talanta,1966,13,619 (Laboratory of Engineering and
Physical Sciences, Division of Air Pollution, Robert A. Taft Sanitary
Engineering Center, Public Health Service, U.S. Department of Health,
Education and Welfare, Cincinnati, Ohio 45226, U.S.A.)

Summary—Relatively large amounts of alkylated derivatives of the
polynuclear aromatic hydrocarbons are present in some urban atmos-
pheres. These compounds are believed to be derived from industrial
sources. Because alkylation of the tetracyclic aromatic hydrocarbons
can confer carcinogenic activity on the derivatives, the presence of
substantial amounts of these alkylated compounds in the air needs
thorough study. The Ry value and the retention time, by themselves,are
inadequate for characterisation of the polynuclear compounds. Gas-
liquid chromatography followed by fluorometric examination of the
eluent bands, and mixed-adsorbent two-dimensional thin-layer chroma-
tography followed by direct fluorometric examination are very useful in
characterising all types of organic compound in the organic fractions
of airborne particulates and effluents from air pollution sources.
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AngoTtanuu crarei

COEKTPO®IVOPOMETPUYECHOE OIIPEJEJIEHNE
CYBMUKPOTPAMMOBLIX KOJUWYECTB AJIOMUHUWA
C HNCITIONB30BAHVEM CAJMOWJINAEH-o-
AMNHO®EHOJA:

R. M. DaGNALL, R. SmiTH and T. S. WEsr, Talanta, 1966, 13, 609.

Pesrome—Cammuunnnes-o-aMuHOoPeHOI npefcTasisier coboii yyB-
CTBUTEIbHHIL CHIEKTPOPIYOPOMETPIYECKUN pearenT AAd ompefe-
JIeHUA AMOMUHUA Bee 10 27 HT (uam 2,7 X 107* Mr)I B KOHEUHOM
pacTBope). OmnpenmeneHH ONTHMAAbHLIE ycnoBud faa pH (5,6),
KOHIEHTPAIUN PEareHTa I BpEeMEHN IIPOABICHAA OKpackKm (=20
MUH.). MeToj CTaHOBHUTCA BHCOKO N30HMPATEIBHEIR BKCTPATUPO-
BanmeM o6pasua AUSTHIANTHOKAPGAMATOM HATPUA B STUIOBHLH
3dup ykcycHo#i kucmors npu pH 5,6; memny ucnurranasivu 46
rartuoHaMu Toabko xpom(I11), crarmUi 1 TOPMI MEHIAIOT ONpesie-
JeHUI0. AHMOHEBL o6pa3ymn_me KOMIIJICKCEI ¢ aJJIOMUHHEM KAK Ha
IIpUMep GUTPAT, TAPTPAT U PTOPHJ TOHE BIUAIOT HA ONPEHeNeHNE,
H0 OOBIKHOBEHHHIE AHMOHH He MemawT. OIpeneneHo CTexXu-
OMeTpHYeCKoe OTHOMLIeHME KOMINIeKca 1:1 U ClemaHsl CCUIKU HA
€ro CTPOEHHE.

HUCIIONL30BAHUE METO/IOB T'A30-KUIKOCTHON
U TOHKOCJOMWHON XPOMATOI'PAOUM JJIA
XAPAKTEPU30BAHHNA BATPASHAIONNX BEIIECTB
B BO3IVXE IITYEM ®JYOPOMETPUN:

