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TALANTA REVIEW*

QUANTITATIVE ANALYSIS IN PHARMACY AND
PHARMACEUTICAL CHEMISTRY BY NUCLEAR
MAGNETIC RESONANCE SPECTROSCOPY

D. M. RACKHAM

Analytical Department, Lilly Research Centre Ltd., Erl Wood Manor,
Windlesham, Surrey

(Received 16 March 1970. Accepted 17 April 1970)

Summary—The applications of n.m.r. to the quantitative analysis of
pharmaceutical formulations and products of interest to the pharmacist
and pharmaceutical analyst are reviewed. Special attention is paid
to the accuracy of the method, the coefficients of variation being quoted
(or calculated from data in the original paper) where possible. An
elementary knowledge of n.m.r. is assumed.

SINCE the discovery of nuclear magnetic resonance (n.m.r.) spectroscopy in 19452
this spectroscopic technique has so gained in importance that, excluding those which
quote n.m.r. data only as support to structural assignments, more than 250 papers a
month are now appearing on the subject. Most of them, however, have not been
concerned with the use of n.m.r. as a quantitative analytical tool. This may partly
have been due to the relatively large quantity of sample required as compared with
such analytical techniques as ultraviolet spectroscopy and gas-liquid chromatography
(gl.c.) and to the lack of n.m.r. facilities in less well equipped laboratories.

Recent advances in instrumentation have now made available cheaper n.m.r.
spectrometers and time-averaging computer accessories which extend the scope of
n.m.r. to microgram quantities. Thus it seems an opportune time for a comprehensive
review on the work related to pharmaceutical chemistry. The basic principles of
n.m.r. are described in elementary texts on physical chemistry but the needs of the
pharmacist and pharmaceutical analyst are best served by current brief summaries.3-8

The use of n.m.r. depends on the measurement and interpretation of three param-
eters. These are signal position (the chemical shift or ““3”’ value), the splitting of that
signal (the spin-spin coupling constants, J values, which reflect the number and
nature of adjacent protons) and the signal intensity (expressed as a peak area or peak
height). It is the signal intensity parameter which provides the quantitative measure
of material in solution. A conventional proton n.m.r. experiment consists of a pre-
liminary field sweep which establishes the proton 6 and J values. For the assignment
of unknown peaks in new compounds, several extensive compilations®? can be
consulted, and workers specially interested in nitrogen heterocyclics, alkaloids etc,
will find of value the collected® proton n.m.r. shifts of 2306 proton groupings influenced

* For reprints of this Review see Publisher’s announcement near end of issue.
895
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by a nitrogen atom in the molecule. Once a peak, or group of peaks, in the n.m.r.
spectrum has been related to structural features in the compounds examined, the
peak areas can be accurately measured with the electronic integrator which is built in as
standard equipment on all commercially-available analytical spectrometers. Provided
that the compounds are chemically stable (and that suitably rapid sweep times and
non-saturating observing field parameters are selected®) the integrated peak areas
are directly proportional to the number of protons causing those peaks. For absolute
quantitative measurements these peak areas can then be related to that of a standard
solution of a single component in the same solvent and under the same instrumental
conditions or against that of a quite separate standard entity which is added to the
solution under test as an internal reference. In less common analytical practice,
information is obtained from the ratio of spectral peak heights. In the absence of
these standard reference techniques, the n.m.r. integration method yields only
relative quantities of components from their relative peak areas.

The armoury of the n.m.r. spectroscopist is augmented by time-averaging com-
puters (CATS) and glass micro-cells which permit the analysis of sub-milligram
quantities, e.g., for the determination of 0-1 mg of barbiturate mixtures and for the
analysis of 0-05-mg g.l.c. fractions from a commercial terpene fraction.!® Spectra
may often be simplified by removing interfering OH and NH proton signals through
addition of a few drops of heavy water (D,0) or gaseous acid vapour. Certain n.m.r.
spectrometers can be modified to operate on nucleiother thanhydrogen (e.g., boron-11,
carbon-13, fluorine-19, and phosphorus-31). Although much employed elsewhere®
this has found only one application pertinent to the present review. Other techniques
generally available include spectrum simplification by irradiation of the samples with
a second radiofrequency (a spin-decoupling experiment) and variation of the ambient
probe temperature, but these methods have not been applied in the quantitative
analysis of pharmaceutical products.

The most important considerations for the purpose of quantitative analysis by
n.m.r. are the precision and accuracy of integration. Several authors®'%1*> have
discussed these with regard to instrument settings of field stability and strength,
integral amplitude, time of scan and the concentration of the solution. Alexander!
concludes that the measured integral is within 19, of the theoretical value if 3-4
mequiv of protons are available (i.e., about 60 mg for a compound having a molecular
weight of 200 with 10 protons per molecule). Spectrum integration against a suitable
reference is also used® for the measurement of the amount of hydrogen in organic
compounds and can be at least as accurate as combustion analysis. It is disturbing to
find, therefore, serious discrepancies noted!® in an inter-laboratory collaborative
n.m.r. study carried out on samples of caffeine, with hexamethylcyclotrisiloxane as
internal reference standard. Six collaborators quantitatively analysed sealed aliquots
supplied by an associate referee. Hence the variation in their results did not depend on
initial sample preparation but only on instrumental and operator errors, and on sample
stability. A relative standard deviation as high as 9:7 9, was recorded for the caffeine
content, but there were indications that decomposition or reaction between the com-
ponents had occurred. A solution of rubbing alcohol was also studied by the col-
laborators. In this case the stability of the sample was not in question and the results
proved satisfactory, e.g., for the alcohol (61-:29) and water (34-69,) contents,
coefficients of variation of 0:6-1-7 %, were found.
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ANALYSIS USING, AS REFERENCE, STANDARD SOLUTIONS OF
ONE COMPONENT

In these examples the standard chosen is a solution containing a known weight
of a single component from the mixture. The procedure is to calculate the integral
response of the n.m.r. instrument to this standard solution and then to draw a cali-

bration curve of integrated peak areas over the range of concentration which will
be encountered in the unknown solutions.

N.M.R. has proved'*5 a useful criterion for qualitative identification of eighteen
barbiturates, deuterochloroform (CDCly) or trifluoroacetic acid (TFA) being used as

H 0 H 0
\ \ *
N CH,CH, N CHZ CHs
O——-< . O:<
/N CeHs /N CH.‘Z‘ CHs
H Y H 0-

®

Integration curve

Normal spectrum | | | ﬂb&] W |
2

Fic. 1.—Accumulated spectrum of barbituric acids A and B. (Redrawn from Z. Anal.
Chem., 1967, 229, 340 and printed by permission of the copyright holders.)

solvents. Riicker!® has used a CAT and a 0-2-ml microcell for the quantitative analysis
of only 0-1-1-5 mg of six barbiturates, with a quoted coefficient of variation of 10%.
The CAT operates by dividing the spectral information into 1024 sections and feeding
the signal amplitude data for each section into a memory channel of the computer.
The effect of repetitive scanning is to augment weak signals, from small amounts of
material, at the expense of interfering noise (the improvement factor in the ratio of
signal to noise height being 4/n after n accumulated scans). To obtain a satisfactory
spectrum from such small quantities of barbiturates Riicker found that the necessary
condition was that the product of the number of protons integrated as the unknown
and of the number of accumulated scans must exceed 600. As an example we can
consider the analysis of a mixture of 5-ethyl-5-phenylbarbituric acid (A) and 5,5-
diethylbarbituric acid (B). The peaks integrated are those due to the phenyl protons
of A and the methylene protons of B as shown in Fig. 1.

First, each component (10 mg) is dissolved in 2 ml of solvent and the spectrum of
0-2ml of this solution accumulated 120-150 times until sufficient for integration.
A constant (k) for the component and the instrument parameters is found from the
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equation:
h
c.n.a.

k =

Y

where h = integration height, ¢ = concentration, n = number of protons causing
the integrated peak(s) and a = number of spectra accumulated.

Quantitative analysis of a mixture (0-2 mg/ml) of A and B follows simply from
integration of a 250-scan accumulated spectrum (Fig. 1) and substitution in equation
(1) of the integral heights for A and B (4, and Ag) so obtained.

Nine sedatives and hypnotics (including meclozine, methaqualone, glutethimide
and ethinamate) give well defined n.m.r. spectral” and two ternary mixtures (containing
a minimum of 3 %; of each component) can be analysed with a coefficient of variation
of 49;. A microcell (without CAT) was used in this work and analyses were made on
10-15 mg quantities of the mixtures. To calibrate the integrator, each component
was first made up as a solution (30-1500 mg/ml in CDCl;) and the spectrum integrated
to yield the relevant k values. These were then substituted into equation (1) for the
calculation of mixture compositions. The author points out the advantages over
other spectroscopic and chromatographic techniques, the n.m.r. method providing
more specific qualitative identification and comparable quantitative accuracy.

Historically, the first application of n.m.r. to pharmaceutical formulations was
the analysis!® of aspirin, phenacetin and caffeine (APC) tablets. The analysis is
based on integration of the peaks given in Table I.

TABLE L.—APC TABLET ANALYSIS

Peaks Coefficient of
Component integrated variation, %,
Aspirin —OCOCH,* 35
Phenacetin —OCH,*CH;, 49
Caffeine —N—CH,* 4-5

One analysis requires 60 mg of material with deuterochloroform (or ethanol-free
chloroform) as solvent. Allowance is made in this procedure for overlap of phenacetin
and caffeine peaks and for an interfering carbon-13 satellite band. Binders (starch
or lactose) do not dissolve in the solvent and hence do not interfere. The integration
calibration is carried out with a 50 mg/ml caffeine solution and all areas are referred
to this standard measurement. The merits of this method over the United States
National Formulary methods have been discussed.’®®* Two major advantages of
the n.m.r. assay procedure are simplicity of sample preparation and rapid turnover
(3 samples/hr).

ANALYSIS BY IN SITU ADDITION OF AN INTERNAL STANDARD

Addition of a reference standard directly to the solution being analysed is a
procedure preferred to that described in the previous section because it eliminates
possible variations of integral amplitude with a change in temperature, tube size or
instrument behaviour between measurements made on standard and unknown,
It is most important, however, that there should be no adverse interactions between
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components in the sample and the reference. These could lead to chemical degradation
or to a physical change in the peak positions, thus causing overlap of areas otherwise
sufficiently separated for integration.

For qualitative analysis by n.m.r., a standard very frequently used is tetramethyl-
silane (TMS, 6 = 0-00) which is a chemically inert material having a sharp, single
n.m.r. peak well separated from ‘“normal” C—H, O—H, S—H and N—H proton
positions. The low boiling point of TMS (27°) militates against its use as a reference
standard for quantitative studies and structurally similar and inert (but less volatile)
materials have been investigated. Barcza®® has calculated molecular weights accurate
to within 3 9 by n.m.r. integration of peaks from the unknown and relation of this to
the integration of the single peak of the reference material hexamethylcyclotrisiloxane
(0 =015, m.p. 645°). The recently introduced?® cyclosilane-d;g3 (6 = —0-33,
b.p. 208°) also seems very suitable as a non-volatile, inert standard.

Tranquillizers and analgesics have been studied by n.m.r. methods. Neville*
reported the identification of the salts of procaine, larocaine and lidocaine. Turczan
and Kram® have presented simple, rapid and specific quantitative analyses of
meprobamate tablets and of carisoprodol and mebutamate. Meprobamate (80 mg/
ml) is measured by comparing the integration of the carbamate methylene group
(H.N—CO—O—CH,*—) at 3-8 with the methylene signal (6 = 3-3) of malonic
acid, the standard added (80 mg/ml). Acetone (which need not be deuterated) is the
solvent of choice. For seven synthetic meprobamate preparations a coefficient of
variation of 1-3 9, was found and the authors report no interference from other active
ingredients which may be present in various meprobamate formulations (e.g.,
amphetamine salts, dexamethasone or aspirin).

The fast analysis (30 min) of hypoglycaemic agents by n.m.r.24 compares well in
accuracy with classical acidimetric and bromometric methods, without the necessity
of preliminary, time-consuming separation. Glycodiazine (C), carbutamide (D) and
tolbutamide (E) have easily interpreted n.m.r. spectra in trifluoroacetic acid; maleic
acid (9 = 6:62) serves as the reference standard for all of these. The spectra in the
6-106 region are given in Fig. 2 together with the coefficients of variation for five
measurements on 500-mg samples. The protons used for integration are those indi-
cated as ¢, d, d', e and €' and the vinylic protons of maleic acid.

It is also possible?® to analyse a mixture of the three components by integration of
the signals for the protons shown in Fig. 2 together with the aromatic methyl proton
signal (6 = 2-50) of compound E. Twenty-one measurements made on synthetically
prepared ternary mixtures of C, D and E with maleic acid gave coefficients of variation
of 1:2% (C) and 1-7% (D and E).

A similar method?® can be applied to the methylxanthine stimulants theophylline
(F), theobromine (G) and caffeine (H) in mixtures with sodium benzoate (I) and
sodium salicylate (J). p-t-Butylbenzoic acid is a satisfactory reference compound,
with a single, very intense absorption (6 = 1-40) for the nine protons of the t-butyl
group. Each component in the mixture is detectable down to 39,. N.M.R. integration
has been carried out on twenty-seven synthetic mixtures (60-100 mg) of the five
components and the standard (10-15 mg) in trifluoroacetic acid (0-4-0-6 ml). Coeffi-
cients of variation for the methylxanthines and the sodium salts were 1-5% (F),
29% (G), 3-3% (H), 1-1% (1) and 1-:0% (J). Thus the n.m.r. method *“‘brings one
step nearer the goal of complete complex tablet analysis in one working process.””28
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Fic. 2—N.M.R. spectra of hypoglycaemic preparations. (Redrawn from Z. Anal.
Chem., 1969, 246, 22 and printed by permission of the copyright holders.)

A contaminant sometimes found in human and veterinary preparations is dimethyl-
sulphoxide (DMSO) which can be quantitatively assayed® in the range 20-0-0-057%
by use of the sharp single peak in the n.m.r. spectrum. Integration of the spectrum is
satisfactory for 20-0-2:0% concentration but below this level (i.e., 2:0-0-05 %) the
integrator is insufficiently sensitive and a measurement of peak heights is made.
The reference compound chosen is methanol and the method allows the use of non-
deuterated water or chloroform as solvent; their n.m.r. peaks do not interfere in
the region of importance. If measurements are made at room temperature (2339
and equal volumes of solution and methanol standard are used, the calculation of
DMSO content reduces to the simple expression

DMSO area at 2-76
methanol area at 3-30

% DMSO (v/v) = 87-83 X

Coefficients of variation are not available for the integration method but the
relative error quoted lies between 0-1 and 1-2 7.

ANALYSIS BY PEAK HEIGHT OR PEAK POSITION MEASUREMENTS
In cases where a satisfactory separation of peaks (or a sufficiently high concen-
tration) for an accurate integration of peak areas cannot be achieved, it may be
advantageous to work on the measurement of the peak heights (of readily assigned
signals from each component but it should be noted that this is valid only when the
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line widths, and multiplicities, are identical) or of peak positions (when a rapid
proton exchange process occurs between the components, causing coalescence of
their signals).

During the manufacture of the muscle relaxant maolate, a second isomer is
formed in low yield

Maolate Cl—©~0—éH2—éH(OH)—éHz—-OCONHz

Secondary Cl —0—CH,—CH(OCONH,)—CH,0H

isomer

Slomp et al®*" have tested n.m.r. as a quantitative analytical method for this
binary mixture. Considerable simplification can be brought about by moving —OH
and —NH type protons from positions in which they will interfere with the integration
of the remainder of the spectrum. This is accomplished by purging the solution (109,
in hexadeuteroacetone) with hydrochloric acid vapour, which causes a rapid exchange
of the OH and NH protons and a shift in their § values. Unfortunately a small,
broad interfering absorption due to OH or NH protons still remains and this has a
highly unfavourable effect on the integral areas. The problem has been resolved by
measurement of relative peak heights at 6 = 3-75 (mainly secondary isomer) and
0 = 4-08 (wholly maolate) in the region where the starred protons of the two isomers
absorb, the very broad NH or OH proton residue having little effect on peak height.
Data from the n.m.r. spectra were processed by an IBM 1620 which computed
composition and standard deviation thus saving 809, of operator calculating time.
The method of assay is considered significant to a few tenths of 1 9 and the coefficient
of variation for 15 assays is 1-2%.

Antihistamines can be analysed qualitatively by n.m.r.28 Koch et al.?® have used
n.m.r. quantitatively to estimate the ratio of salt to free base in chloroform extracts
of these amines from aqueous acidic solutions. Analyses were made by measuring the
time-averaged n.m.r. shift of an N-methyl group in base/salt mixture and comparing

Isomer Spectrum
I
|
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|
A | }
# | Cyclandelate
T . +
094 |! ogg 050 0-00
| et s CH3
B | Plh CH3
Al H—C—C-0
il ||
i OH 0
[l CHsz
AR
i 050 000
i

F1G. 3.—Spectra of isomers of cyclandelate. (Redrawn from Pharm. Weekblad, 1966,
101, 93 and printed by permission of the copyright holders.)



902 D. M. RACKHAM

this with its position in the pure free amine and amine salt components alone. The

maximum shifts obtained between -—N—CHj, and —IQLI—CH3 were 10-100 Hz (e.g.,
36-6 Hz for diphenhydramine). Linear calibration curves were constructed for known
mixtures by a least-squares analysis, with a standard deviation of 0-05-0-13 Hz.
The n.m.r. technique is faster and requires less material than the alternative method
of ultraviolet spectrometry followed by silver nitrate titration.

The vasodilator cyclandelate consists of a mixture of 4 isomeric esters which can
be separated into two diastereoisomeric pairs of optical antipodes. The ratio of these
pairs determines the final properties of the commercial material and this can be
measured®® with a coefficient of variation of 39, by n.m.r. from the peak heights.
The spectra of the diastereoisomeric pairs (A, m.p. 84° and B, m.p. 55-5°) differ
slightly (in their methyl proton regions only). They cannot be analysed by integration
but quantitative determination of the isomeric ratio is possible from the relative peak
heights of the methyl signals at 0-88 and 0-949 (Fig. 3). A calibration graph for peak
heights is first established for mixtures of known composition in deuterochloroform.

As a final example in this section we refer to the problem of dimethylsulphoxide
assay.?® When the quantities of DMSO are too small for accurate integration to be
carried out (<<2 %), peak height measurements are made. In this case the coefficient
of variation (1-4-5-4%;) is greater than the relative error stated for the integration
method (0-1-1-2 7). A simple expedient would seem to be to use a CAT for spectrum
accumulation until the peaks are of sufficient amplitude for normal integration
processing.

ANALYSIS WITHOUT A REFERENCE STANDARD

When information from peak areas or peak heights is not referred to a standard
compound in the manner previously described, only a relative measure of quantities
in solution is obtained.

The opium alkaloid thebaine is naturally accompanied by small quantities of
cryptopine, and Riill®!32 has estimated the relative proportions of these by n.m.r.,
down to 2%, of cryptopine. This small quantity is not revealed by paper chromatog-
raphy, infrared or visible spectrophotometry or by electrophoresis. Riill found that
the methoxyl signals in mixtures of the two alkaloids are not always sufficiently
resolved but thatan accurate integration could be achieved by considering the aromatic,
olefinic, methylenedioxy and methine protons in the region 4-8-7-158 (Table II).
No coefficient of variation is available but a precision of 0-5% is stated for the
cryptopine content.

TABLE II.—QPIUM ALKALOIDS

Protons at Protons at
Compound 4:8-5-756 5-75-7-158
Thebaine 3 2
Cryptopine 0 6

Dietrich? has pointed out the deficiencies of colorimetry and ultraviolet spectro-
photometry in the qualitative identification and quantitation of binary mixtures of
six commercial soap and detergent bacteriostats. The requirements for quantitative
analysis are met by an n.m.r. method® based on the spectral integration of 10%
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solutions of the materials (50 mg) in dimethylsulphoxide. For a mixture of hexachlo-
rophene (K) and 3,4’,5-tribromosalicylanilide (L), the peaks integrated are those
due to the methylene protons of K and the aryl protons of L (shown starred below).

Cl OH
Hexachlorophene (K) H CH,* *4.386
Cl Cl £
Br
3,4’,5-Tribromo- *8-000
salicylanilide (L) Y‘llH 18-274
CO
HO Ht
Br Br
H*

All possible binary mixtures can be measured by n.m.r. integration. Coefficients
of variation are not given but the authors estimate a precision and error of about 3 9/.
It is suggested that the method can also be extended to certain three-component
systems. Other detergent chemicals have beenstudied by n.m.r. There are reports34:38-38
of the quantitative analysis of ionic and non-ionic detergents (e.g., ethylene oxide/
alkylphenol condensates). In these, n.m.r. has yielded unique information regarding
olefin distributions, ortho—para substitution ratios and average alkyl chain lengths and
molecular weights.

Very recently the n.m.r. method has been used in the analysis of pesticides.
Organophosphorus materials frequently have simple spectra permitting facile
qualitative analysis.3”38 The use of an n.m.r. spectrometer operating at high magnetic
fields and frequencies (100 or 220 MHz instead of 60 MHz) often simplifies complex
spectra. Keith et al. revise some of the assignments made®® at 60 MHz for these
pesticides, on the basis of a 100 MHz study.®® A further 26 DDT-like pesticides are
the subject of a paper?® which includes the quantitative analysis of a technical DDT
preparation (a mixture of the 2,4" and 4,4’ isomers). The benzylic protons of these
are well separated for integration. Typical results showed a fourfold excess of the
4,4 isomer.

The systemic insecticide Systox consists of two isomers (M and N—see Fig. 4),
in approximately equal quantities together with a small amount (1-5%) of a dithio-
nopyrophosphate (Q). Since they differ in toxicity a method was required which
would yield the quantities of M and N (in the presence of Q). A combination of
glc. and n.m.r.4 is rapid, low in material requirement (100 mg) and non-degradative.

Samples of Systox are made up as 209, solutions in carbon tetrachloride. The
protons of M, N and Q fall conveniently into three regions (Fig. 4) according to the
adjacent C, S or O atom and the integration is measured at 1-1-1-5, 2:3-3-1 and
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F16. 4.—Constituents and n.m.r. spectrum of Systox. (Redrawn from Anal. Chim.
Acta, 1968, 40, 387 and printed by permission of the copyright holders.)

3-8-4-36. The weight of material taken and the ratio of the integrated areas give a
relative measure of the composition. An independent determination of the Q content
is made by the known g.l.c. method?? and this leads directly to the weight of isomers
M and N in technical Systox. Insufficient data are given in the paper for a calculation
of the coefficient of variation but the authors quote an error of 1-5%.

Muller#? previously employed phosphorus-31 magnetic resonance for investigating
the rate law for the isomerism of M and N in Systox free from component Q. Although
absorption peaks in phosphorus-31 resonance are much broader than in proton reso-
nance, chemical shifts are frequently an order of magnitude greater. For M and N
the phosphorus chemical shifts are 41-8 ppm apart and thus ideally separated for inte-
gration (contrast 1-2 ppm for the —CH,—O— and —CH,—S— proton chemical
shifts). Unfortunately, the dearth of phosphorus-31 n.m.r. equipment means that
this attractive alternative nucleus is unlikely to find wide application in quantitative
pharmaceutical analysis for many years.

When the spectra are sufficiently resolved, the relative composition of certain
stereoisomeric mixtures may be quantitatively analysed by integration of their n.m.r.
spectra. Casy has found this method applicable for determining the cis/trans ratio of
some piperidinols* and for the mixture of «- and f-propoxyphene carbinols.®® In
the latter a clear separation of peaks is noted for the secondary methyl doublets of
the a- and B-isomers (16 Hz for the free bases and 22 Hz for their hydrochlorides).

ISOMERISM AND COMPLEXATION
In the final section brief mention will be made of some of the potentialities of
n.m.t. for the identification and analysis of certain isomers and of interactions difficult
to study by other physical methods. Itishoped that the analyst will thus be encouraged
to consider how n.m.r. may be of assistance in problems beyond the range of those
discussed so far.
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Mention has already been made of the quantitative analysis of diastereoisomeric
pairs of optical isomers by n.m.r. and peak height measurement. In very fortuitous
examples, it is also possible to resolve the peaks due to the optical isomers themselves.
Burlingame*® found that the asymmetric carbinol PhCH(OH)CF; gives the expected
doublet for the hydroxyl group proton in normal solvents but that this is split into a
pair of doublets when an optically active naphthylethylamine is used as the solvent.
This splitting is attributed to the (4-) and (—) carbinols and was measured as 1-6 Hz
at 60 MHz. A similar splitting (of 5 Hz) has also been noted*” for propanol esters
derived from R-O-methylmandelic acid.

Many examples can be found in which separate n.m.r. signals are obtained from
conformational isomers. These need not necessarily be ring structures, e.g., the
straight-chain analgesic methadone hydrochloride shows two singlets in the n.m.r.%8
for its N,N-diethylamino group. This has been explained by hydrogen bonding
between the ketonic group and the basic centre which can cause two different quasi-ring
conformations.

Ph
CH,CH,
Q c®

@

H,C” "N7H
/\

CH; CH,

Apart from pharmaceutical analysis the n.m.r. method has also found extensive
use for the identification of geometrical isomers about an olefinic double bond (e.g.,
in the carotenoids®) and in the quantitative measure of keto-enol tautomerism (as
in acetylacetone®?). To the pharmacologist n.m.r. has become an attractive tool for
examination of the sites of complexation between drugs and protein materials.
Jardetzky has shown that n.m.r. line-broadening® and signal decay time® parameters
offer otherwise unobtainable information about the sites of bonding of sulphonamides
to egg albumin and of NAD to enzymes.

There is no doubt that the types of n.m.r. approach described in this and previous
sections will find increasing application in quantitative pharmaceutical practice when
a single-step, rapid, accurate and non-destructive assay procedure is needed.

Acknowledgement—I wish to thank Dr. A. F. Cockerill and Dr. N. C. Franklin for their valuable
advice in the preparation of this manuscript.

Zusammenfassung—Die Anwendungen von N.M.R. auf die quanti-
tative Analyse von pharmazeutischen Formulierungen und Produkten,
die fiir den Pharmazeuten und pharmazeutischen Analytiker von
Interesse sind, werden besprochen. Besondere Aufmerksamkeit wird
der Richtigkeit der Methode gewidmet; die Koefizienten der Varia-
tion, die zitiert (oder von Daten im urspriinglichen Referat kalkuliert)
werden, waren moglich. Elementare N.M.R.-Kenntnisse werden
vorausgesetzt.

Résumé—On passe en revue les applications de la RMN & I’analyse
quantitative de formulations pharmaceutiques et de produits intéressant
le pharmacien et ’analyste en pharmacie. On porte une attention
particuliere a I'exactitude de la méthode, les coefficients de variation
étant fournis (ou calculés des données du mémoire original) lorsque
cela est possible. On admet une connaissance €lémentaire de la RMN.
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THERMOMETRIC TITRATION STUDIES OF MIXED
LIGAND COMPLEXES OF THORIUM
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Summary—Mixed-ligand chelates consisting of two different multi-
dentate ligands linked to a central thorium(IV) ion have been prepared
in aqueous solution and their heats of formation studied thermo-
metrically. Pyrocatechol, tiron, chromotropicacid, potassium hydrogen
phthalate, 8-hydroxyquinoline-5-sulphonic acid, iminodiacetic acid,
S-sulphosalicylic acid and salicylic acid were used as the secondary
ligands, while ethylenediaminetetra-acetate and 1,2-diaminocyclohex-
ane-N,N,N’,N’-tetra-acetate were used as primary ligands. AH values
for the overall reactions are given, and where possible, the AH and AS
values for the specific secondary ligand addition were calculated. The
overall stability of the mixed-ligand chelates and the enhanced stability
of EDTA mixed chelates relative to the analogous DCTA chelates
were found to be due to entropy rather than enthalpy effects.

MIXED-LIGAND chelates of thorium(IV) were first prepared in solution and studied
potentiometrically by Carey, Bogucki and Martell.! These bi-ligand chelates are

formed by the reaction of various bidentate secondary ligands with thorium(IV) .

chelates of multidentate primary ligands such as EDTA and DCTA (1,2-diamino-
cyclohexane-N,N,N’,N'-tetra-acetic acid). Since thorium(IV) has a co-ordination
number of eight? and EDTA is hexadentate, the metal ion in the simple 1:1 Th-EDTA
chelate has two unused co-ordinating sites available for hydrolysis, olation or
polymerization reactions. Filling these two vacant sites by the addition of a bidentate
secondary ligand results in the formation of a 1:1:1 mixed-ligand chelate which is
found to be quite stable and more resistant towards hydrolysis than the simple EDTA
chelate. Previously,! only free energy (log K) values were reported for such secondary
ligand addition reactions. These data, though important, were of limited usefulness in
explaining why mixed-ligand chelate formation occurs. The present paper provides
AH and AS values for these systems in order to supply information concerning the
energetics of mixed-ligand chelate formation.

Usefulness of thermometric titration techniques as an easy, rapid and accurate
method to obtain enthalpy values for metal chelate systems has been amply demon-
strated in the literature.3~? Jordan® has described the theory and instrumentation of
thermometric titrations. Using this method Jordan and Alleman® have obtained heats
of formation for a number of transition metal-EDTA chelates by titration of EDTA
with metal ions at constant pH. Raffa ef al.® determined AH for the dissociation of
ephedrinium and pseudoephedrinium ions by titration of the ligand with sodium
hydroxide or hydrochloric acid, and Freeburg® obtained heats of formation for
bivalent metal-nitrilotriacetate chelates. Zenchelsky’ has reviewed the field of
thermometric titrations.

* Present addresses: George H. Carey—Dept. of Chemistry, Stonehill College, No. Easton, Mass.
02356. George C. Kugler—ESB Research Center, 19 W. College Ave., Yardley, Pa. 19068.
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EXPERIMENTAL

Reagents

Fischer “certified” thorium nitrate was used. Solutions were standardized gravimetrically by
evaporation and ignition to thorium dioxide. Tiron (disodium 1,2-dihydroxybenzene-3,5-disulpho-
nate) was obtained from the La Motte Chemical Products Co., Chestertown, Md., and was used
without further purification after the establishment of its purity and standardization of an aqueous
solution by potentiometric titration. “Baker Analyzed” samples of the disodium salt of EDTA were
used. The S-sulphosalicylic acid (SSA), salicylic acid (SA), chromotropic acid salt (1,8-dihydroxy-
naphthalene-3,6-disodium sulphonate) (CS), pyrocatechol (1,2-dihydroxybenzene) (PY), and 8-
hydroxyquinoline-5-sulphonic acid (HQS) were purchased from the Eastman Kodak Co.; the
iminodiacetic acid (IMDA) and DCTA were obtained through the courtesy of the Dow Chemical Co.
The DCTA was converted into its disodium salt before use. The potassium hydrogen phthalate
(KHP) was Fischer *“‘certified.”

Instrumentation

The pH measurements and titrations were made with a Beckman Research pH Meter Model 1019,
and recorded on a Sargent multi-range precision recorder. The pH meter was calibrated with various
standard buffers.

Procedure

Thermometric measurements were made by recording the temperature changes in the reaction
system, contained in an adiabatic reaction vessel (Dewar flask fitted with a cork stopper), using a
thermistor sensing device which served as one arm of a Wheatstone bridge. The Dewar flask contained
100 ml of a4-0 X 10~°M solution of ligand and/or metal ion, with ionic strength kept constant at 0-10
by the addition of potassium nitrate. The solution was stirred by a constant speed magnetic stirser,
and a nitrogen atmosphere was maintained over the solution in order to exclude carbon dioxide and to
avoid aerial oxidation. Sodium hydroxide solution, 0-5M, was supplied through a finely drawn
capillary at the rate of 1 ml/min by a Sargent Automatic Constant Flow Rate Buret, Model C. All
titrations were carried out at a nominal temperature of 25° in a constant temperature room, after the
solutions had achieved thermal equilibrium with their surroundings. A diagram of the apparatus is
shown in Fig. 1. The titrant concentration was about 100 times that of the titrand, so that the reaction
was complete on addition of about 1 ml, and thus the volume change and consequent heat capacity
change were kept to a minimum.

Figure 2 shows a typical titration curve for a two-step titration. Portion ABC represents the
temperature change of the system, due to two consecutive exothermic reactions. Portion CD
represents the effect of excess of titrant, and the slope of this line is due to any non-isothermality

N, (purified ond
H,0 sat'd)

Adigbatic
cet] (Dewor}

> Y
Automatic Constant r.p.m. d /%— 1
constant mag. stirrer
flow rate
burette Recorder
Ps o]
R,=R,=22k§) \\_IE To ext. d.c.

P, =Py =10 turn, wire wound, 100§} pot
P, =10 turn, wire woundy 5kSl pot !
S, = DPDT swifch 3

S,
M=0-3 vVd.c. meter v -
thermistor; R at 25°C =< 2-2k{) @

T=
M’:’_ 2 o
AT 10° §0/°C at 25°C

FiG. 1.—Thermometric titration apparatus.
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Temperature

m

Fi1G. 2.—Potentiometric titration (broken line) and thermometric titration of a 1:1:1

Th(IV)-DCTA-CS mixed-ligand chelate system 4-0 X 10-3M in Th(IV), DCTA, and

CS. ¢ =010, T=25°C,and m = number of moles of base added per mole of metal
ion,

between the titrant and titrand, heats of dilution, heats of stirring, heat loss from the system to the
surroundings, and any other constant thermal interchange exclusive of the heat of reaction. Ex-
trapolation of this line back to the start of the titration cancels out these effects, provided the line is
straight and of relatively small slope. A line parallel to this extrapolation is drawn through the first
break-point of the titration curve, B, located if necessary at the intersection of the extrapolated lines
AB and BC. The two parallel extrapolations are carried back to intersect with a vertical line at the
point corresponding to the start of the titration. The vertical distances EF and FA then correspond to
the temperature increase resulting from the second and first titration steps, respectively, and after
correction for the small volume change can be translated into enthalpy changes by means of a
calibration curve for a standard system.

The thermometric apparatus was standardized by utilizing a system of known enthalpy change
(titration of hydrochloric acid vs. sodium hydroxide), and constructing a calibration curve of cor-
rected enthalpogram step height vs. joules liberated. A value of —56-51 kJ/mole for the heat of
neutralization of hydrochloric acid by sodium hydroxide at 25° and u = 0-10 was obtained by
extrapolating the data of Hale e al.* The enthalpogram step heights were plotted vs. the calculated
amount of heat liberated. This procedure yielded points exactly collinear, with a slope of 3-04, mm/J
The calibration curve was checked periodically and was found not to vary over a period of six months.
Substitution of a 0-1M potassium chloride medium for the 0-10Mf potassium nitrate medium was
found to have no effect on the calibration curve.

For the mixed-ligand chelate experiments, 100 ml of 4-0 X 10-*M thorium, containing primary
ligand and secondary ligand, was placed in the adiabatic titration vessel after the ionic strength had
been adjusted with potassium nitrate. Time was allowed for thermal equilibrium to be attained, and
the solution was titrated with a concentrated solution of sodium hydroxide.

RESULTS AND CALCULATIONS
Determination of AH for the deprotonation of the secondary ligands

Before the AH due to the actual coupling of the secondary ligand onto the simple
metal-primary ligand chelate (AHyg,,) could be calculated, values of AH for the
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various deprotonation steps of the secondary ligand species (AHg_,) had to be known.
Since the free ligands were dissolved in aqueous solution and titrated with base, the
actual A Hyxp value experimentally obtained from the thermometric titration was for
the reaction:

(@ — BYHA -+ bA -+ bH* -+ aOH- — gA + aH,0  (AHgxp). )

Consequently, in order to obtain the desired AH for the simple deprotonation

reaction:
HA —+ A + H+ (AI{H,‘A) (2)

the AHygyyp value had to be adjusted to account for the neutralization of the released
hydrogen ions by the hydroxide, and also in some cases for the partial dissociation of
the free ligand before the start of the titration. Hale ez al.’s® value of —56-51 kJ/mole
was used for the heat of neutralization. Log K values which had been potentiometri-
cally determined! at 25° and u = 0-10 were used to calculate the degree of dissociation
of the free ligand.

Table I shows the thermodynamic values obtained for the free secondary ligands
used in the present investigation. The inflection points in the thermometric curves are
noted and the AHgxp and AHy , values are listed for the stepwise deprotonation of
the individual ligands. In the case of some ligands (Tiron, CS, PY, and SSA), no
AHg_, values are given for the loss of the second proton, since this dissociation occurs
only to a small extent or not at all in aqueous solution titrations. The AG values for
the same deprotonation reactions were calculated by using the appropriate ligand
log K values and the relationship: AG = —RTIn K. ASy , values were obtained
from the AHy , and the corresponding AGy, 4 values through use of the standard
relationship AG = AH — TAS.

Comparison of potentiometric and thermometric titration curves for the same
mixed-ligand chelate systems

The potentiometric as well as the thermometric titration curves for the 1:1:1
Th(IV)-DCTA-CS mixed-ligand chelate system [4-0 X 1073/ in thorium(IV)] are
shown in Fig. 2. An explanation for the potentiometric curve follows. The 1:1
Th-DCTA chelate is completely formed at the start of the titration, and the buffer
region up to m = 2-:00 represents the titration of the two hydrogen ions freed from the
chelated disodium salt of DCTA. The second buffer region fromm =2tom =4 is
due to the attachment of the two hydroxyl groups on the chromotropic salt onto the
1:1 chelate to form the 1:1:1 mixed-ligand chelate. This buffer region terminates in a
sharp inflection at m = 4 indicating that complete formation of the mixed-ligand
chelate has occurred at this point.

The thermometric curve for the same system may be similarly explained. Thus,
the highly exothermic constant slope region from m = 0 to m = 2 is due to the heat
liberated by the neutralization of the two hydrogen ions freed from the 1:1 Th~-DCTA
chelate. At m = 2 the slope changes and we obtain another, slightly less, exothermic
constant slope region from m =2 to m = 4 due to the formation of the 1:1:1
mixed-ligand chelate. The overall heat change observed in this region is due to three
factors: the heat of formation of the mixed-ligand chelate, the heat of neutralization
of the two hydrogen ions freed from the chromotropic salt, and the heat of depro-
tonation when these two hydrogen ions are removed from the chromotropic salt. At
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TaBLE I.—THERMODYNAMIC DATA FOR THE DEPROTONATION OF FREE SECONDARY LIGANDS ACCORDING
TO THE REACTION HA — A 4 H* AT 25°C AND u = (-1 (KNO,)

Range*
Values* of over which
inflection H was AHygxp AI'[II,,LA AGH"A ASH"A
Ligand points  calculated pKft  kJ/mole kJlmole kllmole  Jlmole.KX
Na,EDTA 1(w) 2(g) 0-1 616 —41-7 +182 +352 —57
(+182)§ (—356)§
1-2 10-26 —331 -+23-4 +58-6 —118
(42378 (—116)8
Na,DCTA 1(w) 2(vw) 0-1 616 —463 +10-3 +352 —83
(+86)§ (—88)8
121 1235 —18:6 +379 +70'6 —109
(+27-8)8 (—142)
Tiron 1(g) 0-1 7-61 —356 +21-0 +43-5 —75
(H2A)
CS 1(g) 0-1 532 —43-4 +13-6 +30-4 —57
(H,A)
PY 1(g) 0-1 919 —31-4 +251 +52-5 —92
(H,A)
HQS 2(g) 0-2 397 —71-5 +38-5 +70-9 —108
(H2A) (+35:0)f (=118)f
SSA 2(p) 0-2 2-62 —955 +25-5 +150 +35
(H;A)
SA 1(®) 2(w) 0-1 2-89 —54-3 +3-8 +16:5 —43
(H;A) 12 136 +13 +552 +778 —75
IMDA 1(® 2(® 0-1 2:52 ~53-6 +6-8 +14-4 —26
(H,A) 1-2 9:30 —233 +331 +53-1 —67
KHP 1(® 0-1 5-:00 —56-1 +0-3 +4-28-6 ~95
(HA)

* Moles of base added per mole of ligand (=a).
tu =010 (KNOy), T = 25°C, reference 1.
§ ¢ = 010 (KNOy), T = 25-3°C, reference 9.
tu =010, T=250°C, AHm,a = +183 ki/mole, AHyzs = +167 kijmole, ASy 4 = —13
Jimole.K, ASga = —105 J/mole.K, reference 10.
¢ Enthalpogram is rounded betweena = 1and ¢ = 2. Ata = 2 there is no well defined end-point,
and the curved region continues.
g—good inflection
w—weak inflection
vw—very weak inflection

m = 4, the curve reverts to that for addition of excess of reagent. In some instances
there is a slight delay or curvature at this point, indicating minor hydrolysis.

The other mixed ligand chelate systems (not shown) in the present study exhibit
the same correspondence as seen in Fig. 2, between the thermometric and potentio-
metric curves. The 1:1:1 Th-EDTA-secondary ligand chelate systems exhibit
potentiometric curves having inflections at m = 2 and m = 4 for PY, CS Tiron and
HQS; m = 3and m = 4for SA and IMDA: m = 4and m = 5for SSA; andm = 2
and m = 3 for KHP. Mixed-ligand chelate formation occurs in the regions between
these inflection points.

Determination of AH for the formation of the mixed ligand chelates

The AH due to the actual coupling of the secondary ligand onto the simple
metal-primary ligand chelate according to the reaction:
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was sought. The actual reaction, however, has a heat output which is due, as ex-
plained earlier, to three separate factors, and is represented by the equation:

ML + H,A + nOH- — MLA -+ nH,0  (AHgxp). @)

Thus the AHgxp includes: (a) the heat of neutralization; (b) the heat of depro-
tonation; and (c) the heat of the actual mixed-ligand complex formation, AHyy,,.
The heat of neutralization () is easily accounted for, but as stated above, not all the
AHy , values were obtainable. Thus in some cases only a value for the combination
of (b) and (¢) (AHypa1.,4) could be obtained. This value is the result of the reaction:

ML + H,A — MLA 4 nH*  (AHypa ) 5)

In the cases for which the AHy , values could be obtained, AHyy,, values were
calculated.

The thermodynamic results obtained from the thermometric titrations of the
various mixed-ligand chelate systems are presented in Table II. The m-values between
which mixed-ligand chelate formation occurs, and from which the thermometric data
were taken, is noted for each system. The AHpyp and AH . +m, 4 values for each
secondary ligand as well as the AHyy,, values are listed. AGy,, was calculated from
the log K values reported previously! for mixed ligand chelates. ASyy,, for mixed
ligand chelate formation was obtained from AHyy,, and AGyy,, values,

DISCUSSION

Comparison of literature values and thermometric values for secondary ligand
deprotonation

Calorimetrically determined values of AHy_, and AS for the deprotonation of the
free ligands EDTA and DCTA have been reported by Anderegg,® while those for
HQS have been reported by Gutnikov and Freiser.!® These values compare favourably
with those obtained thermometrically (see Table I). Agreement is good for all the
ligands except disodium DCTA. This discrepancy is due to a kinetically slow step,
indicated by a curved region on the enthalpogram. Adjustment of the thermometric
value to compensate for the slow step would yield a value close to that reported by
Anderegg. Thus, to apply thermometric titrations successfully to the determination of
such values, one must carefully consider the speed of reaction wvs. titrant addition
rates, heat leak rates, and subsequent reactions.

The agreement between the literature values and thermometric values for AHy ,
shown in Table I demonstrates the validity of the thermometric method to obtain
thermodynamic data of this type.

The energetics of mixed-ligand chelate formation

Table II reveals that the favourable AG for the formation of mixed ligand chelates
results principally from favourable positive ASyy,, values. AHyy,, is seen to vary
from favourable to unfavourable with apparently little effect upon AG. The large
entropy value is primarily due to the release of hydrated water molecules from both
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TABLE II.—THERMODYNAMIC DATA FOR THE FORMATION OF MIXED LIGAND CHELATES FROM THE ADDITION OF
ONE MOLE OF SECONDARY LIGAND (H,A) TO THE 1:1 PRIMARY LIGAND CHELATE AT 25°C AND u = 010

(KNOg)
m values
between
which Primary ligand EDTA Primary ligand DCTA

Secondary mixed
ligand  ligand A pfgyp AHyra n,a AHa AGyra ASypa AHexe Ay H,a AHvpa AGura A,

complex

acnts kJmole JImole.K kJimole Jimole.X
cs 2-4 —682 448 781 —  —652 478 — —751 —
Tiron 24 —972 158 66— 846 284 — —T24 -
PY 24 —618 Sl — 737 — —595 535 — —701 —
SA 3.4 —207 358 —1944 —6[-1 140 205 360 - - —
SSA 4-5 —248 317 — 53—  _215 350 — 507 @ —
HQS 24 812 318 —68 —399 111 —930 2000 —185 —383 66
IMDA  3-4 —134 432 4100 —383 162 —199 366 +35 —349 129
KHP 2-3 327 238 4235 _—177 138 —355 210 +207 —150 120

m = moles of base added per mole of metal ion present.
* At 25-3°C, p = 0-10 (KNO,), reference 11.

the free ligand and the metal ion in the simple 1:1 chelate upon mixed-ligand chelate
formation.

The inability to obtain explicit AHyy, 4 values for certain secondary ligand systems
does not prevent a meaningful comparison between the AHyy, . i 4 values of the
EDTA and DCTA mixed ligand chelates of the same secondary ligands. This is so
because the heat of deprotonation for a given secondary ligand is constant during
mixed-ligand formation, even though in certain cases it may be indeterminable. Thus,
for any given secondary ligand the effective heats of mixed-ligand addition for the
EDTA system may be compared with those for the DCTA system.

The EDTA mixed-ligand chelates were previously! found to be more stable than
the analogous DCTA mixed-ligand chelates, as is evidenced in the comparison of the
AG .4 values for the various secondary ligand additions. The buffer region in which
the mixed-ligand chelate is formed occurs at a higher pH with DCTA than with EDTA.

This enhanced stability of the EDTA system cannot be accounted for by enthalpy
effects, since the AH values for the two systems can be seen to show no definite trend in
relation to each other; the AHyr .5 4 values involving the secondary ligands CS,
PY, Tiron and SSA are more positive for the DCTA system, while the opposite is true
for the ligands HQS, IMDA and KHP. Consequently, the greater stability of the
EDTA mixed-ligand chelates must depend on entropy effects, which is evidenced by
the more favourable positive ASyy,, values. This effect is probably due to less
saturation of the co-ordinating tendencies (less effective shielding of the charge) of the
thorium(IV) ion in the simple 1:1 Th~-EDTA chelate. This leads to greater hydration
and subsequent release of a greater number of water molecules upon mixed-ligand
chelate formation.

Zusammenfassung—Chelate mit verschiedenen Liganden, die aus zwei
verschiedenen, an ein Thorium(IV)-Zentralion gebundenen mehr-
zéhnigen Liganden bestehen, wurden in wiBriger Losung hergestellt
und ihre Bildungswirmen thermometrisch untersucht. Brenzcatechin,
Tiron, Chromotropsdure, Kaliumhydrogenphthalat, 8-Hydroxy-
chinolin-5-sulfonsiure, Iminoessigsiure, 5-Sulfosalicylsdure und Sali-

cylsdure wurden als Zweitliganden, Athylendiamintetraacetat und
1,2-Diaminocyclohexan-N, N, N’, N'-tetraacetat als Erstliganden
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eingesetzt. AH-Werte fiir die Bruttoreaktionen werden angegeben und,
soweit moglich, AH- und AS-Werte speziell fiir den Eintritt des
Zweitliganden berechnet. Die Bruttostabilitit der gemischten Chelate
und die erhthte Stabilitit der gemischten Chelate mit EDTA, ver-
glichen mit den analogen DCTA-Chelaten, beruht offenbar eher auf
Entropie- als auf Enthalpieeffekten.

Résumé—On a préparé en solution aqueuse des chélates de ligands
mixtes consistant en deux ligands différents & multicoordination liés &
un ion thorium (IV) central, et ’on a étudié thermométriquement leurs
chaleurs de formation. Les pyrocatéchol, tiron, acide chromotropique,
phtalate acide de potassium, acide 8-hydroxquinoléine 5-sulfonique,
acide iminoacétique, acide S-sulfosalicylique et acide salicylique ont
¢té utilisés comme ligands secondaires, tandis que 1’éthylénediamine-
tétracétate et le 1,2-diaminocyclohexane N, N, N’, N’-tétracétate ont
été utilisés comme ligands primaires. On donne les valeurs AH pour
les réactions globales et, lorsque ¢’était possible, les valeurs AH et AS
pour l’addition spécifique du ligand secondaire ont été calculées. On a
trouvé que la stabilité d’ensemble des chélates de ligands mixtes et la
stabilité accrue des chélates mixtes d’EDTA par rapport aux chélates
analogues de DCTA sont dues a des influences d’entropie plutdt que
d’enthalpie.
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VERWENDUNG VON ALKYLPHOSPHORSAUREN
IN DER ANALYTISCHEN CHEMIE

EXTRAKTION VON GALLIUM(III) AUS LOSUNGEN
SAUERSTOFFHALTIGER SAUREN MIT LOSUNGSMITTELGEMISCHEN

I. S. LeviN und N. A. BALAKIREVA
Institut fiir physikalisch-chemische Grundlagen der Aufarbeitung von
Mineralstoffen, Novosibirsk, Derzhavina 18, U.S.S.R.

