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MATERIALS FOR
ELECTROPHORESIS

WHERE

HOW

is a comprehensive list of materials for any
aspect of electrophoresis to be found?

In a BDH leaflet, 'Materials for Electrophoresis'
which describes gel media, chemicals for
preparing buffer solutions, stains and indicators,
solvents and miscellaneous reagents.

are the various methods of zone electrophoresis
carried out?

Detailed descriptions illustrated by plates and
line drawings are given in a new BDH publication,
'Methods in Zone Electrophoresis', by Dr. J. R.
Sargent. This immensely practical book deals
with general theory, apparatus, high and low
voltage electrophoresis, electrophoresis on
various media, immunoelectrophoresis, etc.

Sargent, J. R., 'Methods in Zone Electrophoresis',
a BDH publication, 1965, 8vo., 107 pp., 8s 6d
post free.

The leaflet on 'Materials for Electrophoresis'
may be obtained free from Poole on request.

Ti-:E BRil'lSii bRLJG HOUSES LTD.
BDH Laboratory Chemicals Division
POOLE DORSET
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Summaries for card indexes

Analysis of rare earth sulfides, selenides and tellurides: O. H. KRIEGE,
and M. L. THEODORE, Talanta, 1966, 13,265 (Research and Develop
ment Center, Westinghouse Electric Corporation, Pittsburgh, Pennsyl
vania 15235, U.S.A.).

Summary-The rare earth content of sulfides, selenides and tellurides is
determined by titration with EDTA using Xylenol Orange as indicator.
Sulfur is measured by titration of sulfate with lead nitrate solution
after removal of rare earths on a cation exchanger. Selenium metal is
precipitated from hydrochloric-sulfurous acid solution. Metallic
tellurium is deposited from strongly acidic solutions containing
sulfurous acid and hydrazine sulfate. An evaluation of the accuracy
and precision of these methods is made.

A new principle of activation-analysis separations-X: Substoichio
metric determination of traces of gallium: ADOLF ZEMAN, JAROMIR
RUZICKA and VILIAM KUVIK, Talanta, 1966, 13, 271 (Department of
Nuclear Chemistry, Faculty of Technical and Nuclear Physics, Prague
1, Bi'ehova 7, Czechoslovakia).

Summary-A rapid method for the substoichiometric determination
of gallium by neutron-activation analysis has been developed. After
irradiation and dissolution of the test sample, gallium carrier is added
and two preliminary separation steps are performed: the extraction
into chloroform of cupferrates from 7N sulphuric acid and of diethyl
dithiocarbamates from 2-3N sulphuric acid. The pH of the
remaining aqueous phase is then adjusted to 5.5, the solution extracted
with a substoichiometric amount of 8-hydroxyquinoline in chloroform
and the activity of the gallium hydroxyquinolate extract measured.
A simultaneously irradiated gallium standard is treated in exactly the
same way. From the activities of these two substoichiometric extracts
the amount of gallium originally present in the test sample can be
calculated. The method has been applied to the determination of \0-6
to 10-3 %of gallium in metallic aluminium and transistor-grade silicon.

Dithiocarbaminoacetic acid as a masking agent in complexometry:
O. BUDEVSKY, E. RUSSEVA and B. MESROB, Talanta, 1966, 13, 277
(Bulgarian Academy of Sciences, Institute of General and Inorganic
Chemistry, Sofia 13, Bulgaria).

Summary-Dithiocarbaminoacetic acid (TCA) forms very stable,
water soluble complexes with a number of metal ions and is a suitable
masking agent in complexometry. TCA masks from EDTA and
complexometric indicators at pH 2-6 the following elements: bis
muth(III), indium(III), thallium(III), cadmium(II), lead(II), mercury(Il)
and copper(II), thus making possible the complexometric deter
mination of other elements in their presence.
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PREPARATION AND PROPERTIES OF TETRAMETHYL
DIPICRYLAMINE

CARL E. MOORE,* THOMAS S. MEYERft and J. WALTER HUDSON
Loyola University, Chicago, Illinois, U.S.A.

(Received 3 May 1965. Accepted 18 August 1965)

Summary-Tetramethyldipicrylamine has been synthesised. It gives
precipitates with ammonium, potassium, rubidium and caesium ions,
that vary widely in crystalline form and offer a possibility of quali
tative usage in chemical microscopy. The potassium salt is of suffi
ciently low solubility to be of analytical interest.

INTRODUCTION

DIPICRYLAMINE (2,2',4,4',6,6'-hexanitrodiphenylamine), a well-known analytical
reagent for the gravimetric determination ofpotassium, has been ofinterest to chemists
for many years. !tis mentioned in the literature as early as 1874.1.2 During the decade
1920-1930 it was the subject of a series of papers3 by various authors culminating in
the very thorough paper of Kolthoff and Bendix.4 These papers can be characterised
as studies of the preparation and the applications of dipicrylamine.

In 1947 Malatesta5 found that the introduction of methyl groups into the 3,5
positions of picric acid yielded a compound (3,5-dimethyl-2,4,6-trinitrophenol) that
gave a potassium salt less soluble than potassium picrate. From this finding he
postulated that the symmetrical 3,3',5,5'-tetramethyl-2,2',4,4',6,6'-hexanitrodiphenyl
amine (I) should yield a potassium salt less soluble than the unsubstituted dipicrylamine.

H.C NO, O,N CH.

02NO-~-ON02
H.C NO, O,N CH.

(l)

In this laboratory,6 we have observed the same phenomena as well as some interesting
changes in selectivity in the case' of the substituted picric acids. Thus, to test the
hypothesis of Malatesta and to examine the effects of substitution on the behaviour of
dipicrylamine, we have synthesised and tested tetramethyldipicrylamine.

DISCUSSION

Dipicry1amine is acidic because of the inductive and resonance effects of the
higWy nitrated rings. The amino nitrogen in the anion resulting from this acid is
unusual in that it possesses two pairs of unshared electrons. One pair is the result of
the loss of the proton; the other is the normally unshared pair in amino nitrogen.

* Direct all enquiries to this author.
t Present address: U.S. Naval Dental Research Facility, Great Lakes, Illinois, U.S.A.
t Taken from a thesis submitted by Thomas S. Meyer to the Graduate Faculty in partial fulfilment

of the degree of Master of Science.

171























176 A. MYKYTIUK, D. S. RUSSELL and S. S. BERMAN

thorium spectrum on the photographic plate, it was hoped that sufficient resolution
could be created to resolve a suitable number of sensitive rare earth lines which
could be used for analysis. Also, because the background is inversely proportional
to the reciprocal linear dispersion, while the line intensities are independent of dis
persion (as long as the width of the slit image on the plate is greater than the natural
half-width of the line3), the line to background ratio would be enhanced. The experi
ment was partially successful and direct determinations are feasible at the several
hundred parts per million level when dispersions of0,8-1,1 A/mm are used.4 However,
the lower working limits are still not satisfactory for the problem at hand and
backgrounds, although much reduced, are still relatively high.

A good approach to this type of problem would be to employ a carrier distillation
technique, whereby the rare earths and yttrium would be preferentially volatilised
from the thoria in the same manner as non-refractory impurities are determined in
refractory matrices, such as uranium oxide, thorium oxide or rare earth oxides them
selves. The carrier distillation technique, first described by Scribner and Mullin5 in
1946 for the determination of traces in uranium-base materials, had apparently never
been attempted for rare earths in thoria because success would not be expected. As
late as 1960 Nakazimaand Fukushima reiterated the impracticality of such an attempt
"as the oxides of rare earth elements have high boiling points lik~ thorium oxide".7

Nevertheless, a series of experiments was carried out to study the effect of a number
of spectroscopic carriers on rare earth oxides in a thoria matrix. Of a long list of
oxides and halides only silver chloride appears to provide a carrier distillation effect.

TABLE I.-A COMPARISON OF LOWER WORKING LIMITS

AT HIGH DISPERSION

La.O.
CeO,
P,Oll
Nd,o.
Sm,O.
Y,O.

No-carrier,
ppm

100
600

1000
600
200
100

AgCl-carrier,
ppm

5
20
20
10
10

5

Enhancement
factor

20
30
50
60
20
20

The use of this phenomenon, in conjunction with high dispersion, results in a
twenty- to sixty-fold increase in sensitivity over the procedure mentioned above,
which uses high dispersion alone (Table I). The lower working limits are defined
here as impurity concentrations, yielding relative line intensities corresponding to
about 85 %transmittance on the photographic plate. This enabled the development of
a direct, simple and rapid method of analysis, with sensitivities which could previously
be obtained only by preconcentration methods.

