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EDITORIAL

WE woULD draw your attention to the report, appearing on p. 559 of this issue, of the
work of the Analytical Chemistry Division of the International Union of Pure and
Applied Chemistry. It is important that the work of the Division should be widely
publicized, because it is essential that the vast amount of research done on analysis
should be collected, collated, evaluated and as far as possible systematized. Only
in this way can international agreement be reached on standard methods, standard
nomenclature efc. There must therefore be adequate communication between the
army of research workers and the general and intelligence staff at headquarters.
The purpose of publishing this report is to make the general strategy widely known,
and to encourage feedback of information from the field of operations. The Analytical
Chemistry Division is our Division and needs and deserves our support.
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INORGANIC ANALYSIS IN ORGANIC SOLVENTS—III

ADSORPTION CHARACTERISTICS OF METAL CHELATE
COMPOUNDS ON ALUMINAS AND SILICA GELS

M. P. T. BRADLEY and D. A. PANTONY
Department of Metallurgy, Imperial College, London, S.W.7.

(Received 10 September 1968. Accepted 30 September 1968)

Summary—The general adsorption characteristics of 8-quinolinol,
aetioporphyrin, f-diketone and 8-quinolinethiol chelates of metals are
described. These, with adsorption isotherm studies, indicate that the
mechanism is of a chemisorption type with, in the case of oxo-chelating
agents, high heats of adsorption. It appears that hydrogen-bonding
to Bronsted sites on the adsorbents is an essential feature of the process
and that multilayers of adsorbate are readily formed. This observation
is supported by rate studies which show that the adsorption is a two-
stage process with a break at a point corresponding to monolayer
coverage. Both stages are diffusion controlled with relatively low
probability. Infrared and X-ray diffraction studies, although of limited
value, support these conclusions. The requirements of more generally
applicable chelating agents and adsorbents for analytical purposes
are discussed and predicted.

ADSORPTION chromatographic separations of molecular chelates from organic
solutions are attractive for the isolation of metals before their determination for a
variety of reasons: several investigations7 have been made, the most extensivel-?
showing considerable promise. However, applications of the technique are markedly
limited and only chromium® and copper? have been determined by methods based on
this technique; the high degree of precision and accuracy attained in these two
determinations justifies investigations designed to extend the method to other
elements.

Qualitative observations

The adsorption, especially of 8-quinolinol chelates, has certain clear character-
istics.

(@) The adsorbent must possess surface hydroxy groups for adsorption to occur;
thus, silica gel, chromatographic alumina (i.e., aluminium hydroxide/alumina)
boric acid, sodium dihydrogen phosphate and similar compounds are active, whereas
calcium carbonate, titanium dioxide, fused alumina, efc., are poor adsorbents.
Aluminas of widely varying Brockmann!? activity display virtually identical proper-
ties towards the chelates, and even variations in the spread of adsorbed bands caused
by different degrees of strong heating before chromatography can be explained in
terms of change of numbers of active adsorption sites rather than change of their
degrees of activity. Attempts to change the activity of the adsorbent during elution
(e.g., by saturating the organic solvent with water) cause little change in the process,
and application of higher temperatures (e.g., by using o-dichlorobenzene as eluting
solvent at up to 160°) has no appreciable effect.
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(b) The solvent, especially with respect to its dielectric constant, has some effect
in that increased spreading.of adsorbed bands can generally be achieved by increasing
the dielectric constant of the solvent, e.g., from 2-3 for dioxan or benzene to 35 for
nitrobenzene. In addition, some decomposition occurs with dimethylformamide
(37) and formamide (109). However, in no case can an adsorbed chelate be eluted
quantitatively in reasonable times or with practicable volumes of solvent.