(Eingegangen am 14. Mdrz 1968. Revidiert am 27. Oktober 1969,
Angenommen am 31. Mdrz 1970)

Zusammenfassung—Gallium(III) kann durch kombination zweier
Extraktionsmittel (M2EHPS mit TBP, oder M2EHPS mit Methyl-
hexylketon) aus schwefel- oder bromwasserstoffsauren Ldsungen
von Aluminium abgetrennt werden, wobei Gallium in der organischen
Phase verbleibt. Alle andere extrahierten Metallen werden mittels
selektiver Waschlosungen abgetrennt.

GaLLuM(III) kann durch Extraktion mit Pyroalkylphosphorsduren (PAPS) von
den meisten Begleitstoffen auBer Aluminium abgetrennt werden.! Zur Gallium-
bestimmung wird dann die organische Phase mit Oxalsdure extrahiert und Gallium
mit Malachitgriin photometrisch bestimmt,? wobei Aluminium nicht stort. Bei der
komplexometrischen Galliumbestimmung jedoch miissen Aluminium und Oxalsdure
abwesend sein. In der folgenden Arbeit wird daher ein Verfahren zur gleichzeitigen
Abtrennung des Galliums(III) von Aluminium(IIT) und Begleitelementen beschrieben.
Als Extraktionsmittel dient Mono-2-4thylhexylphosphorsiure (M2EHPS)* sowie ein
Gemisch von M2EHPS mit verschiedenen Antagonisten.

Galliumbestimmungen im Milligrammbereich wurden komplexometrisch mit dem
Indikator Xylenolorange? und im Mikrogrammbereich photometrisch mit Malachit-
griin? ausgefiihrt.

Abtrennung von Ga(IlI) und AI(IIL) mit Monoalkylphosphorsdure

Es wurde (Abb. 1-3) die Abtrennung des Ga mit M2EHPS aus mineralsauren
Losungen verschiedener Konzentration untersucht. Es zeigtsich, daB durch Anderung
der Saurekonzentration in der wiBrigen Phase eine getrennte Extraktion von Ga(III)
und AI(ITT) mittels M2EHPS unméglich ist. Auch das Zusammenwirken von Tri-
alkylphosphaten S, wobei S auch Alkohole oder Ketone sein konnen und Siuren
(HX = Schwefel- oder Salpetersidure) im System Me(III)-M2EHPS-S-HX bewirkt
keinen Trenneffekt (Abb. 4).

Jedoch 148t sich Gallium(IIT) von Alkoholen, Trialkylphosphaten und Ketonen
aus Losungen verschiedener Halogenwasserstoffkonzentration (Abb. 5) sehr gut
extrahieren. In diesem System liegen die Trennfaktoren

.BGa,/Al = DGu/DA.l

* Die extraktive Galliumabtrennung mit Dialkylphosphorsiuren ist wegen zu niedriger Verteilungs-
koeffizienten unmdglich.® Monoalkylphosphorsiduren sind nach einem bereits beschriebenen
Verfahren zuginglich.® Zur Herstellung von Galliumldsungen wurde Gallium hoher Reinheit
in den entsprechenden Sduren aufgelost.

915
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Aps. 1.—Verteilungskoeffizienten von Ga(IIl) und AI(III) in Abhéngigkeit von der
H,S0,-Konzentration in der wiBrigen Phase.
Organische Phase: 1,5N M2EHPS in Heptan
Kurve 1: Ga, 1,18 mg/ml
Kurve 2: Al, 4 mg/ml.
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log,

Ass. 2.—Verteilungskoeffizienten von Ga(IIl) und AI(III) in Abhéingigkeit von der
HBr-Konzentration in der wiBrigen Phase.
Organische Phase: 1,5N M2EHPS in Heptan
Kurve 1: Ga, 1 mg/ml
Kurve 2: Al, 3 mg/ml.
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AsB. 3.—Verteilungskoeffizienten von Ga(Ill) und AI(III) in Abhidngigkeit von der
HCl-Konzentration in der widBrigen Phase.
Organische Phase: 1,5N M2EHPS in Heptan
Kurve 1: Ga, 1 mg/ml
Kurve 2: Al, 3 mg/ml.

%)

fog, D

ABB. 4.—Verteilungskoeffizienten von Ga(III) und AI(III) in Abhingigkeit von der
H,S0,-Konzentration in der wiBrigen Phase.
cga = 1,77 mg/ml; ¢y = 2,1 mg/ml
1. Org. Phase: M2EHPS (0,75N) und TBP (1,88N) in Heptan
Kurve 1: Ga; Kurve 2: Al
1I. Org. Phase: M2EHPS (0,75N) und 2EHA (3N) in Heptan
Kurve 3: Ga; Kurve4: Al
III. Org. Phase: M2EHPS (0,75N) und MHK (3,2N) in Heptan
Kurve 5: Ga; Kurve 6: Al.
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(D = entsprechende Verteilungskoeffizienten) bei etwa 102 Im System Me(III)-

M2EHPS-S-HX, wobei HX = HCI oder HBr, ist dic Komponente S von grofer

Wichtigkeit.

Untersucht wurden die Systeme

Ga(II)-M2EHPS-TBP-HBr (TBP = Tributylphosphat)
Ga(III)-M2EHPS-2EHA-Hbr (2EHA = 2-Ethylhexylphosphat)
Ga(ITI)-M2EHPS-MHK-HBr (MHK == Methylhexylketon)

als Funktion der Bromwasserstoffsdurekonzentration (Abb. 6). Es zeigt sich, daB

3

log, D

[HBr],N

ABB. 5.—Verteilungskoeffizienten von Ga(Ill) und AI(III) in Abhingigkeit von der
HBr-Konzentration in der wiBrigen Phase.
cga = 1,77 mg/ml; ca = 2,1 mg/ml
L. Org. Phase: TBP (3,76N) in Heptan
Kurve 1: Ga; Kurve 2: Al
II. Org. Phase: 2EHA (6N) in Heptan
Kurve 3: Ga; Kurve 4: Al
HI. Org. Phase: MHK (6,4N) in Heptan
Kurve 5: Ga; Kurve 6: Al

in diesen Systemen M2EHPS die Rolle eines Antisynergentenmittels spielt. M2EHPS
allein vermag Ga(IIl) nur in geringem Umfang aus HBr-Losungen zu extrahieren.
Durch Erhohung der Aciditit (Zugabe von Schwefelsdure) jedoch wird Dg, merklich
groBer (Abb. 7), wihrend AI(IIT) unter diesen Bedingungen kaum extrahiert wird.

Abbildung 8 zeigt den gemeinsamen EinfluB von M2EHPS und TBP auf das
Extraktionsverhalten von Ga(IIl) und AI(III). Die Verteilungskoeffizienten ergeben
fiir dieses System Trennfaktoren von 103 bis 105.

Bei Verwendung ein Semisch von TBP + M2EHPS wird bereits durch ein- bis
zweimalige Extraktion eine Ga/Al-Trennung erreicht. Aber wie aus Tabelle I zu
ersehen ist, hat die Aluminium-konzentration in der wiBrigen Phase einen Einflub
auf der Verteilungskoeffizient Dg,. Diese Storung kann durch Einstellung der zu
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D

leg,

[HBF],N

ABB. 6.—Verteilungskoeffizienten von Ga(Il) und AI(IID) in Abhingigkeit von der
HBr-Konzentration in der wiBrigen Phase.
¢ga = 1,77 mg/ml; ca = 2,1 mg/ml
L Org. Phase: M2EHPS (0,75N) und TBP (1,88N) in Heptan
Kurve 1: Ga; Kurve 2: Al
II. Org. Phase: M2EHPS (0,75N) und 2EHA (3N) in Heptan
Kurve 3: Ga; Kurve 4: Al
HI. Org. Phase: M2EHPS (0,75N) und MHK (3,2N) in Heptan.
Kurve 5: Ga; Kurve 6: Al

extrahierenden Losung auf pH 4-5 behoben werden, wobei der pH so gewihlt wird,
daB die Ausfallung von Hydroxiden unterbleibt.

DISKUSSION

Im folgenden wird ein allgemeines Verfahren zur Abtrennung von Ga(IIl) aus
Losungen, die Beimengungen an Kupfer, Zink, Cadmium, Kobalt, Eisen u.a.
enthalten, beschrieben.

Fe(IIT) wird zunichst zu Fe(IT) reduziert und verbleibt bei der Extraktion mit
M2EHPS in der waBrigen Phase. Dabei geht TI(III) in TI(I) auch iiber. Die Beg-
leitelemente, die bei der Extraktion mit M2EHPS in geringem Umfang in der organis-
chen Phase nachzuweisen sind (Tabelle IT1), werden durch Waschen mit konzentrierter
Perchlorsiure entfernt.

Nach Abtrennung dieser schlecht extrahierbaren Elemente mit Perchlorsiure
1abt sich Aluminium durch Zugabe des Schwefelsiure-Bromwasserstoffsiure-Gemis-
ches nur schwer wieder aus der organischen Phase extrahieren. Vermutlich verbleibt
Al(ITI) in Form von gemischten Ga-Al-Komplexen in der organischen Phase. Fiir
diese Annahme spricht die ungestérte Al(III)-Abtrennung aus galliumfreien Losungen,
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tog, D
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(HBr),N

ABB. 7.—Verteilungskoeffizient von Ga(Ill) in Abhingigkeit von der H,SO,~HBr-
Konzentration in der wiBrigen Phase.
Organische Phase: M2EHPS bzw. TBP in Heptan
Cga = 1,77 mg/ml; CMepHPS = I,SN, Crgp — 3,76N

Kurve 1: M2EHPS, 3N H,SO, Kurve 4: TBP, 3N H,SO,
Kurve 2: M2EHPS, 7N H,SO, Kurve 5: TBP, 7N H,SO,
Kurve 3: M2EHPS, 12N H,SO, Kurve 6: M2EHPS

log, D

(HBr),N

ABbg. 8,—Verteilungskoeffizienten von Ga(III) und AI(III) in Abhingigkeit von der
H,SO,-HBr-Konzentration in der wialrigen Phase.
Organische Phase: M2EHPS -+ TBP in Heptan,
cgs = 1,77 mg/ml, cs1 = 2,1 mg/ml, cypmnpes = 0,75N und crpp = 1,88N
Kurve 1: Ga, 3N H,S0, Kurve 4: Al, 7N H,SO,
Kurve 2: Al, 3N H,SO, Kurve 5: Ga, 12N H,SO,
Kurve 3: Ga, 7N H,SO, Kurve 6: Al, 12N H,SO,
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TABELLE I.—EINFLUSS DES ALUMINIUMS AUF DER EXTRAKTION VON GALLIUM MIT
TBP uno M2EHPS

[Ga]
in der wiBrigen
[Ga] Phase nach einer
In der wiBrigen [Al} Extraktion,
Phase, mg/l. gl mg/l. Dga
925 0 6 153
925 6 73 11,7
925 12 145 5,38
926 18 162 4,71
927 24 166 4,58
93 0 2 45,5
93 6 13 6,15
94 12 28,4 2,29
94 18 38,4 1,45
95 24 43 1,20

TABELLE II.—-TRENNUNG DES GALLIUMS VON ALUMINIUM DURCH EXTRAKTION MIT TBP unD

M2EHPS
Ga, gefunden Al, gefunden

[Al], [Gal, im Reextrakt, bei Wischen,
gl gll. Al:Ga gl gl
24 1,42 17 1,44
24 0,142 170 0,142

25,6 1,42 18 1,45

314 0,142 220 0,136
25,6 0,07 370 0,08

0,19 6,8 0,03 6,58 0,178
0,98 5,68 0,2 5,39 0,102

2 6,8 0,3 6,71 2,11

Vo:Vg = 1-5:1, [M2EHPS] = 0,75N, [TPB] =1,88N.

In Anwesenheit von Ga(III) werden 45-659, Al ausgewaschen. Yedoch, wenn man
die organische Phase vorldufig mit Wasser auswascht, wird das al leicht durch Zugalee
des Schwefelsdure = Bromwasser — stoffsdure = Gemisches reextrahiert.

Zusammen mit Gallium(I1T) befinden sich In, TI(IIT), Sb(III), Bi, Sn(II), Sn(IV)
U, Th, Zr, Hf, Sc, Seltene Erden, Ti u.a. in dem M2EHPS-Extrakt. Davon sind Ti,
Zr, Hf, Sc nur schwer wieder aus der organischen Phase zu entfernen. Liegen in der
galliumhaltigen Losung In(IIT), Sb(IIT), Sn(II) und Bi(III) vor, dann konnen sie, wie
Abb. 9 zeigt, durch zusitzliche Extraktion mit 2-Athylhexanol und Salzsdure aus der
organischen Phase abgetrennt werden.®

Isolierung von Ga(11l) aus Losungen vorgegebener Zusammensetzung

Der in Abb. 9 gezeigte Trennungsgang wurde an einer Losung folgender Zusam-

mensetzung gepriift:
Konzentration

Element (/)
Ni 2,84
Hg 1,42

Usw.
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Ga-haltige H,SO,, HNO,;, HCIO,-saure
Extraktionsmitte] M2EHPS Losungen

Vo

Extraktion

l NaCl
Y l

Wailrige Phase: Organische Phase:

Alkalien, Erdalkalien HCIO Ga, In, T1, Al, Bi, Sn(II), Sb(Ill),
Zn, Cu, Cd, Ni, Co, Pb, Mn, Ag, ¢ 4 Seltene Erden, Zr, Hf, Sc u.a.
Au, Pt u.a.

2-Athylhexanol + HCI
v Vo
l Ti, Bi Organische Phase:

Ga, In, Al, Sn(1l), Sb(III), Seltene
Erden

TBP+ H,SO,+ HBr

; v

In, Sn(II), Sb(I1D) Organische Phase:
Seltene Erden Ga, Al
H,SO,
v Vo
Organische Phase:
Ga
l

[Ga |

AsB. 9.—Extraktionsschema zur Isolierung von Ga.

Die Galliumkonzentration nach Ausfithrung des Trennungsganges betrug 1,15 g/l.,
die der vorgegebenen Losung 1,18 g/l.

EXPERIMENTELLER TEIL

Galliumhaltige Zwischenprodukte aus Tonerdebetriecben werden zunichst nach den iblichen
Verfahren aufgeschlossen. Dann stellt man mit Lauge in den schwach salpeter- oder perchlorsauren
Losungen einen pH-Wert zwischen 4 und 5 ein und extrahiert mit dem 1,5-fachen Volumen einer
Losung von 2N M2HPS* in Heptan. Sollte die urspriingliche Losung Fe(IIT) enthalten, dann wird
zuniichst mit fester Ascorbinsdure reduziert. Die Vollstandigkeit der Reaktion wird durch das
Ausbleiben der Eisen(III)-thiocyanatreaktion auf Filterpapier gepriift.

* M2HPS ist ein Gemisch aus 92-939% M2EHPS und 7-89% D2EHPS. Dieses Extraktions-
mittel entsteht® bei der Einwirkung von P,O; auf ROH nach P04 + 2 ROH — R,H,P,0,
und nachfolgender sechsstiindiger Hydrolyse mit HCI (1:1).
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TABELLE II.-——ABTRENNUNG DES GALLIUMS VON SCHLECHT EXTRAHIERBAREN

METALLEN
Ga
[Mel], [Ga], in Reextrakt,
Me gl gl [Me]: [Ga] g/l
Ni 40 1,42 28,2 1,39
Co 40 0,142 282 0,140
40 1,42 28,2 1,42
40 0,142 282 0,146
40 1,42 28,2 1,37
Cu 40 0,142 282 0,150
40 1,42 28,2 1,15
Cd 40 0,142 282 0,146
Mn(IT) 16 1,42 11,3 1,44
16 0,142 113 0,143
Pb 7,79 1,42 5,5 1,40
7,79 0,142 55 0,144
Hg 20 1,42 14 1,39
20 1,142 140 0,136
Zn 64 1,42 45 1,41
64 0,142 450 0,146

Ve 1 Vy = 1,5 :1, [IM2EHPS] = 2N, Losungsmittel Heptan.

Die Extraktion erfolgt unter Schiitteln (Schiitteldauer 1 Minute). Die organische Phase wird
zweimal mit konzentrierter Perchlorsdure und dann einmal mit Wasser gewaschen, wobei die wiB-
rigen Phasen jeweils verworfen werden. Zur Abtrennung des Aluminiums wird die organische Phase
mit dem gleichen Volumen TBP versetzt und Aluminium durch Ausschiitteln mit demselben Volumen
einer Losung, die 7N an Schwefelsdure umd 7N an Bromwasserstoffsdure ist, entfernt. Zur Isolierung
des Galliums wird die verbleibende organische Losung zweimal mit 4N Schwefelsdure extrahiert und
Gallium dann in den vereinigten Ldsungen komplexometrisch bestimmt. .

Dazu wird die gallliumhaltige Losung mit Wasser auf 60-70 ml gebracht, ein UberschuB an 0,010
Komplexonlésung zugegeben, auf 70° erhitzt und dann mit Ammoniak bis zur Rotfirbung von
Kongorot neutralisiert. Nach Zugabe des Acetatpuffers vom pH 5 wird die Losung mit wenigen
Tropfen Xylenolorange versetzt und mit 0,01/ Zinknitratlosung bis zum Farbton rosa titriert.

Die Galliummenge errechnet sich nach

Ga = 0,697(V, — V) mg

wobei ¥, (ml) das zugesetzte Komplexonvolumen und ¥, (ml) der Verbrauch an Zinknitrat bedeuten.

Anwendung fand das Verfahren bei der Analyse von Zwischenprodukten, wie sie in Toner-
debetrieben vorkommen. Diese Produkte enthalten nach anderen Bestimmungsmethoden? ermittelte
Galliumbeimengungen von 0,489,. Nach dem hier beschriebenen Verfahren wurde aus 10 Bestim-
mungen ein Galliumgehalt von 0,49 + 0,029 ermittelt.

Summary—Gallium(III) can be separated from aluminium in sulphuric
or hydrobromic acid medium by synergic extraction with a combination
of mono(2-ethylhexyl)phosphoric acid and tributyl phosphate, or of
mono(2-ethylhexyl)phosphoric acid with hexyl methyl ketone. All
other metals extracted are removed by selective stripping reactions.

Résumé—Le Gallium(II) peut étre séparé de I'aluminium en milieu
d"acide sulphurique ou hydrobromique par extraction synergique avec
une combinaison d’acide mono(2-ethylhexyl) phosphorique et de
phosphate de tributyl ou avec une combinaison d’acide mono(2-
ethylhexyl)phosphorique et de ketone d’hexyl methyl. Tous les
autres meétaux extraits sont prélevés par réactions lamellisantes
sélectives.
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Summary—Thorium was precipitated from homogeneous solution
by exposing solutions of thorium and periodate in dilute perchloric
acid to 2537 nm radiation from a low-pressure mercury lamp. Period-
ate is reduced photochemically to iodate which causes the formation
of a dense precipitate of the basic iodate of thorium(lV). The precipit-
ate was redissolved, the iodate reduced, the thorium precipitated
first as the hydroxide, then as the oxalate and ignited to the dioxide
for weighing. Thorium(IV) solutions containing 8-200 mg of ThO,
gave quantitative results with a standard deviation (s) of 0-2 mg.
Separations from 25 mg each of iron, calcium, magnesium, 50 mg
of yttrium and up to 500 mg of uranium(VI) were quantitative (s =
0-25 mg). Separations from rare earths, except cerium, were accom-
plished by using hexamethylenetetramine rather than ammonia for
the precipitation of the hydroxide. Cerium(III) was similarly precip-
itated and converted into CeO, for weighing. Quantitative results
were obtained for 13-150 mg of CeO, with a standard deviation of
0-2 mg. Separations from 200 mg of uranium were quantitative.
Other rare earths and yttrium interfered seriously. The precipitates
of the basic cerium(1V) and thorium iodates obtained are more compact
than those obtained by direct precipitation and can be handled easily.
Attempts to duplicate Suzuki’s method for separating cerium from
neodymium and yttrium were not successful.

PRECIPITATION from homogeneous solution (PFHS) has been effected by a number of
methods,! but until recently, photochemical oxidation or reduction had not been
applied. Yen and Yang? produced non-quantitative precipitation of tantalum selenite
from homogeneous solution by the photo-induced oxidation of oxalate by bromine in
the presence of manganese(II) chloride. The tantalum was originally complexed by
the oxalate and after oxidation of the oxalate, the tantalum precipitated as the
selenite. Suzuki® reported a method for the photochemical separation of cerium from
some other rare-earth elements by a photochemical method which involved the
10,~10;~ system. We did not become aware of his work until after the publication
of our preliminary communication.*

Thorium and some other elements are frequently precipitated as the iodates. Stine
and Gordon® introduced a PFHS method for thorium, based on the reduction of
periodate by 2-hydroxyethyl acetate, resulting in the precipitation of thorium iodate.
In order to achieve a separation from rare earths, a 2-5-3M nitric acid solution had

* Present address: Department of Chemistry, University of Tabriz, Tabriz, Iran.

t Leave of absence, Roorkee University, Roorkee, India. This paper was presented in part before
the Division of Analytical Chemistry, 154th and 155th National Meetings, American Chemical
Society, Chicago, 111., 1967 and San Francisco, Calif., April 1968. Work supported by a Grant-
in-Aid from the Graduate School, Boston University and by the National Science Foundation
Grant GP-7532, and taken in part from the Ph.D. Thesis of M. Das, Boston University, 1967.
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to be used. Meyer and Speter® had used 7M nitric acid in the direct precipitation of
thorium iodate, but Stine and Gordon recognized that such a high concentration of
acid caused an intolerable loss of thorium which appeared to be partially compensated
by co-precipitation of silica. On the other hand, too low a concentration of nitric
acid allowed the co-precipitation of cerium. Inasmuch as Stine and Gordon’s method
does not provide for a separation from cerium, a lower acid concentration was used.
Meyer and Speter had to add a very large excess of the expensive iodate in order to
decrease the solubility of thorium iodate. In all these methods, the thorium iodate
precipitates as a mixture of different iodates. Consequently, it is necessary to convert
the thorium into a weighable form such as ThO,. However, direct ignition of the
iodate to ThO, does not succeed, requiring the precipitate to be dissolved and thorium
precipitated as the oxalate. Special modifications were used in the separation from
rare earths and from uranium to decrease interferences.

The work reported here applies the photochemical reduction of periodate to the
in situ precipitation of thorium. Head and co-workers”® have demonstrated that
metaperiodate is readily reduced to iodate by the action of ultraviolet radiation.
Periodate shows an absorption maximum at 220 nm (¢ = 980 L. mole~*.mm™) and
an absorptivity of 180 .Lmolet.mm™" at 253-7 nm. Because of the high absorbance of
the nitrate ion in the ultraviolet and the low absorbance of perchlorate, perchloric
acid solutions have been used throughout this work. It has been found that for
thorium the optimum perchloric acid concentration range is 1-:0-1-8M, the solubility
of thorium iodate then being very low, requiring only a small excess of iodate.

We modified the procedure involving the in situ generation of iodate from the
photoreduction of periodate so that it could be applied to cerium. It is known® that
cerium(IIl) in perchlorate solution is photochemically oxidized to the quadrivalent
form, albeit with a low quantum yield. Furthermore, in dilute acidic solutions,
periodate does not oxidize cerium(III) to (IV). It was, therefore, of interest to see
whether cerium(III) perchlorate solutions in the presence of periodate would undergo
photochemical oxidation-reduction with the formation of insoluble ceric iodates.
Inasmuch as ceric periodate is only sparingly soluble, it would be preferable to start
with the more soluble cerium(ITY) periodate and, after irradiation, obtain the insoluble
ceric iodate.

Brinton and James'® utilized the low solubility of cerium(IV) iodate in developing
a method for the precipitation of cerium in dilute nitric acid solution. Willard and
Yu! oxidized cerium(IIl) to (IV) with peroxydisulphate or bromate in 0-5M nitric
acid in the presence of iodate and obtained a dense precipitate of ceric iodate by this
PFHS method. Reprecipitation of the cerium was required, however, in order to
accomplish satisfactory separations from equal amounts of rare earths.

In order to avoid the precipitation of the cerium(IV) periodate, Suzuki,3 who
started with cerium(IV), added potassium periodate in small portions during the
irradiation period. By starting with cerium(IIl) and sodium periodate, we avoided
the formation of cerium(IV) periodate, and the disadvantages of the low solubility of
potassium periodate. Suzuki carried out the photochemical reduction in 0-7-0-8M
sulphuric acid. He claimed excellent separations of cerium from neodymium and
yttrium. We have made repeated attempts to duplicate his results, using his method,
but have found that neodymium is co-precipitated to the extent of 5-8 9, and yttrium
to an even greater extent.
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EXPERIMENTAL
Equipment and reagents

Lamp. A helical-coil low-pressure mercury resonance lamp with a quartz envelope, Nester/Faust
Co. Model NFUV-100, was used. Approximately 85-909; of the output is at 253-7 nm. An in-
expensive Sylvania lamp, H 37-5 KB/RS which is used for street illumination, was modified by
cutting an opening into the external glass envelope. It was used for some of the work and gave
equivalent results with one-half the irradiation times. The larger heat generation from this lamp was
dissipated with a slow stream of air.

Thorium perchlorate. Reagent grade Th(NO;)4H,O was repeatedly evaporated with a small
excess of 609 perchloric acid. After dilution, the solution contained approximately 0-56 g of ThO,
and 1 g of 60%; perchloric acid per 100 ml. The thorium content was determnined by the modification
of Vogel’s method.'* A volume of solution containing about 100 mg of ThO, was mixed with 225 ml
of water and 5 ml of concentrated hydrochloric acid and heated to boiling. With stirring, 55 ml of hot
109/ oxalic acid dihydrate solution were added stowly. The hot solution was digested for 2 br and then
allowed to stand overnight at room temperature. The solutions were filtered through a medium
ashless filter paper; the precipitate was washed with 150-200 ml of wash solution, dried, ashed, and
ignited at 700-800° in an electric muffle and weighed as ThO,. The wash solution consisted of 2:5 g
of oxalic acid dihydrate dissolved in 3-5 ml of concentrated hydrochloric acid diluted to 100 mi.

Cerium(III) perchlorate solution. The calculated amount of Ce(ClO,),'6H,0 was dissolved in 19
perchloric acid to make a 0-025M solution. The solution was standardized gravimetrically by
precipitating cerium(III) oxalate; 25 ml of the perchlorate solution were diluted to 75 mi, heated to
boiling, and 25 ml of 109 oxalic acid solution were added slowly with constant stirring. The pre-
cipitate was allowed to stand for 2 h, filtered off on ashless paper, washed with cold 2%; oxalic acid
solution, dried, ashed, and ignited to CeO, at 900°, following the recommendations of Brinton and
James.??

Solutions of rare earths, uranium, and yttrium. Appropriate amounts of the nitrates were dissolved
and heated to fumes with a small excess of perchioric acid, or alternatively, the carbonates were
treated with a small excess of dilute perchloric acid. The rare-earth and yttrium compounds were of
at least 99-9 9 purity, and were examined spectrographically for the presence of interfering elements.
The solutions were analysed by precipitation of the rare earths or yttrium as the oxalates and ignition
to the oxides by the standard procedures. Reagent grade uranyl nitrate was used. Uranium was
determined by the precipitation of ammonium diuranate and ignition to U,O, by standard procedures.

All other reagents used were A.C.S. reagent grade.

Procedures

Photochemical precipitation of thorium. The exposures were carried out by placing the solution to
be photolysed in a 100 x 50 mm crystallizing dish under the mercury lamp which was held in a
horizontal position about 50 mm above the level of the solution. Aluminium foil over the top of the
lamp increased the available radiation by reflection and shielded the operator from the direct radiation
when the opaque fume-cupboard window was opened for inspection (protective ultraviolet-absorbing
goggles must be worn).

The solution consisted of an appropriate volume of the thorium perchlorate solution, 60 ml of
water, 10 ml of 60 %; perchloric acid and 4 g of sodium periodate. The range of thorium was equivalent
to 8-210 mg of ThO,. Photolysis times of 4 hr were found to be adequate.

After it was cooled to room temperature, the solution was decanted and the precipitate transferred
to Schleicher and Schiill 589 Blue Label (high retention) filter paper. The precipitate on the filter
paper and that adhering to the crystallizing dish was dissolved in 100 ml of 1M hydrochloric acid.
The iodate was reduced to iodide by the addition of solid sodium sulphite until the tri-iodide color
was discharged. The solution was heated to 60-70° and filtered ammonia solution added until there
was a slight excess. The resulting thorium hydroxide was filtered off on medium ashless filter paper
and washed with water until the excess of ammonia was removed. The precipitate was dissolved
with 0-5M hydrochloric acid. After dilution to 250 ml, the thorium was determined by the oxalate
method given above.

Hexamine precipitation of thorium hydroxide. The solution obtained from the dissolving of the
thorium iodate was neutralized, after reduction of the iodate, with filtered ammonia solution until a
slight turbidity appeared; a few drops of hydrochloric acid were then added to remove the turbidity.
The solution (300 ml) was heated to 70-80° and a 107{ hexamethylenetetramine solution was added
dropwise with stirring until a white turbidity appeared, after which an additional 7 ml of the reagent
solution were added. The mixture was digested for 1 hr at 70°, filtered, and the precipitate washed
with water, then dissolved in the dilute hydrochloric acid and precipitated as the oxalate, as above.

Determination of thorium in the filtrates. In order to evaluate any thorium loss in these precipita-
tions, the thorium in the filtrates was extracted with thenoyltrifluoroacetone in benzene in the presence
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of calcium nitrate at a pH of about 2. The thorium was stripped with 2M nitric acid, and the nitric
acid removed by evaporation after the addition of a few ml of perchloric acid. Thorium was deter-
mined by adding 2 ml of concentrated hydrochloric acid and 0-1%; thoron solution ([o-(2-hydroxy-
3,6-disulpho-1-naphthyl)azo]benzene arsonic acid disodium salt) and measuring the absorbance at
545 nm. Aliquots of a standard thorium solution were similarly extracted to obtain a standard
curve. The extraction was omitted in the case of the filtrate from the oxalate precipitation; instead,
the oxalate was destroyed by careful evaporation with nitric acid followed by repeated evaporation
with perchloric acid.

Analysis of the thorium iodate precipitates. The photochemically prepared thorium iodate was
filtered off on a sintered-glass crucible, washed with alcohol and dried at 25° for 3 hr. Thorium was
determined by the oxalate method after the precipitate was dissolved in concentrated hydrochloric
acid. Iodate was determined by dissolving the precipitate in 2M sulphuric acid, adding an excess of
potassium iodide and titrating the tri-iodide with standard thiosulphate. The precipitate was also
analysed spectroscopically, and was shown to contain less than 0-059; sodium.

Photochemical precipitation of cerium. Samples containing an appropriate amount of cerium(III)
perchlorate, 3 ml of 609, perchloric acid and 4 g of sodium periodate in 75 ml total volume were
irradiated as for thorium. The precipitate of the basic cerium(IV) iodate was allowed to stand for 30
min, then the supernatant liquid was decanted through No. 589 Blue Label filter paper. The pre-
cipitate was washed 3—4 times by decantation and transferred to the filter paper with cold water, after
which the filter was punctured and the precipitate in the filter transferred into a beaker. The punctured
filter was added and the mixture was heated with 6 g of solid oxalic acid until no more iodine was
evolved. An additional 1 g of oxalic acid was added and the mixture heated for a further 5 min.
About 50 ml of hot water were added, the precipitate was allowed to settle for several hours (usually
overnight) and the precipitate of cerium(lII) oxalate was filtered off on No. 589 Blue Label filter
paper, washed with 29, aqueous oxalic acid solution, dried, ashed and ignited to CeO, at 800° to
constant weight. The decomposition of the iodate, conversion to cerium(III) oxalate, and ignition
essentially follows the precedure in Scott’s Standard Methods*®

Determination of lamp efficiency. The lamp efficiency, and therefore the appropriate exposure
times, were found by irradiating a solution containing 4 g of sodium periodate and 3 ml (for cerium
analysis) or 10 ml (for thorium analysis) of 609, perchloric acid and analysing it volumetrically for
iodate by the method in Scott’s Standard Methods.** Sufficient iodate must be formed to provide a
509; excess.

It was found that the amount of iodate produced with a 4-hr exposure sufficed for precipitating up
to 240 mg of thorium or 145 mg of cerium. Such exposures were therefore used in all runs, except for
those using the Sylvania lamp, in which case a 2-hr exposure was sufficient.

The quantum yield of the process was determined by irradiating uranyl oxalate solutions, using the
same experimental geometry. A quantum yield of 0-37 was obtained for the periodate reduction in
0-9M perchloric acid solution.

RESULTS AND DISCUSSION
Results for thorium are shown in Tables I-V and for cerium in Tables VI-IX.

Thorium

Acidity. With 3-6M perchloric acid the thorium loss was about 5-1 mg of ThO,
out of 147 mg, as compared to 0-0 mg in solutions which were up to 1-8M in per-
chloric acid. A maximum acidity of 1-8M perchloric acid was therefore chosen.

Excess of iodate. The method of Meyer and Speter® requires 15 g of potassium
iodate in the 250 ml of solution in order to keep the solubility of the thorium iodate
sufficiently low in the presence of 7M nitric acid. In perchloric acid, the solubility
losses are low and only a small excess of iodate is required. The PFHS method of
Stine and Gordon® uses 2-5-3M nitric acid but still suffers a slight solubility loss
requiring the use of 14 g of sodium periodate followed by the addition of 2 g of
potassium iodate after the initial reduction, in order to ensure complete precipitation.
In the photochemical method, only 4 g of sodium periodate are required. This
presents an appreciable economy, in view of the high cost of periodates.

Determination of thorium in the filtrates. Table I shows the weight of ThO, in the
filtrates from the three methods (as determined by the thoron method) and also in the
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TABLE [.—THORIUM IN THE FILTRATE (140-0 mg oF ThO, TAKEN)

ThQO, in filtrate

Method
average, mg No. of detns., n Std. devn., s,
Meyer and Speter® 1-45 4 011
Stine and Gordon PFHS? 0-14 4 006
Photochemical PFHS 0-04 4 0-02
Oxalate precipitation’? 0-13 5 0-08

filtrate of the oxalate precipitation. The photochemical PFHS method shows the
lowest thorium loss. No thorium could be found in the filtrates of the thorium
hydroxide precipitation, which is to be expected in view of its known very low
solubility.

Composition of the precipitate. Chernikov and Uspenskaya'® gave the composition
of the precipitate obtained by the method of Meyer and Speter as 4Th(I05), KIOj:
18H,0, giving an IO, : Th mole ratio of 4-25:1; Moeller and Fritz!® found a ratio of
4:02:1 and based a volumetric method for thorium on this value. The precipitate
produced by the photochemical method has an I0;~:Th ratio of 2:26:1. The pre-
cipitate apparently consists mostly of basic thorium iodate, ThO(10;),, containing a
small portion of the normal iodate. Inasmuch as the precipitation is used for separa-
tion, this non-stoichiometric composition does no harm. The composition of the
precipitate is not surprising in view of the low acid concentration used.

Determination of thorium. Because of the non-stoichiometric composition of the
thorium iodate precipitate, direct weighing of the precipitate was not attempted. In
addition, the presence of non-volatile electrolytes made direct weighing or ignition to
thorium dioxide impractical at this stage. Water-washing to remove the electrolytes
would have resulted in excessive solubility losses. The precipitation as the hydroxide
removes interfering electrolytes and makes the application of the oxalate precipitation
possible. Although a PFHS of the oxalate could have been applied at this point,
little would have been gained by doing so. Results for solutions containing known

TABLE II.—DETERMINATION OF THORIUM

ThO, taken, mg Error in ThO; found,} mg
8:10%* —0-1; 00; +02; 01
15-05* +01; 00; 00; 402
26-8* —-03; —0-1; 00; +02
39-5* —-01; 00; 00; —01
81-1 +02; 00; +02; 0-0

1227 4-01; —04; —03; 00
163-1 0:0; —02
164-7 —04; +01; —01; —04
206-1 +02; 404

* 12 hr digestion used.

1t S020mg, n = 32. A regression-line analysis yielded a
straight line with no significant differences in the slope
and intercept from the expected values of 1-000 and 0-00,
respectively (959 probability).

amounts of thorium in the absence of interfering ions are given in Table II. Table
IIl shows the results obtained in the presence of possible interfering ions introduced
as the perchlorate salts. Itisseen that calcium, magnesium, iron, yttrium and uranium
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TABLE 1II.—EFFECT OF FOREIGN IONS ON DETERMINATION OF THORIUM

ThO,, mg
Element added, mg
Taken Found, error
Ca 25 1432 -03
Mg 25 143-2 —01
Fe 7 1432 0-0
14 1432 0-0
28 143-2 —05 n =10
25 1432 —03 s =024 mg
50 143-2 00
u 25 142-7 +01
50 1427 +02
100 1432 —01
La 2; 142-8 +02
Nd 5 1427 +05
50 142-7 +1-1
Pr 25 1427 +0-8 n=11
50 1427 +2:0 s =171 mg
Mixture* 87 1137 +1-3; +08
174 1137 +1-3; +20
261 1137 +2-6; +29

* Approximately equal amounts of Sm, Eu, Gd, Dy, Er.

do not interfere at the levels shown. The standard deviation in these cases does not
differ significantly from that for the results in Table II. It is seen that some of the
rare earths are apparently co-precipitated to a certain extent, giving up to 2-9 mg
error for ThO,. The rare-earth interference is expected to be more serious in the photo-
chemical method, in accordance with the findings of Moeller and Fritz,® who
pointed out that a high nitric acid concentration prevents such interference. In the
photochemical method the concentration of free acid, as well as of iodate, was much
lower than in the other methods. The increased co-precipitation of rare earths was
overcome, however, by precipitating the thorium hydroxide by the hexamine pro-
cedure of Ismail and Harwood.1? Table IV shows the results obtained by introducing

TABLE IV.—DETERMINATION OF THORIUM, RARE EARTHS PRESENT,
HEXAMINE PROCEDURE

ThO,, mg
Element added, mg
Taken Found, errorf
Mixture* 87 1121 —~04; —04
174 112-1 0:0; +01
261 1121 —-01; 00
435 109-3 —01
610 109-3 0:0; 403
870 109-3 —0-2

* Approximately equal amounts of: Sm, Eu, Gd, Dy, Er.
tn=10; s =023 mg.

this modification. It can be seen that the precision of the thorium determinations does
not differ significantly whether these other metals or the rare earths are present or not.

Although uranium co-precipitates to a slight extent during the photochemical
precipitation (Table V), the uranium remains complexed by the oxalate and thus is
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TABLE V.—DETERMINATION OF THORIUM, URANIUM(VI) PRESENT

ThO,, mg
Uranium taken, mg
Taken Found, error
Method 1 100 482 —01; —01
300 ~01; +01
500 00; 00) n=10
750 —0-5; —05 s =031 mg
1000 —04; —04
1500 —1-0; —1-1
Method II 100 480 +1-1; +06
200 +23; +17
300 +25; +25) n=29
400 +30; 434} s=25mg
500 +33

Method I: Final precipitation of thorium from oxalate solution (usual method).
Method 1I: Final precipitation of thorium as hydroxide; no oxalate present.

separated from thorium in the final precipitation. Owing to the absorbance of the
uranyl ion, however, incomplete precipitation of thorium(IV) could result in the
presence of very large amounts of uranyl ion because of the lower ultraviolet flux
which would be available for the periodate reduction.

Cerium must be removed prior to the determination because cerium(IV) iodate is
similarly precipitated.

No photochemical system can be truly concentration-homogeneous, as Fitz-
gerald®® pointed out, because of the decrease in the intensity of radiation with thick-
ness of the solution; absorption of the photochemically effective radiation is required
in order to have a photochemical change. Yet the described method is much closer
to the gradual formation of the precipitate typical for PFHS than is direct addition
of a reagent.

Cerium

Acidity. The original method of precipitating cerium(IV) iodate, by Brinton and
James,!® made use of 8 M nitric acid solution. Other rare-carth iodates are sufficiently
soluble in this highly acidic solution to permit separations from cerium. Solubility
errors due to the increased solubility of cerium(IV) iodate in this high concentration
of nitric acid were decreased by keeping an extremely large excess of iodate in solution.

TABLE VI.—DETERMINATION OF CERIUM, SULPHITE PROCEDURE

CeO, taken, mg Error in CeO, found, mgt
12-7 —-03, -02, —02, ~02
255 0-0, 090, 01, 00
430 402, +0-2, +0-1, 00
666 00, —0-1, 00
97-6 --03, -03, —0-3, —04
104-6 —02, —01
133-0 +21, +22, +-04, +12, +0-9
148-1* +02, +04

* Oxalate procedure.
T n = 23 (excluding 133-0-mg determinations); s = 0-20 mg.
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The method described here makes use of only dilute acid solutions (0-13-0-50M
perchloric acid) and requires only a modest excess of the iodate. This lower acidity
causes a decrease in solubility errors due to cerium(IV) iodate (Table VIII), but at the
expense of separations from rare earths and yttrium (Tables VIT and IX). Willard and

TABLE VII.—DERTERMINATION OF CERIUM, RARE EARTHS PRESENT

CeO,, mg
Rare earth added, mg 609, HCIOy, mi
Taken Found, error
Gd;0,4 15 3 627 +9-1, +10-0
30 3 627 +142, +-14-8
60 3 627 +22:6, 4-22-3
50 1 74-2 +43-5
100 1 742 4924
Dy.0, 30 3 627 166
30 1 742 +45°5
100 1 74-2 +91-8
Pr, O, 30 3 627 +24'8, +260
50 1 742 +477
100 1 74-2 +950
Ho,0, 50 1 742 +422
100 1 742 +85-3
La, 04 100 1 74-2 +101-4
200 1 74-2 +2004
Yb,0, 30 3 627 +113
60 3 62-7 +157
Nd, 0, 60 3 62-7 +333
57-6 1 1485 +56-3
57-6 2 148-5 +57-6
57-6 3 148-5 +53-0
576 4 148-5 +45'5
576 6 1485 1417
57-6 8 148-5 +219

TABLE VIII.—EFFECT OF ACIDITY ON THE RECOVERY OF CERIUM
(1071 mg oF CeO, TAKEN)

Perchloric acid, M Error in CeO, found, mg
0-28 —01
0-56 —36
0-94 —74

Yu! found much less interference by other rare earths; nitric acid is apparently more
effective in preventing the precipitation of rare earth iodates than is perchloric acid.
However, because of the strong absorption of ultraviolet radiation by nitric acid, we
could not use this acid.

Composition of the precipitate. The composition of the precipitate shifts pro-
gressively in favour of basic iodates as the acidity is lowered. Our analysis gave a
ratio of 3-6 for the molar ratio of CeO(10;),:Ce(10;),. It is interesting to note that
despite our use of perchloric acid, this composition of the precipitate corresponds
exactly to that shown by Willard and Yu (Fig. 1 of Ref. 11) for 0-3M nitric acid.
The amount of iodate found was 899, of that in normal cerium(IV) iodate. Suzuki®
obtained a mixed iodate of cerium and potassium, but our precipitates contained no
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TaBLE IX.——EFFECT OF FOREIGN IONS ON DETERMINATION OF CERIUM

60% HCIO,, ml Ce0 g
i cies present, m ° ,m
Foreign species p ¢ % ! Taken Found, error
Y.0, 100 1 742 449
200 1 742 +63-9
32 3 626 +71
64 3 626 +83
U0, [as U(VD)] 696 2 148-4 +0-1
1392 2 148-4 0-0
208-8 2 148-4 +01
MgO 356 1 74-2 0-0
712 1 742 +06
Fe O, 287 1 74-2 +1-0*
575 1 742 +1-6*
CaO 342 1 742 +2209
683 1 742 +291-7

* Precipitates were brownish due to the contamination by Fe.

more than traces of sodium or potassium. The presence of the basic iodate does not
affect the analytical result inasmuch as it is at least as insoluble as the normal iodate
and, in any case, the precipitate is converted into the dioxide for weighing.

Determination of cerium. In our re-examination of the system, the cerium(IV)
iodate was initially decomposed as given in our method for thorium, by adding
sulphite, heating until all the iodine was volatilized, and then precipitating cerium(III)
hydroxide with ammonia, followed by ignition to the dioxide. In view of the high
results obtained for larger samples (Table VI) we used oxalate to decompose the
cerium(IV) iodate as discussed in the experimental section above. We attempted
direct ignition of cerium(IV) iodate to CeO,, following the method of Willard and
Yu,! but found that the loss due to sputtering was significant.

To compare the density of the precipitates obtained by the photochemical method
and the direct addition method of Brinton and James,® precipitates were allowed to
settle for 24 hrs after transfer into graduated cylinders. The precipitate from mag-
netically stirred photochemically reduced solution showed the least volume but even
an unstirred solution gave a volume of the precipitate significantly less than that from
the direct addition method. The volume ratios of precipitate were found to be
approximately 1:2:4 for the same amounts of cerium precipitated by the photo-
chemical method with stirring, without stirring, and by the direct addition method,
respectively. Photomicrographs of the ceric iodate precipitates obtained by these
methods showed that the particles obtained by the photochemical method were more
compact and appeared less gelatinous than those obtained by the direct addition
method of Brinton and James.!® It was apparent that the more dense particles should
be more easily washed than the almost gelatinous aggregates obtained by direct
precipitation.

In view of the low acidity of the solution, it is not surprising that the rare earths
and yttrium interfere seriously with the determination of cerium although separations
from uranium (as uranyl ion) were accomplished. It was found that the initial iodate
precipitate contained some uranium but that the oxalate precipitation step kept the
uranyl ion in solution as the oxalato complex. Separation from much larger amounts
of uranium necessitated modification of the procedure and will be reported elsewhere
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together with data on the separation of thorium from uranium. Further, Table IX
shows that cerium can be separated essentially quantitatively from magnesium and
almost quantitatively from iron(III), although the precipitate appears to retain a
small amount of iron which gives a brownish colour to the precipitate and causes
slightly high results. Calcium is co-precipitated to a large extent, but not quantita-
tively. Thorium, of course, behaves similarly to cerium and will be co-precipitated
quantitatively. The results in Table VII suggest that the photochemical precipitation
method should give quantitative results for neodymium and lanthanum; some
preliminary results have been reported.?

We were never able to reproduce the exceedingly good separations which Suzuki
reported in Table 6 of his paper.® Samples containing 71-3 mg of cerium dioxide and
15-2 and 30-4 mg of neodymium oxide were treated by Suzuki’s procedure and gave
recoveries which were high by 4-2 and 6-2 mg, respectively. The presence of 100 mg
of yttrium oxide in the cerium gave results which were 44:5 mg too high.

The method of Willard and Yu!! is to be preferred if separation from other rare
earths is desired, and the method reported here is to be preferred if it is desired to
carry out the cerium precipitation at room temperature or if uranium is present,
which seriously interferes with the non-photochemical precipitation procedure.!!

Zusammenfassung—Thorium wurde aus homogener Losung gefillt,
indem Losungen von Thorium und Perjodat in verdiinnter Uber-
chlorsdure der 253,7nm-Strahlungeiner Niederdruck-Quecksilberlampe
ausgesetzt wurden. Perjodat wird photochemisch zu Jodat reduziert;
dieses fiihrt zur Bildung eines dichten Niederschlags von basischem
Thorium(IV) jodat. Der Niederschlag wurde wieder gelost, das Jodat
reduziert, das Thorium zuerst als Hydroxid, dann als Oxalat gefillt,
zum Oxid vergliiht und gewogen. Thorium(IV)-Losungen mit 8-200
mg ThO, gaben quantitative Ergebnisse mit einer Standardabweichung
(s) von 0,2mg. Abtrennungen von je 25 mg Eisen, Calcium, Mag-
nesium, 50 mg Yttrium und bis zu 500 mg Uran(VI) waren quantitativ
(s = 0,25 mg). Abtrennungen von seltenen Erden auBer Cer wurden
erreicht, wenn zur Fillung des Hydroxids Hexamethylentetramin statt
Ammoniak verwendet wurde. Cer(Ill) wurde dhnlich gefallt und
zur Wigung in CeO, iiberfiihrt. Quantitative Erebnisse wurden fiir
13-150 mg CeO, mit einer Standardabweichung von 0,2 mg erhalten.
Abtrennungen von 200 mg Uran waren quantitativ. Andere seltene
Erden und Yttrium stérten erheblich. Die Niederschlige der basischen
Jodate von Cer(IV) und Thorium sind kompakter als die, die man bei
direkter Féllung erhilt, und leichter zu handhaben. Versuche, das
Verfahren von Suzuki zur Trennung von Cer von Neodym und
Yittrium nachzuarbeiten, blieben ohne Erfolg.