EXPERIMENTAL
Apparatus

A description of the apparatus is given in Table II. The Jarrell-Ash 3-4 mctcr Ebert spectrograph
is a plane-grating spectrograph which, equipped with a 15,000 line/in. grating, provides a reciprocal
linear dispersion of 5 A/mm in the first order spectrum. This spectrograph and the accessory "order
sorter" are described by Jarrell7 and by Berman et al.' The "order sorter" is essentially a low dis
persion spectroscope which projects a vertic~l spectrum of the s0.urce ~m t.he slit of the Ebert spectro
graph. Light of wavelength .l. falls on a specIfic portIOn of the slIt while lIght of another wavelength,
for example 2,1, falls on a different portion. Because the Ebert mount is essentially stigmatic, these
two wavelengths produce images on the photographic plate at different levels, corresponding to their
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SPECTROPHOTOMETRIC DETERMINATION OF SMALL
AMOUNTS OF TELLURIUM WITH BISMUTHIOL II

H. YOSHIDA, M. TAGA and S. HIKIME
Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo, Japan

(Received 7 May 1965. Accepted 3 September 1965)

Summary-A spectrophotometric method of determining small a
mounts of tellurium in acidic media with Bismuthiol II has been studied.
The tellurium complex with bismuthiol II is extracted almost quanti
tatively with chloroform from a 3M hydrochloric acid solution or
from a solution buffered at pH 3·5. Up to 25 flg of tellurium can be
determined by measuring the absorbance of the yellow complex in the
chloroform phase at a wavelength of 330 mf', after washing the chloro
form extract with a buffer solution (pH 7'5) to remove the excess
reagent from the organic phase. The effects of diverse ions on the
determination of tellurium have also been examined. This method
is more simple and more sensitive than the methods proposed by
Jankovsky et al. and by Cheng.

MANY methods for the spectrophotometric determination of tellurium have been
reported.I-7 However, no method is clearly superior to the others. The spectrophoto
metric determination of tellurium with Bismuthiol II (3-phenyl-5-mercapto-l,3,4
thiadiazole-2-thione, potassium salt) was reported separately by Jankovsky and Ksir8

and by Cheng."9 According to their papers it seems that Bismuthiol II is an excellent
reagent for the determination of tellurium. However, both methods still have some
defects. In JankovskY's method the tellurium complex is extracted together with
Bismuthiol II into a benzene phase from a solution of pH 4·15. Because both the
tellurium complex and the reagent show the same maximum absorption in the benzene
phase at 335 m,u, measurement of the absorbance of the tellurium complex must be
carried out at 415 m,u. Therefore, the method has low sensitivity. In Cheng's method
a complex of tellurium is formed at pH 2,2, but formation of the complex is prevented
above pH 2·5. On the other hand, the complex cannot be extracted with an organic
solvent from an aqueous solution of ca. pH 2, but the complex is extracted after adjust
ing the pH of the solution to 6·5. Although Cheng's method has higher sensitivity
than that of Jankovsky, the pH of the solution has to be adjusted twice and many
ions interfere with the method.

The present authors have established two procedures for the determination of
tellurium with Bismuthioill following extensive testing of the experimental conditions
of the methods mentioned above.

EXPERIMENTAL
Reagents

Bismuthiol II. )'5 %Solution in water (reagent from Dojindo & Co., Ltd., Research Laboratories,
718 Izumirnachi-Ima, Kumamoto, Japan).

Tellurium. Prepare a stock solution (1 g of Tell. of 1M hydrochloric acid solution) as described in
a previous paper.- A solution containing 10 ppm of tellurium was obtained by dilution of the stock
solution with O·IM hydrochloric acid solution.

Sodium citrate-hydrochloric acid buffer solution. Adjust a solution containing 30 % of sodium
citrate and 1%of EDTA to pH 3·5 with hydrochloric acid.
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Titrage volumetrique du zinc 207

accelerer ce processus on utilise du nitrobenzene, solvant commun des deux composes,
effeetuant ainsi un titrage avec extraction. Au virage, la couleur de la couche de
nitrobenzene passe du jaune-pale au vert.

Le chlorure de triphenyltetrazolium et Ie zinc-II reagissent en quantites equiva
!entes. 1 ion-gramme de zinc-II reagit avec 2 mol.-gramme de chlorure de triphenyl
tetrazolium. Le grand excedent d'ions thiocyanates ne gene pas Ie titrage. C'est Ie
pH de la solution a doser qui determine Ie bon deroulement de la reaction, les sub
stances ne reagissant en proportions stoechiometriques qu'entre pH 4 et 7. La
determination est genee par Ie cuivre-II et Ie fer-III. Ces ions forment avec Ie chlorure
de triphenyltetrazolium des composes aux produits de solubilite inferieurs a ceux du
cobalt et du zinc. On paIlie leur effet genant par Ie thiosulfate de sodium et l'acide
ascorbique, sans qu'ils soient elimines de la solution. Le titrage peut s'effectuer en
presence d'un grand nombre d'autres ions, comme dans Ie cas de l'analyse de minerais
et de concentres de zinc S'il est bien conserve, Ie chlorure de triphenyltetrazolium ne
change pas de composition. On peut, par voie gravimetrique, en preparer une
solution Ii concentration bien determinee. La solution doit etre conservee a l'abri de
la lumiere. Expose a la lumiere solaire, Ie chlorure de triphenyltetrazolium est
sujet a une decomposition partielle qui Ie reduit en triphenylformazan.

PARTIE EXPERIMENTALE
Reactifs utilises

Ch/orure de triphenyltetrazolium: 0,005 M
Nitrate de cobalt: 0,005 M
Thiosulfate de sodium solide
Acide ascorbique: solide
Thiocyanate de potassium: 2 M
Solution tampon de phosphate: pH 6
Nitrobenzene
Dans une ampoule adecantation on verse une prise d'essai de 10 ml de la solution it doser. On y

ajoute 2 ou 3 gouttes de la solution de nitrate de cobalt, 5 ml de solution de thiocyanate de potassium,
10 ml de solution tampon, 1 ml environ de nitrobenzene et I'on procede au titrage avec Ie chlomre
de triphenyltetrazolium. On effectue Ie titrage par addition de volumes de reactif progressivement
decroissants et en fin d'operation, on ajoute la solution goutte a goutte. Apres chaque addition, la
solution est fortement agitee. Le dosage est termine au moment ou Ie nitrobenzene se colore en vert.
Au COUfS du titrage, la couche de nitrobenzene dissout Ie compose-[TTJ.[Zn(CNS).l forme et se
colore en jaune. Le passage de cette coloration jaune au bleu ne se fait pas d'une fa~n brusque.
Pour bien determiner Ie virage, peu avant la fin du titrage, la couche de nitrobenzene est renouvelee.
La teneur en zinc est enfin calculee selon les methodes usueIIes.

Determination du zinc dans un concentre de zinc

Pour bien iIIustrer la methode que nous preconisons, nous avons effectue I'analyse d'un concentre
de zinc.

On prend 5 it 6 g de concentre de zinc qu'on fait disoudre par les procedes courants.5 On introduit la

TABLEAU II.-TrrRAGE VOLUMETRIQUE DU ZINC-II AVEC DU CHLORURE DE TT

erreur

preleve, mg trouve, mg absolue, mg relative, %

10 10,01 +0,01 0,10
20 20,00 0,00 0,00
30 30,03 +0,03 0,10
40 39,98 -0,02 0,05
50 49,99 -0,01 0,Q2
60 60,00 0,00 0,00
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the gel-type resin the pore structure (distance between cross-links and chains in the
matrix) will then vary considerably and will depend on such factors as electrolyte
concentration, solvent, nature of exchangable ions, etc. It is not a true porous
material in that the pores can actually disappear 'on drying. These resins, of
which D 50 X 8 and IR-120 are typical, have been termed microreticular resins. In
contrast, the A-I5 resin, a macroreticular resin, which is highly porous and rigid, is
characteristic of true porous adsorbents. The size and shape of the pores are, there
fore, not greatly influenced by charges in the environmental conditions.

1000
a- IQ a

800

o

2°L!-__~_---;-,~_----!-c;-_-,-::- ~_--;::L_
4 7 10 13 16 19 22

TIME (HOURS)

FIG. I.-Sorption rate ofp-nitroaniline on D 50 x 8, 100-200 mesh, hydrogen-form
resin in dioxan as a function of drying time (hr):

-[J- 0, -x- 36,
-0-12, -6-48.
-- 24,

In order to compare the contrasting properties of the macroreticular and micro
reticular resins a study of the sorption ofp-nitroaniline on the resins in the hydrogen
form was initiated. Because the resin in the hydrogen form is a strong acid and the
amine is basic, the sorption should be influenced by a normal acid-base interaction.
It was anticipated that the introduction ofan organic solvent would greatly affect this
interaction. p-Nitroaniline, being very weakly basic, should reflect solvent change
effects more clearly than stronger bases which would be highly retained and which was
indicated by initial experiments. In addition, measurement of other substituted
nitroanilines permits a study of a possible relationship between pKb and D. This
study will be reported at a latter date.