(¢c) The chelating agent is of paramount importance and its choice forms the
major part of this investigation. However, it is worth noting at this point that
actioporphyrin chelates of copper(Il), nickel(I) and vanadium(IV) can be adsorbed
on silica gel from benzene-ligroin solutions (1:20) and then quantitatively separated
by elution with a 1:4 mixture of the solvents. S-Diketone chelates behave in a manner
essentially similar to 8-quinolinol compounds, the strength of adsorption being
slightly more strong and irreversible. Substitution of halogen in the 5-, 6-, 7- or
5,7-positions of the quinoline has little effect except for slight broadening of the
bands, and this can be ascribed merely to changes of solubility of the substituted
chelates in the selected solvents. In view of the difficulty of preparing porphyrin
chelates for analytical purposes, the anomalous spectrophotometric behaviour of the
diketone chelates in solution, and the excellent spectrophotometric and precipitation
properties of the simpler 8-quinolinol chelates, the last-named were prefeired for
further analytical investigation.

(d) The irreversibility of adsorption of all 8-quinolinol chelates from organic
solvents is a most striking feature. Even chromium® can only be recovered quanti-
tatively if relatively high flow-rates (>1 ml/min on 5-mm diameter and 50-mm length
columns of 100-200 mesh aluminas) of 1:1 chloroform-benzene solutions (dielectric
constant, 3-5) of its 8-quinolinol or 2-methyl-8-quinolinol chelate are maintained;
if lower flow-rates or solvents of lower dielectric constant are employed, at least some
of the compound is irreversibly retained on the column. Analogous copper chelates® 11
are eluted only when an approximately 0-5 9; solution of the parent chelating agent in
the selected solvent is used: otherwise the copper compounds are as irreversibly
retained as all others. At the same time, the chelating agents themselves show little
retention on any of the adsorbents.

Adsorption isotherms

As might be expected, adsorption of the chelates on various adsorbents fits fairly
closely to the Freundlich isotherm. Results for copper(ll)-2-methyl-8-quinolinol
chelate (in the absence of reagent) are shown in Fig. 1: evidently the extent of ad-
sorption increases with increasing Brensted-site (OH) surface population, and the
similarity of slopes indicates that the same mechanism operates on all the adsorbents
examined. From this work it became apparent that equilibrium is reached, if at all,
extremely slowly, and its true value may not be reached even after 24 hr. Moreover,
it appeared that the quantities of chelate adsorbed were far in excess of the surface
areas available for monolayer adsorption. The isotherms were not sensitive to small
(4-0-2°) changes of temperature. _

Adsorption isotherms (Figs. 2(a)~(d) respectively) were prepared for copper(Il),
nickel(IT), chromium(III) and iron(III) 2-methyl-8-quinolinol chelates on silica gel
and alumina at 25° from benzene solution; measurements of concentration were
made spectrophotometrically after equilibration for exactly 6 hr—an arbitrarily
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FiG. 1.—Adsorption isotherms of the copper(II) 2-methyl-8-quinolinol chelate on
various adsorbents.

chosen but satisfactory period for comparison purposes. Under these conditions,
the isotherms of uranium(VI) and cerium(IV) chelates could not be obtained, since
the degree of adsorption was so high that no significant equilibrium concentration
remained in solution: 50 umole of the uranium chelate were completely adsorbed on
0-1 g of alumina from 10 ml of solution.

It would be expected that the plateaux of the isotherms (type L3)!2 for the iron,
nickel and chromium compounds would correspond to a definite stage in the adsorp-
tion process. Table 1 gives the apparent surface areas of the alumina and silica gel
based on adsorption of p-nitrophenol!® and the assumption that monolayer coverage
is obtained at the inflexion at the plateaux (or, in the case of copper, when the rate of
change of equilibrium concentration with respect to quantity absorbed clearly be-
comes constant). The agreement between the p-nitrophenol results and those from
the chelates is, for this type of experiment, remarkably good, and bearing in mind
that this type of measurement gives an estimate of the number of available active
sites rather than a true surface area, then the hypothesis that monolayer coverage is
attained on the plateaux and that multilayer adsorption occurs at higher equilibrium
concentrations receives substantial support. It is interesting to note that owing to
insufficient sensitivity X-ray diffractometry does not reveal any adsorbed species at
the monolayer stage, but multilayers provide powder photographs showing that a
species apparently identical with the crystalline chelate is present.

The isotherms for copper do not display a clear-cut plateau but evidence of
co-operative adsorption is shown by their convex shape at lower equilibrium con-
centrations (type S).*> This may be explained by formation of the chelate dihydrate,
which would remove adsorbed water and expose further active sites at the adsorbent
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FiG. 2.—Adsorption of 2-methyl-8-quinolinol chelates from benzene at 25°C on (A)
silica gel and (B) alumina.