Résumé—On a précipité le thorium en solution homogéne en exposarnt
des solutions de thorium et de periodate en acide perchlorique dilué
a la radiation 253,7 nm d’une lampe & mercure & basse pression. Le
periodate est réduit photochimiquement en iodate qui provoque la
formation d’un précipité dense de I'iodate basique de thorium(lV).
Le précipité est redissous, 'iodate réduit, le thorium précipité d’abord
a I'état d’hydroxyde, puis d’oxalate et calciné en dioxyde pour pesée.
Les solutions de thorium(IV) contenant 8-200 mg de ThO, ont donné
des résultats quantitatifs avec un écart type (s) de 0,2 mg. Des sépara-
tions de 25 mg de chacun des métaux fer, calcium, magnésium, de
50 mg d’yttrium et jusqu’a 500 mg d’uranium(VI) ont été quantita-
tives (s = 0,25 mg). Les séparations de terres rares, & I'exception
du cérium, ont été réalisées en utilisant ’hexaméthyléne tétramine
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plutdét que 'ammoniaque pour la précipitation de I'hydroxyde. Le
cérium(III) a été précipité de maniere semblable et converti en CeO,
pour la pesée. On a obtenu des résultats quantitatifs pour 13-150
mg de CeO, avec un écart type de 0,2 mg. Des séparations de 200 mg
d’uranium ont €té quantitatives. Les autres terres rares et I'yttrium
interferent sérieusement. Les précipités d’iodates basiques de cérium
(IV) et de thorium obtenus sont plus compacts que ceux obtenus
par précipitation directe et peuvent étre manipulés aisément. Des
essais pour reproduire la méthode de Suzuki de séparation du cérium
du néodyme et de I’yttrium n’ont pas réussi.
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COULOMETRIC DETERMINATION OF URANIUM
WITH A PLATINUM WORKING ELECTRODE
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Summary—Experimental conditions have been established which
enable uranium to be determined coulometrically by the reduction
of uranium(VI) to uranium(IV) at a platinum working electrode,
by controlled-potential or controlled-potential-limit techniques.
The procedure has been used successfully as a subsidiary method in
the routine determination of uranium in pure uranyl nitrate solutions.
The platinum electrode has several important practical advantages
over the well established mercury-pool electrode for the coulometric
determination of uranium. The consecutive determination of iron(III)
and uranium(VI), or plutonium(IV) and uranium(VI) can be carried
out with the same working electrode in the same solution and the
coulometric oxidation of uranium(IV) to uranium(VI) is practicable.
The rate of stirring of the cell liquor is much less critical in the case
of the platinum electrode. Two main problems had to be overcome
before a practical procedure could be achieved; hydrogen evolution
during the uranium(VI)-(IV) reduction had to be eliminated so that
1007, current efficiency could be obtained for the desired reaction
and electrode-surface poisoning phenomena had to be controlled
so that reaction times could be kept reasonably short. It was found
that selection of a hydrochloric acid base solution containing a small
amount of bismuth(IIT) enabled hydrogen evolution to be avoided:
also electrode-surface poisoning with this base solution was not
particularly serious and could be maintained at a satisfactorily low
level by occasionally anodizing the electrode in dilute sulphuric
acid. Bismuth(III) forms a complex with chloride ions and its presence
increases the hydrogen overvoltage at the working electrode: no
visible deposit of bismuth metal forms on the electrode during the
uranium reduction. Samples containing nitrate can be analysed pro-
vided sulphamic acid is added to this hydrochoric acid base solution.

THE DETERMINATION of uranium by controlled-potential coulometry, employing a
mercury-pool working electrode at which uranium(VI) is reduced to uranium(IV),
is a well established technique. Analytical procedures have been described by
Booman et al.,! Goode et al.2 and McColm et a/3

There are, however, two main disadvantages associated with the application of
the mercury-pool electrode to coulometric analyses in general. One is that, for
optimum performance, the experimental arrangements for mixing the contents of
the working compartment of the coulometric cell are somewhat critical; both
aqueous and mercury phases need to be efficiently stirred without producing detached
droplets of one phase within the other. The other main disadvantage is that mercury
dissolves under mildly oxidizing conditions: for example, it is impracticable to
perform coulometric oxidations of uranium(IV), iron(II) and plutonium(IIf) in the
usual mineral-acid base electrolytes.

These two disadvantages do not apply to the platinum-gauze working electrode,

* Present address is Shell Research Ltd., Woodstock Agricultural Research Centre, Sittingbourne,

Kent, England.
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and it appeared that a useful improvement in coulometric technique would be accom-
plished if the mercury pool could be replaced by a platinum electrode in the case of
uranium determinations. Such a change of working electrode is not a straightforward
matter, since difficulties due to hydrogen evolution and surface-poisoning effects arise
at the platinum electrode at the potentials needed for the reduction of uranium(VI) to
uranium(IV).

This paper describes how these difficulties were overcome and how a practical
procedure for the coulometric determination of uranium at a platinum working

electrode was achieved.
EXPERIMENTAL
Apparatus

Coulometer. The constant-current potential-limit coulometer described by McColm et al.® was
used for this work. This instrument contains sixteen constant current sources providing currents of
512, 256, 128, 64, 32 ... 0-16 mA. When the working electrode voltage reaches the set potential
limit, the current is automatically halved until a pre-set maximum current is reached. Hence the
conditions of controlled-potential coulometry are approximated to by a series of discrete controlling
steps, rather than the continuous control normally used.

Cell and electrodes. Figure 1 depicts the cell employed in the later stages of the investigational
work and for the final recommended procedure. The body of the cell was made from borosilicate
glass. The ion-exchange membranes were sealed with picein wax into ground-in ledges made inside
standard glass cone-and-socket joints. The working electrode consisted of a strip of platinum gauze
about 30 mm wide and 300 mm long, formed into a cylinder two to three layers thick: it fitted loosely
in the working compartment and when in position needed about 20 ml of liquid to cover it. The liquor
in the working compartment was stirred by a compressed-air operated glass stirrer running in PTFE
bearings. The reference electrode compartment contained an E.LL. type RJ.23 “saturated calomel”
element immersed in saturated potassium chloride solution. The dimensions and construction of
the platinum auxiliary electrode were not critical. The purpose of the conducting bridge was to iso-
late the auxiliary electrode reaction products from the working compartment. The total resistance
of the cell was such that a potential difference between the working and auxiliary electrodes of 12 V
would cause a current of about 0-6 A to flow. The working compartment liquor was de-aerated
by passing nitrogen over its surface, with the stirrer in operation.

The cells employed for the earlier work differed from the one described above mainly in being
slower in operation because of their inferior electrode area : solution volume ratios.

Preliminary work

Amount of uranium per determination. The amount of uranium added in most of the trials was
about 200 mg per determination. This amount was rather larger than that normally taken by other
workers: it was selected to make it easier to obtain high precision of measurement and to decrease the
“blank” and other corrections. The uranium was added as an aqueous uranyl chloride or uranyl
nitrate solution of known concentration. Sulphamic acid was always added to the base electrolyte
when the nitrate was employed.

Use of gold electrodes. Because information already available indicated that it was probably im-
practicable to use a platinum working electrode for the uranium(VI)-(IV) reduction, and because
our preliminary experiments appeared to confirm this, most of our early experimental work, aimed
at replacing the mercury pool, was done with gold electrodes. It was hoped that gold would prove to
be more satisfactory than platinum. These gold electrodes were prepared by gold-plating platinum
gauze from a cyanide plating bath.

Initially 1M sulphuric acid was employed as base electrolyte in the trial uranium determinations.
Experiments showed that uranium(VI) could in fact be determined precisely by reduction to uranium-
(IV) at a gold-plated working electrode, but that the time required for the determination of fixed
amounts of uranium under apparently identical conditions varied widely, in the worst cases becoming
prohibitively long.

The variation in time required per determination was explicable by assuming that the electrode
surface became increasingly “poisoned” with use, so that its effective area became less. In one
particular instance it was shown that a molybdenum concentration less than0-1 %, of that of the uranium
was sufficient to produce a very marked effect, under the conditions described above.

It was found that the gold surface could be cleaned by anodizing in dilute sulphuric acid, thus
enabling the time of determination of uranium in fairly pure solutions to be kept near the minimum.
In addition, trials with hydrochloric acid base electrolytes were made, and it became clear that the
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electrode-poisoning effects were substantially less serious in hydrochloric acid than in sulphuric acid.

Application of the platinum working electrode. The combined effect of the anodizing pretreatment
in dilute sulphuric acid and the use of 3M hydrochloric acid as base solution on the determination of
uranium was so beneficial in the case of the gold electrode that it was decided to try the same procedure
with a platinum working electrode.

It was shown to be practicable to reduce uranium(VI) to uranium(IV) quantitatively in either 1M
or 3M hydrochloric acid, using a platinum electrode which had previously been anodized in 2M
sulphuric acid, though the conditions for the avoidance of hydrogen evolution seemed more critical
than with the gold cathode; also the minimum time required per determination was somewhat longer
than with a gold electrode of the same apparent area.

Despite these drawbacks, the work on platinum electrodes was continued because it had become
evident by this time that the gold-plated electrode would be unsuitable for use in a routine proce-
dure, owing to difficulties in preparation and maintenance of the gold deposit.

Effects of foreign metal ions. The effects of foreign metals on the performance of a platinum
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working electrode in the reduction of uranium(VI) were systematically investigated. Because it
seemed possible that optimum performance in previous trials might have depended on the presence of
some metal impurity, desirable effects such as the suppression of hydrogen evolution were looked for
as well as undesirable electrode-poisoning phenomena. The investigation covered those metals known
to be present as impurities in the plutonium/uranium oxides and nitrates received for analysis, and
also those easily reducible metals which could be electro-deposited at potentials near those used for
the uranium reduction.

The first most important finding was the beneficial effect of copper. It was found that with the
3M hydrochloric acid base solution the presence of 1-2 mg of copper(I) per 20 ml could enable
potentials as negative as —0-30 V »s. S.C.E. to be used for the uranium reduction (compared with
—0-15 V without copper) without appreciable hydrogen evolution. [The addition of copper as
copper(Il) entailed a pre-reduction to a limit of -+0-10 V ps. S.C.E. to produce copper(I)]. This effect
enabled uranium reductions to be performed more rapidly and rendered electrode-poisoning troubles
less important. At —0-30 V, the electrode was not quite negative enough to produce a visible deposit
of copper metal.

In addition, it was shown that comparatively large amounts of iron(III), nickel(I), cobalt(Il),
chromium(III), copper(I) and cadmium(II) had little or no electrode-poisoning effect on a uranium
reduction in 3M hydrochloric acid.

It was later found that the inhibition of hydrogen evolution at the platinum working electrode,
already observed with copper(I), was also shown by lead, tin, antimony, arsenic and bismuth ions
to varying extents. Metal ions which begin to electro-deposit at potentials slightly more negative
than the desired working electrode potential promoted this inhibition most effectively, although no
visible deposit was formed in use.

In some cases this beneficial action was more than outweighed by an electrode-poisoning effect
which increased the time required for a uranium determination, and complications also arose when
the metal ionhad two or more oxidation states, especially when the redox systems behaved irreversibly.

Selection of bismuth(III) as additive. Of the metal 10ns studied, bismuth (III) appeared to be the
most suitable to add to the base solution to improve the performance of the platinum electrode in the
reduction of uranium. Bismuth was preferred to copper because of the absence of interfering oxidation
states, and because the uranium(VI) reduction could proceed with the working electrode appreciably
less negative in the presence of bismuth(III). As in the case of copper the addition of bismuth made
electrode-poisoning effects less serious.

Base electrolyte composition. Because of the promising performance of a hydrochloric acid base
solution with bismuth(III) added, in conjunction with the platinum electrode, the effects of varying
the hydrochloric acid and bismuth concentrations were studied more closely. This work showed that
neither concentration was very critical, but that 4-5M was probably the optimum concentration
of hydrochloric acid. Halving or doubling the concentration of bismuth finally chosen made little
difference to the effectiveness of the bismuth.

Cell design. A substantial effort was devoted to optimizing the design of the coulometer cell.
Importance was attached to making the ratio of area of electrode to solution volume as large as
practicable, to keep the time required per determination as short as possible: this would minimize
mechanical losses of the cell liquor by spray and through membranes, and the undesirable effects of
background currents.

Before conditions for the reliable reduction of uranium(VI) were established, it was found very
worthwhile to make use of the highly-reversible iron(1I)/iron(III) system to evaluate the performance
of experimental designs of cell.

Procedure for the coulometric determination of uranium in urany! solutions

Reagents. Bismuth(III) solution, 0-01M. Add 20 ml of concentrated hydrochloric acid to 2-8 g of
sodium bismuthate. Warm to dissolve, then boil the solution to expel chlorine, cool, and dilute to 1
litre with 4-5M hydrochloric acid.

Hydrochloric acid, 4-5M.

Sulphamic acid, 1-5M.

Sulphuric acid, 2M.

Method. Add about 10 ml of 4-5M hydrochloric acid to the working compartment of the coulom-
eter, followed by 1 ml of 1-5M sulphamic acid and 1 ml of 0-01M bismuth(III). Add the sample
[not more than 5 ml in volume, containing 150-300 mg of uranium(VI) and less than 10 mmole of
nitric acid], then dilute the cell contents to about 20 ml with 4-5M hydrochloric acid, so that the
electrode will just be covered by the solution.

With the working electrode in position, deaerate by passing nitrogen over the surface of the solu-
tion for 15 min while the solution is being stirred.

Reduce the solution, to a potential limit of +0-15V vs. S.C.E., until the current falls below
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2mA. [Any iron(IIl) and plutonium(IV) present are reduced to iron(II) and plutonium(IIl) re-
spectively: for “‘pure” uranyl solutions this step takes less than 30 sec and less than 0-3 C are required.}

Reduce the solution, to a potential limit of —0-20 V vs. S.C.E., until the current falls below 2
mA. Note the number of coulombs required. [The total time required for the reduction of 200 mg of
uranium(VI) to uranium(IV) is about 7 min: almost 95% of the uranium(VI) is reduced at the
maximum available current of 512 mA and thereafter the current is halved about every 20 sec until it
drops below 2 mA.]

Calculate the amount of uranium in the portion of sample added as follows:—

mg of uranium -G [coulombs required, blank jl

in sample extrapolated — — oo tion
to zero current

where G is the number of mg of uranium equivalent to 1 C (1-2335 for natural uranium).

When the current {alls below 2 mA, the reaction is normally only 0-05-0-1 C short of completion.
The blank correction is experimentally determined and normally amounts to about 0-2 C.

Anodizing the platinum working electrode. Cleaning the electrode surface by anodizing in sulphuric
acid is essential. It is recommended that it should be carried out when the speed of a uranium(VI)
reduction decreases to about one half that with a freshly anodized electrode, i.e., after about eight
determinations of uranium in *“pure’” uranyl nitrate solutions.

For the anodizing process, the cell is filled with 2M sulphuric acid, care being taken to exclude
chloride, and a current of about 05 A passed for 5-10 min with the platinum working electrode
acting as anode, so that oxygen is evolved. The cell and electrode are then washed thoroughly with
water followed by 4-5M hydrochloric acid before use.

New electrodes should be ignited at red heat for a few minutes before the anodizing process.

DISCUSSION
Variations on the final procedure

Reoxidation of uranium(1V') to obtain a confirmatory value. This may be usefully
carried out in the case of pure uranium solution samples by first adding 1 ml of 1M
iron(III) (a ferric alum solution is suitable) to the cell contents and then oxidizing the
mixture to a potential limit of +0:65 V vs. S.C.E.

When calculating the uranium content from the number of coulombs used in the
oxidation step, allowance must be made for any iron found to be present in the sample
in the pre-reduction step, the incompleteness of the uranium reduction step, and the
oxidation step “blank.” These corrections should be comparatively small.

Without the iron(III) addition, the coulometric oxidation of uranium(IV) to (VI)
does not proceed sufficiently rapidly.

Successive determination of plutonium and uranium in the same sample. Although
the basic method can be used satisfactorily for the successive determination of
plutonium(IV) and uranium(VI), in practice it is the determination of “total”—i.e.,
all oxidation states—plutonium and “total” uranium that is usually required for fuel
solutions. Since the plutonium may not be all in a single oxidation state in the sample
received, all the plutonium must first be reduced to plutonium(III). Shults? has dis-
cussed this in detail. The plutonium(III) thus obtained is coulometrically oxidized to
plutonium(IV) to obtain one estimate of the total plutonium. A confirmatory
estimate is obtained on reduction back to plutonium(III), which must be done before
the uranium can be determined. [Uranium is all present as uranium(VI) in fuel
solutions normally encountered.]

To make this sequence of events practicable it was found necessary to add
sulphuric acid to the base electrolyte. This makes the formal potential of the plu-
tonium(III)/plutonium(IV) more negative, owing to complexing of the plutonium(IV)
by sulphate, and enables cycling between the plutonium oxidation states to be
accomplished without attack of the working electrode during the oxidation step.
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The recommended changes to the experimental conditions of the basic method, to enable pluto-
nium and uranium to be determined successively, are as follows:

Replace the 4-5M hydrochloric acid reagent recommended in the basic procedure by a mixture of
equal volumes of 4M hydrochloric acid and 2M sulphuric acid.

Reduce to a potential limit of +0-20 V vs. S.C.E. to convert all the plutonium into plutonium(II).

Oxidize to a potential limit of +-0-80 V vs. S.C.E. to convert all the plutonium into plutonium(IV).

Repeat the reduction to +-0-20 V to reconvert all the plutonium into plutonium(lII).

Determine the uranium(VI) by reduction to a potential limit of —0:20 V vs. S.C.E. as before.

The effects of bismuth(III)

From the work on electrodeposition from extremely dilute solutions described by
both Haissinsky® and Rogers et a/.%7, it isknown that the deposition of sub-monatomic
layers of metals on platinum and other “inert’” metal cathodes can occur at potentials
appreciably more positive than those predicted by the version of the Nernst equation
applicable to an electrode entirely covered with the metal being deposited. The
potential chosen for the uranium(VI)-(IV) reduction is about 50 mV more positive
than that required to deposit macro-amounts of bismuth metal, and it would seem
that a similar sub-monatomic layer of bismuth could be formed on the platinum
working electrode under the conditions selected for the uranium reduction. The
platinum surface will be non-uniform to some extent at the microscopic and sub-
microscopic levels, and it is likely that any bismuth which is deposited would first
form a monatomic layer on the more reactive parts of the surface. It seems possible
that this could provide the platinum electrode with protection against the occurrence
of hydrogen evolution at its most vulnerable points by increasing the hydrogen
overpotential at these locations. The same argument could of course be used to
explain the inhibition of hydrogen evolution at the platinum electrode, caused by
copper(l) and some of the other metal ions investigated.

It was also observed that the addition of bismuth or copper ions made electrode-
surface poisoning effects less serious. This beneficial effect could be due to the forma-
tion of monatomic layers of bismuth or copper over some of the poisoned areas, thus
increasing the usable surface area for the uranium(VI) reduction. [Comparative
reductions of iron(IIT) and uranium(VI), made in the earlier work, indicated that it
was possible for the same platinum surface to be apparently much more poisoned for
the uranium(VI) reduction than for the iron(IIl) reduction. It seems feasible that a
similar state of affairs might hold for the bismuth(III) and uranium(VI) reductions,
enabling bismuth to be deposited on regions of the surface which were poisoned with
respect to the uranium(VI) reduction.]

It is worth mentioning that bismuth(IIT) would not have the same effect in
coulometric uranium reductions made in chloride-free perchloric, nitric or sulphuric
acid base electrolytes. Macro-amounts of bismuth metal would electro-deposit from
these base electrolytes at too positive a potential, i.e., at about 00V vs. S.C.E,
interfering with the uranium(VI) reduction step. The usefulness of bismuth(III) in
hydrochloric acid base electrolytes depends on the complexing of the bismuth(IIT)
ion by chloride. This complexing shifts the potential at which macro-amounts of
bismuth deposit, to the more negative values encountered in the procedure developed.

Interferences

A preliminary study indicated that appreciable amounts of phosphate, fluoride,
molybdenum and mercury ions must be absent from the sample. Substantial amounts
of iron, plutonium, nickel, cobalt,chromium(I1I),copper, cadmium, nitrate, sulphate,
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perchlorate and sulphamate ions may be present in the sample without effect on the
uranium(VI) reduction in the final procedure.

Performance

Scrutiny of many past results from the analysis of uranium standard solutions
showed that, for sample aliquots containing about 200 mg of uranium, the coefficient
of variation applicable to a single determination is about 0-19{ under “development”
conditions and about 0-29; under routine analysis conditions, and results have less
than 0-1 9 bias when the coulometer calibration is based on electrical measurements.

The procedure developed has been used successfully as a subsidiary method in the
routine determination of uranium in pure uranyl nitrate solutions for uranium-
accounting purposes during the past four years: several hundred samples have been
analysed. A simplified controlled-potential-limit coulometer was employed for this
routine work.

The amount of uranium taken and the cell design are important factors in deter-
mining the performance of the method. Under the recommended experimental
conditions the “blank’ correction needed amounts to less than 0-29; of the total
number of coulombs used. If it was desired to scale down the procedure to enable
much smaller amounts of uranium to be determined without undue loss of perform-
ance it would probably be necessary to decrease the cell volume while maintaining the
electrode area : electrolyte volume ratio at the original value.

Zusammenfassung—Die experimentellen Bedingungen zur coulo-
metrischen Bestimmung von Uran wurden ermittelt; man reduziert
Uran(VI) zu Uran(IV) an einer Platin-Arbeitselektrode mit geregelter
Spannung oder geregelter Grenzsapunnung. Dieses Verfahren wurde
mit Erfolg als erginzende Methode bei der Routinebestimmung von
Uran in reinen Uranylnitratlosungen verwendet. Die Platinelektrode
hat mehrere wichtige praktische Vorteile gegeniiber der wohlbekannten
Quecksilber-Sumpfelektode bei der coulometrischen Bestimmung von
Uran. Die Bestimmungen von Eisen(III) und Uran(VI) oder von
Plutonium(IV) und Uran(VI) nacheinander konnen mit derselben
Arbeitselektrode in derselben Losung ausgefiihrt werden; auch die
coulometrische Oxidation von Uran(IV) zu Uran(VI) ist moglich.
Die Riihrgeschwindigkeit in der Zellfiiissigkeit ist bei der Platinelek-
trode viel weniger kritisch. Zwei Hauptprobleme muBten gelost
werden, ehe ein praktisch verwertbares Verfahren zustande kam: die
Wasserstoffentwicklung wihrend der Reduktion muBte verhindert
werden, damit die gewiinschte Reaktion auf 100 77 Stromausbeute kam;
ferner muBten Vergiftungserscheinungen der Elektrodenoberfliche
unter Kontrolle gebracht werden, sodall die Reaktionszeit hinreichend
kurz gehalten werden konnte. Es zeigte sich, dall eine salzsaure
Grundldsung mit ein wenig Wismut(IlI) die Wasserstoffentwicklung
verhinderte; auch die Vergiftung der Elektrodenoberfliche war mit
dieser Grundldsung nicht erheblich und lie#3 sich gering halten, wenn
die Elektrode gelegentlich in verdiinnter Schwefelsiure anodisch
behandelt wurde. Wismut(IIT) bildet einen Komplex mit Chlorid;
dessen Gegenwart erhoht die Wasserstoffiiberspannung an der Arbeits-
elektrode. Wihrend der Uranreduktion findet keine sichtbare Wismut-
abscheidung an der Elektrode statt. Nitrathaltige Losungen konnen
analysiert werden, wenn der salzsauren Grundlésung Amidosulfon-
sdure zugesetzt wird.

Résumé—On a établi les conditions expérimentales qui permettent
la détermination coulométriquedel’uranium parréductiondel’uranium-
(VI) en uranium(IV) sur une électrode de travail en platine, par des
techniques de potentiel contrdlé ou de limite de potentiel controlé. La
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technique a été utilisée avec succés comme méthode subsidiaire dans le
dosage de routine de 'uranium dans des solutions de nitrate d’uranyle
pures. L’¢lectrode de platine a plusieurs avantages pratiques importants
sur I’électrode de masse de mercure bien établie pour le dosage coulo-
métrique de Puranium. La détermination consécutive des fer(III) et
uranium(VI), ou plutonium(IV) et uranium(VI) peut étre menée avec
la méme électrode de travail dans la méme solution et I'oxydation
coulométrique de 'uranium(IV) en uranium(VI) est réalisable. La
vitesse d’agitation de la liqueur de la cellule est beaucoup moins
critique dans le cas de’électrode de platine. Deux problémes principaux
ont dii étre surmontés avant qu’une technique pratique ne puisse étre
réalisée; le dégagement d’hydrogene durant la réduction U(VD)-U(IV)
a di1 étre €éliminé de sorte qu’une efficacité de courant de 1009 puisse
étre obtenue pour la réaction désirée, et les phénomeénes d’empoisonne-
ment de la surface d’électrode ont dii étre controlés de sorte que le
temps de réaction puisse étre maintenu raisonnablement court. On
a trouvé que la sélection d’une solution de base d’acide chlorhydrique
contenant une petite quantité de bismuth(III) permet d’éviter le dé-
gagement d’hydrogéne: également, 'empoisonnement de la surface
d’¢lectrode avec cette solution de base n’est pas particulicrement
sérieux et peut €tre maintenu & un bas niveau satisfaisant en anodisant
occasionnellement 1’électrode en acide sulfurique dilué. Le bismuth-
(ITI) forme un complexe avec les ions chlorure et sa présence accroit
la surtension de ’hydrogeéne a I’¢lectrode de travail: il ne se forme pas
de dépdt visible de bismuth sur I’électrode durant la réduction de
Puranium. On peut analyser des échantillons contenant du nitrate,
étant entendu que 'on ajoute de I’acide sulfamique & cette solution de
base d’acide chlorhydrique.
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Summary—Copper has been determined in the submicrogram range
by means of a complexometric titration with triethylenetetramine
(TRIEN), the end-point being detected by following the anodic wave
of the chelating agent at a rotating mercury electrode. The influence
of the presence of other metals has been investigated both from the
theoretical and the experimental point of view. Because of its higher
selectivity TRIEN is preferred to other reagents of the EDTA group.
The results show that copper can be determined in the presence of
large amounts of most other metals.

IN A PRELIMINARY communication! the principles of the amperometric complex-
formation titration of metal ions with indication by means of the anodic wave of the
excess of ligand, have been presented. The work of Campbell and Reilley,? who used
a dropping mercury electrode, can be extended to a higher sensitivity by using a
rotating mercury electrode as the indicator electrode. In the present paper the theoreti-
cal background of this type of titration will be treated more thoroughly. The theory
will be illustrated by the determination of copper(Il) with triethylentetramine (TRIEN).

THEORETICAL
Titration curves
Considering the titration reaction
M4+L«=ML

we suppose that changes in volume will be negligible and define f = ¢y /cy as the
titration parameter, which is a measure of the progress of the titration, having the
value f, = 1 at the equivalence point.

The formula for the titration curve can be derived from

Ky = ML 1
ey = [M]' + [MLY (2
oo [V DMLY ®

Ten MY+ ML]

Concentrations are primed according to Ringbom,? so that all side-reactions are
taken into account, Ky being the conditional constant.
In order to facilitate the handling of these formulae, we propose the use of relative
concentrations, dimensionless numbers, defined as
M1 (L], [ML]'
m=-— |=—; ml = .
M M ‘M
945
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The equations (1), (2) and (3) can now be written as

ml
Zy = Ky'exy = — @
m.l
l=m+ ml %)
f=14+ml (6)

Zy is another dimensionless quantity in which the effects of the analytical concentra-
tion of M and the conditional stability constant are combined.

As the experimental part of this paper describes titrations with monitoring of the
ligand L, it is useful to find f as a function of /. The titration curve can easily be
derived from (4), (5) and (6):

B
Selb e = At fe Y

So for the graphical construction of fas a function of / we have to add the linear f; = /
and the orthogonal hyperbola f, = (Zyl/1 + Zyl), illustrated in Fig. 1.

-—-—_»I-'
=~

FiG. 1.—I-f curve:

Zi
f_f‘+ﬁ_l+ﬂ‘7/ for Z = 100.

It is obvious that the shape of the (f~/)-curve and the (f~[L])-curve will be
identical. For the calculation of the titration error we will assume that the end-point
of the titration will be found graphically by intersecting the tangents for / = 0 and
I=1(Fig. 1). Asdf/d/ =1 + Zy/(1 ++ Zyl)?, these tangents are given by:

i, _
7= () 1= 0+ 200 ~ 220 ®

and

I

1= (3 a-v+s
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where f; is the value of fin the titration curve (7) for / = 1, or

Zw Zw
=l 4 ——"V -1 1
7= s~ (SLEIR e~
which for Zy > 1 simplifies to
1 2
~1+—*+1——n 9
f { ZM ZM ( )

The tangents (8) and (9) intersect in f;. It can easily be found that f; = 1 — 1/Zy.
The systematic titration error is therefore,

1
A= ——, (10)
Zy
In earlier work? it has been suggested to take 1/V/Zy = m,_, = I,_, as a measure of the
sharpness. As 1/Z) is directly related to the systematic titration error we propose to
use this value as the measure of sharpness. If we accept a systematic error of 1% the
value of Zyy = K'cyy has to be greater than 100.

Titration of mixtures of metals

The titration curve for the complexometric titration of two metals M and N has
been derived in a previous paper. When the metal N is considered to be an interfering
metal it is better to use f = ¢y /cy instead of /' = c1/(cy -+ cy) as was done in the pre-
vious paper.> With introduction as before of the relative concentration n = [N]'/cyr,
the titration curve will, in the new notation, change to

Zyl Cn Zyl

y N
/ +1+ZMI+CM A +2zy)

=fH+fatfa (12)

As we consider the metal N as an interference in the titration of M the complex NL
will be much weaker than ML. The titration curve will only have the required linear
shape when f; is pseudolinear. If we accept a deviation from linearity of 19, we can
consider f3 to be pseudolinear if

(11

Z\l < 1072, (13)
We can then write (11) as

Zyl
= (1 ‘el + ———. 14
fo= O Kol + 75 (14)
The factor (1 + Ky'cy) is the side-reaction coefficient of the side-reaction of L caused
by the presence of N. Taking into account this side-reaction coefficient oy,yy in Zyy,
equation (14) can be written as

Zy'l
= II —_— 1
in which I’ = (1 -+ KN,CN)I = aL(N)l
and
Z
Zy = 2

AL(N)
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The new sharpness criterion will be

’
M

K ’

S S¢S\ (16)
1 4+ Ky'ex
The largest value of /" in practical work will be /” = 1. The largest value of / therefore

will be

1

[P
1+KNICN

Substitution in equation (13) leads to the condition for linearity

-2

1T Kuew < 1072, (17)
The presence of the interfering metal N causes a decrease in the slope of the titration
curve after the equivalence point by a factor oy, and therefore a decrease in the
sensitivity of the determination of M. In trace determinations of M we will often work
near the limit of sensitivity of the indication system, in which case only a relatively
small reduction of the slope can be tolerated.

When a reduction of 50 7; in the slope is allowed, we get the condition

Kyew < 1 (18)

and when a decrease of sensitivity by a factor n can be allowed, the sensitivity con-
dition becomes

Ky'exn < (n—1). (19)

Recapitulating, we may conclude that the titration of M in the presence of a metal N
can be carried out when three conditions are fulfilled, a sharpness criterion, cf. equa-
tion (16), a condition for linearity, cf. equation (17) and a sensitivity condition,
mentioned in equation (19).

Up to now we have supposed that the indication signal was perfectly linear in /.
In the titrations that will be described the linearity is limited to values of / smaller
than 0-1.

It can easily be shown that drawing the tangent at / = 0-1 will change the sharp-
ness condition to

KM,CI\I
Zy = ———— > 2 x 103
¥ T Kyew 20
and the linearity condition to
Ky'en
— 101,
T+ Kyon @1

The sensitivity condition, ¢f. equation (19) remains unaltered. The conditions derived
above for a sharp indication can only be applied under equilibrium conditions. At
low concentrations the conditions for sharp end-points will sometimes be kinetically
determined. As our knowledge of the complex-formation and the corresponding
stability constants is still incomplete, predictions may sometimes fail.



Titrations of traces of copper 949

Anodic indication of L

The reaction at the indicator electrode used for the indication of the excess of
ligand is the oxidation of mercury from the electrode according to the reaction

Hg® + L — 2e — HgL

The equation of the corresponding reversible polarographic wave at an ordinary
DME is

k
Y 1 0031og
ngL

Ey = Ey — 003 log Kygyr, + 0-03 log ay,yy + 0:03 log @)

Iq
The ligand will be present as a mixture of several protonated forms. In equation (21)
it is assumed that all these forms have the same diffusion coefficient ky,. The limiting
current iy will be proportional to the sum of the concentrations of all these forms.
The useful potential range for the indication can be found by comparing the wave
of the free ligand [equation (22)] with the current-voltage curve for the anodic
dissolution of mercury in the absence of the free ligand, which can be represented by

Epy = Ey — 003 log o, — 003 log kyy, + 0-03 log i (23)

where «y, is the side-reaction coefficient taking into account all side-reactions of
mercury(IT) with the exception of the reaction between mercury(If) and L.

Two possible current voltage curves are given in Fig. 2. The suitable potential
range AE can be found by subtracting F;, from Eg, for a suitable value of i. We then
get

AE == EHg — EL = 0-03 log KHgL — 0-03 log dLmy — 0-03 log XHg

k
+ 003 log —2X -1 0-03 log (iy — i)

ngkL

k
AE = 0-03 log K1z, + 0:03 log =5 + 0-03 log (iy — i). (24)
ngkL
Hgo.nga,
Hg®~Hal
i, HA
——F

FI1G. 2.—Anodic dissolution wave of mercury in the presence and in the absence of
the ligand.
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The result, as could be expected, is that the useful potential range is directly related to
the conditional constant Ky of the complex HgL.

The main advantages of anodic amperometry for indication in complexometry
are that the method can be used for the titration of nearly all metal ions giving stable
complexes, independent of the cathodic behaviour, and the possibility of using a
working potential more positive than the half-wave potential of the first reduction
wave of oxygen. Reilley and Campbell® have given a table of the potential ranges for
anodic amperometry in several buffered media.

A rotating mercury electrode has the advantage over a dropping electrode that
currents are appreciably larger, that no capacity currents occur, and that there are no
current fluctuations due to the growth and fall of the drop. These effects result in a
lower limit of determination.

The useful potential range has been discussed above on the basis of reversibility
of the reaction at the electrode. However, reactions reversible at the DME might be
irreversible at a rotating mercury electrode. In general it can be stated that polaro-
grams at the rotating mercury electrode are not as well developed as at the DME.
Moreover the shape of the polarograms depends on the condition of the mercury
electrode. Especially when an acid solution is used, a diffusion plateau can hardly be
observed. In these and a number of other cases a working potential has to be chosen
in a rising part of the current-voltage curve of the free ligand.

As part of the applied voltage is lost in the iR-drop, which is not constant, but
rises after the end-point of the titration, the potential of the mercury anode shifts to
more negative values, resulting in a deviation of the titration curve from linearity.
The ascending part of the titration curve bends towards the f-axis, as illustrated in
Fig. 3. This isthe reasonwhy the titrations at a rotating mercury electrode are generally
not carried further than to about 109 beyond the end-point.

0 -0 20

F1G. 3.—Effect of IR-drop on indication current after the end-point.

EXPERIMENTAL
Chemicals
Pro analysi chemicals were used. Impurities in the bufier solutions were determined by means of a

blank titration. The water used was singly distilled and traces of copper still present were removed by
ion-exchange.
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Apparatus

Polarograms necessary for the selection of the suitable potential of the indicator electrode were
registered with the Metrohm polarograph E 261, using the rotating electrode as working electrode.
The titrations were performed in a 10-ml compartment of an H-cell, containing the rotating mercury
electrode. The titrant was added from a Metrohm 1-mi syringe burette. The other compartment of
the H-cell, separated from the first by a fritted glass disc, was filled with the same supporting electrolyte
solution as was the titration compartment, and contained a calomel electrode.

The amperometric titrations were carried out by means of a simple polarographic circuit with a
Philips d.c. microammeter PM 2436 for current measurements. As this meter has a higher sensitivity
than the polarograph it was preferred for the titrations of low concentrations.

The rotating mercury electrode (750 rpm) consisted of a small piece of platinum wire (25 mm
length; 0-75 mm diameter) sealed into glass. The platinum microelectrode is covered with mercury,
either by direct electrolysis in a mercury(I) nitrate solution for 1 hr at a current of 10 mA, or by
successive electrolyses in a solution of a gold(IID) salt and a mercury(I) nitrate solution, both for
1 hr at a current of 10 mA. The electrodes last for a few weeks, after which the mercury layer has to
be renewed.

RESULTS

TRIEN was preferred for the determination of copper(Il) because of the high
value of the stability constant of the complex and the relatively high selectivity com-
pared with the polyaminopolycarboxylic acids. In general, titrations of copper(II)
in acid solution are preferred because of the higher selectivity. Determinations in
alkaline solution in the presence of other metals will generally require masking.
However the anodic wave of TRIEN in a tris-buffer [tris(hydroxymethyl)methyl-
amine] in alkaline solution at pH 9 is much better developed than in acid solution, so
that a number of determinations have been carried out at this pH.

For the determinations in acid solution a pH-value of 5 was chosen. At pH 5
log K¢up, = 9'4. According to equation (18) the limit of determination would be
somewhat less than 10—8A4.

In Table I some results are given for determinations of copper(Il) in 0-01M
acetate buffer at pH 5. The results agree very well with the theoretical predictions.

In Table I some results are given for determinations of 6 x 10-%M copper(Il)
in the presence of other metals, and in Table 1II the corresponding results are given
for 6 x 10~7M copper(Il). The buffer concentration was 0-01M in all cases.

The amounts of other metals present, mentioned in Tables 1T and III, are about
the maximum allowable limits found experimentally. The interference of more than
1000-fold amounts of metals such as nickel(I), zinc(Il) and cadmium(II) can be
explained by means of equation (17) derived in the theoretical part.

At pH 5, log Ky;1, = 3-0, so when ¢y = 6 X 1073M as in the first experiment of
Table 11, the product Ki;y, . cxi = 6 which is not in agreement with condition (18).
In this experiment the decrease of the slope after the equivalence point was indeed more
than 50%;. The maximum allowable amounts of zinc(IT), cadmium(II) and cobalt(II)

TABLE I.—DETERMINATION OF Cu(Il) witH TRIEN IN 0-01M ACETATE BUFFER
AT pH 5, VOLUME 5 ml

Cu(Il) Titrant
Amount, ug Error Std. devn., % concentration
Concentration Present Found % (no. of detns.) M
6 x 10-¢ 1-90 191 05 13 (8) 10—
6 x 107 0:190 0-188 -2 1-3 (8) 103
6 x 108 0-019 0-021 +10 20 (8) 10-¢
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TasLe II.—DETERMINATION OF 19 ug oF Cu(ll) witH 10-*M TRIEN;

VOLUME 5 ml

Amount of other metal

Std. devn., %

relative to that of copper Error, % (no. of detns.) Buffer, masking

Ni 1000 —1-7 1-3(8) acetate pH 5

Zn 1000 0-0 1-3(8) acetate pH 5

Cd 1000 —12 0-7(8) acetate pH 6

Cr(In) 1000 —0-6 1-0(8) acetate pH 6

Pb 10000 0-0 0-6(8) acetate pH 5

Pb 100000 422 0-7(8) acetate pH 5

Co 10000 —1-3 1-0(8) acetate pH 5

Mg 100000 —10 1-3(8) acetate pH 6

Mn(II) 100000 +0-6 0-7(8) acetate pH 6

Ca 100000 +22 1-0(8) acetate pH 6

Zn 100 —06 1-0(8) Tris pH 9, 1073M NTA
Pb 1000 412 2-0(8) Tris pH 9, 103M NTA
Mg 10000 —12 1-0(8) Tris pH 9

Fe(IID) 1000 +22 1-0(8) Tris pH 9, citrate

Fe(III) 1000 0-0 0-3(8) Tris pH 9, oxalate + NTA
Al 1000 + Fe(III) 1000 —06 0-7(8) Tris pH 9, oxalate - NTA

TABLE 1II.—DETERMINATION OF 0-19 ug oF Cu(I) witH 10-°M TRIEN:
VOLUME 5 ml

Amount of other metal Std. devn., %

relative to that of copper Error, % (no. of detns.) Buffer, masking
Ca 100000 —06 4-0(8) acetate pH 6
Pb 100000 -+4-5 3-3(8) acetate pH 6
Mg 100000 +2-0 3-7(8) acetate pH 6
Cd 100000 —1-0 3-7(8) acetate pH 6
Mn 100000 —2-7 2-0(8) acetate pH 6
Co 100000 —5-4 7-0(8) acetate pH 6
Zn 1000 —80 3-3(6) acetate pH 6
Zn 500 -33 3-7(8) acetate pH 6
Ni 1000 +50 77(4) acetate pH 6
Ni 200 —14 1-3(®) acctate pH 6
Al 10000 +60 4-0(8) Tris pH 9, oxalate + NTA
Fe(III) 1000 +8-0 2-7(8) Tris pH 9, oxalate 4- NTA

TABLE IV.—TITRATION OF 19 ug ofF Cu(Il) (6 x 10-°AM) witH 10~*M

TRIEN; voLUME 5 ml

Std.

Interference Error, % devn., % Buffer solution
0-01M chloride —07 07 0-01M acetate, pH 6
1M chloride +2-2 1-0 0-8M Tris, pH 9
0-01 M bromide +2-6 0-7 0-01M Tris, pH 9

Note: The time required for all titrations mentioned above is only a few
minutes for each.

can be roughly explained in the same manner. The condition given by equation (20) is
fulfilled in all experiments mentioned in Tables II and III.

In some cases sample solutions may contain compounds forming complexes with
mercury(II), resulting in a current during the whole titration. When such a current
is small, titrations can be carried out when the interfering current is electrically
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compensated. In this way it is possible to carry out the titrations of copper(II) with
TRIEN as mentioned above, even in the presence of large amounts of chloride and
bromide. Table IV shows some results of such titrations.

Zusammenfassung—Kupfer wurde im Submikrogrammbereich durch
komplexometrische Titration mit Tridthylentetramin (TRIEN) be-
stimmt. Der Endpunkt wurde durch Beobachtung der anodischen
Stufe des Chelatbildners an einer rotierenden Quecksilberelektrode
ermittelt. Der Einfluss anderer Metalle wurde vom theoretischen und
experimentellen Standpunkt aus untersucht. Wegen seiner hoheren
Selektivitdt ist TRIEN anderen Reagentien aus der EDTA-Gruppe
vorzuziehen. Die Ergebnisse zeigen, dass Kupfer in Gegenwart grosser
Mengen der meisten anderen Metalle bestimmt werden kann.

Résumé—On a dosé le cuivre dans le domaine du submicrogramme au
moyen d’un titrage complexométrique avec la triéthylénetétramine
(TRIEN), le point de fin de dosage étant détecté en suivant la vague
anodique de I'agent chelatant sur une €lectrode de mercure rotative.
On a €tudié I'influence de la présence d’autres métaux, tant du point de
vue théorique qu’expérimental. A cause de sa plus haute sélectivité,
on préfere le TRIEN aux autres réactifs du groupe EDTA. Les résultats
montrent que 'on peut doser le cuivre en la présence de grandes
quantités de la plupart des autres métaux.
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Summary—The preparation and characteristics of ammonium molyb-
dophosphate and potassium or ammonium hexacyanocobalt ferrate
supported in silica gel, and their application to the determination of
187Cs in natural waters are described. Use of columns of these materials
gives better recovery of ¥Cs from natural waters (in comparison with
co-precipitation with ammonium molybdophosphate), requires less
exchanger, so raising the y-counting efficiency of *’Cs, and permits
elimination of other radionuclides by washing with hydroftuoric acid.

SINCE Smit' revealed the excellent ion-exchange properties of ammonium molyb-
dophosphate, especially for potassium, rubidium, caesium, silver, mercury(I)
and thallium(T), this exchanger has been used for the separation of alkali metals and
especially for the radiochemical determination of 137Cs in biological materials, natural
waters, sea-water, efc,2~5 but recovery of caesium from sea-water was only 70-80% in
large-scale operations.*:5 If an appropriate column method is available, ¥’Cs can
be concentrated from large volumes of natural waters more efficiently and conven-
iently. Smit has proposed a column consisting of a physical mixture of the heteropoly
acid salt and asbestos fibre®? or filter paper pulp,® and of coarse particles of the
insoluble ammonium salt of 12-molybdophosphate (AMP),® because asbestos or
filter paper pulp would reduce the bed capacity per unit volume. The difficulty was
to prepare the coarse AMP since it was usually accompanied by a substantial pro-
portion of very fine crystals.

Prout, Russel and Groh' have recently described potassium hexacyanocobalt
ferrate (KCFC) as an inorganic exchanger and the material was employed by Boni'! to
concentrate radiocaesium from biological and environmental samples such as milk,
urine, sea-water and fresh water. Petrow and Levine!? have recommended ammonium
hexacyanocobalt ferrate (NCFC) as an improved exchange material for radiocae-
sium, because the ammonium salt can obviate the interference by the decay of the
potassium in KCFC, in the 137Cs region of the y-spectrum.

The lack of any satisfactory procedure for elution of the adsorbed caesium made
it impossible to reduce the volume of the counting sample and to raise the counting
efficiency for y-activity with an Nal crystal detector. Moreover, a large amount of
exchanger had to be thrown away after only one use, since a simple regeneration
procedure had not been found. A more convenient material for enrichment of 37Cs
from large volumes of natural waters would therefore be desirable.

The present paper describes a simple method of preparing such materials, which
will be called AMP-SiO,, KCFC-SiO, or NCFC-8i0O,, and their successful applica-
tion to natural waters, including sea-water.

955
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EXPERIMENTAL
Reagents

Radioactive nuclides. Caesium-137 as caesium chloride, and cerium-144, cobalt-60, ruthenium-
106, strontium-90, zinc-65 and zirconium-95.

Silica gel. Chromatographic grade (WAKOGEL C-100).

Other chemicals. Caesium sulphate used as carrier was of guaranteed reagent-grade, and ammo-
nium molybdate, ammonium monohydrogen phosphate, ammonium nitrate, nitric acid, sodium
hexacyanoferrate, potassium hexacyanoferrate and cobalt(I) nitrate were of chemically pure
reagent-grade.

Apparatus

Scintillation counter. Well-type, with 45 x 50 mm Nal(TI) crystal.

G-M counter. Mica-window tube, 28 mg/mm?, 11-79 counting efficiency for *°Sr(*°Y).

y-Ray spectrometer. Low-background model with transistorized single-channel pulse-height
analyser, high-speed scaler and printing scaler.

Glass chromatographic columns. Internal diameter 9-8, 12 and 17 mm, length 140 mm, with a
coarse sintered-glass disc and a stop-cock at the bottom.

Preparation of AMP-SiO,

About 240 g of silica gel (42-60, 60-80 and 80-100 mesh) were put into a solution of 100 g of
ammonium molybdate and 6 g of ammonium monohydrogen phosphate in 400 ml of distilled water
and stirred occasionally. After standing for about 2 hr the contents were heated in an electric air-
bath at 105° for a day. The dried material was transferred into a beaker containing a solution of 10 g
of ammonium nitrate in 300 ml of 3M nitric acid and heated to about 80° on a hot water-bath (with
occasional stirring) and digested at that temperature for 3 hr, then the mixture was filtered (coarse
cotton cloth spread over a 2-1. beaker) and the residue was washed with distilled water to remove free
AMP as thoroughly as possible. The material was transferred on the cloth to a Buchner funnel and
covered with another piece of cloth, and was left under suction till almost dry. Finally, the dried
material was heated at about 105° for a day and was sieved into 42-60, 60-80 and 80-100 mesh
fractions. '

Preparation of KCFC-SiO,

About 100 g of silica gel (42-60 and 60-80 mesh) were put into a beaker containing about 200 ml
of 0-5M potassium hexacyanoferrate and stirred occasionally. After standing for about 2 hr the
supernatant liquid was decanted. The impregnated silica gel was then transferred (glass spoon) into
a beaker containing about 500 ml of 0-3M cobalt(lI) nitrate solution, with continuous stirring. A
dark green precipitate appeared immediately on the surface of the silica gel. The contents of the
beaker were stood for about 2 hr with occasional stirring, then the supernatant liquid and free KCFC
were poured off and the remaining KCFC-SiO, was washed with distilled water; this treatment was
repeated until the supernatant liquid became clear. Finally, the product was dried at 115° in an
electric air-bath for about 20 hr until it changed colour to purple. The product was sieved (42-60
and 60-80 mesh) and stored in polyethylene bottles.