Another general property of resins is that when a mixed solvent is used a resin
will prefer the most polar solvent. If water is one of the components of the mixture it
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Sorption of p-nitroaniline in dioxan on A-IS, Fig. 2, was found to be reversed,
i.e., the distribution coefficient is the largest when the resin is dry rather than wet
(20'8 %of water). The rate of sorption also became slower as the resin was dried, but
the change was not as significant as with the D 50 x 8 resin. The A-IS resin, being
rigid and highly porous, does not depend entirely on swelling as the means of per
mitting solvent to penetrate into the resin as does the D 50 x 8. Thus, the A-IS resin
experiences the effect of the organic solvent more fully than the D 50 X 8 resin.

4-0

2'0

1-0 1-0 2-0
LOG TIME (MIN)

3-0

FIG. 3.-Sorption rate ofp-nitroaniline in benzene as a function of resin drying time (hr):

-0- A-IS, 0, -[]- D 50 x 8 0,
-.- A-IS, 24, D 50 x 8 24 (no sorption).

When benzene was the solvent (Fig. 3), a magnified contrast of properties was
obtained. A large distribution coefficient for p-nitroaniline sorption was found for
wetD 50 x8 (17'3 %ofwater). A similarly large D value on wet A-IS (14'3 %ofwater),
that increased with drying, was also found. On the other hand, with dry D 50 X 8
there was negligible sorption of the amine. Thus, the need for the microreticular
resin to be preswollen is markedly pointed out whereas the A-IS can be dry and par
ticipate in sorption (or ion exchange) regardless of the nature of the solvent.

To ascertain that desulphonation was not the cause of the results, the capacity
of the two resins, A-IS and D 50 X 8, was determined as a function of drying time.
They were dried at 90° and 7 mm of mercury arid the values 4·67 and 4-60 mequiv/g,
respectively, were found to be unchanged up to 48 hr (maximum time measured)
of drying. Similar results have been reported for D 50 X 8.19

On the basis of these measurements it was assumed that resins of reproducible
dryness could be obtained by heating at 90° and 7 mm of mercury for 24 hr. Water
contents, as found by Karl Fischer titration, for similar drying conditions were shown
to be negligible for D SOx 820 and about 0·1 %for the A-IS resin.21
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RESULTS AND DISCUSSION

Cation resins in the hydrogen form can act in many ways like insoluble acids. For
example, titrations of the acidic ion exchanger can be performed with standard base.
If the hydrogen-form resin were to be in contact with a solution containing a basic
amine, one would expect a similar acid-base interaction between the acidic ion
exchanger and the amine as seen in the following reaction

8 ® 8 ®
R-S03H + R'NH2 ~ R-S03H3NR'

where R is the resin matrix. Introduction of an organic solvent should influence the
direction of the interaction according to the acid-base properties of the solvent. Thus,
one would expect that as the solvent becomes more basic the shift in equilibrium would
be to the left, because the solvent would now compete with the amine for the acidic
hydrogen-form resin and a lower distribution coefficient would be measured.

The influence ofseveral organic solvents on sorption of the weak basep-nitroaniline
was observed in a previous report l where maximum D and sorption rates were
found to be highly dependent on the solvent. The type of resin employed also affected
the sorption, i.e., the solvent not only affects the equilibrium of the acid-base inter
action but also affects the swelling of the resin, which in turn controls the ability of
the resin to participate in sorption (or ion exchange). For example, the dry macroret
icular resin, A-15, remains highly porous or swollen in non-polar solvents like
benzene and sorption ofp-nitroaniline takes place. On the other hand, sorption on
the dry gel-type resins, D-50 and IR-120, takes place only in the more polar solvents
because this causes the resin to swell or when the resins are preswollen with water.

It was also observed that small amounts of water in the resin (relative to total
solvent) caused considerable change in the D and a smaller change in the sorption
rate with the effect varying with the type of solvent and resin. If an acid-base type
sorption is assumed the influence of water should be one of reducing the sorption of
the amine. In essence, the presence ofwater is reducing the acidic and basic properties
of the hydrogen-form resin and the amine, respectively, just as it does in an acid-base
non-aqueous titration.

The effect of mesh size and percentage cross-linking was first examined with
Dowex resin in the hydrogen form of2, 4,8 and 12 %cross-linking (100-200 mesh) and
50-100, 100-200 and 200-400 mesh (8 %cross-linked). The A-15 and A-15c resins
also reflect a mesh-size comparison. Distribution coefficients for p-nitroaniline on
these resins were measured in methanol and methanol-water mixtures. The curves
of D vs. percentage solvent composition for the various resins were found to be
identical within experimental error. A similar result was also found for ethanol-water
mixtures. It appears, therefore, that mesh size and cross-linking do not affect the D
at equilibrium, at least for the more polar organic solvent-water mixtures. When
IR-120 resin was used in the alcohol water-mixtures, values of D similar to those
found for the other resins were measured. As a first approximation D for the
different resins appears to be the same for the polar organic solvent-water mixtures.

From the standpoint of column operations, difficulty in elution would be expected
for large distribution coefficients as were previously reported1.3 for 100 % organic
solvent. The necessity of reproducible dryness of the solvent, which is needed for
reproducible values of D, also hampers the simplicity of column applications. With
the addition of macro amounts of water these problems would be alleviated.
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Xylenol Orange solution, 10-3M. Dissolve the calculated amount of the reagent (Lachema) in
100 ml of water.
Cetylpyridinium bromide solution, 1O-2M. In 20% aqueous methanol.
Buffer solutions. Tris(hydroxymethyl)aminomethane and borate buffer solutions.

Apparatus

Spectrophotometer. Spectrophotometer CF-4 (Optica, Milano) with silica cells of 10-rom optical path.
pH meter. Acidimetr EK (Kovodru:zstvo, Prague).

Recommendedprocedure

On the basis of experimental results described below, the following procedure for determination
of lanthanum is recommended:

Mix 0·3 ml of Xylenol Orange solution, 2 ml of cetylpyridinium bromide solution and 1 ml of
tris(hydroxymethyl)aminomethane buffer solution of pH 7·5. To this mixture add the neutral sample
solution containing not more than 8 p.g of lanthanum, and dilute with double-distilled water to a total
volume of 10 ml. Allow the solutions to stand for 1 hr and then measure the absorbance at 625 mp.
against a reagent blank. Compare the absorbance with that on a calibration curve prepared by treating
a standard lanthanum solution in the same way.

RESULTS
Absorption spectra (Fig. I)

The absorption spectra of Xylenol Orange alone and in the presence of cetylpyri
dinium bromide, CPB, at pH 10·5 have been reported.! Over the pH range 7-8, where
Xylenol Orange is capable of binding only two equivalents of the detergent, the
decrease of absorption maximum is somewhat smaller. Under these conditions
lanthanum forms a pure blue coloured complex, the absorption spectrum of which
shows a marked maximum at 618 m"". The formation of the complex is accompanied
by a marked increase in the absorbance and a bathochromic shift of approximately
30 m"". Although the shift is not large, the form of the curves allows a suitable wave
length for the spectrophotometric determination of lanthanum to be chosen. The
value of 625 m"", 'at which the difference between the maxima is the greatest, has
been used in our experiments.

Effect ofpH

The effect of pH on the absorption of the lanthanum complex was studied at
625 m"" with solutions containing 2·90 X 10-6 M lanthanum and 1·65 X 10-5M
Xylenol Orange (Fig. 2). Over the pH range 7·0 to n·o the curve is linear, but with
slight decrease in absorbance. The slope is partly caused by the slightly increasing
absorbance of the reagent blank against which the measurement was made. The in
crease in the Xylenol Orange absorbance under these conditions may be explained by
an increasing sensitivity of the reagent at higher pH values towards calcium, which
was still present in traces, even when all reagents used had been carefully purified.
Therefore, all further measurements were made at pH 7,5, at which the influence of
this disturbing cation is least.

Effect of reagent concentration

The influence of excess reagent concentration on the absorbance of the complex
is illustrated in Fig. 3, where the absorbance of a 2·90 x 10-6 M lanthanum solution
at pH 7·5 is plotted against Xylenol Orange concentrations ranging from 1·65 to

.22·5 x 10-5 M. It is apparent that a concentration of the reagent up to 30-fold excess
does not affect the absorbance of the complex.
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THEORETICAL CONSIDERATIONS IN THE ZONE
MELTING OF ORGANIC SUBSTANCES*t

ANALYSIS OF THE DIFFUSION GRADIENT

ROBERT FRIEDENBERGt§
School of Pharmacy, State University of New York at Buffalo

Buffalo, New York, U.S.A.

PAUL J. JANNKE
School of Pharmacy, University of Connecticut, Storrs, Connecticut, U.S.A.

and

WINTHROP HILDING
School of Engineering, University of Connecticut, Storrs, Connecticut, U.S.A.