TABLE I.—APPARENT SPECIFIC SURFACE AREAS OF ADSORBENTS BASED ON ASSUMED MONOLAYER

COVERAGE BY p-NITROPHENOL AND BY 2-METHYL-8-QUINOLINOL CHELATES

Specific surface area, m2(g

Estimated projected Silica gel Alumina
Solute adsorbate area, From From From
(adsorbate) Az isotherms kinetics isotherms
p-Nitrophenol 15 (1) 108 — 90
2 36 — —
Copper(II) chelate 150 1) 133 — 9-4
2 — 36 —
Nickel(II) chelate 135 1 90 8-8 73
Iron(1II) chelate 130 (1) 10-2 65 7-1
Chromium(III) chelate 130 (1) 66 9-0 63
2 — 27 —

Mean

(M 1n+1
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F1G. 3.—Kinetics of adsorption of 2-methyl-8-quinolinol chelates on silica gel (004 g,
170-200 BSS mesh, 75-90 um diameter) from benzene solutions (12-5 ml).

surface. Slight colour changes, viz., a brown adsorbed phase from the yellow an-
hydrous solution, support this suggestion. The chromium chelate does not, apparent-
ly, cover as fully as other species although the discrepancy is reproducible: it may be
that the assumed projected surface area of the chelate is in error or that only the most
active adsorption sites are effective in the case of this chelate. The latter is a reasonable
hypothesis in view of the inner orbital character of chromium compounds and the
known chromatographic behaviour of its chelates.

The Brunauer, Emmett and Teller isotherm* for the nickel chelate did predict
agreement between Brunauer’s point B and the calculated monolayer attainment.
However, in view of the doubt in applying such an isotherm and argument to solution
adsorption, the result may have been fortuitous.

Adsorption rate studies

Typical absorbance-time relationships for benzene solutions are shown in Figs.
3(a)-(d). It is evident that, except for certain conditions of copper and chromium
adsorption, the rate plots show two distinct branches and the results cannot be
interpreted in terms of a single rate process of any order. However, the processes are



478 M. P. T. BrRADLEY and D. A. PANTONY

both of first order, the activation energies are similar and typical of physically con-
trolled processes, and the rates are markedly dependent on stirring speeds (see Fig. 4
and, in Fig. 3, the effect of excessively vigorous stirring on the adsorption of the copper
chelate, where the irreproducibility seems to stem from an abrading action in the
suspension). The break-points on the curves correspond reasonably closely to
monolayer coverage.

] ] I I
® High stirring rate.
120 olow & . N
100 {~100rpm) N
80 -
<
€
o (
w  goH —
2
=
40 -
201 —
h | | _
3 4 5 ~ 6 7 8 9 1x104

MOLES PER GRAM ADSORBENT
Fi1G. 4.—Effect of stirring rate on kinetics of adsorption of chromium(Ill) 2-methyl-8-
quinolinol chelate.

Most equations used to describe the kinetics of adsorption processes relate to
gas-solid interactions,!® and studies on solution-solid adsorption kinetics'é-1? use
parameters dependent ultimately on equilibrium conditions. Chelate adsorption
from solution is slow and true equilibrium is apparently not reached.

However, it can be shown that for a first-order process'®

_ 2303 N,
77 BN, TN,

k

where N, is the initial number of moles of chelate per unit weight (g) of adsorbent and
N, the number of moles adsorbed per g of adsorbent at time r. Hence the rate con-
stants can be evaluated from the slopes of log d, vs. ¢ plots, where d is the absorbance
of the solution at time ¢, and “activation energies” can be calculated by applying the
Arrhenius equation to these rates. Details are given in Table 11.