Preparation of NCFC-SiO,

About 100 g of silica gel (42-80 mesh) were put into a beaker containing about 200 ml of 0-5M
sodium hexacyanoferrate solution, with occasional stirring. After standing for about 2 hr the
supernatant liquid was decanted. The impregnated silica gel was transferred (glass spoon) into a
beaker containing about 500 mt of 0-3M cobalt nitrate in 0-1A/ ammonium nitrate solution, with
continuous stirring. The contents were then treated in the same way as KCFC-SiO,.

Ton-exchange column preparation

The chromatographic tube was filled with a water slurry of 10 g of water-washed 60-80 mesh
exchange material. A piece of absorbent cotton was placed on top of the material so that the bed was
not disturbed during sample addition. The cotton should be changed several times if a sample contains
suspended matter.

Procedure for the determination of 1*"Cs in a large volume of sample

A volume of water sample to which had been added 70 ug (15 ng for KCFC- or NCFC-Si0,) of
Cs* as carrier and about 1 ml of nitric acid per litre to keep strontium in solution, was passed through
the column at a flow-rate of 6-8 1./hr under slight suction from a water-pump, and the effluent was
stored in a polyethylene bottle for strontium-90 measurement.
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After all the sample had passed through the column, the cotton plug was removed and most of the
exchanger was pushed out of the column under air-pressure, then the rest was washed out with a
small amount of distilled water. The exchanger was collected in a 50-m! polyethylene centrifuge tube.
The water was decanted and ca. 30 ml of 46 9, hydrofluoric acid were added dropwise with occasional
shaking. After complete dissolution of the silica the tube was centrifuged for about 20 min at 3000
rpm. The supernatant liquid was rejected and the residue was washed with distilled water and
centrifuged twice more. The final residue was transferred with a small amount of ethyl alcohol into a
shallow plastic dish having a cover (i.d. ca. 60 mm) and was dried under an infrared lamp; its y-
activity was counted with a low-background y-ray spectrometer.

RESULTS AND DISCUSSION
Characteristics of the exchange materials
AMP-5i0,. The amount of AMP on the silica gel was calculated from the phos-
phorus content, determined spectrophotometrically as molybdenum blue after
dissolution of the AMP in aqueous ammonia (1 4 9). The results obtained are

shown in Table I. The increase in loading as the particle-size decreases is probably
due to the increase in surface area.

TABLE [.—CHARACTERISTICS OF THE EXCHANGE MATERIALS

Material Mesh M supported, Exchange capacity, Max. flow-rate,
(M) size g of Mg of M-SiO;  mequiv of Csjg of M-SiO, Llhr
42-60 0-113 0-069 (9-5 mg) 9-0
AMP-SiO, 60-80 0-187 0-079 (10-8 mg) 72
80-100 0-204 0-101 (13-8 mg) 2-5
G 42-60 0-025 0-014 (1-9 mg) 11-5
KCFC-5i0, 60-80 0-029 0-019 (2-6 mg) 86
NCFC-Si0,  60-80 0-028 0-018 (2-5 mg) 81

The exchange capacity for caesium was measured by passing 100 ml of sea-water,
containing about 1-7 mequiv of caesium sulphate, ¥°Cs tracer and 0-1 ml of nitric
acid, at 1 drop/min through a column containing 2 g of the material, dissolving the
exchanger with 10 ml of 5 sodium hydroxide and heating, making up to standard
volume and measuring the y-activity of an aliquot with a well-type scintillation
counter.

KCFC-Si0y or NCFC-5i0,. The amount of KCFC or NCFC supported on
silica gel (Table I) was calculated from the cobalt, iron and potassium or ammonium
content of the materials, after removal of silica with hydrofluoric and sulphuric acids.
Iron was determined as iron(III) oxide after extraction with IBMK-—pentyl acetate
solvent mixture, and cobalt as cobalt(III) oxide after precipitation of its 1-nitroso-
2 naphthol salt from the aqueous phase. Potassium was determined flame-photo-
metrically and ammonium spectrophotometrically.

The exchange capacity of the KCFC- or NCFC-SiO, for caesium was measured
in the same way as for AMP-Si0,. The exchanger was completely decomposed by
hydrofluoric and sulphuric acid treatment and the residue dissolved with hydro-
chloric acid.

The exchange capacities of AMP-, KCFC- and NCFC-S8i0O, for caesium are
considered large enough for caesium to be collected by them from large volumes
(e.g., 80 or 100 1) of sea-water, the caesium contents of which have been reported
as 0-3-0-8 ug/l.13-1% This means that the operating capacity of 10 g of AMP-SiO,
(60-80 mesh) is about 19 times the total amount of caesium in 801. of sea-water
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(to which 56 mg of Cst have been added as carrier) and that of 10 g of KCFC-
or NCFC-Si0, (60-80 mesh) is at least 17 times the total amount of caesium in 100 L
of sea-water (to which 1-5 mg of Cs* have been added as carrier). In the case of fresh
water the situation will be more favourable since its caesium content is supposed to
be comparable to or less than that of sea-water.

The last column in Table Y shows the maximum attainable flow-rate for columns
containing 5 g of adsorbing material of different sizes. Exchanger of 60-80 mesh size
is the most suitable for treatment of large volumes of sample because the exchange
capacity for caesium is higher than that of 42-60 mesh material and the maximum
attainable flow-rate is higher than that of 80-100 mesh material.
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Fic. 1.—Relationship between the flow-rate and recovery of 137Cs,
—O— 5 g of AMP-SiO,
-—0O—- 2 g of AMP-SiO,
--0---1g of AMP-SiO,
Sample, 3 1. of sea-water; 12-mm diameter column.

It was also confirmed that 137Cs is not adsorbed by silica gel itself from a water
sample containing the specified amount of nitric acid.

Effect of flow-rate

It was expected that the operating capacity of the exchanger would be related to
the flow-ratc of water sample. The results for 1, 2, 3 and 5 g of 60-80 mesh exchange
material are shown in Figs. 1 and 2. The maximum attainable flow-rates for 1, 2, 3
and 5 g of the exchanger were about 15, 11, 9 and 7-2 1./hr respectively for AMP-Si0,,
and 30, 18, 13 and 8-6 L./hr for KCFC-SiO,. Quantitative adsorption might be expec-
ted if 5 g of either exchanger were used with a flow-rate less than 7 ./hr.

Effect of volume of sample

Two exchanger columns (12 mm bore, 80 mmlength, 5 g of 6080 mesh exchanger),
were connected vertically in series and sea-water containing caesium carrier and tracer
was passed through them. After passage of each 20 1. of sample, a fresh lower column
was substituted and the flow was continued until 100 1. of sample had passed through.
Then the ¥"Cs adsorbed on each exchanger was measured as described above. The
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F1G. 2.—Relationship between the flow-rate and the recovery of 137Cs.
—QO— 5 g of KCFC-Si0O4
—O— 3 g of KCFC-Si0,
-—0O—- 2 g of KCFC-Si0,
---0--- 1 g of KCFC-SiO,
Sample, 3 1. of sea-water; 12-mm diameter column.

results are illustrated in Fig. 3. Adsorption was nearly quantitative for the first
40 1. of sample and then decreased rapidly. Larger amounts of sample may be treated
if a wider column is used with a larger amount of exchanger; e.g., 80-100 1. (60-80
mesh) of sea-water and tap-water were treated with 10 g of exchangerina 17 x 80 mm
column and the yield was satisfactory at a flow-rate of about 10 1./hr for AMP-
$i0,, and also for KCFC-SiO, (Fig. 3).

Effect of caesium carrier

Although the caesium content of sea-water is reported to be 0-3-0-8 ug/l., it was
found that addition of caesium carrier enhanced the adsorption yield of ¥Cs on
the exchanger. The effect of caesium sulphate as carrier was therefore examined.
The results are shown in Table II. For sea-water the effect of the carrier was not
remarkable, but for tap-water it was very appreciable, e.g., the recovery of caesium
by AMP-SiO, increased from 87-6 to 98-8 on addition of 0-07 ppm of caesium
carrier. However, larger amounts of carrier decreased the adsorption of %Cs.

Consequently, the amount of caesium carrier, especially in fresh water, is critically
important.

Other factors affecting adsorption of ¥¥'Cs

When sea-water is passed through AMP-SiO,, the yellow colour of the material
fades gradually as AMP dissolves, but the addition of 1 ml of nitric acid per litre of
water prevents this, the pH of the sample becoming about 2, the most favourable
for formation of ammonium molybdophosphate. When the acidified sample is
introduced into the column through an ordinary rubber tube, reduction of AMP
occasionally occurs and the exchanger becomes dark blue. A polyethylene tube
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F1G. 3.—Relationship of the volume of sample and recovery of *3"Cs.
A: AMP-SiO,, 5 g; column 12-mm bore.
B: KCFC-SiO,, 5 g; column 12-mm bore.
C: KCFC-SiO,, 10 g; column 17-mm bore.
Flow-rate 6 1./hr.

TABLE II.—EFFECT OF ADDITION OF CAESIUM CARRIER ON RECOVERY OF 137Cs

Cs added Recovery of 137Cs, %
Exchanger (as Cs,S0,),* y
Go ppm Sea-watert Fresh water
AMP-SiO, 0 97-3 87-6
0-07 98-6 98-8
KCFC-SiO, 0 98-9 86-7
0-015 99-1 98-7

* 40-1. samples; flow-rate 7 1./hr.
T Sea-water contained 0-0005 ppm Cs originally.

has no such effect and should therefore be used. The temperature of the sample
water has no effect in the range 5-35°.

Adsorption properties for other radionuclides

As a check, recovery experiments for other radionuclides believed to exist in
sea-water were carried out after addition of a known amount of each to 3 1. of sea-
water which contained the amounts of caesium carrier and nitric acid mentioned above.
The samples were processed with 5 g of exchanger at a flow-rate of 3 1./hr. It was
found that AMP-SiO, scarcely adsorbed other radionuclides except for radiozircon-
ium-niobium, about 12% of the original amount being adsorbed, but KCFC-SiO,
can concentrate not only ¥Cs, but 349, of radiocerium, 29 9, of radiocobalt, 159,
of radioruthenium-rhodium, 26 %, of radiozinc and 24 %, of radiozirconium~-niobium
as shown in Table III. However, it was thought that the degree of adsorption of these
nuclides might decrease considerably when a large volume of sea-water was treated,
and this was confirmed by the 3-59% adsorption of radiozirconium-niobium when
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401. of doped sea-water were passed through the AMP-SiO, column. Table III
shows that AMP-SiO, is more selective than KCFC-SiO, for 137Cs. Radiostrontium
was not adsorbed at all. NCFC-SiO, behaved similarly to KCFC-SiOs,.

TABLE I1I.—RECOVERY OF VARIOUS RADIONUCLIDES

Adsorbed by Remaining after HF treatment
Radionuclide
AMP-SiO; (5 g) KCFC-Si0, (5 ) AMP-SiO, KCFC-Si0,

% % % %
#1Cs 99* 100 95 100
14Ce-244Pr 0-2 34 0 0
“Co 03 29 0 0
106Ru-'*Rh 04 15 0 0
9080y 0 0 0 0
8Zn 07 26 0 0
Zr-*Nb 121 24 0 0
#Zr-"Nb 35 — 0 0

* Sample: 401. of sea-water.

However, as it was impossible to match the chemical forms of the active species
used in these experiments with those present in sea-water, the results given in Table
IIT are not in themselves conclusive evidence of recovery of the radionuclides in a
sample. Either way, these adsorbed radionuclides have to be removed from the
exchanger before the activity measurement of ¥7Cs. After several tests it was found
that the interfering nuclides adsorbed could be easily eliminated by dissolution of the
silica in hydrofluoric acid, whereby the nuclides other than ¥7Cs went into solution
while 337Cs was held on the AMP and KCFC or NCFC because these adsorbents are
not readily attacked by hydrofluoric acid. As shown in Table III, during the treatment
with hydrofiuoric acid about 4% of the caesium was lost from the solid phase (AMP-
SiO,), but the other nuclides could be eliminated completely from the exchanger.
The loss of ¥Cs from KCFC- or NCFC-SiO, was negligible. Furthermore, this
procedure reduces the volume of the counting sample, and the counting efficiency for
Cs-137 is increased by about 209%.

Effect of the potassium in KCFC

According to Petrow et al.,!? the contribution of potassium-40 yp-radiation in
8 g of KCFC to the caesium region of the spectrum was equivalent to 10 pCi of
187Cs. The counting system used by us is closely similar to theirs, but the amount
of KCFC used is only about 250 mg, which should produce a response of about
0-3 pCi of Cs-137 in the caesium region. However, the blank value for KCFC-SiO,
was less than 0-1 pCi, which was only about 0-5%; of the total count, so the exchanger
itself was regarded as without effect on the results.

Determination of ¥¥Cs in surface sea-water

Table IV shows the results of 137Cs analyses, by the present method, of four surface
water samples collected from the Japan Sea. Counting was done with a gamma-
ray spectrometer for about 20 hr to obtain sufficient total counts to minimize the
statistical counting error. These values are in satisfactory agreement with those deter-
mined by Miyake et al'? (who employed the ordinary co-precipitation method with
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TABLE IV.—Cs-137 CONTENT OF SURFACE WATER OF JAPAN SEA (AUGUST, 1967)

Cs-137, pCi/l.*

Lat. Long.
St. No.
N E a b c
5 38°06" 134°27’ 0-26 4+ 0-01 0-23 £ 001 0-24 - 0-04
12 41°02' 132°15’ 0-22 4 0-01 0-22 + 0-01 0-21 4- 0-04
15 40°14’ 135°12 0-22 4 0:01 020 4 0-01
18 39°31’ 138°11° 0-23 + 0-01 023 4- 0-01

* a Data obtained with AMP-SiO, method.
b Data obtained with KCFC-SiO, method.
¢ Data obtained by Miyake ef al.

ammonium molybdophosphate) for surface water samples collected from the same
station of the Japan Sea at the same time.

CONCLUSION

Caesium-137 can be separated almost quantitatively from large volumes of natural
waters with AMP-SiO, and KCFC- or NCFC-SiO, chromatographic columns.
AMP-SiO, is more easily prepared than coarse AMP crystals and more convenient
to use than AMP-asbestos, because of its mechanical strength and homogeneity.
In spite of their exchange capacity being smaller than that of ordinary AMP and
KCFC, AMP-SiO, and KCFC-SiO, can catch ¥’Cs quantitatively even at high
flow-rate of sample. This fact seems to indicate a highly effective adsorption surface
and a rapid ion-exchange process in the columns.

The apparatus for the enrichment of *¥Cs is so simple that it is readily used on
board ship, for freshly collected samples.

Acknowledgement—The authors wish to express their thanks to the staff members of the Maizuru
Marine Observatory for their kind help in collection of sea-water samples, and to the staff members
of the Geochemical Laboratory of the Meteorological Research Institute for the use of the instruments
for the y-activity measurements. They are also indebted to the Ministry of Education for financial
support for this research.

Zusammenfassung—Darstellung und Eigenschaften von auf Silicagel
aufgezogenem Ammoniummolybdophosphat und  Kalium- oder
Ammoniumhexacyanokobaltferrat sowie ihre Anwendung auf die
Bestimmung von **’Cs in natiirlichen Wassern werden beschrieben.
Siulen aus diesen Materialien geben bessere Ausbeuten an **'Cs aus
natiirlichen Wissern (verglichen mit der Mitfallung mit Ammonium-
molybdophosphat), erfordern weniger Austauscher, wodurch die
y-Zihlausbeute von ¥7Cs ansteigt, und ermoglichen die Entfernung
anderer Radionuklide durch Wachen mit FluBsaure.

Résumé—On décrit la préparation et les caractéristiques de molybdo-
phosphate d’ammonium et d’hexacyanocobalt-ferrate de potassium
ou d’ammonium supportés en gel de silice, et leur application au dosage
de 37Cs dans les eaux naturelles. L’emploi de colonnes de ces produits
donne une meilleure récupération de *’Cs d’eaux naturelles (par
comparaison 4 la co-précipitation avec le molybdophosphate d’ammo-
nium), nécessite moins d’échangeur, élevant ainsi D’efficacité du
comptage y de *¥’Cs, et permet I'élimination d’autres radionucléides
par lavage a P’acide fluorhydrique.
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Summary—The atomic-fluorescence characteristics of manganeseatoms
in a premixed nitrogen-shielded air-acetylene flame are described.
Excitation is obtained at 280 nm from a microwave-excited electrodeless
discharge tube. A detection limit of 0-001 ppm for the determination
of manganese by atomic-fluorescence spectroscopy is obtained by
measurement of the resonance fluorescence observed at this wave-
length. In addition to several other weaker atomic-fluorescence signals
observed from manganese atoms in the flame, weak resonance fluo-
rescence at 258 and 260 nm from manganese ions stimulated by ion
line-emission from the source has been recorded. Linear calibration
graphs for atomic-fluorescence measurement at 280 nm are obtained
over the range 0-0025-10 ppm of manganese in aqueous solution. Of 26
foreign anions and cations examined for interference at the 1000-fold
weight excess level only four produced interference. Large amounts
of Si, Th and V interfere by scattering of the incident radiation, while
Mg causes depression of the atomic fluorescence by a chemical effect.

ATtomic fluorescence has been observed for manganese at 279-5 nm, a 150-W xenon
arc source being used for excitation, in air-hydrogen, air-propane and hydrogen-
oxygen-argon flames, with detection limits of 0-15, 0-3 and 1 ppm respectively.l-2
Ellis and Demers® reported a detection limit of 0-004 ppm at 279-5 nm for the atomic
fluorescence of manganese, and used a 450-W xenon arc source. In the general
application of electrodeless discharge tubes and particular instrumental detection
systems to the detection of atomic fluorescence for a range of elements, both Wine-
fordner et al.* and West and co-workers® have observed the atomic fluorescence of
manganese at 279-5 nm, the detection limits being 0-006 and 0-014 ppm in an argon-—
hydrogen diffusion flame? and an air-hydrogen flame® respectively.

The detection and determination of manganese by flame emission spectroscopy
(FES) and atomic-absorption spectroscopy (AAS) is well established. Recently,
several very low detection limits have been obtained for manganese by FES: 0-1
ppm in an oxy-acetylene flame, (Fassel and Golightly$), 0-1 ppm in an air-acetylene
flame and 0-024 ppm in a premixed oxygen-enriched air-acetylene flame (Chapman
and Dale”), and 0-005 ppm in a premixed nitrous oxide-acetylene flame (Pickett
and Koirtyohann®); all at 403-1 nm. Hobbs, Kirkbright and West® have reported
detection of manganese by FES in a nitrogen-shielded air-acetylene flame; the detec-
tion limit obtained in the conventional air-acetylene flame at 403-3 nm was 0-1 ppm,
while with the shielded flame a detection limit of 0-01 ppm was obtained. Several
workers have studied the determination of manganese by AAS. Beyer!® and Slavin!
obtained detection limits (at 279-4 nm) of 0-05 and 0-005 ppm respectively. The
manganese line at 403-3 nm is less sensitive and Allen!? reports spectral interference
at the manganese 403-:3073 nm line from the gallium line at 403-2982 nm. Silicon
appears to be the only major chemical interference, and the addition of lanthanum
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has been reported to suppress this.®® To the best of our knowledge no study of the
atomic-fluorescence spectral characteristics of manganese has been reported, nor
one of the analytical utility of manganese atomic fluorescence in an air-acetylene
flame. This paper describes the preparation and properties of the microwave-excited
electrodeless discharge tubes employed as sources, and the sensitive and selective
determination of manganese by atomic-fluorescence spectroscopy in a nitrogen-
shielded air-acetylene flame. A comparison has been made with flame emission spec-
troscopy, the same detector system being used.
EXPERIMENTAL
Apparatus

A Unicam SP 900A flame spectrophotometer was employed. The use of this instrument for
AFS has been described elsewhere.! The indirect cyclone nebulizer unit of this instrument was em-
loyed without modification. The nebulizer spray rate was 3 ml/min at the pressures used. An
EMI 9601B photomultiplier was fitted in place of the standard EMI 95298 supplied with this in-
strument, to obtain higher sensitivity in the ultraviolet region.

The manganese electrodeless discharge tube was operated at 2450 MHz with a 200-W Microtron
200 Mark II power generator and three-quarter wave Broida-type resonant cavity (Electromedical
Supplies, Ltd., Wantage, Type 210L). The cavity was modified by the addition of a side-wall tuning
stub. The tube output was modulated at 50 Hz as previously described.™*

A premixed air-acetylene flame was used throughout this investigation. Nitrogen shielding
was used to separate the secondary diffusion zone from the primary reaction zone, the burner being the
type described by Hobbs, Kirkbright and West.® The burner head was placed 50 mm in front of the
monochromator entrance slit. The rim of the flame-shield device was raised so that the monochrom-
ator did not view the primary zone. In fluorescence measurements the source was positioned at
90° to the burner-monochromator axis and in the same horizontal plane, so that the distance between
the electrodeless discharge tube and the centre of the flame was 50 mm.

Reagents

Manganese stock solution. A 1000-ppm stock solution was prepared by dissolving 3-60 g of
crystalline manganese(IT) chloride (analytical grade) in 1 litre of 0-SM hydrochloric acid. This
solution was diluted as required immediately before use.

Diverse ions. Solutions were prepared from analytical-reagent grade salts.

ATOMIC FLUORESCENCE SPECTROSCOPY
Preparation of electrodeless discharge tube

The preparation of manganese electrodeless discharge tubes from manganese(I)
jodide and manganese,* manganese(Il) iodide,!® manganese(II) chloride® and the
element and chlorine!® has previously been reported. In this study these methods of
preparation were examined in an attempt to produce the most stable and intense tubes
which had good operating life times. The tubes were prepared by the general proce-
dure described elsewhere.6 Argon-filled tubes were found to be more stable and to
have a longer operating life time than those containing helium. The most satis-
factory results were obtained for tubes which contained ca. 1 mg of manganese(Il)
chloride (analytical-reagent grade MnCl, . 4H,0 dehydrated under vacuum) and
an argon filler-gas pressure of 4 mbar.

Operation and spectral characteristics of manganese discharge tube

The electrodeless discharge tubes were operated in the three-quarter wave reso-
nant cavity with a power input of 50 W. After an initial running-in period of between
1 and 2 hr, only a 5-min warm-up period was required after initiation of the dis-
charge. After this warm-up and under these operating conditions, the line-to-back-
ground ratios at 279-4 nm and 403:1 nm were typically greater than 100:1, while the
short term output stability of the radiation at these wavelengths was +3 7. The
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discharge obtained exhibits the lines of the resonance spectrum of manganese. The
tubes also emit the most intense lines of the Mn(II) spectrum, i.e., from the 345
4s'a7S, ion. The presence of these ionic lines does not appear to impair the analytical
usefulness of the tubes for atomic-fluorescence work. The relative intensities of the

most useful manganese lines obtained with these operating conditions are shown in
Table 1.

TaABLE I.—AFS RELATIVE SOURCE AND FLUORESCENCE INTENSITIES AND DETECTION LIMITS

Limit of
Relative Relative detection for
Wavelength, Transitiont intensities fluorescence  manganese,
nm Spectrum* (refs. 18, 19) from source$ intensities§ ppm
2576 11} a’Sy —z'P,° 34 12 15
259-4 1 a’lS; — z°P;° 33 8 12
2606 1L a’lS; —z'P,° 32 8 12
279-5 I abSysy — ySPqysd
279-8 1 a®Syr, — y °P5/2°} 100+ 1007 0-001%
280-1 1 a®Ssp — yPyp"
2933 1T asS, — z5P," 2 4% 90%
2939 11 a’S, — z°P,° 5
2949 I a’S, — z5P° 6 3 90
3045 1 a®Dg — v Py ° 4 11 30
357-8 1 a®Dgsy — x Py 8 7 50
3834 1 a®Dy;, — z8F;° 6 8 67
403-1 1 a’Ss, — 2P °
403-3 1 atSs; — Z"Ps/z"} 312% 491 0-02%
403-4 1 a®Sgp — z Py ° 301

* Normal state of valence electrons: Mn(I) 3d® 452 ¢Sy, = 0; Mn(II) 34° 451 7S, = 0.

t Lowest state of Mn(l) is a 8S;,, and of Mn(II) a *S;.

1 Unresolved lines.

§ Relative to 280-nm triplet, and uncorrected for response characteristics of photomultiplier.
Il Relative intensity at 403 nm with 280-nm source radiation filtered out.

Atomic fluorescence measurements

When 10-ppm manganese solutions were nebulized into the air-acetylene flame
with the electrodeless discharge tube in operation, atomic-fluorescence signals were
observed at each of the wavelengths shown in Table I. The most intense fluorescence
was obtained from the 280- and 403-nm triplet lines which arise from transitions to
the ground state. The individual lines of these triplets were unresolved with the
spectral band-pass available. The use of an optical wide-band filter to prevent
irradiation of the flame by the 280 nm radiation from the source revealed that the
fluorescence emission signal at 403 nm orginated from both resonance fluorescence
and some stepwise fluorescence from deactivation of the excited y 6Py 0, y¢P;,0 and
y°P;,° state atoms by radiationless transitions to the z 6P,,0, z %P ,® and z 8P, excited
states. The use of an optical filter to prevent irradiation of the flame by the 403-
nm radiation from the source, revealed as expected that excitation at 403 nm did not
contribute to the fluorescence radiation observed at 280 nm.

The suitability of both fluorescence signals (280 and 403 nm) for the analytical
determination of manganese was investigated. Lower flame background intensity,
lower thermal emission intensity for manganese and freedom from spectral inter-
ference’® is observed at 280 nm, however, and all analytical AFS measurements were
made at this wavelength.
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The emission at 260 nm for the most intense lines of the Mn(I1I) spectrum has been
observed to stimulate ionic resonance fluorescence from manganese in the 34° 4s?,
a 7S, ionic state in the air-acetylene flame. Assuming that thermalequilibrium prevails
in the air-acetylene flame, the calculated degree of ionization produced when a
10-ppm manganese solution is nebulized into a nitrogen-shielded air-acetylene flame
at 2450 K is 0-6 x 10-39,. Although the population of ions is low, the gf values
(i.e., products of the statistical weights and oscillator strengths) and source inten-
sities of the 257-6, 259-4 and 260-6 Mn(II) lines are high. The net result is a resonance
ionic fluorescence signal of appreciable intensity. Although the gf values of the Mn(Il)
lines at 293-3, 293-9 and 294-9 nm are high, the source intensities at these lines are
low and they are not due to transitions to the ground state. For this reason, and
because of the relatively high background at these wavelengths, only very weak ionic
fluorescence was observed at these wavelengths. The fluorescence from manganese
ions was suppressed at all the observed lines on addition of 1000 ppm of potassium as
potassium chloride to the solutions nebulized.

Optimum operating conditions

The use of both conventional unshielded and nitrogen-shielded air-acetylene
flames was investigated. At 280 nm the atomic-fluorescence signal intensity was repro-
ducibly 309, greater in the shielded flame and the signal noise levels obtained were
decreased by a factor of 2 on shielding. The nitrogen-shielded air-acetylene flame
was chosen for all further measurements and a nitrogen flow-rate of 14 1./min was
employed.

The most intense fluorescence at 280 nm was obtained with an air flow-rate of 6-5
l./min and an acetylene flow-rate of 1-1 1./min (the ranges investigated were 5-7-5
and 0-9-1-4 1./min respectively). De Waele and Harjadil” have reported the relation of
the optimum burner height to concentration of manganese in atomic-absorption
spectroscopy. Although we found an optimum height of observation in the flame,
it was not markedly dependent on concentration. With the optimum burner height
the monochromator views the interconal region of the flame between ca. 6 and 26 mm
above the burner head.

The effect of variation of the monochromator slit-width on the atomic-fluorescence
signal-to-background noise ratio was investigated under otherwise optimum conditions.
The optimum slit-width at 280 nm was 0-4 mm; this corresponds to a spectral band-
width of approximately 1-6 nm. The use of a lens to focus radiation from the source
into the flame did not improve the attainable detection limit for manganese.

Calibration data and detection limits

With the optimum operating conditions established, linear atomic-fluorescence
calibration graphs were obtained at 280 nm over the range from 0-0025 to 10 ppm
of manganese in aqueous solution. The fluorescence at 280 nm suffers self-absorption
above 10 ppm and at above this concentration the calibration graphs curve towards
the concentration axis. Linear atomic-fluorescence calibration graphs were obtained
over the range 0'1 to 15 ppm of manganese in aqueous solution when fluorescence
measurements were made at 403 nm.

The detection limits obtained at each of the ten wavelengths for which atomic
fluorescence was observed are shown in Table I. The detection limit was defined as
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that concentration of manganese in aqueous solution which produced a signal equiv-
alent to twice the standard deviation of the background noise measured near the limit
of detection.

Interference studies

The effect, on the atomic fluorescence intensity produced at 280 nm by a 0-5-ppm
manganese solution, of the presence of a 1000-fold excess by weight of a range of
cations and anions has been examined. The results of this investigation are summar-
ized in Table II. Of the 26 ions studied at this concentration only 4 produced serious

TABLE II.—EFFECTS OF FOREIGN IONS ON FLUORIMETRIC DETERMINATION OF 0-5 ppm
OF MANGANESE AT 280 nm

Effect on AFS signal Foreign ion (1000-fold weight excess)

No interference Cr#t, Fe?+, Co?t, Ni?+, Cu?t, Zn?+, Al*+, Mo®+, Cd2+,
Pb%+, PO,3-, SO,2-, NO,~, NH,*, Na*, Thi+*
Negligible interference K+, Ca®+, Ba**, W+, Hg?+, Si*+*, Sn*+, Ta®+, Ga®*
(<3%)
Interference Th+(+4%), Si*+(+5%), VEH(+16%), V*+*(+8%),
Mgt (—39%), Mg***(—11%)

* 100-fold weight excess.

interferences; three of the most refractory elements (thorium, silicon and vanadium)
gave a positive interference by particulate scattering of incident radiation from the
source. Two of these, thorium and silicon, gave negligible interferences when only
a 100-fold weight excess was employed. Magnesium seriously reduced the fluo-
rescence signal even when only a 100-fold weight excess was present. Magnesium
similarly depressed the manganese atomic-absorption signal and apparently interferes
by reducing the population of manganese atoms in the flame. The interference of
silicon in the atomic-absorption spectrophotometry of manganese has previously
been reported and the use of lanthanum as a releasing agent proposed.!®

FLAME EMISSION SPECTROSCOPY

Investigation of the detection of manganese by flame emission spectroscopy
was made both in the conventional and nitrogen-shielded flames, and the optimum
operating conditions established. The effect of variation of acetylene flow-rate
between 0-9 and 1-2 1./min on the emission intensity at 403 nm was investigated. The
optimum acetylene flow-rate was found to be 1-07 I./min for both unshielded and
shielded flames. The effect of varying the air-flow rate between 65 and 75 I./min was
also investigated. For the unshielded flame an optimum air flow-rate of 7-0 1./min was
used, while for the nitrogen-shielded flame the optimum flow-rate was 7-5 1./min.
The optimum flow-rate for the nitrogen shielding gas for this latter flame was found
to be 14 I./min.

With these optimum conditions, the optimum height of observation was found to
be in the region 13-33 mm above the burner head for both flames.

The optimum slit-widths and the detection limits at each wavelength are shown in
Table III. The use of the most intense line emission, at 403 nm, gives rise to the
lowest detection limit.

[
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'TABLE III.—SUMMARY OF DETECTION LIMITS BY FLAME EMISSION

Unshielded flame Shielded flame
Limit of Limit of
Wavelength*, Slit width, detection, Slit width, detection,
nm mm P[)ﬂ’l mm ppm
279-5
279-8 0-175 0-08 0-19 0-05
280-1
Ty 0-08 15 013 12
reeon 008 10 012 10
4031
403-3 0-04 0-02 0-09 0-01
403-4

* All lines were unresolved.

ATOMIC ABSORPTION

Reference has already been made to the many studies of the atomic-absorption
spectrophotometry (AAS) of manganese. A brief study of the AAS of manganese
was made with the same apparatus as described here for fluorescence measurements,
adapted as reported in an eatlier paper from this laboratory.} The limits of detection
for an aqueous manganese solution were found to be 0-1 and 0-4 ppm at 279-5 and
403-1 nm respectively.

CONCLUSION

This study indicates that manganese may be determined with extremely high
sensitivity by atomic-fluorescence spectroscopy when a high-intensity source of
radiation is used. The apparatus we have employed was originally designed for
flame emission spectroscopy. Consequently, while this apparatus permits the sensitive
detection of manganese by atomic-emission spectroscopy, the attainable sensitivities
for manganese by atomic-absorption spectroscopy are poorer than those reported
by other workers using instrumentation specifically designed for atomic-absorption
work. The atomic-fluorescence detection limit obtainable is ca. one order of magnitude
lower than the best attainable flame emission detection limit. Good selectivity is

TABLE IV.—DETECTION LIMITS FOR MANGANESE

Detection limits, ppm

Wavelength,
nm Atomic fluorescence Atomic absorption Flame emission
280 0-001 01 0-05
403 0-02 0-4 001

also available in the determination of manganese by atomic-fluorescence spectroscopy
using the flame and nebulizer system described. Some physical scattering interference
in the presence of high concentrations of elements which form refractory oxides
in the air-acetylene flame has been observed, and chemical interference from magnes-
ium has also been recorded.

Acknowledgement—We are grateful to the Ministry of Technology for support of this work.



. R. M. Dagnall, K. C. Thompson and T. S. West, Anal. Chim. Acta, 1966, 36, 269.

Atomic-fluorescence determination of manganese

Zusammenfassung—Die Atomfluoreszenzeigenschaften von Mangan-
atomen in einer vorgemischten Luft-Acetylen-Flamme mit Stick-
stoffmantel werden beschrieben. Eine mit Mikrowellen erregte
elektrodenlose Entladungsrohre dient zur Anregung bei 280 nm.
Messung der Resonanzfluoreszenz bei dieser Wellenldnge fithrt zu
einer Nachweisgrenze von 0,001 ppm fiir die atomfluoreszenzspek-
trometrische Bestimmung von Mangan. AuBer mehreren anderen
schwiicheren Atomfluoreszenzsignalen von Manganatomen in der
Flamme wurde schwache Resonanzfluoreszenz bei 258 und 260 nm
an Manganatomen registriert, die durch Linienemission von Ionen aus
der Lichtquelle angeregt wurde. Im Bereich 0,0025 bis 10 ppm
Mangan in wiBriger Losung werden bei 280 nm lineare Eichkurven
bei der Atomfluoreszenzmessung gefunden. Unter den 26 bei 1000-
fachen Uberschufl untersuchten fremden Anionen und Kationen
storten nur vier. GroBe Mengen Si, Th und V stdren durch Streuung
der einfallenden Strahlung, wihrend Mg die Atomfluoreszenz durch
einen chemischen Effekt vermindert.

Résumé—On décrit les caractéristiques de fluorescence atomique
d’atomes de manganése dans une flamme air-acétyléne préalablement
mélangés et protégée A I'azote. On obtient I’excitation & 280 nm a
partir d’un tube a décharge sans électrode excité aux micro-ondes.
On obtient une limite de détection de 0,001 p.p.m. pour la détermination
du manganese par spectroscopie de fluorescence atomique en mesurant
la fluorescence de résonance observée a cette longueur d’onde. En
addition & plusieurs autres signaux de fluorescence atomique plus
faibles observés 4 partir d’atomes de manganése dans la flamme, on a
enregistré une faible fluorescence de résonance & 258 et 260 nm & partir
d’ions mangangse provoqués par émission de raie d’ion de la source.
On obtient des graphiques d’¢talonnage linéaires pour la mesure de
fluorescence atomique a 280 nm dans le domaine 0,0025-10 p.p.m. de
manganése en solution aqueuse. Des 26 anions et cations étrangers
examinés pour leur interférence en quantité 100 fois supérieure, quatre
seulement apportent une géne. De grandes quantités de Si, Th et V
interférent par dispersion de la radiation incidente, tandis que Mg cause
un abaissement de la fluorescence atomique par une influence chimique.
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REDOXAUSTAUSCHER UND IHRE
ANWENDUNGEN—XV

REDUKTION VON EISEN(ITI) AN REDOXITEN UND ANSCHLIE BENDE
OXYDIMETRISCHE BESTIMMUNG*

Bruno SansoNI und WOLFGANG WIEGANDT
Institut fiir Strahlenschutz der Gesellschaft fiir Strahlenforschung mbH., Radiochemisch-
analytische Abteilung 8042 Neuherberg bei Miinchen und Chemisches
Institut der Universitit Marburg/Lahn

(Eingegangen am 4. Januar 1966. Angenommen am 14. April 19708)

Zusammenfassung—Als Beispiel fiir die Reduktion von Kationen
an Redoxiten wird die quantitative Reduktion von 50 bis 200 mg
Eisen(Ill) in schwefelsaurer Losung an ecinem Leukomethylenblau-
und Ferrocen-Harz auf Polystyrolbasis beschrieben. Im Durchlauf
wird Eisen(l) potentiometrisch mit 0,1N Cer(1V)-sulfatlosung be-
stimmt. Unter optimalen Bedingungen ergibt sich im Bereich von
100 bis 200 mg Eisen eine Standardabweichung von +0,04 bis +-0,14
mg. Im Gegensatz zu Metallreduktioren stéren Cu®*, Bi**, TiOf,
Sn4*, Ce*+ und AsQ,*~ nicht. Die Methode wurde zur Direktbestim-
mung von Eisen in Erzen, Martinschlacke und Spezialstdhlen ange-
wendet.

OXYDIMETRISCHE Bestimmungen behaupten sich in der Makro- bis Halbmikroanalyse
neben photometrischen Methoden, da sie zuverldssig sind und oft weniger durch
Begleitelemente gestort werden.!'2 Die ihnen vorausgehende Reduktion des zu
bestimmenden Stoftes erfolgt meist in einer Sdule mit aufgeschichteten Metallkdrnern
(Jones-Reduktor),?* gelegentlich fliissigen Amalgamen!® und seltener durch gelSste
Reduktionsmittel. Bekannteste Beispiele sind die Reduktionen von Eisen(III) oder
Transuranen am Cadmiumbzw. Blei-Reduktor fiir anschlieBende quantitative
Bestimmungen oder Trennungen.

Im Jahre 1952 haben Sansoni® und Cassidy’ unabhéngig voneinander die von ihnen
entwickelten Redoxaustauscher”8? als unlosliche Jones-Reduktoren vorgeschlagen.
Die erste analytische Anwendung!® beschrieb einen mit Anthrahydrochinon beladenen
Anionenaustauscher, an dem von 50 bis 100 mg Eisen(III) in schwefelsaurer Losung
96% als Eisen(IT) im Durchlauf wiedergefunden wurden.!%!! Spiter verwendeten
Erdey, Inczédy und Markovits'* am Anionenaustauscher gebundenes Chloro-
stannat(IT) in 3M Salzsiure bei erhohter Temperatur. Inczédy'® arbeitete im Citrat-
puffer bei pH 6 mit 0,025-1 mg Eisen am Variaminblau-Kationenaustauscher.

Wesentlich allgemeiner anwendbar sind jedoch unldsliche Redoxite mit kovalent
eingebauten Redoxsystemen. Sie sind auch fiir stark saure bis stark alkalische
Medien geeignet und verunreinigen die Losung nicht mit eluierten Redox-Ionen.

* XIV. Mitteilung R. Winkler, B. Sansoni, K. Starke, Chem. Zvesti, 1967, 21, 571. XII. Mitteil-
ung B. Sansoni, R. Winkler, K. Starke, Angew. Chem. 1966, 78, 645. Vorgetragen GDCH-Fach-
gruppe “Analytische Chemie,”” Stuttgart 1960 (Referat Angew. Chem., 1961, 72, 569) sowie XX.
TUPAC-Kongre Moskau 1965 (Abstracts E/F, S. 94). Herrn Prof. Dr. R. Klement, Miinchen,
zum 70. Geburtstag.

1 Jetzt: Mannesmann-AG, Rohrenwerk Witten, 581 Witten/Ruhr.

§ Publication delayed at authors’ request.
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Storungen durch ionenaustauschende Gruppen entfallen. Aus diesen Griinden hatten
wir bereits im Jahre 1953 ein Polystyrolharz mit nachtréglich chemisch eingebautem
Leukomethylenblau eingesetzt.!! Jedoch war die anschlieBende oxydimetrische
Titration mit Permanganat zu ungenau,* da etwas Leukomethylenblau ausblutete
und die Erkennung des Farbumschlags des Permanganates storte.

Im folgenden wird die quantitative Reduktion von Eisen(III) zu Eisen{II) an
verbesserten Redoxiten beschrieben. Die anschlieBende Eisenbestimmung erfolgt
mit Cer(IV) und potentiometrischer Endpunktsanzeige. Im Verlauf der Arbeit
werden die allgemeinen Arbeitsbedingungen analytischer Anwendungen von Redoxi-
ten studiert und mit denen bei Ionenaustauschern verglichen.

THEORETISCHER TEIL

Als Redoxite standen das Tonmineral Nontronit®® sowie Polystyrolharze mit
chemisch eingebautem Ferrocen,'® Leukomethylenblau'®!* und Anilinohydrochinon?
nach Sansoni und Sigmund zur Verfiigung. Die beiden ersteren Ubertragen nur
Elektronen, die beiden letzteren zusitzlich Protonen. Eisen(III) wird an den ge-
nannten Redoxiten in schwefelsaurer Losung nach dem Schema

Fe’+ L = | R*t| + Fe2+ oder 1)

2Fe + |HR| < [R] + 2Pes 4 21+ P)

reduziert.
Die Gleichgewichtskonstante X fiir die Reduktion von Eisen(IIT) am Redoxit in

beliebigem Medium ergibt sich nach
—AG = RT.InK = n* F- AE., (3)

unter den tblichen thermodynamischen Voraussetzungen fiir 25° zu

n
log K = — - AE...,
08 K= 55551 Ao

bzw. K = 10(/0,0591) - AE5% (4)

Darin bedeutet AG die Anderung der Freien Energie wihrend eines Formelumsatzes,
n die Anzahl der ibertragenen Elektronen, F die Faradaykonstante und AEg,,
[Volt] die Differenz der Realpotentiale Ej,, beider Teilreaktionen im jeweiligen
Medium:

AE50% == Eso%,Fe2+/Fe3+ - E50%,Redoxit' )

Die Reduktion sollte freiwillig ablaufen, wenn
"‘AG =n-F- AE50<}/0 > O- (6)

Ej,0, kann aus Abb. 1 als Ordinatendifferenz entnommen werden. Dort sind die
von Bock und Herrmann'® gemessenen Realpotentiale des Fe?/Fe3t-suifates fiir
verschiedene Mineralsduren in Abhidngigkeit von deren Konzentration und die
Realpotentiale der Redoxite in Abhingigkeit von der Schwefelsdurekonzentration
aufgetragen.®1® In erster Niherung wird dabei angenommen, dafl die Potentiale der
Redoxite unter reversiblen Bedingungen gemessen wurden und unabhingig von der
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Art der verwendeten Mineralsiuren sind.®® Da diese Bedingungen nicht streng
erfiillt sind, sind hier nur halbquantitative Aussagen moglich.

Danach 148t sich voraussehen, dall Eisen(III) in Perchlorsiure an allen vier
Redoxiten vollstindig, in Schwefelsiure und Salzsiure nur an den drei Redox-
Harzen glatt, an Nontronit teilweise, in Phosphorsdure auch an den Harzen
unvolistindig und in der hier nicht eingetragenen Flu8sdure fast nicht mehr reduziert
wird.

VO—Q‘HCIOA;

700 R e — o-—=—~Nontronit
> - % —0——H,S0,
2 ;:\8_\\‘ o 2504
2
L§ 600 »
5
E HCl
g- 5001~ _a-—= Methylenblau- Redoxit
8 A — = e ST 0= ——— Ferrocen - Redoxit
& o= - H3PO4
S ’
S 400 . i .
« x ~Anilinohydrochinon-Redoxit

Normalitdt

Ass. 1.—Vergleich der Realpotentiale Ejee, von Fe*t/Fe’+ und Redoxiten in ver-¢
schiedenen Mineralsduren bei 20,0°.

Realpotentiale des Eisensystems'®

————— Realpotentiale des Redoxites in Schwefelsdure. 171

Nach einem Potentialvergleich zwischen Redoxiten und elektrochemischer
Spannungsreihe sollten an Nontronit auller Eisen(XIT) nur Chrom(VI), Thallium(IIT),
Selen(VI), Vanadin(V), Quecksilber(I}); am Ferrocen-Harz zusitzlich Arsen(V),
Molybdatosilikat und Molybdidn(V1); am Leukomethylenblau-Harz unter Umstén-
den noch Uran(VI) reduziert werden. Diese Naherung vernachlissigt allerdings
Unterschiede zwischen Real- und Normalpotentialen. Bei Arsen(V) lassen hohere
Aktivierungsenergien nur langsame Reaktionsgeschwindigkeiten vorausschen.

Als Ergebnis der Betrachtung ist das Anilinohydrochinon-Harz wegen seines tiefen
Redoxpotentiales zu unspezifisch. Der wesentlich selektivere Nontronit hingegen
ist in 1N Schwefelsdure nicht mehr ausreichend stabil. Daher werden in vorliegender
Arbeit die schnell reagierenden Leukomethylenblau- und Ferrocen-Harze (gelegentlich
auch das Anilinohydrochinon-Harz) verwendet.

EXPERIMENTELLER TEIL
Gerdite
Siulen. Es werden Sdulen nach Abb. 2 mit den Abmessungen 240 X 12 bzw. 340 X 12 m
(Kapillarrohr innen 2-mm Durchmesser) verwendet.
Sdulenaggregat. Jeweils 5 Siulen stehen in einem Plexiglasgestell nach Abb. 3 und werden dur
ein gemeinsames Verteilerrohr mit Schliffhdhnen undansitzen verbunden. In gleicher Weise werd
4 dieser so erhaltenen Aggregate zusammengeschaltet. Damit konnen dann insgesamt 20 Siul
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Aps. 2.—Austauschersiule mit aufsteigender Fliissigkeitsstromung.?? %8
Dazu ein 100-ml Vorratsbecher mit 12,5 NS Schliff; Quarz- oder Polyacrylfaserwatte
ist schraffiert.

gleichzeitig, unter LuftabschluB und halbautomatisch iiber Nacht iiber eine gemeinsame Leitung
gewaschen werden.

Waschwasser. Eine Redoxaustauscheranlage®.®® liefert pro Regeneration etwa 2500 Liter
sauerstoffarmes Leitfahigkeitswasser mit <40 ug O,/1, ~2-10~*Q-! -mm~?, pH 6,6 — 6,8 (21 +
1°). Bei Verwendung von nur ausgekochtem und mit Inertgas gespiiitem oder auch normalem
Ionenaustauscherwasser wird ein entsprechender Anteil Reduktionskapazitdt der zu waschenden
Sdule verbraucht. Diese Arbeitsweise ist jedoch bei etwas geringeren Anspriichen durchaus
moglich. Eine ausfithrliche Beschreibung der Anlage wird in Mitteilung XVIII dieser Reihe
erfolgen.

MeBgerite. Prazisions-pH-Meter 35 (Knick); Pt-Kalomel-EinstabmeBkette 480 NS (Ingold);
justierbare Spritzpipetten 5 bis 15 4 0,002 ml (Jacobs, Kopenhagen); 10 ml-Kolbenbiirette (Stroh-
lein). Strahlungsmefgerdt FH 90 und Szintillationszdhlrohr FH 421 (Frieseke & Hopfner).

Redoxite. Die Redox-Harze werden aus Poly-4-aminostyrol der Korngré8e 0,3-0,5 mm herge-
stellt.® Es befinden sich jeweils 8 g Methylenblau-Harz in den 240-mm Séulen und 11 g Ferrocen-
Harz bzw. 11 g Anilinochydrochinon-Harz in den 340-mm Séulen. Alle Redoxite werden vor der
ersten Anwendung mehrmals reduziert und oxydiert. Das Leukomethylenblau-Harz war bereits
etwa 150mal einem Redox-Cyclus unterworfen worden. Von der Synthese der noch gebundene und
unerwiinschte kationenaustauschende Gruppen sind in 1N Schwefelsdure ohne Wirkung. Einzelne
wenige Chargen der selbst hergesteliten Redox-Harze halten nach der Regeneration durch Anionen-
austausch gelegenlich Spuren Dithionit fest. Diese miissen dann durch kurzes Waschen mit schwach
sauerstoffhaltigem Wasser oxydiert oder durch Blindbestimmungen beriicksichtigt werden. Meist
eriibrigte sich dies jedoch.