(Received 24 June 1965. Accepted 20 September 1965)

Swnmary-Further evidence is gathered in the theory of the zone
melting of organic compounds under ideal equilibrium conditions by
a kinetic study of the diffusion gradient in the melt zone. A IJ?athemati
cal analysis is developed for the concentration distribution of impurities
in the moving molten zone, which yields an expression for the concen
tration gradient at the liquid-solid recrystallisation interface. These
expressions describe the transport process and a measure of the rate of
segregation of impurity at the recrystallisation interface. In addition,
these equations have been programmed on a computer and concentra
tion profiles for two zone velocities have been graphed. It has been
found that the concentration gradient is independent of the length of
the zone under ideal equilibrium conditions for pure diffusion.

INTRODUCTION

THE underlying principles and some of the theory of zone melting of organic com
pounds under ideal equilibrium conditions have already been set forth.1. 2 In this paper,
further theoretical evidence is gathered from a kinetic study of the diffusion gradient
in the melt zone. The equations developed have been programmed on a "704"
Digital Computer and concentration profiles for two zone velocities have been graphed.
This information is of value in understanding the transport process of impurity and
the segregation phenomenon occurring at the freezing interface. Further corroboration
is also obtained for the length of the melt zone in pure diffusion under ideal equilibrium
conditions.

DIFFUSION GRADIENT

The following section is a mathematical analysis of the concentration distribution
of impurities in the moving molten zone. From the mathematical expression derived

* Abstracted from a dissertation submitted to the Graduate School, University of Connecticut,
in partial fulfillment for the requirements for the Ph.D. degree.

t This work was supported by research grant GM07967, U.S. Public Health Service, Betheseda,
Maryland.

t Recipient of the Lunsford-Richardson Award, 1963.
§ Present address: The Psychiatric Institute, School of Medicine, University of Maryland,

Baltimore, Maryland, U.S.A.
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(19)

This identity indicates that the second condition, equation (18), is satisfied exactly for
all values of t, V and D.

Now integrating according to the third condition, equation (19),

LL C de = Co(Vt + L)

leads to

C [L - _1 {exp (_ VL) _ I} + [exp (_ VL) {L + _1 - _1}]
o V/D D D V/D V/D

- Vt {exp (- ~) - I}] = Co(Vt + L) (28)

which simplifies to

CO[L + Lexp (- ~) -Vt{exp (- ~) -I}] = Co(Vt + L) (29)

Equation (29) rearranges to give

Co [ L + Vt + exp (- ~){L - Vt}J = Co(Vt + L) (29a)

and when VLjD = 3, and (L - Vt) is small as in this investigation, then equation
(29a) reduces to the identity

Co(Vt + L) = Co(Vt + L) (30)

For values of VLjD :> 3, one finds, therefore, that equation (24) satisfies the
second and third boundary conditions exactly for all values of t. For this limiting
condition, then, and with increasing t, the interfacial concentration (10 = 0) will be

(31)

(32)

The interfacial concentration gradient will be

(ac) = _ COV[2 + V2tJ
ae 8~O D D

Note that under these conditions (VLjD ~ 3), both the concentration and the
concentration gradient tend to be independent of the length of the molten zone.

Because C may vary insignificantly over the width of L for values of VL/D <;;; 2,
trial and error solutions using the third boundary condition equation suggest the
solution

(33)

Rearranging, one finds the result

(34)
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should be taken that the samples are placed on. the ion-exchange column as soon
after solution as possible. If a precipitate forms, it can usually be redissolved by
alternate evaporations with nitric or hydrochloric acids. In the case of samarium
sulfide, the sample must be added to the column in O·lM nitric acid to eliminate
insoluble salts.

Determination ofsulfate by precipitation with barium

The sulfur content of rare earth sulfides may also be determined by precipitating
the sulfate with barium, provided that corrections are made for the solubility of the
precipitate and coprecipitation of barium chloride. It is necessary to remove rare
earths on a cation-exchange column before precipitation because barium sulfate
formed in the presence of rare earths is badly contaminated by rare earth sulfates.

Accuracy

No standards are available by which the accuracy of these techniques could be
evaluated other than by summation of the constituents in the sample. Results for
the analysis of rare earth sulfides, selenides and tellurides are given in Table I. These
are representative of the many samples of widely varying mole ratios analyzed by
these procedures.

Precision

Only limited amounts of most samples were available for analysis; consequently
it was not possible to make a comprehensive precision study for all samples. However,
representative data were collected from the sulfides, selenides and tellurides of cerium.
Results are shown in Table II.

Zusammenfassung-Der Gehalt von Sulfiden, Se1eniden und TeHuriden
an seltenen Erden wird durch EDTA-Titration mit Xylenolorange als
Indikator bestimmt. Die Schwefelmenge wird gemessen durch Titration
von Sulfat mit Bleinitratlosung nach Entfernung der seltenen Erden
an eincm Kationenaustauscher. Selen wird als Element aus Salzsaure
schwefliger Siiure gefiiHt. Metallisches Tellur wird aus stark sauren
Losungen mit schwefliger Saure und Hydrazinsulfat abgeschieden.
Genauigkeit und Richtigkeit dieser Methoden werden ermittelt.

Resume-La teneur des terres rares en sulfures, seleniures et tellurures
est determinee par dosage a I'aide d'EDTA en presence de Xylenol
orange. Le soufre est dose a!'etat de sulfate par Ie nitrate de plomb
apres elimination des terres rares sur echangeur cationique. Le
selenium metal est precipite de la solution acide chlorhydrique
sulfureuse. Le teHure metal est isole par precipitation d'une solution
fortement acide contenant de l'acide sulfureux et du sulfate d'hydra
zine. Vne etude de l'exactitude et de la precision de ces methodes est
effectuee.
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Summary-A rapid method for the substoichiometric determination
of gallium by neutron-activation analysis has been developed. After
irradiation and dissolution of the test sample, gallium carrier is added
and two preliminary separation steps are performed: the extraction
into chloroform of cupferrates from 7N sulphuric acid and of diethyl
dithiocarbamates from 2-3N sulphuric acid. The pH of the
remaining aqueous phase is then adjusted to 5.5, the solution extracted
with a substoichiometric amount of 8-hydroxyquinoline i~ chloroform
and the activity of the gallium hydroxyquinolate extract measured.
A simultaneously irradiated gallium standard is treated in exactly the
same way. From the activities of these two substoichiometric extracts
the amount of gallium originally present in the test sample can be
calculated. The method has been applied to the determination of 10-6

to 10-3 %of gallium in metallic aluminium and transistor-grade silicon.

INTRODUCTION

THE nuclear properties of gallium (Table I) are such that neutron activation provides
the basis of a sensitive method for its determination. With an irradiation for 20 hr
in a thermal neutron flux of 5 X 1012 neutrons. cm-2• sec-1 and a cooling time of
10 hr, down to 10-10 g of gallium can be theoretically determined.16 Silicon and
aluminium are the materials in which gallium has been most frequently determined
by neutron-activation analysis; the radiochemical procedures are commonly based on
extraction of the gallium with diethyl ether or on its precipitation as gallium 8
hydroxyquinolate.1- 5 A separation which uses ion exchangers has also been des
cribed.6 •7 All these procedures include a number of purification steps and the
chemical yield of the isolated radiogalIium must be determined.

The purpose of the present paper is to show that, using a substoichiometric
separationS for the determination of gallium, it is possible to obtain radiochemically
pure gallium when only three extraction steps are used and that in this case the
necessity of determining the chemical yield can be avoided.

Of various possible chelating agents, 8-hydroxyquinoline is the most suitable for
the substoichiometric extraction of gallium because gallium 8-hydroxyquinolate has
a relatively high extraction constant (log K = 3·72 9.10). The pH range in which this
substoichiometric extraction will be reproducible can be calculated as 3,8-12,4
according to the two basic equations of substoichiometryll.12 (pKHA = 9·71,
log qHA = 2·66,9.10 CHA = 1O-2M).

* Part IX: Talanta, 1965, 12, 401.
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TABLE I-NuCLEAR DATA FOR lHERMAL NEUTRON ACTIVATION OF GALLIUMI •

Activation Product
Natural cross- on thermal Energy of

Stable abundance, section, neutron Half- Mode of radiation,
isotopes % barns irradiation life decay MeV

.9Ga 60·2 1·4 70Ga 21·1 min p,y p 1·65
7lGa 39-8 4·0 72Ga 14·3 hr P,y M

M = multiple radiation.

A number of elements the 8-hydroxyquinolates of which have higher extraction
constants than that of gallium (palladium, molybdenum, thallium, iron) can, however,
interfere in its determination. Also, the possible interference of an excess of other
elements with comparable or· unknown extraction constants (zirconium, vanadium,
copper, titanium, indium, tungsten, tin) must be kept in mind. To avoid such inter
ferences preliminary extractions with an excess of cupferron13 and of the diethyl
ammonium salt of diethyldithiocarbamate14 can be used.