It is interesting to note that rates of adsorption of the 2-methyl-8-quinolinol
chelate of chromium decrease as the proportion of chloroform is increased in a mixed
chloroform-benzene solvent (Fig. 5(a) and (b), Table 1I): in fact, with alumina as
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adsorbent the second stage disappears at a chloroform proportion of about 209,
while with silica gel the relative rates are reversed at about the same concentration.
Nevertheless, it appears that the first minor additions of chloroform have proportion-
ately major effects presumably due to marked preferential adsorption of the chloro-
form on the most active sites. Moreover, at lower temperatures (< 25°) the second
stage is not evident in the copper chelate adsorption.

From the theory of rate processes, “entropies’™ of activation can be calculated:
they are invariably large (~50 cal.mole~.deg~1, Table II) and negative, in accord
with a low probability and correspondingly low rates for a given activation energy.
This treatment does not take into account geometric factors, but the low probability
can be qualitatively explained in terms of stringent requirements for the orientation
and juxtaposition of the solute before adsorption: chemisorption, inclusive of dis-
placement of adsorbed solvent molecules, is not significant as a rate-controlling pro-
cess. It is generally assumed that activation energies in adsorption processes are
dependent on surface coverage, i.e., either different sites have different activation
energies (and presumably the more active are covered first) or the probability of
adsorption decreases as the sites are covered. However, in the present work it is
evident from the results that adsorption rates are independent of surface activity and
coverage until a complete change in character occurs at a stage corresponding to
attainment of approximately monolayer coverage.

On the assumption that the process is solely diffusion controlled, the mass transfer
coefficient, «, can be evaluated from the expression: flux, f,;, = —4«C. Hence,
since —dC/[dt = kC and « = 2D/d, the diffusion coefficient of the solute becomes
D = Vkd[2A4, where V is the volume of the solution, C the concentration, A the surface
area of the adsorbent and d the diameter of its particles which are assumed to be
approximately spherical; k is the rate constant. Substitution of typical experimental
quantities in this expression gives values of D ~ 10~ mm?sec~. Even allowing for
the necessary approximations these values are excessively low for such a system, so
simple diffusion control is unlikely: these observations, coupled with the low prob-
abilities of the adsorption, suggest that molecular orientation, perhaps coupled with
diffusion,'® controls the process.

Miscellaneous investigations

Heats of preferential adsorptions of the chelates have already been discussed at
some length.® In summary, it appears that there is a critical value of approximately
6 kcal.mole! above which adsorption is irreversible; below that value elution can be
achieved, either by using chelating agent solutions for elution in the case of copper(1l),
or by changing the agent.

Infrared studies are not conclusive: alumina itself shows broad bands which mask
the significant bands of adsorbed species but undoubtedly the surface hydroxyl
groups of silica gel disappear during adsorption of the chelates [evidenced® by the
disappearance of the 3740 cm~! (s) band]. The chelates do not decompose in any
drastic manner on either adsorbing surface.

Experiments on adsorbents previously coated with a monolayer of chelate showed
that spreading of the bands of chelates could be achieved much more readily, in
accord with the lower (~3-7 kcal.mole™?) heats of preferential adsorption. However,
elution was far from quantitative and attempts to isolate mixed chelates of copper by
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using eluting solutions of highly substituted 8-quinolinols in benzene-chloroform
were not successful.,

Conclusions

From the evidence, it is clear that adsorption of the chelates proceeds in two
stages: the first caused by hydrogen-bonding to surface hydroxyl groups and the
second an incipient crystallization.’® The surface bonding is strong, heats of prefer-
ential adsorption being as high as 30 kcal.mole™?, and the adsorption process is
diffusion controlled.

TABLE III.—R; VALUES OF 8-QUINOLINETHIOL CHELATES

2-Methyl-8-
Reagent 8-Quinolinethiol quinolinethiol
Adsorbent Silica gel Alumina Alumina
Ligroin— CHCl;—CgHg

CHCl3—C¢H, CgHe— —————— CyHgligroin
Metal Solvent 1:19 CeHg 1:1 1:19 1:4 1:19
Copper(II) 0-4 04 0-3 0-6 07 ~A0-5
Nickel(II) 07 06 0-2 0-8 09 ~0-7
Iron(iII) 075 0-7 0-5 ~1-0 ~10 ~0-8
Chromium(I1I) 02 01 <01 03 0-4 ~0-2