Ldsungen

Ammoniakalische Dithionitldsung. 25 bis 50 g Na,8,0, (gereinigt, Riedel-DeHaen, werden in 30 ml
konz. Ammoniaklosung sowie 500 ml Wasser geldst.
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Ags. 3.—Aggregat fiir 5 Siulen.
Plexiglasgestell fiir gemeinsames Waschen nach Aufsetzen eines gemeinsamen Ver-
teilerstiickes auf die 5 Siulen.

Schwefelsaure Eisen(II)-sulfatlosung. Die erforderliche Menge NH,Fe(SO,), - 12 H,O (p.a.)
wird in 1IN Schwefelsidure gelost, mit dieser Sdure auf 2 Liter aufgefiillt und komplexometrisch
(Indikator Sulfosalicylsdure) eingestellt.?*

0,IN Cer(IV)-sulfatlosung in 1N H,SO,, wird mit potentiometrischer Endpunktsanzeige? bei
40-50° gegen As,O, unter Zugabe von 2 Tropfen OsO,-Losung eingestellt.

Osmiumtetroxidiosung: 250 mg OsO, werden in 100 ml Wasser gelost.

0,1N Permanganatlosung wird gegen Natriumoxalat eingestellt.

Markierte Eisen(II)-Iosung: 2 mCi einer fast trigerfreien 5°Eisen(IIl)-sulfatlosung (Harwell,
mit Spur Citronensiure stabilisiert) mit Eisen(IIDsulfatldsung in 1N Schwefelsiure auf 100 ml
aufgefiillt (Triger 15 mg Fe/ml).

Regeneration

Die Redoxite werden mit Wasser vorgequollen, in die Sdulen gefiillt und mit je 100 ml Dithjonit-
18sung bei einer Durchlaufgeschwindigkeit von etwa 1,5 ml/min bis zum vollsténdigen Farbumschlag
reduziert. Dann wird das Sdulenaggregat zusammengesetzt und {iber Nacht mit etwa 2 Liter Wasch-
wasser pro Siule bei etwa 2,2 ml/min (1 Tropfen/5 sec) sorgfaltig dithionitfrei gewaschen. Die
letzten 100 ml Durchlauf diirfen 1 Tropfen 0,01N Permanganatldsung innerhalb einer Minute nicht
entfiarben. Andernfalls muB noch weiter gewaschen werden.

Reduktion von Eisen(I1I)

Man versieht die regenerierten Sdulen mit 100-mi Schliff-Vorratsbechern und befestigt am Séulen-
auslauf jeweils einen dreifach durchbohrten Gummistopfen mit Ein- und Ausleitungsrohr fiir Inert-
gas. In die zum Auffangen des Durchlaufes bestimmten 300-ml Erlenmeyerkolben gibt man zuvor je
25 ml konz. Schwefelsdure, 25 ml sirupose Phosphorsiure (beide p.a.) und 50 ml Wasser. Dann
werden sie an dem Gummistopfen des Auslaufrohres der Sdulen befestigt und gemeinsam mit nach-
gereinigstem Stickstoff (Linde) gespiilt. Die zu reduzierende Eisen(IID-16sung gibt man mit der
Kolbenbiirette oder Spritzpipette in den unteren Teil des Vorratsbechers, ohne dessen Wand zu
berithren, 148t die Losung mit 2,2 ml/min durchlaufen und wéscht dreimal mit je 1,5 ml und dann
insgesamt 250 ml Schwefelsiure nach. Bei dieser Anordnung bleibt die Luft weitgehend ausge-
schlossen.



978 BrUNO Sansont und WOLFGANG WIEGAND

Eisenbestimmung. Auf die Erlenmeyerkolben wird nun ein anderer Gummistopfen mit Ein-
stabmeBkette sowie Gasein- und ausleitungsrohr gesetzt und unter magnetischern Rithren mit Cer(IV)-
sulfatiosung titriert. Gelegentlich ergaben unvolistindig ausgewaschene Spuren Dithionit bei der
Titration kleine Vorstufen, die vom Gesamtverbrauch abgezogen werden miissen. Deren Beriick-
sichtigung bereitete jedoch im allgemeinen keine Schwierigkeit.

Optimale Reduktionsbedingungen

Da es sich um das erste Beispiel einer analytischen Anwendung von Redoxiten handelt, wurde der
EinfluB verschiedener Faktoren auf die Reduktion von Eisen(III) niher untersucht.
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ABB. 4.—Reduktionskurven fiir Eisen(IIT) am Leukomethylenblau-Redoxit.
Reduktion von(a) 109,0 mg und(b) 117,3 mg Fe(IID) in 6,70 ml 1N Schwefelsiure
mit 0,5 ml/min an 8,00 g Leukomethylenblau-Harz; Séulen 240 X 12 mmi, Waschen

mit 250 ml 1N Schwefelséure.

Stabilitiit der Redoxite

Die verwendeten Redoxite sind ausreichend stabil. So wurden durch 55 g Ferrocen-Harz 13
Liter 1N Schwefelsiure innerhalb von 260 Stunden (etwa 0,8 ml/min) filtriert, auf 300 ml eingeengt
und neutralisiert. Weder mit Thiocyanat noch mit «,«’-Dipyridyl oder Sulfosalicylsdure konnte
Eisen nachgeweisen werden. Das vorher schon etwa 150mal zu verschiedenartigen Reduktionen
verwendete Leukomethylenblau-Harz gab selbst nach zwei Jahren Stehen unter 1N Schwefelsiure
keine Farbstoffspuren ab. Indessen lieB seine Reaktionsgeschwindigkeit nach etwa 300 Redox-
Umwandlungen merklich nach. Das Anilinohydrochinon-Harz férbte die liberstehende 1N schwefel-
saure Losung nach einigen Wochen leicht braun.

Reduktionsverlauf von Eisen(I1I)

Der Verlauf der Reduktion von Eisen(III) zu Eisen(II) und dessen Auswaschen in der Siule ist
den Reduktionskurven in Abb. 4 und 5 zu entnchmen. Etwa Hundert mg Eisen(III) werden in wenig
1N Schwefelsdure an 8 g Leukomethylenblau-Harz reduziert, mit der gleichen Siure gewaschen und
im Durchlauf Eisen(II) portionsweise mit Permanganat titriert. Nach Abb. 4 gelangt der Hauptanteil
an Eisen(II) bereits in die ersten 80 ml Durchlauf. Zum vollstdndigen Auswaschen geniigen 150 ml.
Zwei gleiche, hintereinander geschaltete Sdulen mit der doppelten Harzmenge brauchen kaum
mehr Waschfliissigkeit. Die Ubereinstimmung der zwei Reduktionskurven aus getrennten Versuchen
in Abb. 4 zeigt die gute Reproduzierbarkeit der Reduktion in der Sdule.

Das Ferrocen-Harz ermdglicht noch etwas schirfere Elutionsbanden (Abb. 5, Kurve d). Hier
bendtigt die doppelte Eisenmenge in einer um 407/ langeren Séule mit 11 g Harz (Kurve ¢) etwa 40
m! Waschlésung mehr. In allen Fillen gentigen 250 ml vollauf.

Durchbruchskurven fiir Gesamteisen

Die entsprechenden Versuche mit radioaktiv markierter Eisen(II)-16sung ergaben nach Abb. 6
im Durchlauf des Leukomethylenblau-, Ferrocen-, bzw. Anilinohydrochinon-Harzes nur mehr
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analytisch vernachldssigbare Konzentrationen von 0,03; 0,06; 0,6 ug Gesamteisen pro ml. Auch
hier ist die Elutionsbande am Ferrocen-Harz schiirfer, hingegen 148t sich das Leukomethylenblau-
Harz etwas schneller eisenfrei waschen.

Adsorption von Eisenspuren

In einem weiteren Versuch verblieben im ungiinstigsten Fall des Anilinohydrochinon-Harzes
nach Waschen mit 250 ml 1N Schwefelsdure nur etwa 0,07 ug Eisen auf der Sdule. Damit ist nach-
gewiesen, daB eine Ubertragung des Verfahrens auch in den MikromaBstab méglich ist. Unter
vorliegenden Bedingungen sind Reste von ionenaustauschenden Gruppen am Redox-Harz ohne
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Ags. 5.—Reduktionskurven fiir Eisen(II[) am Ferrocen-Redoxit.
Reduktion von(c) 203,2 mg Fe(III) an 11,0 g Ferrocen-Harz in 6,70 ml 1N Schwefel-
sdure (Sdule 340 x 12 mm), (d) 101,6 mg Fe(IIl) an 7,50 g Harz (Siule 240 x 12 mm)i
jeweils 0,5 ml/min.

Wirkung. Die Konzentration der gebundenen Eisenspuren steigt zum Saulenende linear an. Das
148t den Schluf3 zu, daB lingeres Auswaschen noch weitgehende Elution erlaubt. Auch am oberen
Quarzwattebauch, gefetteten Schliff sowie Auslaufrohr verblieben nur <0,09; <0,06; <0,02 ug
Eisen.

Durchlaufgeschwindigkeit

Sie darf maximal fiir das Leukomethylenblau-Harz 0,5 ml/min und fiir das Ferrocen-Harz 0,8
ml/min betragen. Das wesentlich langsamer reagierende Anilinohydrochinon-Harz erlaubt nur
Durchlaufgeschwindigkeiten von unter etwa 0,2 ml/min.

Eisenkonzentration

Sie hat einen untergeordneten EinfluB. Jedoch ergaben bei 200 mg Fe an 11 g Ferrocen-Harz
Volumina der aufgegebenen Eisen(III)-16sung von 90 ml an aufwirts zunehmende Minusfehler.

Nutzbare Reduktionskapazitiit

Sie betrdgt fiir die angegebene Siule mit 8 g Leukomethylenblau-Harz etwa 120 mg Eisen(III),
entsprechend 0,23 mMol/g oder 859 ihrer Gesamt-Kapazitit. Dieser Wert liegt im Vergleich zu
60-80¢; bei Ionenaustauschern®® giinstig.

Temperatur

Anderungen zwischen +10 und -+25° waren ohne sichtbaren EinfluB. Stirkere Temperaturer-
hohung 148t jedoch bei langsamen Redoxreaktionen eine merkliche Erhohung der Reaktionsge-
schwindigkeit und damit Verbesserung des Siulenbetriebes erwarten.
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ABB. 6.—Durchbruchskurve fiir Eisen(II - IIT) einer mit **Fe markierten Eisen(III)-
Losung.
Leukomethylenblau- (8,0 g), Ferrocen- (7,5 g) und Anilinohydrochinon- (11 g) Red-
oxite in 240 X 11 mm Siulen; 6,70 ml 1N schwefelsure, radioaktiv markierte
Eisen(II)-sulfatlosung (15 mg Fe/ml) jeweils mit 0,5 ml/min filtriert und mit 250 ml
1N Schwefelsiure gewaschen. 10° Impulse entsprechen 0,61 ug Eisen.

pH-Wert und Losungsmittel

Die fiir die Reduktion der Eisen(IIl)-Losung maBgebenden Redoxpotentiale d&ndern sich mit
pH-Wert, Komplexbildung oder Fillung in der Losung. Das zeigt deutlich der Unterschied zwis-
chen verschiedenen Mineralsduren:

Schwefelsdure. Unter Versuchsbedingungen lassen sich 100 mg Eisen(III) am Leukomethy-
lenblau-Harz in 0,5 bis 10N oder 200 mg am Ferrocen-Harz in 0,5 bis SN Schwefelsdure quantitativ
reduzieren und damit bestimmen. Hohere Siurekonzentrationen fithrten im zweiten Fall zu Uber-
werten.

Salzsdure. Unter sonst gleichen Bedingungen gelingt hier die quantitative Bestimmung nur in dem
schmalen Bereich von 1 bis 2N. Ober- und unterhalb treten starke Minusfehler auf. Oberhalb
von 7 bis 8NV wird auch die cerimetrische Titration unmdglich, {iber 10N beginnt Chlorentwicklung
in der Sdule. Weitergehende Reduktion gelingt jedoch auch hier in lingeren Sdulen. Salzsdure ist
aber grundsitzlich infolge der Bildung von Chloroferrat(III)-Komplexen ungiinstiger als Schwefel-
oder Perchlorsiure.

Phosphorsdure. Unter analogen Bedingungen bewirkt 0,5 bis 15N Phosphorsiure von 25 bis 51%
ansteigende Minusfehler. Sie beruhen auch hier auf zunehmender Bildung von Phosphatoferrat(III)-
Komplexen. In der Sidule voriibergehend ausfallende weiBe Niederschlige—vermutlich Eisen-
phosphat—I6sen sich beim Waschen mit 1N Schwefelsdure wieder auf. 15N Phosphorsiure greift
das Leukomethylenblau-Harz an. Infolgedessen liefert hier die cerimetrische Bestimmung falsche
Werte.



Redoxaustauscher und ihre Anwendungen—XV 981

Kanalbildung

Die in Ionenaustauschersdulen auftretenden Kanile sind meist zunichst nicht sichtbar. Sie
kénnen jedoch am Leukomethylenblau-Harz infolge des starken Farbumschlages wihrend der
Oxydation von hellbraun nach blauschwarz mit dem Auge gut beobachtet werden. Die griin (Misch-
farbe) gefirbten Kanile wandern der Front des oxydierten Harzes mehr oder weniger stark voraus.

Bei den untersuchten Fillen verringerte sich die stdrende Kanalbildung einmal mit steigender
H*-Konzentration und zum anderen bei konstanter H*-Konzentration mit zunehmender Bildung von
Ferrat(1lI)-Komplexen. So traten bei 0,05N Schwefelsdure in der Ubergangsschicht bis zu mehrere
Zentimeter lange Bidnder auf, bei 10N Phosphorsdure war die wandernde Front bis auf 1-2 mm
scharf zusammengezogen. Die Kanalbildung 146t sich auflerdem herabsetzen durch Verwendung
kleinerer KorngroBen des Redoxites, gleichmaBigere Packung und sorgfiltigere Justierung der
Sdule, Aufteilung einer liberlangen Sdule in mehrere kleine, ferner langsamere Durchlaufgeschwin-
digkeit und méoglicherweise Beschleunigung der Reaktion durch TemperaturerhShung.

Modellbestimmungen

Unter den vorausgehend ermittelten optimalen Reduktionsbedingungen wurden
oxydimetrische Modellbestimmungen reiner Eisen(Ill)-Losungen ohne und mit
Zusatz von Fremdelementen ausgefiihrt.

Reine Eisen(IIl)-Lisungen

Die potentiometrische Titration des in den Durchlauf gelangten Eisen(II) mit
0,18 Cer(IV)-sulfat ergab fiir reine Losungen von Eisen(I1l)-sulfat in 1N Schwefel-
sdure fiir jeweils 7 Bestimmungen folgende Standardabweichungen s und Variations-
koeffizienten V" (relative Standardabweichung):2?

TABELLE I.—CERIMETRISCHE BESTIMMUNG REINER EISEN(ITT)-LOSUNGEN

Eisen(111)
Gegeben, gefunden, Bemerk-
Redoxit mg 5, Mg V% n ungen
Leukomethylenblau-Harz 100,1 +0,14 +0,14 12
200,2 4-0,25 40,12 4 (a)
Ferrocen-Harz 101,6 +0,04 +0,04 6 (b)
194,5 +0,10 40,05 4 (a, b)
203,2 +0,09 40,04 21 (a, b)

8 g Leukomethylenblau-Harz (240 x 12 mm), 11 g Ferrocen-Harz (350 x 11 mm) i Eisen (III)-
sulfat in 1N Schwefelsdure (15,2 mg Fe/ml); 2,2 mi/min; 250 ml 1N Schwefelsaure; 20 — 23°C
(a) 2 Séulen hintercinander; (b) Dosierung der Eisenlosung mit Kolbenpipette.

Die scheinbar hohere Prézision der Bestimmung am Ferrocen-Harz ist dadurch
bedingt, daB die relativ konzentrierte Eisen(III)-Losung mit einer Kolbenpipette
anstatt einer normalen 10 ml-Biirette vorgelegt wurde. Sie ist grundsitzlich auch am
Leukomethylenblau-Harz zu erreichen. Gelegentliche Korrekturen fir Blind-
bestimmungen an einzelnen Harz-Chargen sind bereits vorgenommen. Zwei Bestim-
mungen von 100 mg Eisen(III) an 11 g Anilinohydrochinon-Harz ergaben bei
entsprechend verringerter Durchlaufgeschwindigkeit Fehler von etwa - 0,2%.

EinfluB von Fremdelementen

In Ubereinstimmung mit den Aussagen des theoretischen Teiles wird die Eisen-
bestimmung (Tabelle II) nicht gestort durch Alkali- und Erdalkali-lonen, Zink,
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Mangan(IT), Nickel(II), Kobalt(II), Aluminium, Seltene Erden, Chrom(III), Cad-
mium, Thallium(I), Zirkon und Thorium sowie bemerkenswerterweise auch Kupfer-
(1Y), Wismut(III), Titan(IV), Zinn(IV), Cer(IV) und Arsen(V). Die letztgenannten 6
Elemente werden durch Metallreduktoren ebenfalls reduziert und stéren daher dort
die oxydimetrische Bestimmung von Eisen.

TaABeLLE I1.—FE1SEN(II)-BESTIMMUNG NEBEN NICHT STORENDEN BEGLEITELEMENTEN

Eisen, mg Fehler, %, Fremdionenzusatz
Gegeben Gefunden Ion Salz
8 g Leukomethylenblau-Redoxit, Sdule 240 x 10 mm:
150,0 150,3 +0,2 Na+ 750 mg Na,SO,
150,0 150,4 +0,3 Na+ 5000 mg Na,*S0,
150,0 150,1 -+0,1 Mg?+ 150 mg MgSO, - 7 H,0
150,0 150,3 +0,2 Zn** 150 mg ZnSO, - 7 H,0
150,0 149,9 —0,1 Mn?** 750 mg MnSO, * H,O
150,0 150,6 +0,4 Co?* 750 mg CoSO, - 7 H,0
150,0 149,8 —0,1 Ni*+ 750 mg NiSO, - 7 H,O
100,1 100,2 +0,2 Cr+ 750 mg KCr(SOy). - 12H,0
150,0 150,5 +0,3 Cr3+ 750 mg KCr(S0,). - 12H,0
150,0 150,1 +0,1 A+ 750 mg AlCl, - 6 H,O
100,1 100,3 +0,2 TiO** 750 mg TiO (SOy).
150,0 150,2 +0,1 Ca>+ 750 mg CdSO, - 8/3 H,O
150,0 150,0 0,0 Cu** 750 mg CuSO, - 5 H,O
150,5 150,2 —0,1 Bis+ 750 mg Bi(NOy); - 5 H,O
150,0 150,1 +0,1 Snt+ 750 mg Sn(SO,), * 4 H,0
100,1 100,0 —0,1 As(V) 750 mg Na,HAsO,
100,1 100,0 —0,1 Cet* 750 mg Ce (SO,), - 4 H,0
11 g Ferrocen-Redoxit, Siule 340 X 10 mm:
194,46 194,51 40,03 Na* 500 mg Na,SO, - 10 H,O
194,57 +0,06 K+ 500 mg K,SO,
194,51 40,03 NH,* 500 mg (NH,).S0,
Mg+ 500 mg MgSO, - 7 H,0
Li* 500 mg LiCl
194,46 194,51 40,03 Mn** 500 mg MnSO, - 7 H,0
194,68 +0,08 Zn** 500 mg ZnSO, - 7 H,0
194,57 40,06 Niz+ 500 mg NiSO, - 7H,0
Co?+ 500 mg CoSO, - 7 H,O
194,46 194,51 +0,03 A+ 500 mg Aly(SO,), - 18 H,O
194,62 -+0,08 Cu**+ 500 mg CuSO, - 5 H,O
194,51 -+0,03 Cd=+ 500 mg CdSO, - 8/3 H,0
0,0 0,0 - Ti(IV) 500 mg Ti(SO,),
Zrit 500 mg ZrO(NO,),
Tht+ 500 mg Th(NO,),
TI* 500 mg T1,S0,
0,0 0,0 — Nd*+ 100 mg Nd,O,
Pr3+ 100 mg Pr,O,
Sm?+ 100 mg Sm,04
Y3+ 100 mg Y0,
0,0 0,0 — As(V) 250 mg Na,HAsO,
0,0 0,0 — Be®* 250 mg Be(CH,COO0),
0,0 0,0 — Cre+ 500 mg Cry(SOy)s - aq

(Versuchsbedingungen wie in Tabelle L.).

Zusammen mit Eisen(III) werden durch die Redoxite Vanadin(V) zu (HI/IV),
Molybdin(VI) zu (V/VI), Spuren von Uran(VI) zu (IV) und Cer(IV) zu (III) reduziert.
Mit Ausnahme des letzteren stdren diese Begleitelemente die Bestimmung von
Eisen(111).
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ANWENDUNGEN
Analyse von Schlacke und Erz'*

Die untersuchten Stoffe, je eine Martinschlacke, ein Schwedenerz und ein Agglo-
merat enthielten nach Werksangaben 13,4; 62,6; 61,09 Eisen. Die Reduktion am
Zink-Reduktor mit anschlieBender Titration mit Permanganat ergab 13,7; 62,8;
61,69 Eisen. Reduktion an dem frither verwendeten, noch ausblutenden Leuko-

methylenblau-Harz und Titration mit Permanganat!* fiihrten im Mittel von jeweils 3
Bestimmungen zu 13,8; 63,1; 62,09 Eisen.

Eisenbestimmung in Stahl

Der als Beispiel gewéhlte hochlegierte Stahl X 10 Cr, Ni, Nb 18/9 (AISI Nr. 347)
enthilt etwa 709, Eisen, ferner u.a. Chrom, Nickel und Niob. Die cerimetrische
Bestimmung nach der Redoxaustauschermethode fiihrte zu folgendem Ergebnis:

TABELLE III.—BESTIMMUNG DES EISENS IN STAHL

. Einwaage, Eisengehalt, mg Fehler 9
Redoxit
mg theor. gefunden abs. rel.
Leukomethylen- 113,54 69,05 69,3, +0,25 +0,4
blau-Harz 113,54 69,05 69,2 40,20 +0,3
2x80pg
Ferrocen-Harz 113,54 69,05 69,2 +0,20 +0,3
(11g) 113,54 69,05 69,3, +0,25 40,4

Die gefundenen Eisenwerte liegen scheinbar um 0,3 bis 0,49 zu hoch. Da jedoch der
theoretische Gehalt nach einer der iiblichen Restmethoden bestimmt worden war,
entsprechen die nach vorliegender Direktmethode gefundenen Werte dem tatsich-
lichen Gehalt wahrscheinlich besser.

Arbeitsvorschrift

Man 16st 500-600 mg Metallspidne in 50 ml 6V Salzsdure unter Zugabe von 10 Tropfen 309, igem
H,0, und 10—20 Tropfen konz. Salpetersdure bei Siedetemperatur. Ausgeschiedene Kieselsdure
und Kohlenstoff werden abfiltriert. Das auf 10 bis 15 ml eigeengte Filtrat wird dann in eine Losung
von etwa 15 g Natriumhydroxid (p.a.) und 3 g Natriumperoxid in 100 ml Wasser gegeben und 10
Minuten mit Siedestdbchen gekochrt. Hierauf filtriert man das evtl. noch TiO,-xH,O enthaltende
Eisen(IlI)-hydroxid ab und wischt dreimal mit 20-30 ml 60°-heiem Wasser. Der Niederschlag
wird vom Filter mit etwa 80-100 ml hei8er 6N Saltsdure gelost und dieses mit 50 ml heilem Wasser
nachgespiilt. Das auf 10-15 ml eingeengte Filtrat wird nochmals wie oben gefilit und der Niederschlag
gelost. Man wischt mit 50 ml heifem Wasser nach und engt mit 5 ml konz. Schwefelsdure bis
zum Auftreten von SO;-Nebeln ein. Dann fiilit man auf 100 ml auf. Die etwa 1N schwefelsaure Fi-
senlosung wird nun mit einer Spritzpipette entnommen und nach der allgemeinen Arbeitsvorschrift in
zwei hintereinander geschalteten Sdulen mit je 8,0 g Leukomethylenblau-bzw. einer Siule mit 11
Ferrocen-Harz reduziert. Im Durchlauf wird Eisen(II) potentiometrisch mit 0,1N Cer (IV)-sulfa
titriert. B

DISKUSSION

1. Elutionsstabile Redoxite ermdglichen oxydimetrische Bestimmungen von
gelosten Redoxsystemen. Im Gegensatz zu Metallreduktoren und den meisten
Redox-Ionenaustauschern wird die Losung tatsidchlich nicht durch Ionen des Reagenz
verunreinigt. Fiir das untersuchte Beispiel der Reduktion von Eisen(Ill) zu (II) in
LN Schwefelsiure (Es,, = +0,68 V) eignen sich auf Grund von Realpotential,
Reaktionsgeschwindigkeit, Stabilitdt sowie deutlich sichtbarem Farbumschlag vor
allem das Leukomethylenblau- und Ferrocen-Harz (Ej,, = -0,42 bzw. + 0,47 V).



984 BrRUNO SANSONI und WOLFGANG WIEGAND

2. Nach Lage ihrer Redoxpotentiale sind die meisten bisher bekannten Redoxite
(Abb. 27 in Citat 9) mildere und damit wesentlich selektivere Reduktionsmittel als
Metallreduktoren. Im vorliegenden Fall wird die Reduktion von Eisen(lll) am
Redoxit im Gegensatz zum Metallreduktor nicht durch Kupfer(Il), Wismut(I1I),
Titan(IV), Zinn(IV) und Arsen(V) gestdrt. Ein Redoxit mit dem Redoxpotential des
Nontronites (Eggq, = 0,65 V) solite selektiv nur Eisen(III) und Vanadin(V) neben
allen anderen in Zitat® (dort Abb. 27) aufgefithrten Redoxsystemen reduzieren.

3. Ein Potentialvergleich zwischen Redoxiten und gelosten Redoxsystemen der
elektrochemischen Spannungsreihe erlaubt qualitative Vorhersagen iiber stérende
Fremdionen und halbquantitative iiber den Grad der Reduzierbarkeit beliebiger
Redoxsysteme in unterschiedlichem Medium. Beim betrachteten System Eisen
(ITI/IT) stimmten Vorhersage und Experiment durchweg gut iiberein. Das zeigt den
Wert®2t der Messung von Realpotentialen Ejy,., der Redoxite auch dann, wenn sie
wegen irreversibler Oxydationsanteile, teilweise nicht streng reversibler Gleich-
gewichtseinstellung und etwas unterschiedlichem Medium fiir thermodynamische
Berechnungen nicht brauchbar sind.

4. Geeignete Redoxite erdffnen wegen ihrer hoheren und gut abgestuften Redox-
potentiale vielleicht die Mdoglichkeit, Transurane aus hoheren Oxydationsstufen in
einem Schritt sofort in mittlere zu iiberfithren. Metallreduktoren reduzieren fast
immer zur niedrigsten Stufe.

5. Im untersuchten Beispiel wird die Reduktion von Eisen(III) in der Reihenfolge
Perchlor-, Schwefel-, Salz-, Phosphor-, Flusiure sowie fiir jeweils eine dieser
Mineralsduren mit steigender H*-Konzentration schwieriger. Das ist durch Stabilisi-
erung von Fe(IIl) infolge Komplexbildung bzw. Verschiebung des Redoxgleich-
gewichtes (2) durch steigende H™-Konzentration zu erkliren. Die Selektivitdt der
Redoxite 148t sich somit auch durch geeignete Komplexbildung und Einstellung des
pH-Wertes der jeweiligen Aufgabe anpassen.

6. Die allgemeinen Arbeitsbedingungen der analytischen Anwendung von Redox-
austauschern entsprechen in vorliegendem Falle hinsichtlich Sdulenbetrieb, Gestalt
der Durchbruchskurve, Austauschkapazitit, optimaler Korngroe und Kanalbildung
denen der Ionenaustauscher. Ahnliche Durchlaufgeschwindigkeiten erfordern jedoch
die Verwendung etwas lingerer Sdulen mit einer grofleren Austauschermenge.
Allerdings reagierte das Redox-Harz vom Hydrochinon-Typ langsamer.

7. Im Gegensatz zum Ionenaustausch erfordert die Regeneration der Sdulen nur
wenig mehr als die stéchiometrische Menge an Reduktions-bzw. Oxydationsmitteln.!!
Der beim Ionenaustausch erforderlichen hohen Konzentration an Regenerations-
mittel entspricht hier ein ausreichend hohes bzw. niedriges Redoxpotential.

Das Auswaschen des Reduktionsmittels mul verstindlicherweise im allgemeinen
unter AusschluB von Luftsauerstoff in Waschwasser und Apparatur erfolgen, wobei
sich die mit aufsteigendem Fliissigkeitsstrom arbeitende Austauschersidule nach Abb.
2 besonders bewihrt hat. 1!

Organische Redox-Harze sind zwar gegen so starke Reduktionsmittel wie Dithionit
ausreichend stabil, werden jedoch von starken Oxydationsmitteln leicht irreversibel
angegriffen.?-2> Demgegentiber sind rein anorganische Redoxaustauscher auch gegen
starke Oxydationsmittel vollstindig stabil.15-26

8. Reste von ionenaustauschenden Gruppen stéren héufig die analytische Anwen-
dung von Redoxaustauschern. Die coulometrisch und radiometrisch bestimmten
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Kapazititen fiir derartige unerwiinschte, bei der Synthese verbleibende Gruppen,
lagen bei den verwendeten Redox-Harzen in der GrdBenordnung von nur 0,04
mEq/g.® Bei der Reduktion von Eisen(III) machte sich in 1N Schwefelsiure jedoch
keinerlei stdrender Kationenaustausch bemerkbar. Anionenaustauschende Rest-
gruppen konnen dagegen wihrend der Regeneration und des Waschens Spuren
Regenerationsmittel, z.B. Dithionit-Anionen binden. Bei der spéteren Elution wird
dadurch die anschlieBende oxydimetrische Titration gestrt. Soferne man daher bei
der Synthese von Redox-Harzen nicht vermeiden kann, dal das Harzgeriist un-
erwiinschte positiv oder negativ geladene Gruppen enthdlt, kann man wie oben
beschrieben, versuchen, Dithionitspuren durch Waschen mit schwach sauerstoff-
haltigem Wasser rasch weg zu oxydieren oder man muBB—wie bei Metallreduktoren—
Blindbestimmungen ausfiihren.

Die Arbeit wurde im Jahre 1960 ausgefithrt. Fir die Einarbeitung in radiochemische Arbeits-
methoden danken wir herzlich Herrn Prof. Dr. Dr. H. Graul, Dr. Schaumlsffel und Dipl. Chem.
Steiner, Isotopenabteilung der Strahlenklinik der Universitit Marburg/Lahn, sowie fiir materielle
Unterstiitzung dem Herrn Bundesminister fiir wissenschaftliche Forschung, der Deutschen Fors-
chungsgemeinschaft und Herrn Dir. Dr. W. Hagge, Farbenfabriken Bayer, Leverkusen.

Summary—As an example of the reduction of cations on redox
exchangers, the reduction of 50-200mg of iron(III) on leucomethy-
leneblue- and ferrocene-resin of a polystyrene type, is described.
The iron(II) was titrated potentiometrically with cerium(IV). Under
optimum conditions, the standard deviation was 0-04-0-14 mg.
In contrast to their behaviour on metal reductors, there is no inter-
ference from Cu?+, Bi®+, TiO?*, Snt+, Ce*t and AsO,*. The method
has been used for the direct determination of iron in ores, slags and
special steels.

Résumé—Comme exemple de la réduction de cations sur des échangeurs
redox, on décrit la réduction de 50-200 mg de fer(IIl) sur une
résine bleu de leucométhyléne et ferrocéne d’un type polystyréne. Le
fer(II) a été titré potentiométriquement au cérium(IV). Dans les
conditions optimales, I’écart type est de 0,04-0,14 mg. En contraste
avec leur comportement sur des réducteurs métalliques, il n’y a pas
d’interférence de Cu?*, Bi**, TiO2*, Snit, Ceit et AsO,*~. On a
utilisé la méthode pour le dosage direct du fer dans les minerais,
scories et aciers spéciaux.
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REDOXAUSTAUSCHER UND IHRE
ANWENDUNGEN—XVI

ENTFERNUNG VON WASSERSTOFFPEROXID AUS WASSERIGER
LOSUNG AN REDOX- UND IONENAUSTAUSCHERN*

BrUNO SANSONI und ELISABETH BAUER-SCHREIBER

Institut fiir Strahlenschutz der Gesellschaft fiir Strahlenforschung mbH.,
Radiochemisch-analytische Abteilung, 8042 Neuherberg bei Miinchen und
Chemisches Institut der Universitdt Marburg/Lahn

(Eingegangen am 6. Januar 1966. Angenommen am 14. April 19701)

Zusammenfassung—Wasserstoffperoxid 1d8t sich aus wisseriger Losung
durch Reduktion an einem mit Dithionit oder vor allem Sulfit belade-
nem Anionenaustauscher (Lewatit M 600) sowie durch katalytische
Zersetzung am OH™-Anionenaustauscher halbkontinuierlich und
automatisch entfernen. Dazu werden einfache Sdulenanordnungen
beschrieben, die sowohl den AusschluB stérender Laborddmpfe
als auch einen quasi-Sdulenbetrieb bei durch Gasentwicklung stark
aufgewirbelter Austauscherschicht ermoglichen.

WASSERSTOFFPEROXID stort die Weiterverarbeitung von Lésungen in Strahlenchemie,
Kerntechnik und Analytik.! Es bildet sich durch Enzymeinwirkung, hemmt aber
das Wachstum anaerober Bakterien und kann den zur Bildung von Carcinomen
fihrenden krankhaften Girungsstoffwechsel der Zelle auslosen. Nicht zuletzt
beruht die Strahlenschidigung des Organismus teilweise mit auf intermediir gebildeten
Peroxiden und OH™-Radikalen.2

Wasserstoffperoxid kann durch Reduktion, Oxydation, katalytische Zersetzung
oder Abtrennung aus Losungen entfernt werden.? Im folgenden interessierte die
Reduktion des Wasserstoffperoxides an Redoxaustauschern als Teilschritt der Entfer-
nung von geldstem Sauerstoff aus Wasser. Dabei wurde die katalytische Zersetzung
an OH~-Anionenaustauschern beobachtet.

Daraus ergeben sich Anregungen fiir die Entfernung radiolytisch gebildeter
Peroxide im Kiihlwasserkreislauf von Atomreaktoren. Verschiedene Membranen der
physiologischen Zelle haben den Charakter von Redoxaustauschern.® Overberger?
hat Redoxite als unldsliches Prophylaktikum fiir Strahlenschidden im Organismus
zur Reduktion von .OH~-Radikalen und Peroxiden verwendet.

Wasserstoffperoxid hat eine negative Bildungsenergie von —134 kJ/Mol bei 25°.
Seine Aktivierungsenergie von etwa 75 kJ/Mol hindert den Zerfall. Dic kathodische
Reduktion verlduft in saurer Losung®-¢ nach

H,0, + 2H* 4+ 2~ = 2H,0  E°= +1,77V, n

* XV. Mitteilung B. Sansoni W. Wiegand, Talanta, 1970, 17, 973. Vorgetragen Chemische
Gesellschaft Marburg/Lahn (Januar 1960) und GDCH-Hauptversammiung Aachen, 1961
(Referat, Angew. Chem., 1961, 73, 763).

Herrn Dir. Dr. Walter Hagge, Leverkusen-Bayerwerk, zum 70. Geburtstag.

t Publication delayed at authors’ request.
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und in alkalischer” nach
HO,~ -+ Hy,0 + 2e~ = 30H- E° = +0,88V. )]

Die katalytische Zersetzung
H;0, — Hy0 +- £0, A3)

erfolgt besonders leicht in alkalischem Medium. Die Reaktionen (1) bis (3) verlaufen
iiber Radikale.” Wasserstoffperoxid ist in wisseriger Losung eine sehr schwache
Sdure® mit K = 2,24 - 102,

H,0,/H,0 —
1
21
8
w — Fe?YFe’t
— Nontronit
— Ferrocen ~Redoxit B
Leukomethylenblau - Redoxit
— Naphthohydrochinon-Redoxit
—— S0£750,%"
—= Leukoindigodisulfonat
o]
— H,5,03/ H,S03

ABB. 1.—Vergleich der Redoxpotentiale von H,0,/HyO und Redoxaustauschern.
Normalpotentiale fiir H,O,/H,O und gelste Ionen,*® Realpotentiale fiir Redox-Harze
in 1N und fiir Nontronit in 0,01 N Schwefelsdure.1t

Nach Abb. 1 sollte Wasserstoffperoxid durch alle angegebenen Redoxaustauscher
zu Wasser reduziert werden konnen. Fiir Anwendungen in salzfreier-Losung geniigen
einfache Redox-Ionenaustauscher. Ihr Geriist ist relativ bestindig. Anionen wie
Dithionit, Sulfit, Thiosulfat, Phosphit vermeiden die bei verschiedenen Kationen®
sowie Redoxiten beobachtete storende katalytische Zersetzung.!® Durch Oxydation
gebildetes Sulfat ist indifferent und stort bei Elution durch salzhaltige Lésungen
weniger als entsprechende Redox-Kationen. Die an den Reaktionen (1) bis (3)
beteiligten Radikale koénnen organische Redoxgruppen an Redoxiten irreversibel
angreifen und diese unbrauchbar machen.

EXPERIMENTELLE TEIL

Gerdte

Die Reduktionsversuche wurden in Schliffsdulen (180 x 10 mm nach Abb. 2) unter Ausschiu8
storender Laborluft ausgefithrt. Die 300 ml-Erlenmeyerkolben stehen auf einem in entsprechender
Hohe angebrachten Plexiglasstreifen. Die katalytische Zersetzung erfolgte in den Apparaturen nach
Abb. 3 und 4. Sie erlauben bei nicht zu schneller Durchlaufgeschwindigkeit und etwas Ubung auch
bei starker Gasentwicklung einen quasi-Saulenbetrieb. In der Anordnung Abb. 3 entweichen die
Gasblasen durch das Kapillarrohr. In Abb. 4 soll der schrig eintauchende Glasstab (1-2 mm Durch-
messer) das Aufsteigen der Gasblasen erleichtern. In beiden Fillen dient das untere Drittel der
Séulenfillung als Sicherheit fiir etwa durchgebrochene Peroxidspuren.
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250

2

——— 200 M ————

Glasstab
1-2mm ¢

AsB. 3 und 4.—Apparaturen fiir quasi-Saulenbetrieb bei starker Gasentwicklung.
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AuBerdem wurden verwendet: Fraktionsteiler RadiRac (LKB) mit 10-ml Syphon, Polarograph
Polarecord (Metrohm), Leitfahigkeitsmesser CDM II mit 0,2-ml DurchfluBzelle(Radiometer).

Die Redoxaustauscheranlage™!! lieferte sauerstoffarmes Wachwasser mit ~0,2-10-7 Q-*. mm™!
< 40 ug O/l und pH 6,6-6,8 (bei 21 4 1°). Gegebenenfalls kann auch ausgekochtes und mit N,
gespiiltes vollentsalztes Waschwasser verwendet werden.

Redox-Ionenaustauscher

Ionenaustauscher. Stark saurer Lewatit S100 und stark basischer Lewatit M 600 werden wie
ublich mit 4M Salzsiure in die H*-bzw. Cl--Form gebracht, sorgfiltig eisenfrei, anschlieBend neutral
gewaschen, an der Luft getrocknet und gesiebt. Ein Teil des Anionenaustauschers wird anschlieBend
mit 2M Natriumlauge unter CO,-AusschluB in die OH~--Form iibergefiihrt.

Die Anionenaustauschkapazitat von Cl--Lewatit M 600 ergab sich fiir die Siebfraktion 0,1-0,2
mm zu 3,27 mEq Cl-/g Trockengewicht; 0,6-0,75 mm zu 3,18; 0,75-1,00 mm zu 3,22; ungesiebt zu
3,22 und ist damit innerhalb der Fehlergrenzen befriedigend konstant. Dagegen nahm der Feuchtig-
keitsgehalt bei konstanter Luftfeuchtigkeit mit steigender KorngroBe etwas zu: KorngroSe 0,1-0,2
mm 16,5%; 0,2-0,3mm 21,2%; 0,3-0,4 mm 22,7%; 0,4-0,5 mm 23,5% 0,5-0,6 mm 23,7%;
0,6-0,75 mm 23,5%; 0,75-1,00 mm 24,5%,.

8202 -Anionenaustauscher. Jeweils 7,00 g lufttrockener Cl—-Lewatit M 600 (0,6-0,75 mm)
werden in der Sdule nach Abb. 2 mit 200 ml ammoniakalischer Dithionitldsung bei etwa 1 Tropfen/
sec (3-4 ml/min) in die Dithionit-Form iibergefiihrt und mit etwa 300 ml sauerstoffreiem Wasser
dithionitfrei gewaschen. Dabei soll die oberste Harzschicht nicht mit Luft in Berithrung kommen.
Andernfalls muB mit jeweils konstantem Kapazititsverlust gearbeitet werden. Die Sulfat-Form des
Austauschers wird unmittelbar mit frischer Dithionitlsung regeneriert.

SOy*~-Anionenaustauscher. Entsprechend werden 7,00 g Cl--Lewatit M 600 (0,6-0,75 mm) mit
etwa 100 ml Sulfitlésung in die Sulfit-Form gebracht. Nach Oxydation wird das gebundene Sulfat
ebenfalls mit 10 %jiger Natriumsulfit-Lsung ausgetauscht.

Reagenzien

Ammoniakalische Dithionitlosung. Jeweils kurzvor Gebrauch werden etwa 50 g Na,S,0, (gereinigt,
Riedel-DeHaen in 1 Liter 1M Ammoniaklosung (chem. rein) gelost.

Sulfitlosung. 100 g Na,SO, (p.a.) in 1 Liter vollentsalztem Wasser.

Wasserstoffperoxidlosung. 30 %iges H,O, (Perhydrol, p.a.) wird kurz vor Gebrauch verdiinnt und
mit 0,1N Thiosulfat jodometrisch eingestellt.

Analytische Bestimmungen
Tonenaustauschkapazititen wurden volumetrisch,'? Redoxkapazititen mit Eisen(IIT)-sulfat!+15:14

Wasserstoffperoxid jodometrisch nach Kolthoff** und gelegentlich im Durchlauf auch polarographisch
bestimmt.

ERGEBNISSE

Nach Vorversuchen mit einer groleren Anzahl von Redox-Ionenaustauschern
wurden die mit Dithionit und Sulfit beladenen Anionenaustauscher eingehender
untersucht.

Reduktion am S,0,*-Anionenaustauscher

Der Dithionit-Anionenaustauscher ist nach Abb. 5 ausreichend stabil. Sene
Reduktionskapazitit verdndert sich in der gut verschlossenen Sdule wihrend 24
Stunden kaum und sinkt nach 100 Stunden auf etwa die Hilfte.

In drei Versuchsreihen wurden zunehmende Volumina wisserige 0,1N Wasserstoffperoxidlosung
an 8,0, -Lewatit M 600 in Sdulen nach Abb. 3 unter méoglichst konstanten Bedingungen reduziert,
Abbildung 6 enthalt das Ergebnis der Einzelversuche als Durchbruchskurve. Dabei wurde (a) die in
der Siule entfernte und (b) im Durchlauf gefundene Wasserstoffperoxidmenge gegen die vorgegebene
aufgetragen und jeweils als mEq H,O, auf das Trockengewicht (g) des Austauschers bezogen. Der
Sittigungswert von (a) ergibt eine Gesamt-Reduktionskapazitiat!” von 2,6-2,7 mEq H,O,/g, der
Durchbruchspunkt von (b) eine nutzbare Durchbruchskapazitit” von 2,5 mEq H,0,/g. Die Abs-
zissendifferenz des Sittigungs- und Durchbruchspunktes entspricht einer ausgenutzten Gesamt-
Kapazitit der Sdule von etwa 959. Fiir Ionenaustauscher werden 60-80%; angegeben.’® Dieser
hohe Wert deutet auf rasche und vollstindige Gleichgewichtseinstellung in jedem Sdulenabschnitt.
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ABB. 5.—Stabilitit von S,0,2"-Permutit ES (5).
Sdule 180 x 10 mm; 10 g Cl--Permutit ES (0,3-0,5 mm) in 5,0, -Form; 20-25°C;
diffuses Sonnenlicht.

4
] I
5,072 Lewatit M 600 (0,60—-0,75 mm)

H,0, entfernt [mEq/g Harz]
~
Oy
g
H,O, im Durchlauf [mEq/g Harz]

1 1 {
i 2 3 4 5

H,O, gegeben [mEq/g Harz]

ABss. 6.—Reduktion von Wasserstoffperoxid an $,0,%-Lewatit M 600.
Sdulen 180 x 10 mm (Abb. 2) mit 7,00 g lufttrockener Harzeinwaage an Cl--Lewatit
M 600; (0,6-0,75 mm); 1,1 ml/min; 24-25°C; diffuses Sonnenlicht.

Die gefundene Gesamt-Reduktionskapazitit ist erheblich kleiner als die theoretisch
fiir den Ubergang von S(III) zu S(IV) zu erwartende von etwa 9,5 mEq/g. Das hat
mehrere Griinde. Erstens enthielt frisch der Originalflasche entnommenes Na,S,0,
(gereinigt, Riedel-DeHaen) nur etwa 74 Gew.-%, des theoretischen Gehaltes an
Dithionit, daneben 119 Thiosulfat und 129, Sulfit. Zweitens sinkt der Reduktions-
wert des am Austauscher gebundenen Dithionites infolge Oxydation der obersten
Schichten durch den Luftsauerstoff in Apparatur und Waschwasser. Drittens ist im
angewendeten schwach ammoniakalischen Medium die Beladung des Lewatit M 600
nicht mehr ganz vollstindig. So fiihrte eine Beladung mit wissriger, also schwach
saurer Dithionitlésung zu Gesamt-Redoxkapazititen von 3,4-3,8 mEqFe®t/g.
Viertens entstehen aus 1 Mol S,0,>~, 2 Mol SO,*>~ bzw. SO,2~. Das bedeutet
notwendigerweise eine teilweise Elution von Sulfit- bzw. Sulfat. Der an der Luft
aufgefangene Durchlauf einer wiisserigen Wasserstoffperoxidlésung enthielt je nach
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Basizitit des Anionenaustauschers 18 bis 24 Aquivalent-% der mit H,0, ge-
messenen Gesamt-Reduktionskapazitit als Sulfat bzw. Schwefelsaure. Damit erfolgt
die Oxydation von Dithionit am Anionenaustauscher zwar schr schnell, jedoch
uniibersichtlich.

oI der ersten Versuchsreihe (o) von Abb. 6 wurde Ct--Lewatit M 600 zunéchst mit 2M Natronlauge
in die OH~- und dann erst mit ammoniakalischer Dithionitldsung in die S,0,*-Form iibergefiihrt; in
der zweiten und dritten wurde direkt in die S,0,>~-Form gebracht. Die Ubereinstimmung ist in
Anbetracht der etwas erhdhten Raumtemperatur sowie des diffusen Sonnenlichtes (geringe kataly-
tische Peroxidzersetzung an der Glaswandung) befriedigend. Das zeigt, daB auch ein Uberspringen

der OH~-Form vollstindige Regeneration ermdglicht. AuBerdem hat sich die Kapazitdt des
Anionenaustauschers nach dreimaliger Oxydation-Reduktion nicht merklich verandert.

Reduktion am SO,2- Anionenaustauscher
Der Sulfit-Anionenaustauscher reagiert nach
SO, ~-Iat. -+ H,0, = SO, ~-Iat. + He0. @)

Die Reaktion ist langsamer, aber einfacher und tbersichtlicher als bei Dithionit.
Infolge konstant bleibender Anionenladung wird die Losung grundsitzlich nicht
verunreinig. Sulfit erfordert {iberdies geringere Betriebskosten.

4
T T
. s0FLewatit M600 {0,60-0,75 mm) e
f— <
N T
T 3 20
L e v o
20 ]
o £
3 =
L E
g 2 =
5 2
w~ 3
E a b [a)
C] £
le) ' =
z S
. T
|
1 It i
i 2 3 4 5

H,0, gegeben [mEq/g Harz]

Ags. 7.—Reduktion von Wasserstoffperoxid an SO,*~-Lewatit M 600.
7,00 g lufttrockene Harzeinwaage an Cl--Lewatit M 600; Korngrdfe; ungesiebt;
sonst wie fiir Abb. 6.