EXPERIMENTAL
Apparatus

Scintillation counter. Well type with NaI(TI) crystal.
Separatory funnels. 150-ml volume.

Reagents

Gallium carrier solution. Prepared by dissolving 0·5818 g of metallic gallium in an appropriate
amount of hydrochloric acid and diluting to 250 ml with water (2'327 mg of gallium/mI).

Cupferron solution. 0·15M aqueous solution of the reagent.
Diethylammonium diethyldithiocarbamate solution. Prepared as described previously.ls
8-Hydroxyquinoline solution. 7·5 X 10-3M solution of the reagent in chloroform.

Irradiation

Test samples of transistor-grade silicon and metallic aluminium were packed in aluminium foil
and irradiated in a neutron flux of about IOU neutrons. cm-". sec-I for 20-40 hr in a nuclear reactor,
then cooled for about 8 hr. As a gallium standard 0·1 ml of a solution of gallium trichloride (0,6 mg
of gallium/ml) was evaporated to dryness in a quartz ampoule and the latter scaled off and irradiated
simultaneously with a test sample.

Development of Method
pH range

The optimum pH range for substoichiometric separation of gallium 8-hydroxyquinolate was
investigated experimentally in the following manner. To a series of separatory funnels were added
20 ml of water and 1·0 ml of gallium carrier solution labelled with gallium-no The pH was adjusted
to the desired values with hydrochloric acid or aqueous ammonia, the solutions extracted for 2 min
with 5·0 ml of 8-hydroxyquinoline solution and the organic extracts evaluated radiometrically. As
can be seen from Fig. 1, the results are in very good agreement with the pH range predicted theoretic
ally (see Introduction). In another experiment a similar dependence was found in the presence of 2 ml
of O'IM ammonium tartrate and 0·5 ml of 10% ascorbic acid solutions. Henceforth a pH of 5·5
was used in all substoichiometric extractions.

ReprOducibility

The reproducibility of the substoichiometric separation was tested as follows. To a series of
separatory funnels were added 25 ml of water, 2 ml of O·lM ammonium tartrate, 0-5 ml of 10%
ascorbic acid and an increasing amount of labelled gallium carrier. Mter adjusting the pH to 5'5 the
solutions were extracted with 5·0 rnl of 8-hydroxyquinoline solution for 2 min. The activities of
3·0 ml of the resulting organic extracts were measured and plotted against the amount of gallium
taken. From Fig. 2 it follows that the above medium as wcll as the time of shaking is satisfactory for
obtaining a reproducible substoichiometric separation.
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EXPERIMENTAL

Dithiocarbaminoacetic acid.
Synthesis of the ammonium salt of TCA was carried out, by Andreasch,12 with glycine, carbon

disulphide and ammonia. We modified this method and obtained a very pure crystalline product.
In contrast to Andreasch's method, we carried out the reaction in a heterogenous medium without
adding ethanol to dissolve the carbon disulphide. The mixture (emulsion) of glycine, carbon disulphide
and ammonia was stirred for several hours, the excess of 'unreacted carbon disulphide thrown away
and a pure crystalline product of composition NH.SCSNHCH,COOHN..H 20 obtained by
precipitation with ethanol:

C H N S
Calculated, % 17-72 6·44 20·66 31·55

Determined, % 18·1 6·5 21·1 31·0

Procedure-Dissolve 25 g of glycine in 60 ml of concentrated ammonia plus 20 ml of distilled
water. Add 25 ml of carbon disulphide and stopper the reaction flask. Stir for 12 hr with a magnetic
stirrer at room temperature. Discard the unreacted carbon disulphide layer from the separatory
funnel. Add 60-70 ml of ethanol to the aqueous layer until a slight opalescence appears, which does
not disappear with stirring. Leave the solution at rest. Under these conditions a white crystalline
product precipitates. Filter off the precipitate, wash three times with ethanol and dry in a vacuum
desiccator (yield about 60%).

Stability of ammonium salt of TCA. We confirmed that moisture influences the stability of
salts ofTCAy,13 However, if kept in a desiccator, TCA is stable for months. We obtained a product
(size of the crystals 3-4 mm) which was air stable and needed no special storage. We have not
examined the stability of the aqueous solutions of TCA in detail because of the available infor
mation."

The solutions used in our experimental work were prepared with reagents of analytical grade.
O'05M solutions of metal ions and EDTA were used. TCA was used as a solid substance.

Composition and stability of TeA complexes with metal ions

A number of metal ions which form complexes with TCA initially form a precipitate which
dissolves in excess reagent. This suggests that TCA forms, stepwise, several complexes with the metal
ions. To establish the composition of the complexes we used the fact that TCA replaces complexo
metric indicators from their complexes with metal ions. For this purpose, a spectrophotometric
titration of a cadmium solution with O·IM TCA at pH 5,8, using Xylenol Orange as indicator, was
carried out. The result of the titration shows that with a molar ratio of Cd: TCA = 1: 2 the com
plexometric indicator is completely replaced from its complex with cadmium. It follows that the
composition of the complex formed under these conditions is 1:2. Fritz and SuttonS have given the
same composition for the complex of mercury with bis-(2-hydroxyethyl)dithiocarbamate. Musil and
IrgolicU have found by a spectrophotometric investigation that the composition of the nickel-TCA
complex is 1:2 and that of the cobalt-TCA complex is 1:3. The determination of the composition of
other TCA complexes will be investigated.

The stability constants of TCA complexes with metal ions have not been determined but are
probably similar to other sulphur-containing organic compounds; the stability of these complexes
increases in a definite sequence. Schwarzenbach et af. 2 has found such a dependence by comparing the
stability constants of complexes of I-mercaptoethane-2-aminodiacetic acid with a number of metal
ions to the solubility product of their SUlphides. He established that the more insoluble is the sulphide,
the more stable is the complex. We suppose that such a dependence is to be found with the complexes
of TCA as well, because we have established (see below) that metal ions belonging to the second
analytical group are completely masked in complexometric titrations (pH 2-6), while those belonging
to the third group are masked partly or not at all. In fact, this is the most valuable property of TCA.

Application of TCA in complexometry
The applications of TCA in complexometry were examined qualitatively in a series ofexperiments.

The results are shown in Table I. It appears that TCA can be used over a wide range of pH. ,Unlike
other sulphur-containing masking agents, TCA can be used in acidic media (pH 2-3) in which it
masks bismuth(III), indium(lII) and thallium(III). Aluminium(III), gallium(lII) and thorium(1V)
are not masked. Iron(III), probably reduced to iron(II), forms a coloured complex. Within a pH
range of 5~6 the elements cadmium(II), lead(II), mercury(I1) and copper(II) are masked. The latter
forms an intense yellow coloured complex Zinc(II), manganese(lI) and lanthanum(IlI) (and the rare
earths) are not masked. Nickel(II), coba1t(II) and iron(lI) take an intermediate position. They form
intensely coloured complexes from which TCA cannot be replaced by EDTA,but the complexonates of
the latter elements cannot be replaced by TCA.
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3. Add 300 ml of HNO. and 25 ml of HCI and cover.
4. Allow the mixture to react until the filter disintegrates, then heat on a hot plate to expedite the

decomposition of organic matter.
5. Evaporate to a small volume and add 30 % H 20 2 repeatedly, a few drops at a time, to keep Ce in

solution.
6. Add 50 ml of HNO. and 10 ml of 60% HClO. and continue to heat until aU organic materials

are completely oxidised.
7. Transfer the sample quantitatively to a 100-ml platinum dish with 1 + 9 HNO•.
8. Add 10 ml of HF and 10 ml of HNO. and heat on a sand bath to expel silica.
9. Repeat the addition of HF and HNO. until all siliceous matter is volatilised.

10. Evaporate the solution to strong HClO. fumes to drive off the excess HF.
11. Cool, wash the sides of the platinum dish with H 20 and reheat the solution to HCIO. fumes.
12(a). If Pu determination is to be performed on the sample, the solution from step 11 is transferred

to a Lusteroid tube with 1 + 9 HCI and a few drops of 30% H 20 2 • The Pu is separated by the
procedure in the HASL Manual of Standard Procedures (NYO-4700, E-94-02.) At the conclusion
of the procedure, Cd and other elements of interest are in HNO. solution.

12(b). If assay for Sr and/or Ba radionuclides is to be performed, the solution from step 11 or 12(a)
is transfened to a 150-ml beaker with 1 + 9 HNO. and a few drops of 30% H 20 2 • The Sr is
separated by the procedure in the HASL Manual of Standard Procedures (NYO-4700, E-38-01).
At the conclusion of the procedure, Cd and other elements of interest are in HNO. solution.