Under these circumstances it is unreasonable to postulate® #-bonding to the or-
ganic part of the chelate and the only reasonable sites for the hydrogen bonding
appear to be hetero atoms of the chelating agent residues which surround the metal
atom, and of these it is known?? that oxygen would form far stronger bonds than
nitrogen. In that case the hydrogen bond would be weaker if, instead of the O—H—O
bridge, a bond of type (@) O—H—N, (b)) O—H—S or (¢) S—H—O were formed,
where the first-named atom is that at the adsorbent surface. Type (a) is demon-
strated by the aetioporphyrin chelates, which, although successfully and successively
eluted, are not of sufficiently wide analytical application. For type (b) 8-quinoline-
thiol was chosen as chelating agent: its chelates retain many of the analytical ad-
vantages of its oxy-analogues and although it is susceptible to air oxidation it can be
kept as its sodium salt and used in gravimetric and spectrophotometric determin-
ations®.2* of several metals; more important, its chelates are at least slightly soluble
in several organic solvents, including benzene, chloroform, ligroin and n-butanol,
without decomposition. By the techniques described before, the 8-quinolinethiol
chelates of copper(Il), nickel(11) and chromium(III) were successfully separated with
a column loading of 100 ug of mixed chelates per g of adsorbent (type H alumina).
Some tailing and perhaps decomposition occurs with the iron(III) compound.
Typical R; values are given in Table 1II, although for each a range from < 0-1 to
> 0-9 can be achieved by slightly changing the dielectric constant of the solvent. The
elution of copper(II) is not assisted by use of reagent solutions. Heats of preferential
adsorption™ are low for these chelates and correspond with their R, values. The
simple 8-quinolinethiol chelates have certain disadvantages, notably their low solu-
bility, and preliminary experiments with 2-methyl-8-quinolinethiol showed greater
potential in flexibility, quantitative recovery and extension to other metals,

Separation of the same metals, as their 2-methyl-8-quinolinol chelates, can be
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achieved on zinc sulphide or arsenic(1II) sulphide, provided that these adsorbents are
freshly precipitated and air-dried, thus demonstrating the use of hydrogen-bonding of
type (c). Despite some ligand exchange with zinc on its sulphide, distinct elutions
from both adsorbents can readily be demonstrated. Fuller details of this and the
work with substituted 8-quinolinethiols will be reported in a later communication.

At this stage, the structure of the single and multilayer deposits can only be
conjectured. However, any epitaxy or effect transmitted into the thicker layers from
the monolayer can only be of very short order, otherwise X-ray diffractometry would
show divergence from the normal d-spacings of the chelates. It is known? that
intramolecular hydrogen-bonding can occur with the 8-quinolinol chelate of vana-
dium(V), viz., Ox,,VOOH, presumably without substantial distortion of the mole-
cule: in the case of intermolecular bonding of the chelates to the adsorbent hydroxyl
groups the distortional effect may also be minimal, thus allowing the formation of
almost or completely normal multilayers by = or van der Waals bonding. Whether
the “incipient crystallization” is due to minor solid state energetic changes at the
adsorbent surface compared with the normal crystalline form or whether precipi-
tation of a supersaturated solution of the chelates is encouraged on the surface is
again debatable; indeed the “normal’ solutions of the chelates may really be super-
saturated, since it is difficult to find a clear demarkation or saturation point at con-
centrations as high as 4 % w/v especially when these solutions are allowed to evaporate
in air. It will be important to decide on the type of process, since one of the reasons
for the success of the chromium® and copper? determinations is the high loading
capacity of alumina, which allows retention of large excesses of interfering chelates:
if other chelating agents, allowing further separations but involving weaker hydrogen
bonding, are chosen the loading of the columns may be too small to allow practicable
analyses to be carried out if multilayer adsorption does not occur.

The case of elution of the copper chelates of 8-quinolinols with reagent solutions is
particularly interesting and characteristic, and it may well be connected with the
polar positions of the potentially octahedrally co-ordinated copper.2® It is known!!
that copper does, under suitable conditions, form triligand chelates with 8-quinolinols
although the third is but weakly held. However, its bonding may be comparable
with that of one planar 8-quinolinol residue already in competition with hydrogen-
bonding. In that case it is possible to envisage the copper’s moving along the alumina
surface by a ligand-exchange, secondary-complex or cascade process. The eluate
apparently contains only the diligand species and free reagent, as might be expected
from this hypothesis, and use of other substituted 8-quinolinols in the eluting solution
did not lead to any detectable mixed chelates, though markedly reducing the efficiency
of the elution process.