E. Sawicki, T. W. STANLEY, S. McCPHeErsON and M. MORGAN,
Talanta, 1966, 13, 619.

Pesioye—CpapuurelbHo GOAbIINe KONMYSCTBA ATKHI3AMEINeH-
HBIX MHOUIOH/IEPHbIX 8POMATHYECKAX YIIeBOZOPONOB HAXORATCA
B armocdepe HEKOTOPHX ropomos. IlpemmosaraercAa uyTo 3TH
COCIMHEHUA IPOUCXONAT M3 HPOMUINICHHHX HCTOYHNKOB. Ilpu-
cyrerBue GONBINMX KOJMYECTB BTHX IKMIJEPHBATOB B BOSTyXe
W3UCKYeT TIMATENbHOE MBYUYCHHE, LNOTOMY YTO AIKHIMPOBaHUE
JETLIPEXAIEPHLIX APOMATHYECKUX YIIIEBOLOPONOB MOMKET IIPOM3-
BECTH PpAKOBHIBHIBaIOIee peiicrBue. Ssasesue Ry m Bpemda
YHEpsHUBAHUA caMu co00M He AOCTATOYHEI ANIA XapaKTepU30BaAHUA
3TUX MHOTOSJEPHEIX COSRUHEHHH. I'az0-KUAKOCTHAA XPOMATOT-
padusi ¢ nociepylomuM (QIYOPOMETDHYECKHM HNCCIEN0BAHNEM
3MIONPOBAHHLIX (paruuit ¥ XByXTUMEHIHOHAIbHAA TOHKOCIHOM-
Has XpOMATOrpaus ¢ CMELIAHHEIMHE 3COpPGeHTAMU ¢ MOCHERYIo-
IMUM IPSAMBIM (IIY 0P OMETPHYEeCKUM VICCIIefl0BaHNeM NPefiCTaBIAIT
OYeHbL NOJE3HEIE METONH IS XapaKTePH30BAHUA BCEX TUIOB
OPTaHMIECKAX COCKMHENHY, HAXONAMUXCHA B BOPraHMYECKHX
(Qpasusax YaCTUI] B BO3IYXE U B BELIECTBAX, NPOMCXONANINX U3
VICTOUHHKOB 3arpA3HeHUA BO3LYXa.



Summaries for card indexes

Determination of free acid in antimony(IIl) and bismuth(ITI) solutions:
R. KRisuNA Iver and T. R. BHAT, Talanta, 1966, 13, 631 (Atomic
Energy Establishment Trombay, Chemistry Division, Bombay-28,
India).

Summary—A method for the determination of free acid in antimony(I1T)
and bismuth(III) solutions is given. A solution of the disodium salt of
EDTA, 2-3% in excess of the stoichiometric amount, is added to the
metal salt solution and titrated with sodium hydroxide solution
potentiometrically or visually using a mixed indicator. Theerror in the
method is less than 0-59.

Some critical comments on the quantitative infrared spectrographic
analysis of metals by means of their chelates: R. NeEB, Talanta, 1966,
13, 635 (Institut fir Anorganische Chemie und Kernchemie der
Johannes Gutenberg-Universitit Mainz, Bundesrepublik Deutschland).

Summary—Attention is drawn to some points (measurement, mixing,
calibration curve) regarding the applicability of infrared spectrographic
procedures in the analysis of metals by means of their chelates.

Automatic scanning of chromatoplates by multi-scaling using a gamma-
ray spectrometer: R. A. A. MuzzARrELLI, Talanra, 1966, 13, 639
(Faculty of Sciences, University of Sherbrooke, Sherbrooke, P.Q.,
Canada.)

Summary—The location of radioactive tracers on chromatographic
thin layers or papers is realised, together with the qualitative and
quantitative analysis, using only a gamma-ray spectrometer.

xvii



Xviii AnHoTramun crareii

OIIPEJIEJIEHUE CBOBOAHON KUCIOTHI B
PACTBOPAX CVYPBLMEBI(III) I BUCMVYTA(III):

R. KrisHNA IvER and T. R. BHAT, Talanta, 1966, 13, 631.

Pestome—Coo6uieH MeToOR, BIIA ONpPENeIeHusT CBOOGOTHON KICIOTH
B pactsopax cypeMe(IIl) m Bucmyra(III). Pactsopy conm
MeTala {oOaBIAKT PACTBOP OUHATPHEBON comm JTA—2-39,
CBEPX CTEXHOMETPUYLCKOT0 KONUYECTBA—I THTPYIOT C PACTBOPOM
TMAPOOKHUCH HATPH, C MCIOIL3OBAHUEM IOTEHINOMETPHIECKOTO
MEeTORA HJIM BH3YAJLHO, IONB3YHACH CMEUIAHHKM WHEUKATOPOM.
Ommn6ra MeToma MeHbINE 9eM 0,59,.