12(c). If neither Pu, Sr nor Ba assays are to be performed, the solution from step 11 is transfened to
a 150-ml beaker with 1 + 9 HNO. and a few drops of 30% H 20 2 •

13. Evaporate the resulting solution containing the Cd from step 12(a), (b) or (c) to near dryness.
14. Dissolve the salts with 2 ml of H 20 and transfer the solution with 90% fuming HNO. to a 40-ml

conical centrifuge tube.
15. Adjust the volume to 30 ml with 90 % fuming RNO. and cool the solution in a salt-ice bath (at

_10° or below) for at least 10 min.
16. Pipette exactly 2 ml of HCI, cover the centrifuge tube with Parafilm, mix the acids gently and

allow the mixture to cool for at least 30 min in the salt-ice bath. (The temperature of the bath
must be held at _10° or below because NOCI boils at -5'6°, rendering the Cd soluble.)

17. Centrifuge, decant immediately and reserve the supernate for analysis of the remaining radio
nuclides of interest.

18. Dissolve the cadmium nitrosyl chloride with 5 ml of H 20 and add 10 mg each of silver and iron
carriers.

19. Perform an Fe(OH). scavenging by adjusting the solution to a pH of 10 with aqueous ammonia
and digest in a steam bath for 5 min. (Sufficient aqueous ammonia must be present completely
to complex Ag and Cd.)

20. Centrifuge, decant the supernate into a clean centrifuge tube and dissolve the Fe(OH). precipitate
with a few drops of HNO•.

21. Adjust the iron(III) nitrate solution to a pH of 10 with aqueous ammonia and digest in a steam
bath for 5 min.

22. Centrifuge, decant and combine the wash with the supernate from step 20. Discard the Fe(OH).
precipitate.

23. Boil off the ammonia in the combined supernates by evaporating to a volume of less than 20 mi.
24. Adjust the solution to pH 5 with HNO. and add 2 drops of HCI to precipitate AgCl; heat until

the AgCl has coagulated and settled.
25. Add a few drops of 1% Aerosol solution, centrifuge, decant the supernate into a clean centrifuge

tube and discard the AgCI precipitate.
26. Evaporate the supernate to incipient dryness and dissolve the salts with 2 ml of H,O.
27. Repeat steps 15, 16 and 17.
28. Dissolve the second Cd precipitate with 5 ml of H 20 and 3 drops of H.SO•.
29. Evaporate the solution until fumes of H.SO. are evolved.
30. Cool and dissolve the salts with 5 ml of H 20.
31. Make the solution basic to phenolphthalein with 5 % NaOH solution to precipitate Cd(OH)2'
32. Add 5 % NaCN solution dropwise until all Cd(OH), completely dissolves Avoid an exesss of

NaCN.
33. Transfer the solution to an electrolytic cell with H 20 and adjust the volume up to 20 m!.
34. Electroplate Cd onto a tared Pt or Cu disc for 6-15 hr at a cunent of 50 rnA and 7'5 V.
35. Immediately after turning off the current, disconnect the electrodes and decant the electrolyte

into a beaker to avoid redissolution of Cd by the electrolyte.
36. To dispose of the cyanide waste, make the solution strongly alkaline with NaOH and flush down

a sink with a strong stream of running water. Avoid acidification and generation of HCN.
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technique permits a thorough test of nucleation theory, because the required param
eters are known, or are independently measurable, so that no assumptions are necessary.
Entisttin and Turkevich5 have calculated the interfacial tension of strontium sulphate
from the solubility of small particles, and have found it to be 84 erg/cm2• The nuclea
tion rate and the supersaturation of the solution can be measured directly, and the
number of ions in the nucleus may be obtained from a consideration of the kinetic
order of nucleation. The rate of homogeneous nucleation of strontium sulphate may
be written6

dN/dt = k(IP)n

where N = number of nuclei formed, t = time, (IP) = ion product [8r2+][804
2-],

and n = number of8rS04 units in the nucleus. In the special case of precipitation from
homogeneous solution, where the precipitant is generated in the solution at a constant
rate, and before an appreciable amount of precipitation takes place, the ion product
increases linearly with time and the above equation becomes

dN/dt = k/tn•

The slope of a plot of log N against log t will have the value (n + 1).
The present paper reports some studies of heterogeneous and homogeneous

nucleation in the precipitation of strontium sulphate.

EXPERIMENTAL
Sulphate was generated in a solution of strontium chloride by the electrolytic conversion of

thiocyanate to sulphate.' The solutions were 0·010M in strontium chloride, 0'050M in potassium
thiocyanate, O·IOM in sodium formate and O·IOM in formic acid, and have a pH of3·9 and a volume
of 250 ml. These solutions were electrolysed with a current adjusted to generate sulphate at the rate
of 3·3 x 10-8 moL/sec.

The solutions in all experiments were filtered through a 0·23-,u pore size membrane filter. In the
studies of homogeneous nucleation more effective removal of foreign particles was necessary. This
was accomplished by pumping the solution from the electrolysis cell through a glass fiber filter mat
and back into the electrolysis cell. The solution was circulated through the filter in this fashion until
the number of particles remaining reached an adequately low level.

Foreign particles and precipitate particles were counted and sized with a Coulter Counter (Coulter
Electronics, Hialeah, Florida, U.S.A.). In this instrument the suspension of particles is aspirated
through a small (30 ,u) orifice. A constant current is passed between two electrodes, one on each side
of the orifice, and the passage of a particle through the orifice causes an impedance change in the
constant current circuit; the magnitude of this change is proportional to the volume of the particle.
The electrical pulses are amplified, sent through an adjustable discriminator circuit and then to a set
of decade counters. The discriminator circuit rejects pulses below the set level, and by taking a series
of particle counts at successively higher settings, it is possible to obtain a particle size distribution
curve (size against number of particles). For the homogeneous nucleation studies the discriminator
circuit was calibrated with polystyrene latex spheres of diameter 88 m,u.

RESULTS AND DISCUSSION

Heterogeneous nucleation

The studies of heterogeneous nucleation were carried out primarily to determine if
the solution contains many kinds of foreign particle of all nucleating efficiencies, or if
the foreign particles fall into a few groups with distinctly different nucleating efficiencies.
In the system employed, the supersaturation of the solution is steadily increased at a
slow rate. Ifthe foreign particles show a continuous spectrum ofnucleating efficiencies,
the number of precipitate particles should increase continuously as the supersaturation
increases. However, if the foreign particles fall into groups with different nucleating
efficiencies, the number of precipitate particles should increase discontinuously, in
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SHORT COMMUNICATIONS

Uber die Wechselwirkung von Aminopolycarbonsauren mit Cer(IV)-salzen-II:*

Die Oxydation der Hydroxyathyliminodiessigsaure bzw. Athylendiamintetra

essigsaure und der Mechanismus der Oxydationsreaktionen

(Eingegangen am 2. JuJi 1965. Angenommen am 13. September 1965)

IN der Literatur gibt es einige Hinweise tiber reduzierende Eigenschaften dieser Verbindungen,
besonders der AeDTE. Hynes u.a.' verbffentliehten einen Spurennaehweis flir Goldsalze, indem sie
letztere mit AeDTE zu elementarem Gold reduzierten. Diese Reaktion laBt sieh aueh zur Darstellung
stabiler Goldhydrosole verwenden. 2 Einige Verbffentliehungen3 -' behandeln die oxydative Zerstbrung
der AeDTE mittels Wasserstoffperoxid, Kaliumehlorat, Ammoniumperoxydisulfat und Kaliumnitrat.
Jones und LongS machten die interessante Beobaevtung, daB sich in Eisen(III)-ionen enthaItenden
AeDTE-Lbsungen naeh einiger Zeit Eisen(II)-ionen naehweisen lassen. Auch Grau und Halliday'
steIlten diese Redoxweehselwirkungen fest. Uber die quantitative Reduktion der Eisen(III)-salze
dureh AeDTE berichteten ktirzlieh Surayanarayana u.a.'o

Palei und UdaItsowa" berichten tiber die Oxydation der AeDTE durch Wasserstoffperoxid,
Vanadat, Permanganat und Cer(IV)-salze. Sie bestimmten das bei der Oxydation freiwerdende
Kohlendioxid und konnten eine Abhangigkeit der Kohlendioxidmenge von der Cer(IV)-menge fest
stellen. Kusakina und Yakinets12 untersuehten die Wechselwirkung der AeDTE mit Cer(IV)-salzen
naher. Dabei stellten sie fest, daB in Abhiingigkeit von Saurekonzentration und Temperatur unter
sehiedliehe Oxydationsmittelmengen verbraucht wurden.

Beck" versuchte, die reduzierende Wirkung der AeDTE analytisch zu nutzen. Er besehreibt eine
permanganatometrische Methode fUr die Bestimmung des Wasserstoffperoxids neben in Form des
Wismutkomplexes gebundener und darnit gesehtitzter AeDTE. Nach seinen Angaben verbraueht
die AeDTE 6 Aquivalente Permanganat.