Der Sulfit-Anionenaustauscher ist gegen Autoxydation so stabil wie eine ent-
sprechend verschlossen aufbewahrte wisserige Sulfitlosung. Die Gesamt-Reduktions-
kapazitit nimmt innerhalb von 44 Tagen nur um 6% ab. Auch das Gerist des
Anionenaustauschers ist ausreichend bestindig. So blieb die Anionenaustauschkapa-
zitit von Lewatit M 600 nach 6 Redoxumwandlungen mit Sulfit bzw. 0,1N Wasser-
stoffperoxid mit 3,18 bis 3,19 mEqCI- g konstant. Die unter gleichen Bedingungen
wie beim Dithionit-Anionenaustauscher aus Einzelversuchen zusammengesetzte
Durchbruchskurve fir etwa 1M Wasserstoffperoxidlosung zeigt Abb. 7. Die Gesamt-
Reduktionskapazitit betrigt nach Kurve (a) etwa 240 mg H,0, pro Siule oder
2,9 mEq H,0,/g. Durchlauf erfolgt nach (b) ab 165 mg H,0,, entsprechend knapp
709, der Gesamt-Reduktionskapazitdt. Letzterer Wert entspricht durchaus denen
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des Tonenaustauschers, liegt aber niedriger als beim Dithionit-Anionenaustauscher.
Das ist eine Folge der langsameren Oxydation des Sulfites.

Die gemessene Gesamt-Reduktionskapazitdit stimmt gut mit dem aus der Anionen-
austauschkapazitit berechneten Wert von 3,2 mEq H,0,/g tiberein. Die geringe Dif-
ferenz ist durch teilweise Autoxydation des festen bzw. im oberen Siulenteil
gebundenen Sulfites durch Luftsauerstoff sowie geringe Peroxidverluste infolge
Zerfalls an den Glaswinden bedingt.

Die Werte aus zwei Versuchsreihen (Abb. 7) streuen erheblich weniger als beim
Dithionit-Anionenaustauscher (Abb. 6). Das ist durch den Ubersichtlicheren Reak-
tionsverlauf und die geringere Reaktionsgeschwindigkeit der Sulfitoxydation mit
Luftsauerstoff zu erkldren. Auch hier kann die erschopfte Sulfat-Form mit 5-10 %iger
Natriumsulfitlésung direkt regeneriert werden.

Eine Erhohung der Durchlaufgeschwindigkeit von 0,1 auf 5 ml/min hat kaum
EinfluB auf die mit einem H,0,-Uberschul bestimmte Gesamt-Reduktionskapazitiit.
Ein schwacher Anstieg unterhalb von 0,5 ml/min wird nur durch die bei lingerer
Wartezeit splirbar werdende Selbstzersetzung des Wasserstoffperoxides an GefiB-
winden und Harzoberfliche vorgetiuscht. Andererseits hingt die wirklich nutzbare
Durchbruchskapazitit stirker von der Durchlaufgeschwindigkeit ab. Es kann aber
auch hier die beim Ionenaustausch iibliche von 1 ml/min angewendet werden.

Die Korngréfie des Anionenaustauschers ist von 0,1 bis 1,0 mm praktisch ohne
EinfluB auf die wie vorher bestimmte Gesamt-Reduktionskapazitit. Streuungen sind
wiederum durch langsam beginnende Selbstzersetzung des Peroxides bedingt.

Die Konzentration der Wasserstoffperoxidlosung ist im Bereich von 0,1-2,5M
nach drei Versuchsreihen ohne Einflul auf die in der Siule reduzierte Peroxidmenge.

Geringe Mengen an Stabilisatoren wie Diphosphat, Barbitursidure, Harnstoff,
ferner Zusatz von 1%, Phosphorsiure sowie 0,04V Schwefelsdure, aber auch 0,020
Natronlauge zeigten praktisch keinen EinfluB auf die Reduktion in der Siule.

Die storende Gasentwicklung durch Selbstzersetzung des Wasserstoffperoxides
beginnt oberhalb etwa 25° deutlich zu werden. Bei <23-24° wurde nur gelegentlich
schwache Gasentwicklung beobachtet. Sie storte den Sdulenbetrieb nicht wesentlich.

Wasserstoffperoxid kann ohne Stérungen am Sulfit-Anionenaustauscher nur in
dem pH-Bereich von etwa 4,5 bis 7 reduziert werden. Im stirker sauren Gebiet
wird Schwefeldioxid abgespalten, im stirker alkalischen tritt Selbstzersetzung des
Peroxides unter deutlicher Gasentwicklung ein. Ebenso storen Fremdsalzkonzentra-
tionen ab etwa 0,01 N durch Elution von Sulfit.

Abbildung 8 zeigt die Durchbruchskurve fiir die Reduktion von fast 2 Liter
0,15M Wasserstoffperoxidldsung im kontinuierlichen Sdulenbetrieb an etwa 100 g
Sulfit-Anionenaustauscher. Es trat wihrend der Reduktion praktisch keine Gasent-
wicklung in der Siule auf.

Reduktion und katalytische Zersetzung an Redoxiten

Steigender Salzgehalt der Wasserstoffperoxidldsung bewirkt, von einigen Aus-
nahmen abgesehen, zunehmende Elution des reduzierenden Ions vom Anionen-
austauscher. In diesem Fall sind Redoxite mit elutionsstabil eingebauter Redox-
Gruppe geeigneter.

Als Beispiel wurde eine 0,3 9jige Wasserstoffperoxidlosung in 1M Natriumsulfat
an einem Leukomethylenblau-Polystyrol-Redoxit!® quantitativ reduziert, ohne
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daB3 die Losung verunreinigt wurde. Der gleiche Redoxit war frither zur Priifung
seiner Stabilitdt nach jeweils vorherigen Reduktionen mit Dithionit liber hundert
Male mit 0,1 %iger wisseriger Wasserstoffperoxidlosung oxydiert worden. Dabei
nahm die Reduktionskapazitit um weniger als 159 ab.

2

H,O, im Durchlauf [mMol 10 mi]

——ooac]

| 2
Durchlauf 0,151 M H,0,-Losung [i]

Ass. 8.—Kontinuierliche Entfernung von 0,151M Wasserstoffperoxid durch Reduktion
’ an SO, -Lewatit M 600.
100 g Cl--Lewatit M 600 (0,6-0,75 mm; 22,6% Feuchtigkeit) in SO42~-Form iiberge-
fihrt; bei 20-23°C mit durchschnittlich 3 mi/min filtriert.

Verschiedene andere Polystyrol-Harze mit eingebauten Hydrochinon/Chinon-
systemen!3-14 sowie Ferrocen? entwickelten aus Wasserstoffperoxid deutlich Sauer-
stoff. Besonders stark katalysierte das Fet/Fe?*-haltige Tonmineral Nontronit die
Peroxidzersetzung.

Starker konzentrierte Wasserstoffperoxidlosung oder lange Einwirkung auch
verdiinnterer Losung greifen jedoch die meisten organischen Redoxite mehr oder
weniger stark irreversibel an.

Katalytische Zersetzung am OH~-Anionenaustauscher

Verdiinnte Wasserstoffperoxidlosungen zersetzen sich am festen OH—-Anionen-
austauscher katalytisch.® Dabei erwirmt sich die Losung mehr oder weniger stark.

Im Gegensatz zur entsprechenden Hydroxidlosung verunreinigt die Festbase die
Losung nicht. Die OH~-Ionen konnen in salzfreier Losung das Austauschergerist
nicht verlassen. Daher kann die Reaktion auch in einem sehr groflen Losungs-
volumen an einer relativ sehr kleinen, aber hoch konzentrierten Menge OH~-Ionen
ortsgebunden ablaufen. Normaler S&ulenbetrieb wird allerdings durch die starke
Gasentwicklung unméglich.

Die Anordnungen Abb. 3 und 4 zeigen Moglichkeiten auf, den entwickelten
Sauerstoff abzuleiten. Sie erlauben einen angeniherten quasi-Sdulenbetrieb mit
aufgewirbelter Schicht. Die Hauptmenge Peroxid soll bereits im oberen Sdulenteil
zersetzt werden. Das untere Drittel bleibt als Reserve zur Entfernung gelegentlich
durchbrechender Peroxidspuren verfiigbar. Ein solches Vordringen der Peroxidfront
in der Siule ist am Ausbleichen der rotbraunen Farbe des OH—-Lewatit M 600 oder,
noch empfindlicher, durch beginnende Gasentwicklung zu erkennen.
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Als Beispiel bringt Abb. 9 die Durchbruchskurve fiir 1M Wasserstoffperoxid-
16sung. Der Versuch dauerte vier Wochen, zeitweise war der Durchlauf verlangsamt
oder ganz unterbrochen. Die nutzbare Durchbruchskapazitit dieser OH--Anionen-
austauschersdule betrug etwa 370,2 mEq H,0,/g. Das entspricht formal dem 128-
fachen derjenigen des Sulfit-Anionenaustauschers.

Ahnlich dem OH--Anionenaustauscher wirken auch mit Fe?"/Fe3* und ganz
besonders mit MnO,~/MnQO, belegte Tonenaustauscher. Dagegen blieb eine Beladung

O s s e e e e e e e e S S e e e e e

0,5

H,0, im Durchlauf [Mol/l]

00000-0000-corbmmrmommmmomoms /1

i 2 3
Durchlauf 1,01 M H,0,~Lésung

AsbB. 9.—Katalytische Zersetzung von 1,01M Wasserstoffperoxid an OH--Lewatit
M 600 im quasi-Sdulenbetrieb.

20 g Cl--Lewatit M 600 (0,6-0,75 mm, 22,69, Feuchtigkeit) in OH~-Form iibergefiihrt;

bei 20-23°C mit 1 ml/min, jedoch mit Unterbrechungen, filtriert. Sdule nach Abb. 4.

mit H*, Nat+ oder Cu®* ohne sichtbare Wirkung. Zum Beispiel fanden sich im Durch-
lauf einer Sdule mit 9 g Lewatit S 100 von aufgegebenen 53,9 mEq Wasserstoff-
peroxid in der angegebenen Reihenfolge der Beladungen 53,7; 53,8 und 53,3 mEq
wieder.

DISKUSSION

Vorliegende Arbeit zeigt die Vorteile von einfachen Redox-Ionenaustauschern
mit nur irreversibel oxydierbaren Anionen bei der Reduktion ungeladener Molekiile
in salzfreier oder salzarmer Losung. Wiahrend Redoxite durch irreversibel Oxydation
langsam zerstért werden, ist das Ionenaustrauschergeriist relativ stabil, einfach
zuginglich und leicht regenerierbar. Giinstig sind Redoxsysteme, welche bei der
Oxydation indifferente Anionen wie Sulfat ergeben und bei geringfiigiger Elution
nicht stdren.

Die Entfernung von Wasserstoffperoxid durch Reduktion zu Wasser gelingt
besonders rasch am Dithionit-Anionenaustauscher. Auch geringe Sauerstoffspuren
werden noch erfafit. Dithionit hat jedoch den Nachteil eines uniibersichtlichen
Reaktionsmechanismus, einer Verdoppelung der Anionenladung wéhrend der
Oxydation und dadurch Elution von Sulfit oder Sulfat. Diese kann bei nur teilweiser
Beladung des Anionenaustauschers von diesem selbst, sonst aber durch eine nach-
geschaltete Sdule mit OH™-Anionenaustauscher entfernt werden. Fiir andere Zwecke
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stort die Verunreinigung der Losung durch Sulfat oder Schwefelsiure jedoch hiufig
nicht.

Demgegeniiber hat der schon von Austerweil?® zur Entfernung von geldstem
Luftsauerstoff’ erwdhnte Sulfit-Anionenaustauscher den Vorteil eines einfacheren
Mechanismus und konstanter Anionenladung. Die Losung wird nicht verunreinigt.
Der Sulfit-Anionenaustauscher ist unter LuftabschluB sehr bestdndig. Die Grenzen
seiner Anwendbarkeit (pH 4,5 bis 7) sind durch die Stabilitit von Sulfit einerseits und
beginnende Selbstzersetzung des Peroxides andererseits bedingt.

Besondere Bedeutung hat eine halbkontinuierliche und automatische Reduktion
des Wasserstoffperoxides am Sulfit-Anionenaustauscher, wenn sie mit einer Vollent-
salzung an Tonenaustauschern gekoppelt werden kann. Zum Schutz vor eventuellen
Spurenverunreinigungen der behandelten Losung wird man eine kleine OH~—und
H+-Tonenaustauschersiule nachschalten. Eine wichtige mdgliche Anwendung wire
der einer Radiolyse ausgesetzte Kiihlwasserkreislauf entsprechender Atomreaktoren.

Hohe Peroxidkonzentrationen erfordern beim Reduktionsverfahren hiufige
Regenerationen. Hier erreichte die halbkontinuierliche Zersetzung am OH™-Anionen-
austauscher den etwa 130-fachen Umsatz. Die Losung darf allerdings keine Salz-
spuren enthalten. Diese tauschen OH—-Ionen aus und blockieren dadurch den
Katalysator. Aullerdem katalysieren Eisenspuren den oxydativen Angriff des
Tonenaustauschergeriistes ungewshnlich stark.®

Die Arbeit wurde im Jahre 1959 ausgefiihrt. Wir danken fiir materielle Unterstiitzung vielmals dem
Herrn Bundesminister fiir wissenschaftliche Forschung, der Deutschen Forschungsgemeinschaft sowie
Herrn Dir. Dr. W. Hagge von den Farbenfabriken Bayer in Leverkusen.

Summary—Hydrogen peroxide can be removed semi-continuously
from aqueous solution by reduction on an anion-exchange resin
in the dithionite or sulphite form, or by catalytic decomposition
on a resin in the OH~-form. Simple column arrangements suitable
for this purpose providing for exclusion of air, and for quasi-column
operation when the resin is vigorously agitated by the evolution
of considerable amounts of gas, are described.

Résumé—L’eau oxygénée peut étre éliminée de maniére semi continue
d’une solution aqueuse par réduction sur une résine échangeuse d’anions
sous la forme dithionite ou sulfite, ou par décomposition catalytique
sur une résine sous forme OH~. On décrit des dispositifs de colonne
simples convenant & cette fin, prévoyant ’exclusion de I’air et 'opér-
ation pratique en colonne lorsque la résine est vigoureusement agitée
par le dégagement de quantités considérables de gaz.
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SHORT COMMUNICATIONS

Apparatus for the determination of melting points, molecular weights,
freezing points and purity, and for the study of melting

(Received 10 June 1969. Revised 4 May 1970. Accepted 12 May 1970)

AN apraRATUS for the rapid precise determination of molecular weights has been developed. It is
based on the measurement of melting point lowering, because there are difficulties in obtaining
accurate values for freezing points.»* Notice is taken of the conditions which affect precision and
arise from processes occurring in the melting system. An equation is deduced for accurate calculation
of the melting point, from an estimate of the time at which the melting point occurred, and the
co-ordinates of two points in the melting region of the time-temperature record.

EXPERIMENTAL

The vessel was a 10-ml Pyrex glass bulb with two ground-glass necks, the one for filling and
emptying having a ground-glass stopper, and the other containing a sealed-in thermistor arranged
to have its tip immersed 5 mm into the liquid. The vessel contained 7 g of liquid and five glass
balls 6 mm in diameter. The thermistor (FS 23), Standard Telephones and Cables Ltd.) had a
resistance of 2000 Q at 20°, and temperature coefficient 132 /K, and was made one of the ratio arms
of a Wheatstone bridge, the out-of-balance current being amplified and recorded on the chart of
a recording potentiometer adjusted to give full-scale deflection for the concentration range being used.

The flask was filled with a known weight of solvent and immersed in a freezing-bath for 1 min.
It was then placed in an insulated container mounted on the arm of a reciprocating machine and
swung uniformly, 90 times a minute, through an arc of 120°.

The temperature-time trace of the pure solvent formed a base line from which subsequent melting-
point lowerings could be measured. Some examples are shown in Fig. 1.

Conditions to be observed in design

1. Crystallization of the solvent should be rapid.

2. Residual supercooling in the solid/liquid system or in the temperature measuring device is
undesirable.

3. Rapid heat exchange between solid and liquid is necessary so that equilibrium between the two
phases can be established quickly.

4. Melting should proceed through a series of equilibrium states, each state, for partially frozen
solutions, being in accordance with the freezing point law.

5. The temperature-sensing device must detect small changes accurately. The temperature

measured should be that of the solution in equilibrium with frozen solid.

. At the melting point the concentration of the solution in equilibrium with solid must be constant.

. The melting point should be relatively indifferent to the rate of melting.

. A clearly defined melting point is desirable.

. The apparatus should be simple to use, and the time of measurement short.

D 00 -1 A

DISCUSSION

Crystallization of the organic liquids used, of water and of molten naphthalene and diphenyl-
amine was rapid and clearly defined, largely because of the presence of the glass balls. The melting
point was well defined on the recorder trace and by calculation could be measured accurately. The
time required to remelt the partially frozen liquid was short, usually about 5 min. The thermistor tip
was small and hence the temperature response rapid. Efficiency of mixing was the main factor
involved in satisfying the other conditions, and was achieved by means of the glass balls, the uni-
formity of the mechanical motion and the jerk at the end of each stroke. The uniformity of motion
was most important. The efficiency was demonstrated by the smoothness of the trace for pure
solvent and by the shape of that for a solution. The shape of the curve follows from the freezing
point depression law, which may be expressed as

kn
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where k = the cryoscopic constant, n = moles of solute, w, = weight of solvent at beginning of
melting, T, = melting point of solvent, s = speed of melting, ¢, = time of melting to temperature T.

For any given trace for melting, the only variables are T and t and when plotted against each
other they should give a concave curve. The shape of the trace in Fig. 1(b) illustrates this. That all
such traces were curved confirms the efficiency of mixing.

The rate of heat exchange between the two phases was not only a function of mixing, but also of
crystal size and the thermal properties of the two phases. Thus the heat exchange was least for pure
solvents where the crystals were large, and greatest for the solvent cyclohexane, the latent heat of
which was so low that melting was too rapid for a trace like Fig. 1 to be developed.

Determination of the melting point

The melting point of solvents (Ty) is that portion of the trace which gives a constant temperature
over an interval of time. The melting point for solutions can be taken as that temperature where the
amount of frozen solid becomes vanishingly small (T¢). At this point,

kn
TL—Te=ATe=7 @)

where w is the weighed amount of solvent.
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The expression used to calculate the melting point is

AT AT,

ATe = AT+ 1) — AT, @

where AT, = Ty, — Ty and AT, = Ty, — T, are two temperature differences on the trace, corre-
sponding to times of melting ¢, and ¢y, & = (f; — ty)/(te — t,), and where f. is the time at 7e (see
1.

From equations (1) and (2) we obtain

ATew
, 1y = ———, 4
Wwo + Sty AT, @
and as
WoATy == kn = ATew,
then
ATew ATew
—ATO ‘11‘511*_AT1 . &)
Thus,
ATen |: 1 1 :|
=4 |AT, T AT, ©)

If the rate of melting is the same throughout the melting process, and it is probable that this is so over a
small temperature range and relatively short melting times, then the expression above is true whatever
the temperature points chosen. Hence

ATew 1 ] ATew [: 1
P AT1 At =~ =5 AT, T AT, M
This gives:
1 t —tol: 1
AT, AT, " t.—n LAT. T AT,
or
1 1 o o
AT, " AT, AT. AT,
or
(x+ 1) 1 o
AT, AT, T AT,
whence
AT\ AT
ATe = Rfja + D — BTy ®

Estimation of precision

The precision of cryosopic results is usually expressed in terms of temperature as this is the unit of
measurement. It was thought that concentration would be a more meaningful term. The cryoscopic
constant k estimated from the slope of a plot of melting point depression vs. molal concentration m,
may be used to estimate the concentration m’ corresponding to any given value of AT,

m’ = ATelk.

The differences (m — m’) can then be used as a measure of precision.
Results are shown in Table 1.

APPLICATIONS

Molecular weights

The precision with which the molecular weights of organic compounds can be measured by the
apparatus can be seen from Table I. The mean value of the standard deviations is +0-002 mole/kg
and the experimental value for a substance of molecular weight of 1000 in 1-molal solution would be
found to lie between 1004 and 996. If, however, the solution were 0-1 molal, the value would lie
between 1040 and 960. It follows that within the bounds of ideality, the more concentrated the
solutions the smaller the error. The samples in Table I included solutions up to 12 molal.

For a molal solution of a substance of molecular weight 10000, the limits would be 9960 and 10040,

8
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TABLE I.—RESULTS OF MEASUREMENTS AND THEIR PRECISION

No. of  Std. devn,,

Solvent Solutes results molelkg
Water Sucrose, glucose, urea, catechol, resorcinol, hydro- 72 +0-0035
quinone, phenol, aniline, benzylamine
Benzene Naphthalene, a-naphthol, catechol, benzil, fats 65 +0-0016
and oils
Dioxan Naphthalene, benzoic acid, 1,5-, 1,6-, 1,3-, 1,4-, 1,7-, 105 4-0-0021

2,3-, 2,7-dihydroxynaphthalenes, methyl sali-
cylate, nitrobenzene, pyrogallol, catechol, fats
and oils
Nitrobenzene Naphthalene, coumarin 20 -+0-0015

but it often becomes more difficult to make such a concentrated solution as the molecular weight rises,
It would seem unwise to claim that it is possible to extrapolate the readings to high molecular weights.
i.e., in excess of 10000, as is sometimes done.

Purity

Taking the mean standard deviation as 0-002 mole/kg and assuming that twice this value is needed
for detection, then the minimum amount of impurity that could be detected in organic materials
soluble in any of the four solvents suitable, would be 0-0004 mole 7 if a 1-molal solution were used.

Other uses

It is possible to examine self-associated species in benzene and nitrobenzene® and weak complexes
in an inert solvent.* The number of particles present under certain experimental conditions can be
determined and this might be useful in the study of reaction mechanisms.

The nature of the recorder traces enables a study to be made of the last stages of the melting of
liquids and dilute solutions. Melting points can be determined and although it is not claimed that T,
is the physical melting point, it is based on theory and reproducible to within 4-0-005°.

Department of Chemistry R. F. GREENWOOD
The City University
St. John Street, London E.C.1.

Summary—An apparatus for the determination of the melting point
of a partially frozen liquid is described. Thermal equilibrium is rapidly
attained, largely because of the presence of glass balls in the experi-
mental flask, and the method of agitation. The use of a thermistor and a
recording potentiometer allows charting of the temperature changes
with time. The melting point can be calculated from points on the
trace. The apparatus has been used to study melting point depressions
for solutions of hydrocarbons and phenols in benzene, nitrobenzene,
water and dioxan.

Zusammenfassung—Ein Gerdt zur Bestimmung des Schmelzpunktes
einer teilweise gefrorenen Fliissigkeit wird beschrieben. Das thermische
Gleichgewicht wird mit Hilfe eines Vorrats von Glaskugein im Ver-
suchskolben und eines besonderen Rilhrverfahren rasch erreicht. Ein
Thermistor und ein Schreiber erméglichen es, die zeitliche Anderung
der Temperatur zu registrieren. Der Schmelzpunkt kann aus Punkten
auf der Registrierspur berechnet werden. Mit dem Gerdt sind
Schmelzpunktenniedrigungen einiger Losungen von Kohlenwasser-
stoffen und Phenolen in Benzol, Nitrobenzol, Wasser und Dioxan
untersucht worden.

Résumé—On décrit un appareil pour la détermination du point de
fusion d’un liquide partiellement congelé. L’équilibre thermique est
rapidement atteint, essentiellement & cause de la présence de billes de
verre dans la fiole d’expérimentation et de la méthode d’agitation.
L’emploi d’un thermistor et d’un potentiométre enregistreur permet
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Penregistrement des variations de température en fonction du temps.
Le point de fusion peut étre calculé de points sur le tracé. On a utilisé
l'appareil pour étudier les dépressions du point de fusion pour des
solutions d’hydrocarbures et de phénols en benzéne, nitrobenzene,
cau et dioxane.
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A silver electrode in the potentiometric titration of thiols*¥

(Received 26 July 1969. Revised 20 January 1970. Accepted 11 March 1970)

THE AMPEROMETRIC method of Benesch et al.! using silver as the titrant has been used extensively for
measuring thiols. Kolthoff and co-workers® have made a critical study of the method and discussed
the merits of several titrants. We had difficulty in locating the end-point in amperometric titrations,
so we tried potentiometry. We have found that simply immersing a piece of silver wire in a solution
of a thiol for a short time produces an electrode responsive to thiol concentration. Cecil and McPhee?
had earlier used a silver-silver sulphide electrode prepared by an involved procedure and therestrictive
conditions they reported may have discouraged extensive use of their method.

Since the electrode follows the thiol level, any thiol reagent should be satisfactory as titrant, and
the reagent forming the most stable compound should give the sharpest end-point. Mercury(II)
salts, monosubstituted organo-mercuric salts and silver nitrate have been used successfully.

The operating procedure was designed to accommodate the slow electrode response, and a simple
treatment prior to each titration eliminated the reduction in electrode response that occurred with
continued use.

The response of the electrode would be expected to arise from

Do . 4 _ . [RSH]
RSH = RS~ + H*; [RS ]«Klm

Ag(s) + RS——> AgRS(s) + ¢

1
E = E° — 0059 log RS
= E° + 0-059 log [RSH] (at constant pH)

The electrode potentials for three different levels of cysteine at pH 7-0, measured with two
electrodes (the first a silver wire immersed in the solution until a steady potential was attained, the
second deliberately coated with a heavy silver sulphide layer) gave slopes of 0-054 and 0-057 V,
confirming the proposed mechanism, though the E° values were different.

EXPERIMENTAL
Preparation of electrode

Coil 0-15 m of 1-27-mm diameter silver wire for several turns round a 4-mm tube. The first time
the electrode is used, immerse it briefly in ammonia solution (1 + 3), rinse with demineralized water,
immerse it in dilute nitric acid (1 -+ 3) for 2 min and rinse with demineralized water.

* This work was supported in part by a USPHS Grant No. 1T1 DE175 and in part by the United
States Atomic Energ yCommission, Contract No. W-7401-Eng-49 and has been assigned Report
No UR-49-960.

T Thiols are generally referred to as “sulfhydryls” in American and biochemical terminology.
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The electrode must be cleaned after each titration; otherwise the potential change at the end-point
decreases considerably. Immerse the electrode in ammonia solution (1 4 3) for 1 min (after titration
of simple systems; 3-5min after protein titration) then wash with demineralized water. If the
electrode has not been used for a Jong time, immersion for about an hour is advisable.

Titration assembly

A saturated potassium chloride salt bridge is constructed from borosilicate glass 20 mm in
diameter drawn down to a 4-mm tube with a porous piece of carborundum sealed into its end. A
silver-silver chloride reference electrode is placed in the salt bridge and the silver wire electrode is
placed round the 4-mm tube. A microsyringe readable to 0-1 pl and a multirange millivoltmeter
complete the assembly. The burette and potentiometer can be coupled to a recorder for automatic
plotting of the titration curve.

Titrants

Mercury(Il) chloride, 0-005M. Standardized against pure glutathione.

p-Chloromercuriphenyl sulphonate (PCMPS) solution. Standardized with glutathione.

Silver nitrate solution. Standardized by adding an excess of standard sodium chloride solution
and measuring the excess by an instrumental method.

Titration

Because of the slowness of electrode response, continuous titration is impossible. However,
most of the potential change after addition of an increment of titrant occurs within 30 sec, and
>90%/ within 60 sec; no further change occurs after 2 min. A heavily coated sulphide electrode has
an even slower response; if the reading at the end of 3 min is used as reference standard, 50-607;
of the increase occurs during the first minute, about 309 within the second minute and the rest
during the third; Jonger intervals produce further small changes.

If successive equal additions of titrant are made at equal time intervals, the end-point lies within
the increment that gives the greatest potential change. Figure 1 shows two typical titration curves,
one for a simple thiol, the other for a complex one.

Only the portion of the titration curve near the end-point need be plotted. The end-point can
usually be located within a 2-l increment, though the electrode will respond to an addition of <1 ul.

Titrations with all three titrants gave curves of the same shape, but with different sizes of potential

— -

- somv|l . T

Potential

o

N
AT

Titrant added

FIG. 1.—Titration curves. A-—cysteine; B—albumin.
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break, and the conditions for titration differed. Mercury(II) chloride is satisfactory as a titrant at
pH 4:5-9-5, PCMPS at pH 7-9-5, and silver nitrate only at pH 9-5 (performance at pH values outside
the range 4-5-9-5 was not tested).

Procedure

Place 2 ml of 577 albumin solution and 4 ml of 0-1M tris buffer, pH 7-0, in a 10-ml beaker with
a small stirring bar. Immerse the electrode just to clear the stirring bar, and place the burette tip
just below the surface of the liquid. Add the titrant in increments which decrease as the expected
equivalence point is approached. When the potential definitely starts to rise, add increments of
exactly 0-002 ml at 2-min intervals.

RESULTS

Titration of cysteine

Although titrations of cysteine solutions gave very sharp end-points at the three pH values studied,
only at pH 4-5 were the results consistent when an air atmosphere was used. At pH 7 and 9-5 the
results were lower and somewhat erratic until the solutions were freed from oxygen and a nitrogen
atmosphere was maintained during titration. Table I shows the results obtained with two different
solutions.

TABLE I.—~TITRATION OF CYSTEINE WITH
MERCURIC CHLORIDE

Titre, m/

pH 1 2
4-5 0-1841 0-1940
0-1800 0-1960
70 0-1801 0-1960
0-1822 0-1901
9-5 0-1820 0-1941
0-1941
0-1960

Titration of albumin

Albumin solution kept in a refrigerator for a month showed no change in thiol content, and a
nitrogen atmosphere was required only for titration at pH 9. Table II shows the results obtained with
different titrants and, for comparison, the results obtained amperometrically.

TABLE II.—TITRATION OF ALBUMIN

Method Titrant No. of detns. SH, umolelg
Potentiometric HgCl, 21 8-32 -- 0-09
Potentiometric PCMPS 9 8:65 4 0-21
Potentiometric AgNO; 10 818 4 0-09
Amperometric HgCl, 4 826 +0-16

Since urea is commonly used to denature proteins, its eflfect on the titration of albumin was
determined. It was necessary to purify reagent grade urea by passing its solution through a mixed-bed
ion-exchange resin. When a nitrogen atmosphere was used the same titre was obtained with or
without urea present. In an air atmosphere at pH 7, the solution containing urea gave a lower titre.

DISCUSSION

It was thought desirable to carry out titrations near pH 7 in order to maintain conditions as close
to physiological ones as possible. Cecil and McPhee® found that glutathione could only be titrated
in the pH range 1-8-2-2 and cysteine in the range 3-5-7-5 with silver nitrate and their sulphide electrode.
In the present work, identical results were obtained with mercury(Il) chloride at pH 4-5, 7-0 and 9-5
for simple thiols and albumin provided that a nitrogen atmosphere was maintained.

Mercury(II) chloride is preferred as titrant because it gives the largest potential change at the
end-point.

Tp}?e use of silver as titrant was of special interest. Some doubt has been cast upon the validity of
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titration with silver in the
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amperometric methods,** in which positive errors were attributed to

reactions with groups other than thiol. Since the electrode used in the present study responds

directly to the thiol level, it

is apparent from the results in Tabie II that silver gives correct results.

Department of Radiation Biology and Biophysics TAFT Y. TORIBARA

University of Rochester School of Medicine and Dentistry Larysa KovaL

Rochester, New York 14620, U.S.A.

1.
2.
3.
4.

Summary—A silver wire immersed in a thiol solution gives a potential
responsive to the thiol concentration, and is a sensitive indicator
electrode in the potentiometric titration of thiols with mercury(1l)
chloride, p-chloromercuryphenyl sulphonate, and silver nitrate at
pH 4:5-9-5,7-9-5 and 9-5 respectively. Titrations of simple thiols such
as cysteine or a protein such as albumin are equally successful, but
the potential break was smaller for the protein. The end-point could
be determined within an increment of titrant equal to 5 nmole of
thiol. An inert atmosphere is needed for titration at pH > 7.

Zusammenfassung—Ein in eine Thiollésung tauchender Silberdraht
gibt ein Potential, das ein Ma8 fiir die Thiolkonzentration darstelit.
Der Draht ist eine empfindliche Indikatorelektrode bei der potentio-
metrischen Titration von Thiolen mit Quecksilber(IT)chlorid, p-
Ch!ormercuriphenylsulfonat und Silbernitrat bei pH 4,5-9,5: 7-9,5
bzw. 9,5. Titrationen einfacher Thiole wie Cystein oder eines Proteins
wie Albumin sind gleichermaBen mdglich; der Potentialsprung war
Jedoch beim Protein kleiner. Der Endpunkt lieB sich innerhalb einer
Zugabe von Titrant feststellen, die 5nMol Thiol entspricht. Bei
Titrationen bei pH > 7 bendtigt man eine inerte Atmosphire.

Résumé—Un fil d’argent immergé dans une solution de thiol donne
un potentiel sensible 4 a concentration en thiol, et est une électrode
indicatrice seasible dans le titrage potentiométrique des thiols par
fe chlorure de mercure(Il), le p—chloromercuriphényl sulfonate et
le nitrate d’argent a pH 4,5-9,5, 7-9,5 et 9,5 respectivement. Les
titrages de thiols simples tels que la cystéine ou d’une protéine telle
que Palbumine sont également couronnés de succés, mais la cassure
de potentiel est plus petite pour la protéine. Le point de fin de dosage
peut &étre déterminé avec un incrément d’agent de titrage égal a
Snmole de thiol. Une atmosphére inerte est nécessaire pour le
titrage 4 pH > 7.
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Amperemetric complex-formation titration of traces of alkaline earths

(Received 17 February 1970. Accepted 17 April 1970)

IN A PREVIOUS Communication® the principles of the amperometric complex-formation titration of

metal ions with indication b
The work of Campbell and
higher sensitivity by using a

y following the anodic wave of the excess of ligand, have been presented.
Reilley,* who used a dropping mercury electrode, could be extended toa
rotating mercury electrode as the indicator electrode. The criterion fora

sharp end-point of a complexometric titration curve appeared to be

Ke>2x10°
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where K’ is the conditional stability constant of the metal complex involved and c is the original
concentration of the metal ion. When errors of 19} or slightly more are tolerable values of K’c of
10® or even 102 can be used.

In the present paper the determination of the alkaline earth metals with EDTA, EGTA and
DTPA as chelating agents* is described. A prediction of the limit of determination can easily be made
by means of the sharpness criterion mentioned above. In Table I the conditional stability constants

TaBLE IL.—VALUES OF log Kyy AT pH 10

Metal EDTA EGTA DTPA
Ca 102 10-9 99
Mg 82 51 86
Sr 81 84 90
Ba 73 83 81

of the various complexes are given for a pH-value of 10. The Table shows that the determination
of the alkaline earths should be possible at the 10-*M-concentration level, when the appropriate
chelating agent is used, i.e., any of the three for calcium, EDTA or DTPA for magnesium, DTPA or
EGTA for strontium or barium. When errors of about 19, are admissible determinations at the
10-*M-level should be possible.

As the titration cell 1s constructed for determinations in a volume of 10 ml the minimum amount
of these metals that can be determined should be about 10 nmole, which corresponds to about
0-2-1-4 ng, depending on the metal.

EXPERIMENTAL

Apparatus

The titration cell has a volume of 10 ml. It is connected by means of fritted glass discs on the one
side with a saturated calomel electrode and on the other side with a compartment containing an
auxiliary tungsten electrode. All three compartments of the titration cell are filled with the same
supporting electrolyte solution. The rotating mercury electrode (600 rpm) used as the indicator
electrode was described in the previous paper. The Beckmann Electroscan 30 supplied the voltage
for the cell and also served for the measurement of the current. Titrations were carried out by adding
the titrant solution from a 1-ml syringe microburette.

Selection of the potential

The selection of the potential to be applied to the indicator electrode is very important. The most
favourable potential depends on the concentration of the metal ion to be titrated and on the condition
of the electrode. The correct selection of the potential can be made by recording polarograms with
the indicator electrode of solutions containing the supporting electrolyte solution and small but
different amounts of the titrant.

Reqagents

Potassium nitrate (10 g) and ammonium nitrate (8 g) were dissolved in 1 litre of distilled water.
The pH was adjusted to 10 by addition of potassium hydroxide to give a 0-1M buffer solution. A
0-001M buffer solution was prepared in a similar way.

Stock solutions of the alkaline-earth metals were prepared from the chemically pure nitrates or
sulphates and were standardized complexometrically.

Solutions of EDTA, DTPA, and EGTA were standardized against calcium carbonate.

Procedure

The sample, containing 1-100 ug of the alkaline earth metal, is dissolved in 10 ml of 0-001 M-
0-1M buffer solution. The solution is put in the titration cell and titrated with a 10-9-10-2M solution
of the appropriate complexing agent; the titration graph is recorded on the Electroscan. In order to
avoid too large an /R-drop across the cell, the titration is stopped when a 209/ excess of the titrant
has been added. The end-point is obtained as the point of intersection of the two straight parts of the
curve.

* EDTA = ethylenediaminetetra-acetic acid.
EGTA = ethyleneglycol bis(8-aminoethyl ether)-N,N,N’,N’-tetra-acetic acid.
DTPA = diethylenetriaminepenta-acetic acid.
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RESULTS

In Table II some typical results are given for determinations in the 100-pg range, and in Table I1I

for the 1-pg range.
It can be seen from Table IIT that 10-5M solutions of the alkaline earth metals can be titrated

with fair accuracy. The time required for a titration is between 3 and 5 min.

TaBLE IT.—DETERMINATIONS OF ALKALINE EARTH METALS IN THE
100-y1g RANGE AT pH 10

Metal, ug Error, Std. devn., % Titrant
taken found % (no. of detns.) '

48-7Mg 477 -2 054 EDTA
487 Mg 47-8 -2 06 (4) DTPA
59-3 Ca 58-8 —0-8 05 (5) EGTA
790 Ca 77-1 —22 1-2(5) DTPA
128-8 Sr 128-4 —0-3 2:0(5) EDTA
128-8 Sr 127-0 —1-4 225 EGTA
128-8 Sr 1288 — 1:6 (5) DTPA
269-7 Ba 2613 -3 52 (4) EGTA
202-4 Ba 201-3 —0-5 3-7(5) DTPA

TaBLE ITIT.-—DETERMINATION OF THE ALKALINE EARTH METALS
IN THE 1-1g RANGE AT pH 10

Metal, pig Error, Std. devn., % Titrant
taken found % (5 variates) :
0-365 Mg 0-371 +1:6 4-1 DTPA
0-365 Mg 0374 +24 2-3 EDTA
0:395 Ca 0416 5 31 EDTA
0-790 Ca 0-830 +7 23 EDTA
1-58 Ca 1-60 +1-2 1-3 EDTA
129 Sr 1-29 — 35 EGTA
129 Sr 1-37 +6 2:0 DTPA
2:02 Ba 2:04 +1 32 EGTA
2:02 Ba 2:05 +1-5 56 DTPA

Determination of calcium in the presence of magnesium

The investigations have been extended to include the determination of calcium with EGTA in the
presence of magnesium. The maximum admissible concentration of magnesium can be found from
the sensitivity condition mentioned in the previous paper [equation ai:t

Kygeng < (n — 1)

where 7 is the factor by which the sensitivity may be reduced. The determination of 1-5 X 107*M
calcium has been carried out in the presence of a 100-fold and a 1000-fold amount of magnesium. A
considerable decrease in the slope of the titration curve after the equivalence point and thus a con-
siderable decrease in sensitivity was to be expected in these cases. The experimental results agree
reasonably with the predictions, but as the decrease of linearity observed was smaller than predicted,

TABLE IV.——DETERMINATIONS OF CALCIUM WITH EGTA 1IN THE
PRESENCE OF MAGNESIUM

Caleium, yig Magnesium  Error, Std. devn., %
present found ug % (no. of detns.)
0-596 0-581 37-6 —2-'5 5-8 (6)

0-596 0-589 364 —12 499
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the experiments turned out to be better than expected. An exact agreement could not be expected
as the stability constants used in the calculations were determined under conditions other than the
actual experimental conditions. The analytical results are given in Table 1V.

Although a great number of complexometric titrations of the alkaline earth metals have been
described, the amperometric indication of the excess of ligand with a rotating mercury electrode
would seem to offer improvements in sensitivity and speed. Only a few minutes are required for each
titration.

Laboratory for Analytical Chemistry G. DEN Bogr
University of Amsterdam F. FREESE

Nieuwe Achtergracht 125 M. M. P. F. KrRAMER
Amsterdam-C H. PoppPE

Summary—Alkaline earth metals were determined in microgram
quantities by complexometric titration with EDTA, EGTA and DTPA.
The end-point was detected by following the anodic wave of the
chelating agent at the rotating mercury electrode. All the alkaline
earths can be titrated at the microgram level with reasonable accuracy,
and calcium may be titrated with EGTA in the presence of a 1000-fold
excess of magnesium.

Résumé—On a dosé les métaux alcalino-terreux en quantités de ’ordre
du microgramme par titrage complexométrique avec EDTA, EGTA et
DTPA. Le point de fin de dosage est détecté en suivant la vague
anodique de I’agent chélatant sur I’électrode de mercure rotative.
Tous les alcalino-terreux peuvent étre titrés a I’échelle du microgramme
avec une precision raisonnable, et ’on peut titrer le calcium A PEGTA
en la présence d’un excés 1000 fois plus grand de magnésium.

Zusammenfassung—Erdalkalimetalle wurden in Mikrogrammengen
durch komplexometrische Titration mit EDTA, EGTA und DTPA
bestimmt. Der Endpunkt wurde durch Beobachtung der anodischen
Stufe des Chelatbildners an der rotierenden Quecksilberelektrode
ermittelt. Alle Erdalkalien lassen sich im Mikrogrammbereich
ausreichend genau bestimmen; Calcium kann in Gegenwart eines
1000-fachen Uberschusses von Magnesium mit EGTA titriert werden.

REFERENCES

1. F. Freese, H. J. Jasper and G. den Boef, Talanta, 1970, 17, 945.
2. R. T. Campbell and C. N. Reilley, ibid., 1962, 9, 153.
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A microwave-excited emissive detector for gas chromatography
Further studies with sulphur compounds

(Received 19 March 1970. Accepted 12 April 1970)

THis communication describes some improvements to a microwave-excited emissive detector_for gas
chromatographic detection of some sulphur compounds. The system previously described* has been
modified by restricting the volume occupied by the discharge, using a catalyst to aid the thermal
degradation of the sulphur compounds, using all of the sample eluted from the gas chromatograph,
and stabilizing the vacuum in the detector tube.

These modifications have led to an overall improvement in this type of detection technique and
have yielded superior detection limits, particularly for those sulphur compounds of relatively low
volatility or high thermal stability.
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EXPERIMENTAL

Restriction of the discharge

The detector tube used (Fig. 1) was fabricated from 8 mm internal diameter transparent silica
tubing with two constrictions, ca. 2 mm diameter, such that a bulb ca. 30 mm in length was formed.
The bulb could be situated almost entirely within the microwave field of either a quarter-wave
foreshortened radial line cavity or a quarter-wave Evenson type of cavity, thus maintaining the
discharge within the bulb. Under these conditions the plasma was found to be quite stable. Stability
was increased further by the use of a large (ca. 501.) ballast tank in the vacuum line, downstream
from the detector, which smoothed out the previously observed fluctuations due to the exhaust
action of the vacuum pump.

F1G. 1.—Microwave cavity and detector tube.
T—detector tube.
C—quarter-wave foreshortened radial line resonant cavity.

Use of platinum catalyst

A difficulty frequently associated with low-pressure microwave-excited plasmas is the inability to
supply sufficient energy to break down relatively stable compounds completely. It was found,
however, that a loop of 0-35 mm diameter platinum wire placed in the bulb of the detector tube
greatly increased the detection limit of the compounds thiophen, dimethyl sulphoxide and thio-
glycollic acid. One probable reason for this action is that at the temperature of the discharge the
platinum partially vaporizes (substantiated by the presence of platinum atomic emission at 265-9 and
3066 nm) and aids the fragmentation process. The use of the Evenson quarter-wave cavity also gives
increased fragmentation in comparison to the quarter-wave foreshortened radial line cavity.

The physical effects observed with the platinum loop in the bulb of the detector were a concen-
tration of the discharge around the platinum loop, diminution of short-term background noise of
the discharge by approximately one half and initiation of the discharge without the use of a “Tesla”
vacuum tester at an applied microwave power of 50 W,

Use of total sample

In the present arrangement all of the sample eluted from the column was utilized for microwave
detection, by means of the gas chromatographic oven circuit shown in Fig. 2. The outlet from the
sample side of the katharometer detector passes back inside the oven and a needle valve is incorporated
in the line also within the oven. On the upstream side of this, a T-joint connects the microwave
detector and the flow meter into the line. The pipework outside the oven is kept to the minimum
consistent with the experimental layout, and is heated to approximately 200° with an electrically
heated wire to prevent sample condensation.

Maximum peak height was recorded when the sample was eluted from the gas chromatographic
column in the shortest possible time, preferably in less than 90 sec. Long elution times caused the
peak to become less well-defined because any tailing or peak broadening in the gas chromatographic
system was magnified in the microwave detection unit by the extra pipework involved. However,
there must be sufficient resolution of the sample from air and water (which appear as trace impurities)
and also from the solvent employed. It was found in our arrangement that a suitable retention time
for the sample was between 30 and 80 sec, whilst that of the solvent should exceed this by at least
40 sec.
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Fi1G. 2.—Experimental arrangement.

G—carrier gas inlet; N-—needle valves; P—pressure gauges (0-30psi); I—GLC

injection block; K—katharometer detector; C—GLC column; H—heating wire

(at ca. 200°); D-—detecting and recording system; M/W—microwave system (see

Fig. 1); V—vacuum gauge (0-50 mbar); B—ballast for vacuum pump; M—flow-
meter; T—on-off tap.

Separation and detection of samples

The general apparatus used in the investigation was the same as that described previously® with
the exception of the monochromator, which was an Optica CP#4 grating instrument.

The carrier gas flow through the column and reference arm of the katharometer detector was
first optimized. The tap T to the flow-meter was then opened and the needle valve adjusted to register
zero flow through the flow-meter. In this way all of the sample eluting from the column passed
through the needle valve and was accommodated by the pumping rate of the vacaum pump. Thus,
the requisite carrier gas pressure was maintained upstream of the needle valve and maximum vacuum
(approximately 4 mbar) downstream. Prior to any determination the tap T was closed in order to
reduce the “dead” and unswept volumes of the apparatus.

The optimized experimental conditions for the detection of carbon disulphide and thiophen
involved the use of a 0-6-m long 6-mm diameter Porapak “P” column, an oven temperature of 200°,
benzyl alcohol as solvent and a helium carrier-gas flow-rate of 2 I./hr (producing a pressure of ca.
4 mbar in the detector tube). For the detection of dimethyl sulphoxide and thioglycollic acid a
0-6-m, 3-mm diameter Porapak “Q” column was used and a helium carrier-gas flow-rate of 6 I./hr
(producing a pressure of ca. 8 mbar in the detector tube).

In all instances both the CS bandhead at 257-6 nm and the carbon atomic line at 247-9 nm were
monitored, with a photomultiplier voltage of 950 V and monochromator entrance and exit slits of
0-2 mm. Table I shows the relevant retention data obtained under these conditions.

Table IX summarizes the detection limits (for a signal to noise ratio of 2) obtained for the sulphur
compounds in the quarter-wave foreshortened and quarter-wave Evenson cavities (Electro-Medical

TABLE I.—RETENTION DATA

Retention time, sec

Porapak P Porapak Q
(helium 2 1./hr)  (helium 6 1./hr)

Gas hold-up time 13 2
Water 17 4
Benzyl alcohol >150 >150
Carbon disulphide 47 12
Thiophen 85 24
Dimethyl sulphoxide >150 54

Thioglycollic acid >150 72
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Supplies, Parts Nos. 211L and 214L respectively) with and without the presence of platinum. The
detection limits are obtained from the maximum peak height as measured on a chart recorder and
refer to a 1-ul sample injection. In this arrangement the detection limit is eventually set by the
response time and characteristics of the read-out system. A better method of measurement would be
peak integration, probably via photon counting, which would not be so dependent on the column
characteristics and retention times.

TABLE IL.—DETECTION LIMITS FOR SOME SULPHUR COMPOUNDS

Detection limit, ng of sulphur*

Wavelength Carbon Dimethyl
of measure- disulphide Thiophen sulphoxide  Thioglycollic acid

ment, nm  Catalyst 211Ly 214L% 2t1Lt  214L% 211LY7 214L%  211LYf  214L%
257:6 None  0-84% 0-67# 30-0 q il
(CS) Pt 0-15 0-187 0114  0-071 865 433 287 96
2479 None 196 hi i
(atomicC) Pt 0-39 015 039 0-097 346 63 q T

* 1-ul injection, measured at maximum peak height, detection limit taken as signal to noise ratio

of 2:1.
t Quarter-wave foreshortened radial line cavity.
1 Quarter-wave cavity (Everson).
§ Previous detection limit 0-2 ng of sulphur.
# Previous detection limit 1000 ng of sulphur.
9 Not detected at 1000 ng of sulphur.