HEHOTOPBIE KPUTUYECHKUE 3AMEYAHUA K
KOJINMYECTBEHHOM OIIPEREJIEHUIO METAJIJIOB
IOYTEM UX XEJATOB METOOOM NHOPAKPACHON
CIIEKTPOCHKOIINMN :

R. NeEs, Talanta, 1966, 13, 635.

Pestome—OOpammaercs BHEMAHWE HA HEKOTOPHe IYHKTH (M3-
MepeHUe, ITepeMeNWBAHNe, CTAHAAPTHAS KPUBAA) B CBABK C
IpPUMENUMOCTLI0 MeTORa MHEQPAKPACHONW CIEKTPOCKONMH B AHA-
aIM3e MeTAIIOB B opMe HX XeNaToB.

ABTOMATHUYECKAA ONEHKA XPOMATOI'PAMM C
HCIIOJIb3OBAHUEM CHE};{CTPOMETPA TAMMA
JIVYEN.

R. A. A. MuzzARreLLL, Talanta, 1966, 13, 639.

Peamme—OnpeneneHne MECTOIIONIOHKEeHNA PATUOAKTUBHLIX HH-
FTHEATOPOB HA TOHKOCIOWHLIX M 6ymamrmx XpoMaTorpaMmax
MOJY4Y€HO, BMeCTe C KOJMUYECTBEHHBIM H KQUYEeCTBeHHEIM aHAJIN3O0M,
TOJBKO C NCHOJB30BAHUEM CIIEKTPOMETPAa raMma Jyudeif.



TALANTA, VOL. 13, NO. 4, APRIL 1966

1

Pargimed Prags
ChemistryandBiology
BesgniloraptctonBgdpmen

| Werer Sohramin

Chemistry
and

Biology
Laboratories
Design/
Construction/
Equipment
Werner Schramm

(Translated by M. Jansen—
translation edited by
J.M. Leytham)

This technical guide has had a
considerable influence on labora-
tory design in Germany since its
publication in 1959. The trans-
lated edition has been specially
revised for the British and
American markets and lists
suppliers in each country. It
provides a background for
collaboration between the client,
the architect and the consultant
engineer in the planning of a
scientific laboratory by illustra-
ting the technical and structural
problems likely to be raised by
the client’s requirements.
Modern methods of construction
are described and detailed
information is given on the
materials available. Much atten-
tion is paid to safety precautions,
fire prevention and the hazards
involved in the handling of radio-
active materials. The book is
copiously illustrated and wiil
prove to be stimulating to all
those involved in the adaptation
of old buildings, or in the
erection of new laboratories in
any of the diverse branches of
science. Science masters will find
suggestions for the arrangement
and organization of laboratories
in schools, and the layman will
receive an insightinto the
planning involved in the erection
of modern laboratories.

Forsale in the bookshops of
Robert Maxwell & Co Ltd,
4/5 Fitzroy Sq, London W1;
Waynflete Buildings, Oxford;
2/3 Teviot Place, Edinburgh;
2/3 Richmond St, Glasgow;
and all reputable bookshops
throughout the world

distributed in the

Western Hemisphere by
Pergamon Press Inc,

44-01 2IstSt, Long Island City,
NY [1101

6, Adelaide Street East,
Toronto, Ontario, Canada

Contents

The various types of laboratory;
General planning; General rules
concerning the dimensions and
services of laboratories; Building
land and construction; Service
installations; Other equipment;
Elimination of noise and vibra-
tion; Protection from corrosion
and attack by acids; Fire protec-
tion; Laboratory furniture,
accessories and their installation;
Standardization of appliances and
equipment; The various rooms
and sections of a laboratory;
Adjoining rooms; The equipment
of animal houses; Examples and
basic rules for the different

types of laboratory equipment;
Bibliography.
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