EXPERIMENTELLES UND ERGEBNISSE

Die Oxydation der AeDTE

Wir versuehten, die AeTDE unter iihnliehen Bedingungen wie die Nitrilotriessigsiiure14 und die
Methyliminodiessigsaure14 zu oxydieren. Es zeigte sieh, daB die AeDTE sehr leieht oxydiert wird.
1m pcrehlorsauren Medium wurden Cer(IV)-ionen bei 50°, im schwefelsauren bei 90° sofort reduziert,
so daB die Reaktion potentiometriseh verfolgt werden konnte. In 1 n Perchlorsiiure stellten wir naeh
Zugabe von 4-5 Aquivalenten des Oxydationsmittels eine starke Reaktionsverlangsaf!.lung fest,
konnten aber keinen stabilen Umschlagpunkt erkennen. In 1 n Schwefelsaure wurden 4,2 Aqui~~len

te Cer(IV)-sulfat verbraueht. Mit zunehmender Siiurekonzentration sank dieser Wert auf 4,0 Aqui
valente abo Der Umsehlagspunkt war jeweils gut zu erkennen. Der Potentialsprung erfolgte von etwa
1000 auf 1350 mY. Das Umsehlagspotential blieb flir etwa 10 Minuten erhalten. Da sich aber zeigte,
daB das ReaktionsausmaB nieht nur von der Saurekonzentration, sondem aueh von der Sehnelligkeit
der Zugabe des Oxydationsmittels abhangt, konnte die Reaktion analytiseh nieht genutzt werden.
Eisen(III)-ionen haben keinen erkennbaren EinfluB.

Die Oxydation der Hydroxyiithyliminodiessigsiillre (HIMDE)

Die Saure ist in ihrer Struktur der Methyliminodiessigsaure (MIDE) ahnlich, gIeiehzeitig ist sie
ein Bindeglied zur Nitrilotriessigsaure (NTE), denn oxydiert man die alkoholisehe Hydroxylgruppe,
so erhalt man die NTE. Die HIMDE wird in iihnlicher Weise wie die MIDE angegriffen," d.h. irn
sehwefelsauren Medium stellten wir eine nur sehwache Weehselwirkung fest, aber im perchlorsauren
Medium reagiert die HIMDE ab 60°.

* I. Mitteilung: Talanta, 1966, 13,136.
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Die Reaktion verlauft demzufolge in gleieher Weise, wie wir es bei der Oxydation der MIDE und
AIDP' beobachteten. Sie wird jedoch durch die Hydroxylgruppe gestort und kann aus diesem Grund
analytisch nieht genutzt werden.

Ober die Oxydationsprodukte

Ais Oxydationsprodukt wurde KoWendioxid gefunden, welches quantitativ best!.mmt wurde
(s. Tabelle I). Es werden die Carboxylgruppen der zweibasigen Sauren nach Zuatz von 2 Aquivalenten
Cer(IV) vollstiindig, im Fall der NTE, AeDTE und Cyclohexandiamintetraessigsaure (CyDTE) nach
Zusatz von 2 bzw. 4 Aquivalenten nur unvollstiindig in CO, tiberftihrt. Es wurde weiterhin festge
stellt, dal3 Amine entstehen, die aus alkalisch gemachten Losungen isoliert und bestimmt wurden
(s. Tabelle II). Auch Kopecka15 wies nach anodischer Oxydation der AeDTE Amine polarographisch
nacho

DISKUSSION
Die in dieser Arbeit und der vorangegangenen MitteilungU gewonnenen Ergebnisse legen den

SchluJ3 nahe, daB die Oxydationsreaktionen nach einem ahnlichen Mechanismus ablaufen.

Die Beteiligung von Komplexverbindungen

Mit Hilfe einer von Kyd und Caletka' • angegebenen halbempirischen Beziehung

Ig KMe(IV) = -16,9 + 38 ~ (r in A)
r

zwischen dem Ionenradius vierwertiger Metalle und der AeDTE-Komplexbildungskonstanten sowie
einem Vergleich der daraus erhaltenen Werte mit den pK-Werten der Eisen(UD-komplexe, kann man
die Grol3enordnung des Cer(IV)-NTE-Komplexes mit 15-18 angeben. Demnach liegen in 1 n Schwefel
saure Komplexe des Cer(IV), aber auch des Eisen(III) (pK = 15,9)17 vor.

Auch die Wirkung des Eisen(III)-ionsH kann nur mit Komplexbildung erkIart werden, denn das
Eisen(UD-ion wirkt nicht im iiblichen Sinne eines Katalysators, da es in einer mit der NTE vergleich
baren Konzentration vorliegen muB. Wahrscheinlich wird der vorliegende Eisen(III)-NTE-Komplex
durch die Cer(IV)-ionen oxydiert, wobei das Eisen(III)-ion als Elektronentibertrager wirkt. Eine
einfache geometrische Ausrichtung des organischen Molektils kann nicht die Ursache sein, da sonst
Zirkonium- und Wismutionen den gleichen Effekt hervorrufen mtil3ten. Auch die Beeinflussung der
Reaktionsgeschwindigkeit durch Zirkoniume, Wismut- und Wasserstoffionen laBt sich nur dllrch
Komplexbildung erkliiren. Erstens wird die Komplexkonzentration mit Erhohung der Wasser
stoffionenkonzentration kleiner und zweitens sind die pK-Werte der Zirkonium- und Wismutkom
plexe groJ3er als die der Eisen(III)-bzw. Cer(IV)-komplexe. Vor der Oxydation mlll3 ein Austausch
erfolgen, der die Reaktion verlangsamt. Damit ist die Beteiligung von Komplexverbindungen sehr
wahrscheinlich gemacht.

Anzahl der fur die Oxydation verhrauchten Aquivalente Cer(IV)

Zwischen der Zahl der Stickstoffatome der Aminopolycarbonsauren und den verbrauchten
Aquivalenten Cer(IV) besteht ein einfacher Zusammenhang:

{
I N-Atom: 2}

Saure mit Aquivalente Cer(IV).
2 N-Atom: etwa 4

Danach mtil3te die Oxydation am Stickstoff erfolgen. Dieses Ergebnis steht im Gegensatz zu einer
Mitteilung von Yoshino u.a.,18 die bei der Selbstzersetzung des Mangan(III)-AeDTE-Komplexes einen
Elektronentibergang zwischen Metallion und Carboxylgruppe annehmen. Das ist hier unmoglich,
denn dann mtil3ten Peroxosauren bzw. innere Peroxide als Oxydationsprodukte auftreten, die gegen
einen weiteren Cer(IV)-angriff nieht so stabil sind, wie wir es beobachteten. Setzt die Oxydation am
Stickstoff ein, so mul3 nach Abgabe des freien Elektronenpaares des Stiekstoffatoms das folgende
instabile Ion (abgeleitet von der MIDE) enstehen:

HOOC-eH,

"N-eH3 -+

/
HOOC-CH,

HOOC-eH,

"NI2+)-CH3 + 2e-.
/

HOOC-CH,
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Diese Verbindung kann sich auf zwei Wegen stabilisieren:
(a) Durch Wechselwirkung mit dem Losungsmittel Wasser unter Bildung eines N-Oxids:

H(OOC)-CH.

'"NI2+l_CH3 + H20 ->-

/
H(OOC)-CH2

H(OOC)-CH2

'"N-CH3 + 2H+.
/,1,

H(OOC)-CH2 0

(b) Durch intramolekulare Elektronenverschiebung und Abspaltung eines Protons als Carbenium
Immonium-Ion:

H(OOC)-CH2

'"N"+l_CH3 ->-

/
H(OOC)-CH2

H(OOC)-CH2

'"N'+l = CH2 + H+.
/

H(OOC)-CH2

Die Klammern (OOC) deuten an, daJ3 CO2abgespalten wird.
Da als Oxydationsprodukte sekundare Amine gefunden wurden, aber Zersetzungsreaktionen des

zwangslaufig nach der Decarboxylierung entstehenden Tri-methylamin-N-oxide zum Dimethylamin
nicht bekannt sind, scheidet Fall (a) aus. Des weiteren sind die N-Oxide verschiedener Aminopoly
carbonsauren praparativ dargestellt worden.I. Sie besitzen Schmelzpunkte von ilber 100°C und sollen
bis zu diesem Punkt ziemlich stabil sein. Eine Oxydation von Kaliumjodid durch eventuell auftretende
N-Oxide wurde durch unsere oxydierten Losungen nieht hervorgerufen.