For carbon disulphide, placing platinum in the quarter-wave foreshortened cavity area produces
an increase (ca. 5-fold) in peak height at both 247-3 and 257-6 nm, but a decrease (by about a quarter)
at 257-6 nm for the quarter-wave Evenson cavity; this trend indicates breakdown to atomic species.
In all other instances platinum enhances the breakdown (4-5-fold) of the material and the more
efficient Evenson quarter-wave resonant cavity yields the most favourable detection limits. Pre-
viously! thiophen could only be detected at the 1-ug of sulphur level and dimethyl sulphoxide and
thioglycollic acid could not even be detected at this level.

CONCLUSIONS

The oven circuit, described above, allows all of the sample eluted from the gas chromatograph
to be passed into the gas discharge, which leads to a considerable improvement in the sensitivity
achieved by the system. The use of the constricted detector tube restricts the plasma within the bulb
of the tube and results in an intense plasma of increased stability which completely fills the entrance
slit of the monochromator. Further plasma stability is achieved by using a ballast to smooth out
small fluctuations in the pumping rate of the vacuum pump. Lastly, the inclusion of a platinum
catalyst in the gas discharge area, and the use of the Evenson type of quarter-wave cavity results ina
greater degree of sample degradation.

In summary, for these sulphur compounds of high thermal stability (i.e., thiophen, dimethyl
sulphoxide and thioglycollic acid) greatly improved limits of detection may be obtained by using
these modifications.
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Summary-——Improvements in the design and operation of the micro-
wave excited detector for gas chromatography have led to an increase
in the sensitivity and a lowering of detection limits for sulphur com-
pounds.

Zusammenfassung—Verbesserungen in Konstruktion und Betrieb des
Mikrowellenantegungsdetektors in der Gaschromatographie fiihrten
zu Empfindlichkeitserhhung und zur Senkung der Nachweisgrenzen
fiir Schwefelverbindungen.

Résumé—Des améliorations dans la conception et le travail du détec-
teur & excitation microonde pour chromatographie en phase vapeur ont
mené & un accroissement dans la sensibilité et un abaissement des
limites de détection pour les composés du soufre.

REFERENCE
1. R. M. Dagnall, D. R. Deans, S. J. Pratt and T. S. West, Talanta, 1969, 16, 797.
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Potentiometric determination of lead with DTPA in the presence of large
amounts of aluminium

(Received 6 October 1969. Accepted 2 April 1970)

MoLLENHOWER® has described a direct gravimetric procedure for the determination of lead in glasses
by an electrolytic procedure which is very exact. The method proposed here uses diethylenetriamine-
penta-acetic acid (DTPA) to determine lead in lead glasses which are high in aluminium and silicon,
with ease, speed and accuracy. DTPA forms a relatively weak complex with aluminium,? and hence
can be used for this titration. Strafelda® has used a silver-EDTA electrode for complexometric
titration, and a silver-DTPA electrode was used in the present work.

EXPERIMENTAL
Reagents

DTPA solution, 0-1M. Dissolve 39-5 g of DTPA in about a litre of water with addition of sodium
hydroxide to adjust the pH to 8:5. Standardize by potentiometric titration with lead nitrate solution.
Dilute to 0-05 or 0-01 M for use in titrations.

Silver nitrate solution, 0-0002M

Borate buffer, 0-5M. Dissolve 6183 g of boric acid and 20-0 g of sodium hydroxide in 2 1. of
water. The pH should be 9:0-9-5.

Procedure

Weigh 0-5000 g of lead glass or lead silicate into a platinum dish, add hydrofluoric and perchloric
acids and when the sample has dissolved completely, or nearly so, heat to dryness. Then add 15 ml of
water and 2 ml of concentrated nitric acid. Evaporate to dryness then add 15 ml of water and 2 ml of
nitric acid. Boil the solution and add 3—4 drops of 30; hydrogen peroxide. Continue boiling for 15
min to remove excess of peroxide.

Dilute the solution to 100 ml and add 2 g of sodium tartrate. Then, using phenolphthalein as
indicator, add sodium hydroxide until the colour changes. Buffer the solution to pH 9 4 0-1 with the
borate buffer, measured by pH-meter as the pH is critical. Add one drop of 0-0002M silver nitrate,
insert glass and silver electrodes, and titrate the solution with 0-05A DTPA until the potential break
is reached.

RESULTS

Typical results showed 100-0 - 0-19; recovery of 9 mg of lead in the presence of 5-50 mg of
aluminium. Two glasses, one of composition SiO, 41-4%;; Al,O; 17-9%; and PbO 40-7% and the
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other Si0,25-7%; Al,0,20-1%; B,0s, 18:6%; and PbO 35-6 %, were analysed, and gave PbO 40-7%,
and 35-6; respectively.

Owens-Illinois Technical Center Joun P. CuMMINGS
1700 N. Westwood
Toledo, Ohio 43607, U.S.A.

Summary—Lead can be titrated accurately in the presence of alumin-
ium with diethylenetriaminepenta-acetic acid, with a silver electrode
system for detection of the end-point. The method is very suitable for
analysis of lead glasses.

Zusammenfassung—Blei kann in Gegenwart von Aluminium mit
Diathylentriaminpentaessigsdure genau titriert werden; ein Silber-
elektrodensystem dient zur Endpunktsbestimmung. Die Methode ist
zur Analyse von Bleigldsern sehr gut geeignet.

Résumé—On peut titrer le plomb avec précision en la présence d’alum-
inium au moyen d’acide diéthylénetriaminopentacétique, avec un
systeme d’¢lectrode d’argent pour la détection du point de fin de
dosage. La méthode convient trés bien a I’analyse de verres au plomb.

REFERENCES
1. H. P. Mollenhower, J. Soc. Glass Technol., 1950, 34, 254.
2. R. Piibil and J. Horagek, Talanta, 1969, 16, 750.
3. F. Strafelda, Collection Czech. Chem. Comm., 1965, 30, 2320.
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Optimum physical and chemical conditions for the Methylene Blue method of
estimating gaseous sulphide in the environment

(Received 24 June 1969. Revised 4 February 1970. Accepted 29 April 1970)

THE METHYLENE BLUE method for gaseous sulphide estimation is fairly simple and straightforward,
but despite its age* has not been very systematically studied, and numerous variants exist.2=** Perhaps
the only fairly detailed study was made by Gustafsson® in 1960.

Besides the absorption peak at about 670 nm, another peak at around 740 nm has been re-
ported.>~*'** Hardly anyone has used the latter peak for the sulphide estimation although it has been
reported as the more sensitive of the two.* We now report an examination of this peak and of the
optimum physical and chemical conditions for the determination.

EXPERIMENTAL
Chemical aspects

The various methods in the literature are summarized in Table I. The influence of each reagent
was studied in turn.

Cadmium hydroxide suspension. An aqueous suspension of cadmium hydroxide in a bubbler
was used to absorb gaseous sulphide, since it has been shown to be an efficient retainer of gaseous
sulphide'? even at comparatively high flow-rates of about 31./min. Zinc acetate has been used by
others but there is no experimental evidence with regard to its efficiency at higher flow-rates. We
have found it unnecessary to wash the cadmium hydroxide free from the sodium chloride (or sulphate)
which is formed as a by-product.® For normal operation a volume of about 25 ml of suspension
containing 200-250 mg of cadmium hydroxide is found to be satisfactory.

Concentration of the dye. Only the sulphuric acid concentration was found to have a significant
influence on the optimum amount of p-aminodimethylaniline required. We find that the absorbance
(for up to 120 g of sulphide) is maximal and constant at dye concentrations above 0-0077; wfv
in the final solution, for 1-5M sulphuric acid medium. We therefore suggest 4 mg of dye per 50 ml for
routine work. If smaller amounts of dye are used as in nos. 2, 4 and 8 of Table I, and the sulphide
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TasLE 1.
Final  Amount of Final Amount of Acidit
Method volume,  dye used, acidity, iron(IIf), of FeCl,,
No. Reference mil mg[50 ml N mg/[50 mi N Remarks
1 3 50 50 2:4 55 50 H,SO, used
2 6 50 2:25 0-22 61 0 H,SO, used
3 7 100 72 1-0 16-1 0 H,SO, used
4 8,9 500 1-0 0-2 0-55 05 HCl used in
the dye
solution

S 4 10 12-5 36 71-5 2:25  Iron(IID)
ammonium
sulphate
and H,SO,
used

6 S 250 50 0-55 12 120  HCI used

7 2 100 3-4-68 06 13-0 05 H,SO, and
iron(IIT)
ammonium
sulphate
used

8 10 50-100 1-2-2-5 0-32-0-66 147 0 H,SO, used

9 Present 50 4-0 30 10-0 0-5 H,SO, used

work

concentrations are relatively high, departure from Beer’s law is not surprising (cf. Johnson and
Nishita') although acid concentration also affects adherence to Beer’s law.

Sulphuric acid concentration. It is well known that the absorbance of Methylene Blue is pH-
dependent, but most studies have been confined to acid concentrations <0-7M.

We have found that if the acid concentration is not changed between reaction and measurement,
only the 675-nm peak is observed for low acidity. With increasing acidity this peak grows and reaches
amaximum at a sulphuricacid concentration of about 0-4M. At the same time the 749-nm peak appears
and grows in intensity with sulphuric acid concentration up to about 1-4M, at which it becomes
constant and about 207, more than the maximum of the 675-nm peak. At higher acidity the 675-
nm peak gradually decreases.

The absorbance at 675 nm is dependent on the sulphuric acid concentration both at the time of
reaction and at the time of measurement, especially at the lower concentrations. When the reaction
and measurement concentrations are both above 1-0M, there is little variation of the absorbance at
675 nm. On the other hand, the absorbance at 749 nm is entirely dependent on the acid concentration
at measurement, if the reaction is performed in sulphuric acid >0-7M. The absorbance at 749 nm
also shows dependence on the acid concentration at reaction if this is <0-7M. There is no appreci-
able increase in the absorbance at 749 nm if the sulphuric acid concentration at measurement is
about 1-5M, and the absorbance is then about 209, higher than the maximum at 675 nm.

We propose that the absorbance at 749 nm or the sum of the intensities at both 675 and 749 nm be
used to measure the sulphide concentration (the arithmetic sum of the two remains more steady
than the separate values when the acid concentration is varied) and that for both reaction and meas-
urement the sulphuric acid concentration be ~1:5M.

Repetition with hydrochloric in place of sulphuric acid yielded similar results with a slightly
different value for the optimum concentration.

Hofmann and Hamm™ have suggested that the 749-nm peak is due to the interaction of Methylene
Blue with a chloroferrate(III) complex, for which an excess of iron(III) is necessary, but our obser-
vations show that the 749-nm peak is dependent mainly on the acid concentration.

Beer’s law is very closely followed only at higher acid concentrations. If sufficient dye is used,
this may account for the deviations reported by earlier investigators, most of whom used low acid
concentrations.

We find that too low an iron(III) concentration lowers the absorbance. For <200 pg of sulphide,
absorbance is maximal with 8 mg or more of iron(III)/50 ml (if the iron concentration is reduced to
2mg/50 ml, the absorbance decreases by about 159; at both peaks). The acidity of the iron(III)
solution needs only to be the minimum needed to keep the solution clear,’* whether the chloride or
the sulphate is used.
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Physical conditions

Temperature. Some workers®®1® have studied the effect of temperature on the absorbance of
Methylene Blue, and some have reported that the temperature should be controlled within +2°,

We find that at normal laboratory temperatures there is hardly any variation in the absorbance
with temperature between 10° and 25°. However, when a dye solution containing sulphuric acid is
used it is advisable to precool the solutions to around 10° so that on dilution the temperature does
not exceed 25°. As discussed later, reaction at 10-15° minimizes gas-phase loss of hydrogen sulphide.

Exposure to light. Some investigators™® have reported that exposure to light adversely affects the
absorbance and have recommended shielding from direct light, but have not stated at which point
of the procedure the effect occurs.

We find that under normal lighting or in daylight there is no detectable effect on the Methylene
Blue during or after the reaction, but that both zinc and cadmium sulphides undergo photodecom-
position. This observation is substantiated by the work of Lahman and Prescher.’®* The effect is
less on the zinc sulphide, but we prefer to use the cadmium sulphide suspension (200-250 mg of
hydroxide in 20-25 ml of water) because of its efficiency for sulphide retention.?

The sulphide sampler should be shielded from light during sampling and the sample should be
kept in the dark until analysis, especially for sampling of low concentrations of hydrogen sulphide
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Fi1G. 1.—Bubbler for hydrogen sulphide sampling.
Dimensions in mm.
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er extended periods of time. During and after the reaction, protection from light is not necessary.

Gas-phase losses of sulphide. On addition of the acidic dye solution to the mixture of cadmium
fdroxide and sulphide, the hydrogen sulphide evolved immediately reacts with the dye in the presence

iron(III). If, however, the container has an appreciably larger volume than the liquid contents,
me of the hydrogen sulphide escapes into the space above the liquid and may not react, thus leading

a negative error.*® This loss can be minimized by performing the reaction in a 50-ml standard
sk, but there may be loss of material during transfer from the sampling bubbler. We have therefore
veloped a special sampling bubbler (Fig. 1), with a total volume of slightly less than 50 ml. The
bbler is shielded from light during sampling and until the reaction is performed in it.

The bubbler is marked at a level corresponding to its capacity minus the volumes of dye and
pn(11I) solutions to be added (we propose these to be 1 ml of 39, w/v solution of iron(III) chloride
feCls or equivalent amount of FeNH,(SO,).] in 0-5M hydrochloric acid and 10 ml of 0-04%; w/v
lution of p-aminodimethylaniline in 7-5M sulphuric acid).

About 20 ml of hydroxide suspension are used for sampling and are diluted to the reference
fark with distilled water, the dye and the iron solutions are added in quick succession and the bubbler
closed with the link stopper and then shaken briskly. The link is the only gas space.

Capture of hydrogen sulphide is quantitative in this bubbler for concentrations up to 200 ug/m?®
air at bubbling rates below 3 I./min. At higher bubbling rates there is a proportionate loss.

alibration curve

Detailed procedures have been suggested for preparing standard sulphide solutions, and these are
‘ten lengthy and need care.® It is possible to avoid this problem by determining the average degree of
mversion of sulphide into Methylene Blue (by comparing the theoretical amount of the latter with
iat actually obtained from standards) and then using a standard solution of Methylene Blue and the
covery factor for calibration purposes. Of course, the purity of the Methylene Blue used must be
10wn, especially its degree of hydration, which appears to be variable from source to source of the
jestuff.

cknowledgement—The authors express their grateful thanks to Dr. K. G. Vohra for his continued
terest and encouragement.

ir Monitoring Section P. K. Zutsn1
ealth Physics Division T. N. MAHADEVAN
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Summary—The sensitivity and reproducibility of the Methylene Blue
method for gaseous sulphide estimation have been investigated with
respect to physical conditions and the concentrations of the reagents,
especially sulphuric acid. A new design of absorber is proposed to
minimize gas-phase loss of the sulphide in the final stage of the pro-
cedure.

Zusammenfassung—Die Empfindlichkeit und Reproduzierbarkeit der
Bestimmung von Sulfid in der Gasphase mit Methylenblau wurden im
Hinblick auf die physikalischen Versuchsbedingungen und auf die
Konzentration der Reagentien, speziell der Schwefelsdure, untersucht.
Ein neukonstruierter Absorber wird vorgeschlagen, um den Verlust
von Sulfid in der Gasphase bei der Endstufe des Verfahrens moglichst
klein zu halten.

Résumé—On a étudi€ la sensibilité et la reproductibilité de la méthode
au bleu de méthyleéne pour le dosage du sulfure gazeux par rapport
aux conditions physiques et aux concentrations des réactifs, spéciale-
ment Vacide sulfurique. Une nouvelle conception de I’absorbeur est
proposée pour minimiser la perte en phase gazeuse du sulfure dans le
stade final de la technique.
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Determination of platinum, palladium and silver in geological materials and
their concentrates by fire assay and emission spectrography

(Received 19 November 1969. Accepted 19 May 1970)

PrLaTiNUM, palladium and silver are determined by fire-assay preconcentration and the graphite
arc. A measured volume of the assay-bead solution is evaporated to dryness on the surface of two
flat-top graphite electrodes and the dry residue excited according to the modified method of
Zilberstein.!

EXPERIMENTAL

Fire assay

A mixture of 65 g of sodium carbonate, 17 g of potassium carbonate, 17 g of fused borax, 38 g
of lead oxide and 13 g of starch is used as flux; 100-150 g of the mixture are placed in a 750-ml
fireclay crucible, then 50 or 150 g of sample are added and the contents thoroughly mixed; some flux
is added to cover the mixture. The crucible is placed in the muffle of a fire assay furnace preheated
to 850-950°, and the temperature is raised to 1000~1100° over a period of 40-50 min. The crucible is
then removed and the molten charge is poured into an iron mould and allowed to cool. The slag
is carefully chipped and worked away from the lead with a hammer and brush and the lead is tapped
into a cube, producing the lead button. The lead of the button is separated from its noble metal
content by cupellation.

Typical sample contents were gold from 1 to 3 g/ton and silver from 15 to 20 g/ton. The weights
of the beads ranged from 05 to 4 mg.

Dissolution of the bead, and spectrographic analysis

The bead is transferred to a 25-ml crucible, 0-8 ml of nitric acid (sp.gr. 1-44) is added and the
crucible covered with a watch-glass. The contents are heated slowly and carefully to prevent or to
minimise the powdering of the insoluble residue. Palladium and silver are dissolved by the nitric acid
and the remaining platinum metals and gold remain undissolved in the form of a black porous mass.
The nitric acid solution is transferred quantitatively to another 25-ml crucible and evaporated to a
moist residue, which is treated with 5 ml of distilled water and evaporated to moistness again, this
water/evaporation step being repeated thrice more, Finally the residue is dissolved with 1 ml of
distilled water, from which three aliquot portions of 0:1 ml each are transferred by means of a
micropipette to each of two flat-top graphite electrodes previously waterproofed with a 0-5%; petrol-
eum ether solution of Apiezon grease “N”. The electrodes are dried at 110°, then 0-5 ml of a 1-ppm



Short communications 1019

solution of molybdenum and 1 drop of the mixed buffer (0-25 J; sodium chloride and 0-59; potassium
chloride) are transferred to the same electrodes. The electrodes are kept in the drying room until
placed in the arc stand. The apparatus and operating conditions are listed below. When silver is to
be determined in ores, 0-5 ml of the nitric acid solution is diluted to volume in a 100-mi volumetric
flask and this solution is used for analysis.

Twelve drops of aqua regia are added to the residue to dissolve platinum. The mixture is heated
slightly to hasten dissolution. The solution is evaporated to dryness and 4 drops of hydrochloric acid
are added and the solution again evaporated to remove the remaining nitric acid. A fourfold evapor-
ation with 5 ml of distilled water is again used. As the concentration of platinum in the samples is
very low, the moist residue is mixed with 0-3 ml of distilled water and the entire solution is added to
the two electrodes. Consequently only a single result for platinum is obtained. The analytical lines
used are given in Table I.

TABLE I.—ANALYTICAL LINES USED IN DETERMINATION OF
PLATINUM, PALLADIUM AND SILVER

Analytical line Concentration range based
Element nm on analytical curve, ug
Pt 306471 001-01
Pd 324-270 0-:005-0-15
Ag 328-068 0-00001-0-1

The Mo 317-035 nm lines was used as internal standard throughout.?

Apparatus and spectrographic operating conditions

A quartz spectrograph [ISP-28 (USSR)], with a mean reciprocal linear dispersion of approximately
1.6 nm/mm in the working range, was used with a three-lens system. The operating conditions were
as follows: slit height 3-2 mm; analytical gap 2 mm; slitwidth 0-020 mm for Pd and Ag and 0-018
mm for Pt; arc generator DB-6 (East Germany) or DG-2 (USSR); current 8 A; microphotometer,
Carl Zeiss (Jena) type II, with a slitwidth of 0-015 mm; exposure 30 sec; spectral plates
ORWO-WU2; electrodes EKL type T3 (East Germany) and type C3 (USSR).

The concentrations of the elements in the unknown samples are obtained from analytical curves
established by plotting the ratio of the intensities of the analytical and internal standard lines minus the
background intensities (ordinate) vs. log concentration (abscissa).? Transmittance measurements are
made with a microphotometer.

Preparation of standards

Stock solutions of the elements, 0-1% w/v, are made by dissolving palladium(II) chloride and
hexachloroplatinic acid in 0-2M hydrochloric acid, and silver nitrate in distilled water. These stock
solutions are then diluted with the solvent to give 100, 10, 1, 0-1, 0-01 ppm of palladium and platinum,
and 100, 10, 1, 01, 0-01, 0-001, 0-0001 ppm of silver. The 1-ppm molybdenum solution is made by
appropriate dilution of an ammonium molybdate solution in distilled water.

The standards for determination of each element are made separately by transferring 0-1 ml of
each standard solution to each of two flat-top graphite electrodes. After drying, the standards are run
by the method described. The concentration of silver in the samples is generally about 100 times
that of the palladium. For this reason 0-1 ml of the silver solution (0-1; w/v) is added to the pal-
ladium standard electrodes.

RESULTS AND DISCUSSION

The precision of the method is illustrated by the results obtained in 20 replicate determinations.
The standard deviations were 10, 4 and 11 ng for 79 ng of platinum, 55 ng of palladium and 81 ng
of silver respectively. To illustrate the accuracy of the method, aliquots of palladium and platinum
standards were added to 25 and 50 g of copper ore; the material was dried at 110° and analysed
according to the method described. The recoveries were 89-92%; for 1 ug of platinum and 97-105%
for 1 ug of palladium.

Best results with regard to the intensity of the spectral lines were obtained when the acidity of the
solutions was maintained at a pH of about 4. At a low pH (0-8) the sensitivity for platinum decreases
to 0-1 ug, for palladium to 7 ng, and for silver to 0-5 ng. Excluding the influence of anion content on
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sensitivity, it was found that when the solutions were at pH 4 there was little or no loss of residue
during the arcing process, thus providing good sensitivity.

It was found that a large excess of platinum and palladium does not influence the intensity of
the silver line. Hence the method can be used for the determination of silver in platinum or palladium
metal. When silver is 100 times greater in concentration than the other two metals. the intensity of
the palladium line used is increased, while that of the platinum line is unchanged. When the silver is
present in greater excess than this, the sensitivity decreases to 0-1 ug for platinum and 10 ng for
palladium and the results are very erratic. This can best be explained in terms of the maximum
quantity of dry residue permitted on the surface of the electrodes. Silver enhances the intensity of
the molybdenum line and may be used to increase the sensitivity for that element (1 ng) when it is
to be determined.

The determination of palladium is not influenced by an excess of platinum and therefore the
method can be used for the determination of palladium in platinum metal. When the concentration
of palladium is high, the Pd 306-531 nm line interferes with the Pt 306-471 nm line. The platinum
265-945 nm line could then be used, but this has not been investigated experimentally. Gold does not
interfere.

Faculty of Chemistry E. G. Koreva
State University of Sofia S. H. ARPADIIAN
1 Anton Ivanov Avenue

Sofia 26, Bulgaria

Summary—A method is described for the determination of platinum
down to 10 ng, palladium to 5 ng and silver to 10 pg in 50 or 100 g of
sample. Fire-assay techniques are used to preconcentrate these metals
into a bead which is first treated with nitric acid to dissolve palladium
and silver and then with aqua regia to dissolve platinum. Both solu-
tions are diluted and adjusted to pH 4, then analysed by optical
emission spectrography of the residue from a measured volume
evaporated on a pair of flat-top graphite electrodes. This method
requires much Jess sample handling than most published methods for
these elements.

Zusammenfassung—Ein Verfahren zur Bestimmung von Platin bis
herunter zu 10 ng, Palladium bis 5 ng und Silber bis 10 pg in 50 oder
100 g Probe wird beschrieben. Zur Anreicherung dieser Metalle
werden sie in eine Perle geschmolzen; diese wird zuerst mit Salpeter-
sdure behandelt, um Palladium und Silber zu Idsen, dann mit Ko6nigs-
wasser zur Auflosung von Platin, Beide Losungen werden verdiinnt
und auf pH 4 eingestelit; dann wird ein abgemessenes Volumen auf
einem Paar flacher Graphitelektroden eingedampft und durch optische
Emissionsspektrographie analysiert. Dieses Verfahren erfordert weit
weniger Operationen mit der Probe als die meisten bekannten Analysen-
methoden fiir diese Elemente.

Résumé—On décrit une méthode pour la détermination du platine
descendant jusqua 10 ng, du pailadium jusqu'a 5ng et de P'argent
jusqu’a 10 pg dans 50 ou 100 g d’échantillon. Des techniques par
voie séche sont utilisées pour la préconcentration de ces métaux dans
une perle qui est d’abord traitée 4 I'acide nitrique pour dissoudre le
palladium et P'argent puis a I’cau régale pour dissoudre le platine.
Les deux solutions sont diluées et ajustées a pH 4, puis analysées par
spectrographie d’émission optique du résidu d’un volume mesuré
évaporé sur une paire d’électrodes en graphite 4 partie supérieure

lane. La méthode nécessite beaucoup moins de manipulation
d’échantillon que la plupart des méthodes publiées pour ces éléments.
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Theoretical considerations on the estimation of sample matrix effects
in analytical chemistry

(Received 19 March 1970. Accepted 1 May 1970)

SEVERAL methods in analytical chemistry are used to determine concentration by means of a linear
equation of the form

R =kCx + Rox-n )

where R is the reading of some instrument, Cx is the concentration of some substance X, £ is a
proportionality constant (for a given set of conditions), and Ry, represents R for a sample
identical with that to be analysed except that Cx = 0. Thus Ry, represents an effect caused by the
matrix in which X is to be determined. Examples are photometric determination (where R can be
absorbance or emission) and polarography (where R is the current).

The assumption that in equation (1) Ryx_o = 0is usually either stated explicitly, assumed implic-
itly, or ignored. It can, however, be unjustified and so affect considerably the results obtained through
the use of equation (1).

It should be noted that equation (1) states that R is directly proportional to Cx only for a given
set of conditions. Thus a change of the concentration Cx effected through a change of the amount of
the substance X (mx) is not equivalent to a change of concentration effected through a change in
the volume (¥V5) of the pure solvent used—unless the original sample consisted only of the pure
solvent and the substance X.

As an example we can consider a volume Vx of some biological fluid, in which mx represents
m moles of calcium. On doubling mx the term R — Ry, o will be doubled. However on doubling
¥ by the addition of pure solvent (say water) of volume Vg = Vx the term R — Rgy.o Will not neces-
sarily decrease by a factor of 2, as the dilution of the biological fluid can (and generally will) affect
the value of both k and Rgy_,. Thus the methods based on equation (1) have to take into account
the behaviour of both & and Rgy-o 0N the determination of mx. The implications of the argument
above have already been considered in some detail in a study of the flame photometry of calcium
in the presence of strongly interfering substances.*

It has been shown that k can easily be obtained experimentally. The effect of Rggoe, Which is
identified with a contribution due to interference, Ry, is more difficult to assess. It has been suggested
that some convenient parameter out of the many parameters affecting R could be utilized for the
detection and evaluation of R;. Such utilization of dilution as the changing parameter has been
treated theoretically and experimentally,’>? but it was shown that dilution is not an ideal parameter
for this purpose. In photometry a promising parameter appears to be the wavelength 4. The possible
use of this parameter is discussed below.

Let us assume that the instrument (equipped with a monochromator precise within £0-05 nm)®
is set initially to the wavelength suitable to the element concerned, e.g., for calcium to 422:7 nm.,
At this wavelength A° the reading for the unknown mixture will be Ry®, and we assume that it is
due to the contribution Rx° of the element to be determined, and the contribution R;® of some
interference. On altering A we shall get a new reading Ry(4), composed similarly:

Ryu(D = Rx(A) + Ru(A). @

At any A the value Ry is assumed to be directly proportional to the quantity of the substance X,
so that at any 4, according to equation (1),

ORy (2
Koy = (520 3
and
Ru(h) = k(A)mx + Re(2). @

To obtain my from equation (4) it is necessary to have some information on Ry(4) in addition to
the experimentally obtainable Ry (1) and k(4). The simplest assumption is that Ry = 0. In such a
case Ry(4) plotted against k£(4) should give a straight line passing through the origin of the co-
ordinates. A more direct indication, without the necessity of measuring the £’s, would be the shape
of Ry(4) plotted against A: with Ry = 0 the tails should taper to zero on both sides of 2°. The next
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simplest assumption is that Ry is a constant independent of A. The possibility of the evaluation of mx
in such a simple case is discussed by Herrmann and Alkemade.* Following our previous argument,
in this case a plot of Ry (%) against k() would again yield a straight line, but the intercept would now
be not zero but Ry. The plot of Ry(?) against 4 would show tails maintaining a constant value on
both sides of 4%. However both Ry — 0 and Ry = constant represent only special cases. In general
Ry(%) will exist, and will rot be constant. A more reasonable approximation appears to be that Ry(4)
can be expressed by a linear function, e.g.,

Ry(A) = R® + A — 1. &)

Such a situation is described in Fig. 1, assuming a Gaussian line for the element X.

70

R, divisions of scale

A-X nm

F1G. 1.—R as a function of wavelength, assuming that Ry = Rx + Ry while
Rx = 50 exp {—1(A — 422°7)*} and Ry = 12'5 + 10(A — 422°7).

The numerical values presented in Fig. 1 were obtained from:

Rx = 50 e-1(y-422.1? ©6)
and
Ry = 12:5 + 10(A — 422:7) 0]

These values are in line with the Rx® and Ry® obtained previously,! and with the spectrum of
calcium obtained by Watanabe and Kendall.® Tt is probable that a system of water, lanthanum
chloride, calcium chloride and hydrochloric acid follows approximately the behaviour described in
Fig. 1.

gIt can be seen that the experimentally obtained behaviour of Ry(A) can be used to evaluate Ry(4)
graphicaily from the limiting slope of the tails. Introduction of R’ so obtained into equation (4),
with Ry® and k° determined experimentally, yields mx directly. In this case the exact shape of Rx(A)
is irrelevant—as long as it approaches zero asymptotically on both sides and not too far from A%

If the linearity of the tails is less obvious, and R;(2) cannot be deduced directly from the graph,
it can still be possible to utilize the experimental values of Ry (%) and k(%) to obtain R;° and mx.
Theoretically, three experiments should be sufficient to obtain the constants mx, R, and A4 from
equations (4) and (5). In our example, with Ry precise to within 1%, three measurements at s
not further than 0-3 nm from A° would already yield mx with an error of only about 3 Y. A greater
accuracy could be obtained by conducting a larger number of experiments, and determining the con-
stants by least squares. It should be noted that here again the form of Rx need not be Gaussian.

Finally, an approximation can be used to avoid the laborious determination of k(%). Ifa Gaussian
form is assumed for Rx(4), it is easily seen that k(%) must also have a Gaussian form with the same
exponent. Thus equation (4) assumes the form:

Ry = k0e~B0-7"2my + R -+ AL — 2°). ®
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Theoretically, five determinations of Ry(4) without any other measurements should suffice to
determine the constants k°, A, B, R;® and mx. In practice, at least £* would be determined experi-
mentally, and a larger number of Rx(4) would be available to obtain reasonable results.

In the last method the function Rx(l) had to be introduced explicitly, to obtain £(4). The assump-
tion that Rx(4) is a Gaussian curve can easily be wrong, as the exact function is determined by many
unknown experimental factors. Possibly a Lorentzian shape would be a closer approximation,
in which case instead of equation (8) one could use equation (9):

k"mx

R = T BG — 2y

+ Ry + A4 — 2. )]

Thus an independent study of R,(4) would be a prerequisite for the use of the last (approximate)
method.

The discussion above demonstrates how the method of the changing parameter introduced in
reference (1) can be applied to photometry, with 4 used as the changing parameter. It can be seen
that while the basic principle is the same as that applied in the case of dilution,* the functions
Ry, Ry and k are completely different in the two cases. Similar analyses would have to be carried
out in the case of any changing parameter applied to any analytical method based on equation
(1). It would be of interest to test experimentally the conclusions reached above—unfortunately
commercial atomic absorption flame photometers are unsuitable for such measurements. It would
also be of interest to apply the method to other systems employing equation (1).

Polymer Department ADAM SHATKAY
Weizmann Institute of Science
Rehovot, Israel

Summary—Methods are suggested for evaluating the magnitude of
matrix effects on the results of analysis.

Zusammenfassung—Methoden zur Berechnung der GroBe des Ein-
flusses der Matrix auf Analysenergebnisse werden vorgeschlagen.

Résumé—On suggére des méthodes pour évaluer la grandeur des
influences de 'gangue sur les résultats d’analyse.
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ANNOTATION

Behaviour of dilute solutions of mercury*

(Received 10 February 1970. Accepted 31 March 1970)

IN sTUDIES on the separation of submicrogram quantities of mercury, many of the steps were followed
by using the radioisotope 2**Hg. When vials containing the sample were left uncapped, it was noticed
that activity was lost.* This observation was somewhat surprising in that solutions of ionic mercury
are not ordinarily considered to lose appreciable amounts of the element by volatilization at room
temperature.

There is ample documentation of the movement of mercury in and out of solutions under a variety
of conditions. Magos® has shown that rapid isotope exchange occurs when air containing mercury
vapour is passed through a 2°*Hg-labelled mercury(II) acetate solution. Clarkson ef al3* have
demonstrated the ready movement of mercury from biological systems to air, both in vitro and in vivo.
In one experiment they showed that all the radioactivity in a serum sample appeared in an adjacent
mercury pool within a short period of time in a closed Warburg flask. In another they showed that in
a serum sample exposed to air or oxygen saturated with mercury vapour there was a continuous
uptake of mercury, but in a similar experiment using a 95 %; nitrogen—5 % carbon dioxide atmosphere
saturated with mercury vapour there was barely significant uptake, if any. Magos et al.’ reported
that micro-organisms normally present in the laboratory and the laboratory water supply were capable
of rapidly volatilizing mercury as the metallic vapour from solutions of mercury(Il) salts in plasma,
broth or urine. They also showed that mercury would volatilize from solutions of mercury(Il)
chloride after the addition of vitamin C.

In previous reports on the loss of mercury the existence of reducing agents within the system
permitted the postulation that reduction to metallic mercury occurred with subsequent volatilization.
The present studies were undertaken in order to elucidate the mechanism by which mercury moved
from dilute inorganic solutions to which no reducing substances were added.

EXPERIMENTAL
Materials

All solutions were made with reagent grade chemicals and demineralized water. Carrier-free
*"Hg was added to the desired quantities of mercury(II) chloride solutions.

Apparatus

For initial studies Warburg flasks were used, but the ease with which separated solutions could
mix led to the design of a container, in essence a modified Conway unit, in which the solutions should
not accidentally mix and several different solutions could be placed in the same atmosphere to compete
for the radioactivity from a single solution. An inverted plastic Petri dish (100 x 20 mm) was fitted
into a groove cut into a 10-mm thick “Lucite” sheet. The groove was filled with stop-cock grease.
The cups (<40 mm diameter) were made from commercially obtainable polyethylene stoppers.

Procedure

In the Warburg flask, 3 ml of mercury(Il) chloride solution in ~0-1M hydrochloric acid were
placed in the main portion, and 1 ml of trapping solution was placed in the side-arm. In some
experiments a drop of metallic mercury was covered with the trapping solution, and in others was left
uncovered in a separate side-arm. In the special apparatus, equal volumes of original solution and
trapping solution were used. The vial containing the trapping solution was placed in a polyethylene
bag before insertion into the well of the radioactivity counter.

In the competition experiments and for studying the effect of potassium permanganate on the
escape of mercury, the multicup arrangement was used, with 3 ml of trapping solution in each cup,
except for metallic mercury which was limited to 2 drops. Experiments were carried out at room
temperature with no attempt at accurate temperature control. Gentle mixing was provided by placing
the flasks on a gyratory platform shaker.

* This work was supported in part by a USPHS Grant No. 1T1 DE175 and in part by the United
States Atomic Energy Commission, Contract No. W-7401-Eng-49 and has been assigned Report No.
UR-49-1226.
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RESULTS

In the initial experiments an attempt was made, based on observations already reported in the
literature,? to determine the conditions under which mercury would move. Accordingly, the atmos-
phere was varied and metallic mercury was introduced in several ways. The results are summarized
in Table I. There was insignificant movement of the isotope except when metallic mercury was in
open contact with the atmosphere of the flask. The multicup unit was then used so that several
different solutions could be used in competition under various conditions. The results summarized in
Table II show that only solutions containing some mercury salts absorb radioactivity. Experiment 3
shows this effect rather strikingly since a potassium nitrate solution without mercury has gained no
radioactivity whereas a solution with mercury has gained a sizable fraction of the original activity.

TABLE I.-—~MOVEMENT OF MERCURY TO VARIOUS TRAPPING SOLUTIONS IN ONE DAY

Activity Activity

remaining, Metallic in trap,
cpm Trapping solution mercury Atmosphere cpm
88100 0:-1M HCl none O, 0
87600 0-1M HCI none N, 0
15 0-1M HCI, 0-2M KBr separate O, 0
80300 0:-1M HCI, 0-2M KBr in trap 0O, 434
11 0-1M HCI, 0-2M KBr separate N, 0
89545 0-1M HCl, 0-2M KBr in trap N, 62

Original solutions had an activity of 87400 cpm; when metallic mercury was used separated
from the trapping solution, all the activity was transferred to the mercury.

TABLE II.—FEFFECT OF VARIOUS COMPOUNDS ON MOVEMENT OF RADIOACTIVE MERCURY

Fraction of original activity,
found in dish,
o

Experiment Dish Initial composition of liquid in dish %
1 1 30 ug of Hg + **Hg 57-7 (1 day) 54-7 (4 days)
2 10 pg of Hg in HCI + KBr 182 222
3 10 ug of Hg in HCI +- NH,Cl 18:0 17-8
4 10 p2g of Hg in NaOH 28 12
2 1 30 ug of Hg + ***Hg 104 (5 days)
2 0 ug of Hg in HCI + KBr 0
3 0 pg of Hg in HCl + NH,Cl 0
4 0 ug of Hg in NaOH 0
3 1 30 ug of Hg + **Hg 72 (4 days)
2 0 ug of Hg + NH,OH 0
3 0 g of Hg -+ KNO; 0
4 10 pg of Hg + KNO, 18
4 1 30 pug of Hg + 2°Hg + KMnO, 160-2 (3 days)
2 30 ug of Hg in HCI 0
3 10 ug of Hg in HC] -+ KBr 0
4 10 ug of Hg in HCI + KNO, 0
5 1 30 ug of Hg + ***Hg + KMnO, 99 (1 day)
2 2 drops of mercury 0
6 1 30 ug of Hg 4 **Hg + KMnO, 144 (1 day)
2 30 ug of Hg + ***Hg 17-2
3 2 drops of mercury not measured
7 1 30 pg of Hg < **Hg + KmnO, 103 (3 days)
2 30 ug, of Hg - 2Hg 99
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Experiment 1 shows that some differences occur in the ability of various salt solutions to absorb the
radioactivity when equal amounts of mercury salts are present. The reasons for this were not pursued.

Table II also summarizes the effects of adding a small quantity of potassium permanganate to the
solution initially containing all the radioactivity, or (experiments 6 and 7) to one of the solutions
initially containing equal amounts of radioactivity.

The presence of the strongly oxidizing potassium permanganate is shown to prevent movement of
radioactivity out of the solution even when liquid mercury is present elsewhere in the system. Other
experiments (Table I) had shown that radioactive mercury moved rapidly to a metallic mercury trap.
Experiments 6 and 7 (Table IT) show that a solution containing permanganate successfully competed
with the liquid mercury drops for the radioactivity escaping to a saturated mercury atmosphere
from a solution containing no oxidizing agent.

DISCUSSION

The published work on loss of mercury from solutions containing trace quantities has involved
either biological solutions or solutions containing a reducing agent. Here it seemed very likely that
the mercury escaped as the metallic vapour. However, when movement occurred from inorganic
solutions containing no added reducing agents, there was the possibility that a volatile compound of
mercury might be involved. The experimental evidence does not support this possibility, and thermo-
dynamic considerations indicate that the mechanism is reduction of mercury(II) to mercury(I) which
then disproportionates into mercury(Il) and metallic mercury.

Consider the volatilities of mercury and mercury(II) chloride. At 26°, the vapour pressure of mer-
cury is 2-66 ubar,® and the solubility in water at 20° is 0-02 ug/ml.” The complete reduction of only
1% of a 10~*M mercury(II) chloride solution would saturate the solution with mercury, and the gas-
phase mercury content would be 23 ng/ml. It is easy to see how a solution containing ug quantities
of mercury could exchange its contents rapidly in a process involving metallic mercury.

The vapour pressure of mercury(II) chloride at 26° is 0-1 ubar,® which is about 5 9/ that of metallic
mercury. However, its partial pressure in a 10~°M solution would be only 0-02 pbar, and the gas
phase would contain 2 x 10~* pg/ml. Such small quantities make it unlikely that mercury(II)
chloride vapour plays an appreciable role in the movement of the mercury activity out of solution.
This conclusion was experimentally verified by showing that increasing the amount of mercury(II)
chloride in the initial solution reduced the amount of radioactivity escaping.

The rapid escape of activity from solution when a mercury pool was present and the necessity
of having mercury(II) salts in the trapping solution show that an exchange process involving mercury
vapour is involved. In order to account for the movement when no mercury vapour is deliberately
supplied, we must postulate that a small amount of reducing material is introduced with the various
reagents used. A possible mechanism may be proposed, based on the mercury(I) disproportionation
equilibrium.®

Hg,** = Hg** + Hg() E = 0065V

At equilibrium the ratio [Hg#*]/[Hg,**] is 6 X 1073, so further reduction of [Hg*"] would permit
spontaneous disproportionation and the metallic mercury formed would easily escape from the
solution. Such an extensive reduction of the [Hg**] levels would not be necessary at room temperature
because collisions of molecules could provide about a fifth of the 12 kJ/mole free energy change.

The actual quantities of free mercury(II) and mercury(I) ions in solution are far less than the
total amount of mercury(II) salt in solution, as may be determined from the stability constants and
solubility products. The solutions used in this study were usually ~0-1M chloride solutions. The
predominant mercury(IT) complex is probably HgCls*", and its stability constant® is 1-2 x 10,

If the mercury(II) in solution is 10~°M and the chloride is 0-1M, {H g¥*] = 83 X 10-V"M. The
solubility product of Hg,Cl, is given as 1:1 X 107%; ina 0-1M chlorxde solution [Hg,?*] = 1-1 X
10-1M. It may be seen that only a small quantity of mercury(II) need be reduced to give a saturated
solution of the mercury(I) ion, which then would remain at a constant level. Furthermore, with
smaller quantities of mercuric salts in solution the quantity of mercury(II) ion would decrease
whereas that of mercury(I) ion would remain constant. Thus, the disproportionation would be
favoured by smaller amounts of the mercury(Il) salt in solution. The stability of dilute solutions of
mercuric salts thus becomes a question of the quantity of mercury in solution.

The high oxidation potential of the Hg(II)/Hg(I) couple indicates a high probability of reduction
by almost any reducing substance. The extreme insolubility of mercury(T) chloride also indicates that
a very small quantity of a reducing agent would provide a saturated solution (1-1 x 10-**M). The
introduction of such low levels of reducing substances through the reagents or even the demineralized
water is almost inevitable but difficult to quantitate. However, the postulation is supported by the
fact that small amounts of potassium permanganate (Table II) added to solutions containing
radioactive mercury effectively prevent the loss of any radioactivity.
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A crucial experiment (Table II, No. 6) is that in which equal amounts of mercury(II) salts and of
radioactivity are contained in two solutions, but some potassium permanganate has been added to one.
A saturated mercury vapour atmosphere is provided by placing 2 drops of liquid mercury in a third
dish. Here it is shown that in one day there has been movement out of only one solution, and also
substantial increase in activity in the other, which shows that oxidation of the mercury vapour by the
permanganate has occurred. A contrasting experiment (No. 7) in which no mercury vapour is provided
shows the much slower movement of the radioactivity in the absence of a saturated mercury atmos-
phere.

CONCLUSIONS

Thermodynamic considerations show that the loss of mercury from a solution which contains
the element in the mercury(l) form may occur readily through disproportionation and subsequent
loss of metallic mercury. Because of the high oxidation potential of the mercury(II)-mercury(l)
system almost any reducing substance can convert some mercury(Il) into mercury(I).

Because of the near impossibility of preventing introduction of small amounts of reducing sub-
stances by the reagents, the more dilute mercury(II) solutions would be less stable and lose mercury
more readily. The only practical method for stabilization would be to add a small excess of an oxidiz-
ing substance (such as permanganate) which has a higher oxidation potential than the mercury(Il)-
mercury(I) system.

Department of Radiation Biology T. Y. TORIBARA
and Biophysics C. P. SHIELDS
University of Rochester School of LarysA KovaL

Medicine and Dentistry
Rochester, New York 14620, U.S.A.

Summary—It is shown that loss of radioactivity from labelled mer-
cury(I) solutions is due to reduction of some mercury(II) by reductants
adventitiously introduced, followed by disproportionation of mer-
cury(I) and loss of metallic mercury in the gas phase. The loss can be
prevented by addition of a small excess of an oxidant such as perman-
ganate.

Zusammenfassung—Es wird gezeigt, daB der Aktivititsverlust von
markierten Quecksilber(IT)-Losungen auf Reduktion von etwas
Quecksilber(II) durch zufillig eingeschleppte Reduktionsmittel beruht.
Das Quecksilber(I) disproportioniert dann und metallisches Queck-
silber geht in die Gasphase verloren. Der Verlust kann durch Zugabe
eines kleinen Uberschusses eines Oxidationsmittels wie Permanganat
verhindert werden.

Résumé—On montre qu’une perte de radioactivité de solutions de
mercure(II) marqué est due a la réduction d’une partie du mercure(II)
par des réducteurs introduits accidentellement, suivie par la dismu-
tation du mercure(T) et la perte de mercure métallique dans la phase
gazeuse. On peut prévenir la perte par addition d’un petit excés d’un
oxydant tel que le permanganate.
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NOTICES

SOCIETY FOR APPLIED SPECTROSCOPY

The 10th National Meeting of the Society for Applied Spectroscopy (also the XXII
Mid-America Symposium on Spectroscopy) will be held at Stouffer’s Riverfront Inn
in St. Louis, Missouri, 18-22 October 1971. Original papers are invited for general
sessions on spectroscopy (including X-ray, emission, atomic absorption, flame emission,
atomic fluorescence, absorption, electron, resonance, mass and nuclear) and gas
chromatography. Papers are also invited for symposia on use of computers and new
frontiers in spectroscopy, literature and data retrieval, and spectroscopy in environ-
mental control, biomedicine, space and oceanography.

Titles and abstracts (on 215 X 280 mm paper and within an area of 150 X 250
mm) should be sent to Dr. E. F. Kaelble, Monsanto Company, Inorganic Research De-
partment, 800 North Lindbergh Blvd., St. Louis, Missouri 63166, US.A,, by 15
April 1971.

it



Reprints of the following reviews published in Talanta are
available from Learned Journals Division, Pergamon Press
Ltd., Headington Hill Hall, Oxford, England, or Pergamon
Press Inc., Maxwell House, Fairview Park, Elmsford, New
York 10523, U.S.A.