Von den Carbenium-Immonium-Ionen ist bekannt,20 daJ3 sie im sauren Medium eine gewisse
Mesomeriestabilisierung besitzen, irn alkalischen und neutralen Medium jedoch zu sekundarem Amin
und Aldehyd hydrolysieren.21 •22 Die Amine wurden identifiziert. Der Formaldehyd wurde bereits
von Kopecka15 polarographisch nachgewiesen. Die Carbenium-Immonium-Ionen oxydieren Kalium
jodid nicht. 22

Damit ergibt sich fUr den Oxydationsvorgang folgender Ablauf: Zuerst bilden sich Komplex
verbindungen des Eisen(I1I)- bzw. des Cer(IV)-ions. Diese Komplexe werden oxydiert. Das instabile
Zwischenprodukt mit zweifach positivem Stickstoffatom (die formale Oxydationszahl ist -1)
stabilisiert sich unter Decarboxylierung und Protonenabspaltung als Carbenium-Immonium-Ion, das
unter den Oxydationsbedingungen erhalten bleibt.

Dem VEB Laborchemie Apolda mochten wir fUr die Uberlassung einwandfreier Cer(IV)-salze
herzlich danken.

Institut fur Anorganische Chemie
der Karl-Marx-Universitiit Leipzig
Deutsche Demokratische Repub/ik

H. HOLZAPFEL

K. DITTRICH

Zusammenfassung-Die Oxydation der Athylendiamintetraessigsaure
durch Cer(lV)-su]fat und der Hydroxyiithyliminodiessigsiiure durch
Cer(IV).perchloratI~sung wird beschrieben. Filr die Oxydation
werden 4 bzw. 2 Aquivalente Cer(lV) benotigt. Sekundiire Amine
und Kohlendioxid wurden als Oxydationsprodukte gefunden. Ein
~echanismusfiir die Oxydation der Aminopolycarbonsiiuren (Methyl-,
Athyl-, Hydroxyathyliminodiessigsaure, Nitrilotriessigsiiure und
Athylendiamintetraessigsiiure) durch Cer(IV)-salze wird vorgeschlagen.
Zuerst bilden sich aus Aminopolycarbonsiiuremoleki.ilen und Cer(IV)
bzw. hinzugefiigten Eisen(III) ionen Komplexverbindungen. Diese
werden durch Cer(IV)-ionen oxydiert. Die instabilen Zwischenpro
dukte stabilisieren sich nach Decarboxylierung als Carbenium
Immonium-Ionen.

Summary-The oxidation of ethylenediaminetetra-acetic acid by
cerium(IV) sulphate and ofhydroxyethyliminodiacetic acid by cerium
(IV) perchlorate is described. For these oxidations, respectively, 4
and 2 equivalents of eeric ion are needed. Secondary amines and
carbon dioxide are formed as oxidation products. A mechanism of the
oxidation of polyaminopolycarboxylic acids (methyliminodiacetic,
cthyl;minodiacetic, hydroxyethyliminodiacetic, nitrilotriacetic and
ethylenediaminetetra-acetic acid) by cerium(IV) salts is proposed.
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Binary solutions containing nitropropane give fair end-points, those containing nitroethane give
fair to poor end-points and the end-points of binary solutions of nitromethane, titrated with water,
are not at all suitable for analytical determinations.

The first part of this paper gives data for those nitroalkane systems which can be titrated directly
with water. The second part gives a method for improving the end-point of those nitroalkane systems
which cannot be titrated directly. Various aspects of the theory ofphase titrations have been discussed
previously.'-3

EXPERIMENTAL
Reagents

Reagent-grade solvents were used except for the nitroalkanes, which were technical grade.

Procedure

A 10-ml sample of a binary solution, containing nitroalkane and a water-miscible solvent, was
placed in a 25-mI Erlenmeyer flask. The titrant, distilled water, was added from a lO-mI micro
burette. The end-point and calibration techniques have been described.' -

3
Precision was improved by titrating to the same turbidity as a standard sample, which was stirred

from time to time to prevent the phases from separating into two separate layers.
If the end-point was unusually bad, 0'5 ml of a water-immiscible component, known to give a

good phase titration end-point, was added before titration. For nitroalkane systems, nitrobenzene
was added, using a micro pipette. In some respects, the additive resembles a phase-titration indicator.
The end-point of the titration takes on some of the characteristics of nitrobenzene end-points. The
titre is, of course, determined by the ratio of nitroalkane to the water-miscible solvent.

RESULTS AND DISCUSSION
Nitropropane systems

I-Nitropropane and 2-nitropropane in combination with water-miscible solvents give varied
phase-titration end-points. These substances can be titrated by the usual phase-titration techniques.I -'

Results for nitropropane systems are shown in Table I.

TABLE I.-THE DIRECT PHASE TITRATION OF BINARY SOLUTIONS Cor-TAlNING
NITROPROPANE. THE OPTIMUM TITRATION RANGE IS THE PERCENTAGE COMPOSI

TION OF NrrROPROPANE WHICH GNES TITRES FROM 1 TO 10 mi.

Optimum range, Number of Average error,
Sample % titrations %abs.

1-Nitropropanc-methanol 14-55 12 0'14
Ethanol 15-60 12 0·22
I-Propanol 20-50 12 0·63
2-Propanol 20-50 11 0'21
Acetone 10-30 12 0·22
Dioxan 12-30 12 0·11

2-Nitropropane-methanol 13-65 18 0·19
Ethanol 14-63 15 0'33
I-Propanol 20-65 12 0·73
2-Propanol 24-58 15 0·11
Acetone 10-35 9 0·42
Dioxan 11-35 9 0·10

The end-points are poor to excellent but good over most of the titration range. The slopes of the
calibration curves are unusually steep. An example is given in Fig. 1.

Even in cases in which the end-point is fair or poor, the steepness of the slope counteracts the
uncertainty in the end-point. Tabulated results, showing only the average error in percentage com
position, are similar to systems which have a much better end-point. A glance at the Average error,
%abs. column in Table I suggests that nitropropane systems are comparable to nitrobenzene systems,
whereas they are not; the end-point is much less distinct.

Nitroethane systems
The phase-titration end-point for binary solutions containing nitroethane is worse than it is for

solutions containing nitropropane. Even though the calibration curve is steep, the accuracy is poor.
The optimum titration range was originally defined" in terms of the titre. It is that range of unknown
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Uber die Verwendung metaUspezifischer Indikatoren bei Fiillungstitrationen-IX

Der EinfluB von Sulphat- und F1uoridionen auf die Fiillungstitration von Molybdat bzw.
Wolframat unter Verwendung von BleimaBlosung und PAR als Indikator*

(Eingegangen am 22. September 1965. Angenommen am 8. Oktober 1965)

DIE beiden ersten Publikationen dieser Reihe hatten die Titration von Molybdationen bzw. Wol.
framationen mit BleimaElOsung und PAR IPyridyl-(2-azo-4)-resorcin] als Indikator zum Gegenstand
Ober den EinfluB weiterer mitanwesender Anionen wurden lediglieh qualitative Angaben gemaeht.
Es wurde beispielsweise erwahnt, datl Chlorid- und Sulfationen die Titration nicht storen. Bei der
praktischen Anwendung dieser Titrationsverfahren, wie sie in unserem Laboratorium seit Jahren
gehandhabt wird, hat sich jedoch herausgestellt, daE obige Feststellungen nur beschrankte Giiltigkeit
besitzen und daB ferner Fluoridionen einen sehr sehwerwiegenden EinfluB auf die Titrationsergebnisse
ausiiben. 1m Folgenden soli kurz iiber die Resultate diesbeziiglicher Untersuchungen berichtet
werden.

EinfluB von Sulfutionen

Die in der ersten Veroffentlichung dieser Serie rnitgeteilte Feststellung, Sulfationen wiirden die
Molybdanbestimmung nieht stiiren, trifft nur fUr kleine Mengen an Sulfat zu. Mengen von 10 mg
Sulfat und rnehr fiihren zu einern deutliehen Mehrverbrauch an MatllOsung und darnit zu vollig
falschen Resultaten. In Abb. I ist die Abhangigkeit des Mehrverbrauches an Mal.llosung von der
Sulfatkonzentration wiedergegeben. Wie ersichtlieh, handelt es sieh dabei keineswegs urn ein stoehio
rnetrisehes Verhiiltnis. Von ciner gewissen Sulfatkonzentration an bleibt der Betrag des Mehrver
brauches konstant.

~:::t
~ 7.'Or
~ 'JO[
"§ 7,20

2
~ 7,10

7.00 I I I I

o 20 ,0 60 80 100 120 140 160 180 200 220 2,0

mg F in 300 mt Ldsung

Abb. 1.-Abhiingigkeit des Verbrauches an BleimaBIosung bei der Molybdiintitration
von der Sulfationenkonzentration bei gleiehbleibendem Molybdangehalt von 67,3 mg

(Titriervolurnen 300 ml, pH 6, kochend, mit Urotropin gepuffert).

* Teil VIII, siehe Talanta, 1963, 10, 1125.
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