I Precipitation of Metal Chelates from Homogeneous

Solution by F. H. Firsching
2 Recent Developments in the Ring Oven Technique
by H. Weisz

3 Adsorption Indicators in Precipitation Titrations
by R. C. Mehrotra and K. N. Tandon

4 Radiometric Titrations by T. Braun and J. Télgyessy
5 Recent Uses of Liquid Ion Exchangers in Inorganic Analysis

by H. Green
6 Applications of Nuclear and Electron Magnetic Resonance
in Analytical Chemistry by B. D. Flockhart and R. C. Pink

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

8 A Critical Evaluation of Colorimetric Methods for
Determination of Noble Metals—III: Rhodium, Iridium,

Ruthenium, Osmium and Gold by F. E. Beamish
9 Present State of Complexometry—I: Determination of
Quadrivalent and Tervalent Metals by R. Pribil

10 Some Recent Developments in Radioactivation Analysis:
A Review of Improvements in the Analytical Technique

by F. Girardi
11 Separation of Transplutonium Elements by J. Stary
12 Differential Spectrophotometry by G. Svehla
13 A Critical Review of Gravimetric Methods for
Determination of the Noble Metals—II by F. E. Beamish
14 A Critical Review of Titrimetric Methods for
Determination of the Noble Metals—II by F. E. Beamish
15 Present state of Complexometry—II: Determination of
Bivalent Metals by R. Piibil

Reprints of Talanta Reviews

As the volume of scientific literature grows, reviews provide
one of the best means of keeping abreast with recent develop-
ments. Talanta has commissioned a series of comprehensive
and critical reviews of topics of current interest to analytical
chemists; many of these reviews will also be of value to
chemists in general and to other scientists. Talanta Reviews
are intended primarily to introduce the non specialist to a
subject about which he previously knew little, but they may
also help the specialist fill gaps in his knowledge of his own

field or illuminate the subject from a new angle.

iv




16 Derivatography: A Complex Method in Thermal Analysis
by F. Paulik, J. Paulik and L. Erdey
17 Potassium Dichromate as an Oxidimetric Reagent
by G. Gopala Rao
18 Newer Acylation Methods for the Determination of
Organic Hydroxyl and Amino Compounds by N. K. Mathur
19 A Critical Review of Neutron Activation and Tracer
Methods for the Determination of the Noble Metals
by F. E. Beamish, K. S. Chung and A. Chow

20 Process Gas Chromatography by C. S. F. Pine

21 Present State of Complexometry—IIland IV:
Determination of Univalent Metals and Determination of
Rare Earths by R. Piibil
22 A Critical Review of Methods of Isolating and Separating
the Noble Metals—II: Ion Exchange and Solvent Extraction

by F. E. Beamish
23 A Critical Review of Methods of Isolating and Separating
the Noble Metals—III: Chromatography, Precipitation and
Fire Assay by F. E. Beamish
24 Complexation Reactions of Dithiocarbamates

by A. Hulanicki

25 Polarographic Behaviour of Metal Chelates of
0,0’-Dihydroxyazo Dyes by G. W. Latimer, Jr.
26 Characteristic Metal-Halogen Vibrational Frequencies
of Complexes with Bivalent Metal Halides by R. H. Nuttall
27 Amplification Reactions by R. Belcher

28 Ternary Complexes in Analytical Chemistry
by A. K, Babko
29 Determination of Antioxidants in Polymeric Materials
by D. A. Wheeler

30 A Critical Review of Atomic Absorption, Spectrochemical,
and X-ray Fluorescence Methods for the Determination of
the Noble Metals—II

by F. E. Beamish, C. L. Lewis and J. C. Van Loon

continued overleaf

7s or $1 each

Pergamon Press

ORDER FORM Date

(Customers in America and Canada should return this form to the
New York address)

Please send ...... copy/fcopies of the following Talanta Reviews
(please list numbers)

...........................................................

for which Ienclose £......oovvvvnnnt T .
Headington Hill Hall Name
Oxford, England e e
Maxwell House, TESS 4 e e a e eeeenennenenonsnsneenenasensnannonaensessnnens
Fairview Park, Elmsford, = e+ eeeseeeernseneetuetiutaitiiitt ittt iieeieaaeaa,
New York 10523, UG A, ciirtntitieeeeraeeeenesassusecensnsasesensnsesnrasesnns et
10 v




31 Applications of Digital Computers in Analytical
Chemistry—I by C. W. Childs, P. S. Hallman and D. D. Perrin

32 Applications of Digital Computers in Analytical
Chemistry—II by C. W. Childs, P. S. Hallman and D. D. Perrin

33 Fluorescence Analysis in Air Pollution Research
by E. Sawicki

34 Radioactive Kryptonates and their Uses in Chemical
Analysis by J. Télgyessy and S. Varga

35 Quantitative Analysis in Pharmacy and Pharmaceutical
Chemistry by Nuclear Magnetic Resonance Spectroscopy

by D. M. Rackham

vi
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Quantitative analysis in pharmacy and pharmaceutical chemistry by
nuclear magnetic resonance spectroscopy: D. M. Rackuam, Talanta,
1970, 17, 895. (Analytical Department, Lilly Research Centre Ltd.,
Exl Wood Manor, Windlesham, Surrey.)

Summary—The applications of n.m.r. to the quantitative analysis of
pharmaceutical formulations and products of interest to the pharmacist
and pharmaceutical analyst are reviewed. Special attention is paid
to the accuracy of the method, the coefficients of variation being quoted
(or calculated from data in the original paper) where possible. An
elementary knowledge of n.m.r. is assumed.

Thermometric titration studies of mixed ligand complexes of thorium:
G. C. KuGLer and G. H. CARrey, Talanta, 1970, 17, 907. (U.S. Army
Materials and Mechanics Research Center, Watertown, Mass., U.S.A.)

Summary—Mixed-ligand chelates consisting of two different multi-
dentate ligands linked to a central thorium(IV) ion have been prepared
in aqueous solution and their heats of formation studied thermo-
metrically. Pyrocatechol, tiron, chromotropic acid, potassium hydrogen
phthalate, 8-hydroxyquinoline-5-sulphonic acid, iminoacetic acid,
5-sulphosalicylic acid and salicylic acid were used as the secondary
ligands, while ethylenediaminetetra-acetate and 1,2-diaminocyclohex-
ane-N,N,N’,N’-tetra-acetate were used as primary ligands. AH values
for the overall reactions are given, and where possible, the AH and AS
values for the specific secondary ligand addition were calculated. The
overall stability of the mixed-ligand chelates and the enhanced stability
of EDTA mixed chelates relative to the analogous DCTA chelates
were found to be due to entropy rather than enthalpy effects.

Verwendung von Alkylphosphorsiuren in der analytischen Chemie.
Extraktion von Gallium(IIT) aus Losungen sauerstoffhaltiger Siuren
mit Losungsmittelgemischen: I. S. Levin und N. A. BALAKIREVA,
Talanta, 1970, 17, 915. (Institut fiir physikalisch-chemische Grund-
lagen der Aufarbeitung von Mineralstoffen, Novosibirsk, Derzhavina
18, U.S.S.R.)

Summary—Gallium(III) can be separated from aluminium in sulphuric
or hydrobromic acid medium by synergic extraction with a combination
of mono(2-ethylhexyl)phosphoric acid and tributyl phosphate, or of
mono(2-ethylhexyl)phosphoric acid with hexyl methyl ketone. All
other metals extracted are removed by selective stripping reactions.

vii
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AnboTanun crarTeit

INPUMEHEHNE HOJUYECTBEHHOI'O AINAJIM3A
METOAOM AIEPHOTO ITAPAMATHHTHOTI'O
PE3OHAHCA B ®APMAIIUU U OAPMAUEBTHYECKON

XM :

D. M. RackHAM, Talanta, 1970, 17, 895.

Pesrone—IlIpunenen 063op nmpumenenusa SIMP B KoiuyecTBeHHOM
aHaan3e GapManeBTUIECKUX PELENTYp U IPOAYKTOB MHTEPECHBIX
mia gapMalenTa u fapmanenTudecKoro amaiurnka. Qcobewioe
BHUMANUC Y[eIeHo TOYHOCTH MeTOAa; B MIOIUX CIy4asax
npuBefeHE  KODPOUUMEHTH BApMANUHM MIX BLIMUCIEHB U3
RaHHBIX opuruanaibHolt craru. Ilpepmomaraerca  ocHoBHOE
nosnasanme meroga AMP.

NBVUEHUE HOMIIIEKCOB TOPUS C
CMEHTAHHDLIMU JIUTAHJAMMN METOOOM
TEPMOMETPUYECKOIl TUTPAIIVN:

G. C. KuGLER and G. H. Carey, Talanta, 1970, 17, 907.

Pezrome—IllpuroToBiensl XenaTsl ¢ CMEMIAHHBIMI JIMTAHAAMH,
OpefCcTaBIAMEME  co00if fABA PABINYHBIX MYJITHXEHTATHHIX
JIUTAaHAA CBABANHLIX € IEeHTPaNbHHM moHOM Topusa(IV), B BogHOM
pacTBope M MX TemnaoTH 00pasoBAHNA MBYUYEHH TEPMOMETpUUE-
cKMM MeTofoM. IlupoxareXuH, THPOH, XpPOMOTPOIOBAST KUCJIOTA,
Kncauii  ¢ranar Kammd, 5-cynbQocaaMuMIIOBas KHCIOTA ¢
CANMHKIOBAA KMCJIOTA MCIOOIB30BAHH B KAYeCTBE BTOPMYHOIO
JMraHfga, a YTuiIeHfuaMuHTeTpaanerar # 1,2-KuaMHHONMKIIO-
rexcad-N,N,N’,N’-rerpaanerar B KauecTse IEPBHYHOTOIUIAHA.
IIpusenens 3nauenna AH s ofinx peaknuii u, eciiu BO3MOMHO,
BHYNCIEHL 3Havennsa AH u AS pna coenuduyeckoro mpucoenu-
HeHNs BTOpUYHOro nuraHpa. O6HapykeHO 4TO ofmas crabuin-
HOCTh XeJaTOB C CMEIIaHHHIMHM JUTaHJAAMH M HOBBIIEHHAH
cTalNIbHOCTE CMeMIaHHHIX XedaToB ¢ OJITA B cpaBueHum c
amamornmdecknmu Xemaramu JIIITA saBaaorcs pesyasraTom
afdeKTOB BHTPONMM JydlIe YeM 3GPEKTOB eHTANLINY.

IIPUMEHEHUE AJTENJIOQOCOOPHBIX KHUCIOT b
AHAJINTNYECKON XUMUN: 2KCTPATUPOBAHUE
TAJJIWUSI(TIY) U3 PACTBOPOB KUCIOPOOCOIEP-
JHAIMIX KUCJIOT CMECHAMU PACTBOPUTEIIEIL:

I. S. LeviN and N. A. BALAKIREVA, Talanta, 1970, 17, 915.

Pesrome—Taamuii(ITI) ormendioT OT aXlOMHHMA B CEPHOKUCION
unn GpOMUCTOBOMOPONHON Cpefle CHHDHEPreTHYeCKHM BJKCTpa-
rupoBanyeM  KomOumanmmei#t — MoHO(2-sTHireKcmi)pocdoproii
rucaoTel U Tpubyrtundocara, nau MoHo(2-sTHITEKCHI)pOCHOp-
HO# KHCJNOTHI ¥ IeKCHIMETUKeTOHA. Bce mpyrue »Kerparnpo-
BAHHbBIE METAILILI YAAIAIOT CeIeKTUBHAMY CTPHIINHT PeAKIUAME.
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Photochemical precipitation of thorium and cerium and their separation
from other ions in aqueous solution: M. Das, ArRNo H. A. HEyN,
MorToN Z. HoFFMAN and R. P. AGArRwAL, Talanta, 1970, 17, 925.
(Department of Chemistry, Boston University, Boston, Massachusetts
02215, U.S.A)

Summary—Thorium was precipitated from homogeneous solution
by exposing solutions of thorium and periodate in dilute perchloric
acid to 253-7 nm radiation from a low-pressure mercury lamp. Period-
ate is reduced photochemically to iodate which causes the formation
of a dense precipitate of the basic iodate of thorium(IV). The precipit-
ate was redissolved, the iodate reduced, the thorium precipitated
first as the hydroxide, then as the oxalate and ignited to the dioxide
for weighing. Thorium(IV) solutions containing 8-200 mg of ThO,
gave quantitative results with a standard deviation (s) of 02 mg
Separations from 25 mg each of iron, calcium, magnesium, 50 mg
of yttrium and up to 500 mg of uranium(VI) were quantitative (s =
0-25 mg). Separations from rare earths, except cerium, were accom-
plished by using hexamethylenetetramine rather than ammonia for
the precipitation of the hydroxide. Cerium(IlI) was similarly precip-
itated and converted into CeO, for weighing. Quantitative results
were obtained for 13-150 mg of CeO, with a standard deviation of
0-2 mg. Separations from 200 mg of uranium were quantitative.
Other rare earths and yttrium interfered seriously. The precipitates
of the basic cerium(IV) and thorium iodates obtained are more compact
than those obtained by direct precipitation and can be handled easily.
Attempts to duplicate Suzuki’s method for separating cerium from
neodymium and yttium were not successful.

Coulometric determination of uranium with a platinum working electrode:
W. Davies, W. Gray and K. C. McLkop, Talanta, 1970, 17, 937.
(United Kingdom Atomic Energy Authority (Reactor Group),
Dounreay Experimental Reactor Establishment, Thurso, Caithness,
Scotland.)

Summary—Experimental conditions have been established which
enable uranium to be determined coulometrically by the reduction
of uranium(VI) to uranium(IV) at a platinum working electrode,
by controlled-potential or controlled-potential-limit techniques.
The procedure has been used successfully as a subsidiary method in
the routine determination of uranium in pure uranyl nitrate solutions.
The platinum electrode has several important practical advantages
over the well established mercury-pool electrode for the coulometric
determination of uranium. The consecutive determination of iron(III)
and uranium(VI), or plutonium(IV) and uranium(VI) can be carried
out with the same working electrode in the same solution and the
coulometric oxidation of uranium(IV) to uranium(VI) is practicable.
The rate of stirring of the cell liquor is much less critical in the case
of the platinum electrode. Two main problems had to be overcome
before a practical procedure could be achieved; hydrogen evolution
during the uranium(VI)-(IV) reduction had to be eliminated so that
1007 current efficiency could be obtained for the desired reaction
and electrode-surface poisoning phenomena had to be controlled
so that reaction times could be kept reasonably short. It was found
that selection of a hydrochloric acid base solution containing a small
amount of bismuth(IIT) enabled hydrogen evolution to be avoided:
also electrode-surface poisoning with this base solution was not
particularly serious and could be maintained at a satisfactorily low
level by occasionally anodizing the electrode in dilute sulphuric
acid. Bismuth(III) forms a complex with chloride ions and its presence
increases the hydrogen overvoltage at the working electrode: no
visible deposit of bismuth metal forms on the electrode during the
uranium reduction. Samples containing nitrate can be analysed pro-
vided sulphamic acid is added to this hydrochoric acid base solution.



Ausorauuu crareit

OOTOXUMNYECKOE OCANKIEHUE TOPUA U
HEPUST M UX OTHEJEHUE OT OPYIUX VIOHOB
B BOJHOM PACTBOPE:

M. Das, ArRNO H. A. HEYN, MORTON Z. HOrFMAN and R. P. AGARWAL,
Talanta, 1970, 17, 92 5.

Pesrome—Topuii ocaskgai U3 TOMOTeHHOT'O PACTBOpPA BHIAEPIK-
KOl pacTBOpOB TOpHA U Nepmopara B pasbaBieHHON XJIOpHOMN
KICJIOTe B paguanuu 253,7 HM PTYTHOM JaMIIL HUBKOIO TABIICHMA.
Ilepnomar BoccranasamBaercA QOTOXUMUYECKUM HyTeM B MOHAT
HKOTODHIt BEI3MBaeT o6pasoBaHHe IUIOTHOO OCAJKA OCHOBHOIO
wogara Topua(IV). Ocagok pacTBOpAIM, BOCCTAHABIMBAIU
MOZAT, 3aTeM oCa)KAaau Topuii B opme rUAPOOKUCH, IOTOM B
(bopme oxcazara 1 0030JAMBAIN O ABYOKMCH iUs BBBEIINBAHUA.
Pacreoprr Topua(IV) comepmamme 8-200 mr Th O, pamm
KONMYECTBEHHEIC Pe3yJITATLL ¢ CTAHAAPTHON ommbxol (s) 0,2 mr.
Homyuensl KoJMYeCTBEHHBIE OTAEJIEHUsE OT 25 MI 3Kejesa,
KaJlbIUA M MarHudA, of 50 mr wrrpua u ot 500 mr ypana(VI)
(s = 0,26 mr). Ortpenenne oT peAgKoseMeIbHBIX 3JIEMEHTOB 3a
HCHIIOYeHUEM LEePUA HOJNYYeHO ¢ UCIOJIb30BaleM IreKcaMeTHIe -
TeTPAMUHA BMECTO aMMMAKa JJIA ocammeHus rugpookucum. Ha
momo0ueit HaunH ocaskpann uepuii(I1T) u npespawann B CeOs
J@A  B3BeIIMBAaHMA. llolyveHEl KOJHYeCTBEHHBE pe3yJIbTaThl
1A 13-150 mr CeO, ¢ cramgapTHoit ommbkoit 0,2 mr. Ilomy-
4YeHO KOJMMYEeCTBEHHOE oTHelenne or 200 Mr ypana. OCHapymeHO
cepbé3HOoe BIUAHNE [PYTUX peXKO3eMeNbHBIX JJIEMEHTOB U
utrpusd. IlomyueHHble ocagkm ocHosHoro wopata uepusa(IV) u
rTopuAa Golee IUIOTHH YeM NOJNydYeHHBIE HENOCPECTBEHHBIM
OCaK[eHNeM OCafgku M Jerko ¢uiasrpupylorcd. He ymanocs
OT/AENUT Lepuit OT HeofuMa U UTTPUA Merogom Cy3yKu.

KYJIOHOMETPIYECKOE OIIPEJEJEHUE YPAHA C
INIATUHOBBLIM PABOYUM 3JIEKTPOJOM:

W. Davies, W. Gray and K. C. McLeob, Talanta, 1970, 937.

Pestome—OmnpegeneHbl ONBITHHE YCIOBUA JAJA KyJOHOMETPH-
4eCKOT0 ONpefelieHUA ypaHa BOCCTaHOBAeHWMeM ypaHa(VI) B
ypau(lV) na maarusoBoM pafodeM SIEKTPOJE, ¢ UCIIONb30BAHMEM
METOOB PEeryJaMpOBARHHOI0 HANPMMEHUA MM PeryJIupoBaHHON
TpaHuNY HANpM:eHUA. Merop ycremmHo NpuMeHeH B Ka4ecTBe
BCIIOMOT'aTEbHOT0 METONlAa B CepHIHOM ONpefeleHUH ypaHa B
YUCTHIX PACTBOpPAX HMTpara ypaHuua. IINaTHHOBBIA 2JIEKTPOR
HMEET HECKOJBbKO BAYKHBIX IPAKTUYECKUX INpPEeUMyIecTB Hamg
OOLIKHOBEHHBIM DTYTHBIM 9JIEKTPOZOM B KYJIOHOMETPHYECKOM
ompepencHun ypada. Ilocmenywoee onpepenenue smeaesa(IIT)
u ypaua(VI), win mayrorua(IV) u ypana(VI) MoKHO BHIIOIHATE
¢ TeM e pabouyuM JJIEKTPORXOM B TEM jKe Pacrsope, a KYJOHO-
MeTpuyeckoe oxucienue |ypana(IV) B ypas(VI) rakxe mposeni-
umo. CKOpOCTh IlepeMEeUIMBAHMA pACTBOpPA B sAdYeliKe MeHee
KPUTUYECKU BJUAET HA ONpeAesIeHUe B CIydyae IIATUHOBOIO
BJEKTPOA. DBBUIO HYKHO IIpeofoJieTh ABe TJIABHEIX IPOOJeMBI
B paspafoTKe MeTOfa NPMMEHHMOTO B IpaKTHKe: MWCKIIOYUTH
BHIJIGJICHUE BOMOPOJla B TedeHme BoccTaHoBieHuMA ypana(VI) B
ypar(IV) ¢ measio moayuurs 100 % ofeKTUBHOCTL TOKA AJA
PeaKIHd BOCCTAHOBJEHWA M NpeAyNpefuTh BaTpPaBINBAHME
MOBEPXHOCTH 9JEKTPOAA C IeNbI0 JOCTUYb OBOJBHO KODOTKOE
TeYeHUe peaKkuuu. Briemenne Bopgopoma u30erHyTo UCHOIbL30-
BaHMEM pacrTBOpa Ha OCHOBE COJAHOI KHUCIIOTHI, COXEpIHAlero
Heboabmoe Konmuectso BucMyra(IIl). 3arpaBauBaHue noBepx-
HOCTH DJIEKTPOAA B 3TOM (oHe GBLI0 HeBHAYNTENBHO M BEIIEPIKAHO
Ha 9TOM YPOBHE IEPHOAMYEKHM AHOAMPOBAHMEM DIEKTPOJA B
pasbaBnennoit cepHoit kuciore. Buemyr(III) obpasyer Komm-
JeK 0C XJIOPUAMOHAMHI M €ro MPUCYTCTBUE IIOBBLIIAET HAHAIPA-
MMeHue BOJOpoja Ha palodem »dIeKTpofe. Bumumasa nieHKa
METAIIMIeCKOTO BICMYTa He o0pasyercA Ha DIEeKTPOfe B TeUeHUe
BOCCTAQHOBJICHUA ypaHa. Y7aeTcA aHAJTU3HPOBaTh HUTPATCO-
Repamue ofpasnu ecanm Xo0aBIATh CyNbHAMUHOBYIO KHACIHOTY
9TOM COJAHOKUCIOM QOHY.



Summaries for card indexes

Amperometric complex-formation titrations of traces of copper:
F. Freesk, H. J. JasPer and G. DEN BOEF, Talanta, 1970, 17, 945.
(Laboratory for Analytical Chemistry, University of Amsterdam,
The Netherlands.)

Summary—Copper has been determined in the submicrogram range
by means of a complexometric titration with triethylenctetramine
(TRIEN), the end-point being detected by following the anodic wave
of the chelating agent at a rotating mercury electrode. The influence
of the presence of other metals has been investigated both from the
theoretical and the experimental point of view. Because of its higher
selectivity TRIEN is preferred to other reagents of the EDTA group.
The results show that copper can be determined in the presence of
large amounts of most other metals.

Silica gel as a support for inorganic ion-exchangers for the determina-
tion of caesium-137 in natural waters: KIKUO TERADA, HIRONOBU
Havakawa, KivosHr SAwapa and TosHivasu KiBa, Talanta, 1970,
17, 955. (Department of Chemistry, Faculty of Science, Kanazawa
University, Kanazawa, Japan.)

Summary—The preparation and characteristics of ammonium molyb-
dophosphate and potassium or ammonium hexacyanocobalt ferrate
supported in silica gel, and their application to the determination of
137Cs in natural waters are described. Use of columns of these materials
gives better recovery of ¥?Cs from natural waters (in comparison with
co-precipitation with ammonium molybdophosphate), requires less
exchanger, so raising the y-counting efficiency of 3?Cs, and permits
elimination of other radionuclides by washing with hydrofluoric acid.

Atomic-fluorescence characteristics and analytical determination of
manganese in an air-acetylene flame: L. EppoN, G. F. KIRKBRIGHT and
T. 8. Wesr, Talanta, 1970, 17, 965. (Chemistry Department, Imperial
College, London, S.W.7., U.K.)

Summary—The atomic-fluorescence characteristics of manganeseatoms
in a premixed nitrogen-shielded air-acetylene flame are described.
Excitation is obtained at 280 nm from a microwave-excited electrodeless
discharge tube. A detection limit of 0:001 ppm for the determination
of manganese by atomic-fluorescence spectroscopy is obtained by
measurement of the resonance fluorescence observed at this wave-
length. Inaddition to several other weaker atomic-fluorescence signals
observed from manganese atoms in the flame, weak resonance fluo-
rescence at 258 and 260 nm from manganese ions stimulated by ion
line-emission from the source has been recorded. Linear calibration
graphs for atomic-fluorescence measurement at 280 nm are obtained
over the range 0-0025-10 ppm of manganese in aqueous solution.
Of 26 foreign anions and cations examined for interference at the
1000-fold excess level only four produced interference. Large amounts
of Si, Th and V interfere by scattering of the incident radiation, while
Mg causes depression of the atomic fluorescence by a chemical effect.
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Aunotanmuu crarei

AMIIEPOMETPUYECHOE TUTPOBAHUE CJEJOB
MEIN HA OCHOBE KOMIIJIEKCOOBPA3OBAHUA:

F. Freesg, H. J. Jasper and G. peEN Boer Talanta, 1970, 17, 945.

Pesrome—CyOMuKporpaMMoBHie KOJMMUECTBA MeNN ONpeflesIeHk
KOMILIIEKCOHOMETPUYECKHM TUTPOBAHUEM TPUITHJICHTETDaAMUHOM
(TPHSH). Honen turpoBamus oGHApYKEH CIeOBAHHEM AHON-
HO#f BOJHH Xenarcofpasylollero areHTa HA BpaIAlOMEMCH
PTYTHOM 3IIeKTpoZe. l3yueHO BiIMAHME APYI'MX 3JIEMEHTOB C
TEOPeTHUYECKOl ¥ HKCIIEPUMEHTANBHON TOYKM 3peHusa. ABTODH
npegnoyuralor TPUOH ppyrumu pearemrtamu rpynmsl 9JTA
H3-3a ero Jyuinell ceJleKTHBHOCTM. I3 pesyibTaToB BULHO 4TO
Melb MOMKHO OIIpefielIfiTh B NPHCYTCTBUU GOJBINMHCTBA JPYTHX
MeTalIoB.

CHIIMKATEJb B KAYECTBE HOCUTEJA J0JiA
HEOPTAIIMYECKNX NOHOOBMEHHBIKOB HJIA
ONMPEAEJENNA LE3KU-137 B OPUPOJHLIX BOJAX:

Kixuo TERADA, HIRONOBU HAYAKAWA, KIYOSHI SAWADA and TosHIY-
ASU KiBa, Talanta, 1970, 17, 955.

Pesiome—OmnucaHs! IPUTOTOBJIEHNE U XAPAKTEPUCTIKY MOXNOR0-
focdara amMMOHMA ¥ rexcanmaHokofBaIbTOPeppaTa KAIMA MIHI
AMMOHNA HA CUJIMKATEJIE B KAYECTBE HOCUTENA, U UX NpUMeHeHne
B ompepenenun 27Cs B npupopesx Bogax. Homdomxamu 3THX
MATepHaIoB IOJIYYAITCA Jydiine BHXOAL %7Cs M3 HPHUPOHBIX
BOT, (B CpaBHEHMM ¢ METOJOM cooca:kfenus Mmoaubgodocdarom
aMMoHNsA), norpefyercad MeHee MOHOOOMEHHEIKA, dTHM 00pa3oM
nosoimaa  9P@eKTHBHOCTL cymTaHuA ramMa-aydeit ¥7Cs u
NO3BONIAA  yHAJIATH ApyrHe PpPagHOHYKIUAL TPOMEIBAHHEM C
$TOpOBOROPOAHON KUCTIOTOH.

ATOMHO-®JIYOPECHEHTHBLIE XAPAKTEPUCTUKUN U
AHAIUTUYECKOE OIIPENEJEHUE MAPTAHIIA B
IIJIAMEHII BO3AVXA U AJETHJIEHA:

L. EBpoN, G. F. KIRkBRIGHT and T. S. WesT, Talanta, 1970, 17, 965.

Pestome—Onucansl  aTOMHO-(IYOPECIIeHTHEIE XapaKTePUCTUKU
aTOMOB MapraHua B IIPelBapHTe]bHO CMEMIAHHON BalMINEHHONX
A30TOM IIJIAMEHM BO3AYXa U alleTuiIeHa. Bo30yKueHue MOINyYeHO
npu 280 HM ¢ HCHONBBOBaHMEM B030yHAEHHONH MMKPOBOJIHAMH
GesoneKTponuoll paspapHoit TpyOku. Ilomydyena 4YyBCTBHTENB-
HocTh 0,001 MKI/MJ B ONpefeieHU# MApPraHIA MeTOLOM aTOMHO-
(QuIyopecuenTHOl COEeKTPOCKONNM, M3MepeHHeM pe3OHAHCHOMN
QuyopecueHIuM npu Tolf sKke KiMHEL BoadH. OOCHapyeHH caabbie
pesonamncHsle QayopecneHmum npu 258 u 260 HM HOHOB MapraHa
CTUMYJIMPOBAHHLIX WMOHHOI JHuHellHON sMuCcHMefl HUCTOYHMKA,
KpOMe pAja ApyTrux caalbhx aroMHO-QIyopeCcHeHTHEX CUI'HAJIOB.
Ilony4densl nunHelinble KanuOpanUMOHHHIE KpUBHe AJA ATOMHOM
dayopectennuu npu 280 HM B mpegenax 0,0025-10 MKr M
MapraHla B BOJHOM pacTBope. ToabKO YeTHIpe MEHIAIOT OIIpefie-
JICHMI0 OT 26 APYTUX aHMOHOB U KATHOHOB, IPUCYTCTBYIOIIMX B
1000-kparrom u30uTre. Bombmue kommuecrsa Si, Th n V
MeINalT, BLIBMBASA paccefAlle Nafawpmlell paguanui, B TO BpeMs
Kak Mg BuLISLIBAeT JeNPECCHI0 ATOMHON (IyopecleHIUI Ha
OCHOBe XUMuuyeckoro sddexra.



Summaries for card indexes

Redoxaustauscher und ihre Anwendungen—XYV. Reduktion von Eisen(X1I)
an Redoxiten und anschlieBende oxydimetrische Bestimmung: BrunNo
SansonI und WOLFGANG WIEGAND, Talanta, 1970, 17, 973. (Radio-
chemisch-analytische Abteilung im Institut fiir Strahlenschutz der
Gesellschaft fir Strahlenforschung mbH., 8042 Neuherberg bei
Miinchen, und Chemisches Institut der Universitit Marburg/Lahn.)

Summary—As an example of the reduction of cations on redox
Ion-exchangers, the reduction of 50-200 mg of iron(III) on Leucomethy-
lene Blue- and ferrocene-resin of a polystyrene type, is described.
The iron(IT) was titrated potentiometrically with cerinm(IV). Under
optimum conditions, the standard deviation was 004-0-14 mg.
In contrast to their behaviour on metal reductors, there is no inter-
ference from Cu?*, Bi%+, TiO?+, Sn4+, Ce*+ and AsO,2~. The method
has been used for the direct determination of iron in ores, slags and
special steels.

Redoxaustauscher und ihre Anwendungen-—XVI. Entfernung von
Wasserstoffperoxid aus wisseriger Losung an Redox- und Ionenaus-
tauschern: BRUNO SaNsoNi und ELISABETH BAUER-SCHREIBER, Talanta
1970, 17, 987. (Institut fir Strahlenschutz der Gesellschaft fiir
Strahlenforschung mbH., Radiochemisch-analytische Abteilung, 8042
Neuherberg bei Miinchen und Chemisches Institut der Universitit
Marburg/Lahn.)

Summary—Hydrogen peroxide can be removed semi-continuously
from aqueous solution by reduction on an anion-exchange resin
in the dithionite or sulphite form, or by catalytic decomposition
on a resin in the OH~--form. Simple column arrangements suitable
for this purpose providing for exclusion of air, and for quasi-column
operation, when the resin is vigorously agitated by the evolution
of considerable amounts of gas, are described.

Apparatus for the determination of melting points, molecular weights,
freezing points and purity, and for the study of melting: R. F. GREEN-
woobD, Talanta, 1970, 17, 999. (Department of Chemistry, The City
University, St. John Street, London E.C.1.)

Summary—An apparatus for the determination of the melting point
of a partially frozen liquid is described. Thermal equilibrium is
rapidly attained, largely because of the presence of glass balls in the
experimental flask, and the method of agitation. The use of a thermistor
and a recording potentiometer allows charting of the temperature
changes with time. The melting point can be calculated from points
on the trace. The apparatus has been used to study melting point
depressions for solutions of hydrocarbons and phenols in benzene,
nitrobenzene, water and dioxan.
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Annoranuu crareit

ORNCJINTEJIbHO-BOCCTAHOBUTEJLHDIE
OBMEHHBIKIT 1 UX IIPUMEHEHUE—XV.
BOCCTAHOBJIEHUE MHEJESA(IIL) HA
ORNCJIUTEJIBbHO-BOCCTAHOBUTEJBHBIX
OBMEHHBIKAX C IIOCJIEOYIOIMUM
OKCHINMETPUYECKUM OHNPEIEJEHUWEM:

BrUNO SaNsoNI and WOLFGANG WIEGAND, Talanta, 1970, 17, 973.

Pesrome—Omnucano poccranosnenue 50-200 mr sxexesa(IIl) ma
JelikoMeTuaeHroayGoit u QeppolleHoBolf cMoJle TUNA IOMH-
CTHpOJIa, B KayecTRe IpUMepa BOCCTAIIOBJIEHMS KATHOHOB HA
OKUCINTEIHLHO-BOCCTAHOBUTEIbHEX oOMeHHHKax. #Hlemeso(II)
TutpoBaau uepnem(IV) ¢ ucmoar3oBaHueM MOTeHIOMETpUYEC-
KOT'0 MeTOfa. B ONTHMAJbHBIX YCIOBHAX CTAHAAPTHAA omnbKa
ona 0,04-0,14 mr. IlpoTuBHO MOBeEHHMI0O Ha METAINYECKUX
BOCCTAHOBHTENAX He obnapymeno piusame Cu?t, Bi*t, ThO?**,
Sn**, Cett n AsO,*-. MerogoM IOJB3OBANNCE JJISL HENOCpPeN-
CTBEHHOTO OIIpejleJIeHN s sKeJle3a B PYAAX, HITAKaX I CICIUAJIbHEIX
CTAJAX.

OKUCIINTEIBHO-BOCCTAHOBUTEILHBIE
OBMEHHBIKM ¥ X NPUMEHEHHE—XVI.
VIOAJIEHNE NEPEKUCU BOOOPOJA 13 BOJHOIO
PACTBOPA JIPY IIOMOIIN OKUCJIUTEJbHO-
BOCCTAHOBUTEJBHBIX 1 MOHOOBMEHHBIKAX:

BrUNO SAnsonI and ELISABETH BAUER-SCHREIBER, Talanta, 1970, 17,
987.

Pestome—Ilepexnck BOEXOPORA MOMKHO YHNANATH IOJYHENpepH-
BHEIM IIyT€M M3 BOJTHOI'O PACTBOPA BOCCTAHOBJEHMEM HA aHMOHO-
o0MeHHOU cMoJIe B (popMe AUTHOHUTA HIU CYIbOUTA, NI KATAIH-
TUYCCKUM pasyomxenueM Ha cmoile B OH-gopme. Omnncanst
HECJIOKHbIE KOJIOHKU JJIA NIPOBENeHMA 3Tofl peaKkuuu 3a HCKIIO-
YeHy¥eM BO3AYXa, I KBA3UMKOJOHKM B KOTOPHIX CMOJA 9HEPIHYHO
nepeMeNINBaeTCA BHAYMTENBHBIME 00BEMaMH 'a3a BHENAKIE-
T'OCH B PEAKIKM.

NP BOP JJIA OIIPENEJEHUA TEMIIEPATY PHI
IIJIABJIEHUA, MOJEKYJIAPHOTO BECA,
TEMIIEPATYPBI 3ACTBIBAHUA I YNCTOTHI,
n 0JA N3YUEHUA NIJIABJIEHNA:

R. F. GREENWOOD, Talanta, 1970, 17, 999.

Pesiome—Onucan npuGop JANA  ONpEReNeHAA TeMIEPATYPHE
IJIABJIEHMA YaCTHYHO BACTHIBIIEN sKuIKoCTH. BricTpo gocrur-
HyTO TepMHYecKoe paBHOBeCHe, IJIABHHIM 06pasoM BCIECTBUE
NIPUCYTCTBUA CTEKIAHHEIX MIAPOB B ONMBITHON Koj0e M IpuMeHeH-
HOTO MeTofa IepeMemnBanusA. HMemonnzosanme TepmMmeropa u
CAMOTIMIIYIIYeTO IIOTeHIMOMETPA MO3BOJAET BAINCHIBATL Hepe-
MeHBI TeMIepaTypsl ¢ BpemeHeM. Temmeparypa mnnapiaenns
BLIMUCIACTCH M3 TOYEK HA BamucaHHoil KpeiBoit. IlpuGopom
MOJBb30BANNCE IJIA M3YYeHHA CHIMKEHHS TeMIIEpATYpH MIIaB-
JICHUSA PacTBOPOB YTJIEBOAOPOAOB U (eHoJoB B GeH30s1€e, HATPO-
GeHzone, BOJe U TUOKCAHE.



Summaries for card indexes

A silver electrode in the potentiometric titration of thiols: TAFT Y.
ToriBarA and LArRYsA KovaL, Talanta, 1970, 17,1003, (Department of
Radiation Biology and Biophysics, University of Rochester School
of Medicine and Dentistry, Rochester, New York 14620, U.S.A.)

Summary—A silver wire immersed in a thiol solution gives a potential
responsive to the thiol concentration, and is a sensitive indicator
electrode in the potentiometric titration of thiols with mercury(IT)
chloride, p-chloromercuryphenyl sulphonate, and silver nitrate at
pH 4:5-9-5, 7-9-5, and 9-5 respectively. Titrations of simple thiols such
as cysteine or a protein such as albumin are equally successful, but
the potential break was smaller for the protein. The end-point could
be determined within an increment of titrant equal to 5 nmole of
thiol. An inert atmosphere is needed for titration at pH > 7.

Amperometric complex-formation titration of traces of alkaline earths:
G. DEN BoEF, F. FREesg, M. M. P. F. KraMEeR and H. Poppg, Talanta,
1970, 17, 1006. (Laboratory for Analytical Chemistry, University
of Amsterdam, Nieuwe Achtergracht 125, Amsterdam-C, The Nether-
lands.)

Summary—Alkaline earth metals were determined in microgram
quantities by complexometric titration with EDTA, EGTA and DTPA.
The end-point was detected by following the anodic wave of the
chelating agent at the rotating mercury electrode. All the alkaline
earths can be titrated at the microgram level with reasonable accuracy,
and calcium may be titrated with EGTA in the presence of a 1000-fold
excess of magnesium.

A microwave-excited emissive detector for gas chromatography. Further
studies with sulphur compounds: R. M. DacgnaLL, S. J. Prarr,
T. S. WesT and D. R. DEaNs, Talanta, 1970, 17, 1009. (Chemistry
Department, Imperial College, London, S.W.7., UK.)

Summary—Improvements in the design and operation of the micro-
wave excited detector for gas chromatography have led to an increase
in the sensitivity and a lowering of detection limits for sulphur com-
pounds.

Xv



xvi Anportamuu crareii

NCIHOJb3OBAHUE CEPEBPAHOI'O 3JEHTPOIA
OJIA IIOTEHODUOMETPUYECKOTO TUTPOBAHUSA
THUOJOB:

TArT Y. TORIBARA and LArysA KovaL, Talanta, 1970, 17, 1003.

Pestome—IIpoBosoka cepeGpa HOTPYKEHHAA B PACTBOP THOJA
faeT MOTEHINAJ COOTBETCTBYIONIMIT KOHIEHTPALNN THOIA M
nmpejcTaBiader coboil YyBCTBUTEIbHEI MHAUKATOPHEIN 3JIEKTp 0T
A TOTeHIMOMETPNYECKOTO THUTPOBAHHMA THOJOB XJIOPUAOM
pry™a(ll), n-xaopmeprypudeHMICyIbYOHATOM M HUTPATOM Ce-
pe6pa npu pH 4,5-9,5, 7-9,5 u 9,5, coorBercBenHo. Turposanue
HECIIOAHEIX THOJIOB THIIA UCTeNHa UM IPOTerHA KaK HA IpIMe]p
anp0yMUHA YHAeTCA NPOBECTH YCHEeIUHO, HO CKAYOK MOTeHIINANA
MeHLOIMIT B CJIy4yae NpPOTeNMHA. YHAJ0Ch OIpPEAeNnTh KOHeI
TuTpoBaHMA pAo0aBieHNeM o0BeMa THUTPOBAHHOTO pacTBOpa
COOTBeTCBYOIEro 5 HMoaA Tnoia. Hamo nenonp30BaTh HHEPTHY O
arMoc(epy maa rurposauusa npu pll > 7.

AMIEPOMETPNYECHKOE TUTPOBAHUNE CJIEIOB
EJIOYHO3EMEJIbHBIX 3JIEMEHTOB HA OCHOBE
HOMIIJIEKCOOBPA3OBAHUAA:

G. DEN BoEkF, F. FrReesg, M. M. P. F. KraMmer and H. PoprE, Talanta,
1970, 17, 1006.

Pestome—IllenounosemeabHEE 5IEMEHTH ONpeflelIeHH B MHKPO-
IPaMMOBBIX KoJauvyecrBax HOMII.TIGHCOHOMeTpI/[‘IeCHPIM TUTPOBAaH-
nem ¢ 3TA, 9I'TA u JATIIA. Homen TutpoBasmusa omnpegeneH
o0Hapy:KeHUeM AHOMHON BOJHBI Xeaaroo0pasylollero areHTa Ha
BpamamonmeMcd PTYTHOM 3IeKTpofie. Bce IenouHo3eMebHEIE
9JIEeMEHTHI YIAIOTCA TUTPOBATE B MUKPOIrPAaMMOBHIX KOJUYECTBAX
C OBOJBHHOM TOYHOCTBIO, & KaJbIMit MOMNIO THTpOBATH ¢ OI'TA
B npucyTcTBuHM 1000 KparHOro M30EITHA MarHUA.

JATUUHK HA OCHOBE sMHNCCHUU MIKPOBOJIH
JJI5I TA30BOII XPOMATOIPA®UM:

R. M. DagnaLe, S. J. Pratr, T. S, WEST and D. R, DEANs, Talanta,
1970, 17, 1009.

PesoMe—YIy4lleHNs B KOHCTPYKIMK U pabore BO3GY:KIEHHOro
MMKDOBOJHAMM JATYHKA AJIA rasoBoit Xpomarorpadum npusenn
HNOBUIIEHNI0 YYBCTBUTEIBHOCTH M CHNKEHUI IpeAesoB ofHApY-
sKEHUA CepHHUCTHX COeUHEHHI.



Summaries for card indexes

Potentiometric determination of lead with DTPA in the presence of
large amounts of aluminium: JounN P. CuMmMINGS, Talanta, 1970, 17,
1013. (Owens-Illinois Technical Center, 1700 N. Westwood, Toledo,
Ohio 43607, U.S.A.)

Summary—Lead can be titrated accurately in the presence of alumin-
ium with diethylenetriaminepenta-acetic acid, with a silver electrode
system for detection of the end-point. The method is very suitable for
analysis of lead glasses.

Optimum physical and chemical conditions for the Methylene Blue
method of estimating gaseous sulphide in the environment: P. K. ZUTsHI
and T. N. MAHADEVAN, Talanta, 1970, 17, 1014. (Air Monitoring
Section, Health Physics Division, Bhabha Atomic Research Centre,
Trombay, Bombay, India.)

Summary—The sensitivity and reproducibility of the Methylene Blue
method for gaseous sulphide estimation have been investigated with
respect to physical conditions and the concentrations of the reagents,
especially sulphuric acid. A new design of absorber is proposed to
minimize gas-phase loss of the sulphide in the final stage of the pro-
cedure.

Determination of platinum, palladium and silver in geological materials
and their concentrates by fire assay and emission spectrography: E. G.
KoLeva and S. H. ArRpADIIAN, Talanta, 1970, 17, 1018. (Faculty of
Chemistry, State University of Sofia, 1 Anton Ivanov Avenue, Sofia 26,
Bulgaria.)

Summary—A method is described for the determination of platinum
down to 10 ng, palladium to 5 ng and silver to 10 pg in 50 or 100 g of
sample. Fire-assay techniques are used to preconcentrate these metals
into a bead which is first treated with nitric acid to dissolve palladium
and silver and then with aqua regia to dissolve platinum. Both solu-
tions are diluted and adjusted to pH 4, then analysed by optical
emission spectrography of the residue from a measured volume
evaporated on a pair of flat-top graphite electrodes. This method
requires much less sample handling than most published methods for
these elements.
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AnHoTauuu craTei

NOTEHINOMETPNYECKOE ONPEJEJNEHUE CBUHIA
C ATIIA B NPUCYTCTBMUU BOJBIINX KOJIUYECTB
AJIIOMUHWS:

Jonn P. CumminGs, Talanta, 1970, 17, 1013.

Peatome—MoK110 POBECTU AKKypATHOE TUTPOBAHUE CBUHIA B
OPUCYTCTBUU — AMOMUHHA  JUATHICHTPHAMUHIIEHTAYKCYCHOMN
KHUCJIOTOH, € MCHOJb30BAHMEM Ccepe0pAHOrO BJIEKTPORA MOJIA
o0HapyKeHHA KOHIA TUTPOBAHMA. MeTOX BechMa IoNeseH MJIA
aHANNBa CBUHI[OBEIX CTeKeJ.

ONITUMAJIBBBIE OVSUKAJBHLIE U XUMUYECKUE
YGJIOBUA OJd ONPEAEJEHNA 'A3OOBPA3HOIO
CYILOUOA B ATMOCOEPE METOOOM
METHJIEHOBOTO rOJIYVBOIO:

P. K. ZutsHI and T. N. MAHADEVAN, Talanta, 1970, 17, 1014.

Peatome—I1syuensl YyBCTBUTEIBHOCTE H BOCIHPOH3BOAMNMOCTH
METOAA METUIIEHOBOTO FoJIyGoro A onpefeleHnAa razoo6pasHoro
cynbduna yunTusag QUAMKANBHEE YCIHOBAA U KOHLEHTPALMU
pearenToB, oco0eHHO cepHoif KucnoTeH. Ilpegmoskena moBasm
KOHCTPYKIMA aGcopbepa JIA yMeHbINEHWsA IoTephb cylnduna
B rasonoii dase B KoHeuHOIl Pase MPOUELYPHL.

OIIPEJJEJEHUNE IIJJATUHBI, TAJIJAINA N CEPEBPA
B T'EOQJOTUYECKHX MATEPHAJIAX 11 UX
HKOHIIEHTPATAX CYXUM IYVTEM U METOJOM
SMUCCUOHHON CHNEKTPOI'PA®UN:

E. G. KoLEva and S. H. ArRrADNIAN, Talanta, 1970, 17, 1018.

Pesome—Omnucan MeTox onpefelieHHst IJIATMHL Jo 10 &r,
najnapuA go 5 Hr m cepebpa mo 10 nr B 50 mau 100 r mpo6w.
Ucmonb3oBaHo NpPeKOHNEHTPUPOBAHHE CYXUM IyTeM STTUX
MeTaNyioB B KODOJEK KOTOpLIA BaTeM o0o0palaTLIBAIOT A30THON
KHCIOTOU [JIA pacTBOpeHNA maniagud u cepebpa, a sarem
IfapCKoit BOAKON pmaA pacrsopenusa nuaruanl. O6a pacrsopa
pasbabiawT u npusogar mo pH 4 m aHanusupywoT Meromom
SMHCCHOHHION cHeKkTporpadum OCTATKA, NOJYYEHHOr0 BHIIAPH-
BaHMEM UBMEpeHHoro o0heMa Ha IAPH IPaPUTOBEIX HJIEKTPONOB
¢ IJIOCKMM BEpXoM. IToT MeTox Tpebyer ropasmo meHee MaH-
UITyJIMPOBARHNA UeM OOIBIIMHCTBO OnyOINKOBAHHEIX METOOB.
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Theoretical considerations on the estimation of sample matrix effects
in analytical chemistry: ADAM SHATKAY, Talanta, 1970, 17, 1021,
(Polymer Department, Weizmann Institute of Science, Rehovot,
Isracl.)

Summary—Methods are suggested for evaluating the magnitude of
matrix effects on the results of analysis.

Behaviour of dilute solutions of mercury: T. Y. ToriBara, C. P.
SHIELDS and LARYsA KovaAL, Talanta, 1970, 17, 1025, (Department of
Radiation Biology and Biophysics, University of Rochester School of
Medicine and Dentistry, Rochester, New York 14620, U.S.A.)

Summary—It is shown that loss of radioactivity from labelled mer-
cury(II) solutions is due to reduction of some mercury(II) by reductants
adventitiously introduced, followed by disproportionation of mer-
cury(l) and loss of metallic mercury in the gas phase. The loss can be
prevented by addition of a small excess of an oxidant such as perman-
ganate.



XX AnHOTAaUMHN CTaTel

TEOPETNYECKUE PACCMOTPEHUA BJIUAHUA
MATPHUIU OBPA3LA B AHAJIUTUYECKON XUMMNU:

ADAM SHATKAY, Talanta, 1970, 17, 1021.

Pesome—IIpeamomxens MeTOsl OpefeleHUA BIMANUA MATPUIN
Ha PesyJbTaThl AaHAJINBA.

NOBEJEHUE PA3BABJIEHHBIX PACTBOPOB
PTYTH:

T. Y. ToriBARA, C. P. SHIELDS and Larysa KovaL, Talanta, 1970, 17,
1025.

Pesrome—IIokazaHo 4TO NMOTEPHA PALHOAKTUBHOCTH B MEUEHBIX
pacrsopax prytu(ll) BrisBana BoccranoBleHHeM yacru pryTi(IT)
CIHy4aifHO BBEJGHLIMH BOCCTAHOBHUTEIAMM, C HOCIEKYIOUINM
BUCHpoNopiuoENpoBarmeM prytu(l) u morepeit Merasrnueckoi
pTyTi B rasonoit fase. Ilorepio moskHO pegoTBpaTUTE f0GaBICH-
neM HeGONBIIOTO M3OHITKA OKUCIAMTENA, HA NpuUMEp IlepMaH-
raHara.
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