EXPERIMENTAL
Reagents

B-Diketone,* 8-quinolinol® and 8-quinolinethiol* chelates were prepared by standard methods.
Commercial reagents were used except in the following cases: 5-halogeno-, 5,7-dihalogeno- and
5,7-dinitro-8-quinolinols,?8-% 6-chloro-2-methyl-8-quinolinol,* 8-quinolinethiol.**> Small quantities
of 2-methyl-8-quinolinethiol were prepared as follows: 0-1 mole of 2-methylquinoline was heated
with excess of chlorosulphonic acid at 120° until dissolution was complete; after cooling the mixture
was poured onto crushed ice (2 kg) and the mixed sulphonyl chlorides extracted with 100 ml of
ether; the solvent was subsequently removed in vacuo, which also served to dry the residue. The
product was reduced in ethereal solution with a 707/ excess of lithium aluminium hydride. In the
resulting mixture of thiols only the 8-derivative is an effective chelating agent, so the mixture was

* a 4
V\ﬂxmliﬂ nINansnAgn:



484 M. P. T. Brapiey and D. A, PANTONY

used as reagent for preparing the chelate by the method?® used for 8-quinolinethiol. Solvents were of
analytical reagent grade or specially purified.® The authors gratefully acknowledge the gift of
small quantities of 8-quinolinethiol from Dr. Dalziel and of certain aetioporphrin chelates from the
B.P. Research Centre, Sunbury, who also supplied the aluminium-washed silica gel of exclusively
Bransted type.

Chromatography

The chromatographic studies were carried out by methods described previously.® Commercial
chromatographic alumina (Peter Spence type “H™, 100-200 mesh) and silica gel (Hopkin and
Williams “MFC”) and specially prepared silica gels were employed in these and the isotherm studies.
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Acid-washed alumina. Prepared from type “H” by stirring with acetic acid (1 + 1) for 30 min,
filtering, extracting in a Soxhlet apparatus with demineralized water for 2 hr, then activating under
standard conditions.

Sodium-washed alumina. Obtained by stirring type “H” in 5 % w/v aqueous sodium hydroxide for
30 min, filtering, drying, sieving and activating under standard conditions.

Silica-alumina. The commercial catalyst (5597 alumina) ground to 100-200 mesh and activated.

Adsorption isotherms

Adsorbent (0-01 g) was equilibrated by rotation in a glass-stoppered vial on a “Rolamix™ machine
with 10 ml of originally ~10-2M solutions of the chelates in the appropriate solvent. Consistent
agitation was achieved and reasonable constancy of temperature (25 i 2°) was maintained in a
temperature-stabilized room, Isotherms were obtained by spectrophotometric analysis after the
arbitrarily chosen 6 hr of equilibration.

Adsorption rate studies

The assembly used is shown in Fig. 6 and was based on the Unicam SP600 spectrophotometer:
about 0-04 g, accurately weighed, of 170-200 BS mesh (75-90 um particle size) adsorbent was kept in
suspension in 12-5 ml of solution within a controlled-temperature 40-mm cell (1) fitted with a neo-
prene lid, by means of a small de Witt stirrer (2) rotated at constant speed (usually 100 rpm for “low”
stirring rates and 600 for “high™) via a retractable flexible drive (3) from a small electric motor.
Temperature control was to better than 4-0:1° and the speeds and mesh sizes were chosen from
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preliminary experiments, bearing in mind the need for reasonably large adsorbent surface areas
coupled with sufficient speed of settling to avoid error in the rate measurements. The stirrer was
withdrawn during absorbance measurements; where high concentrations of solute were involved,
absorbances were measured at wavelengths where molar absorptivities were of suitable values. For
the activation energy evaluations measurements were made at 5 intervals in the range 20-45°.

Infrared spectra

These were obtained on a Perkin~Elmer 621 instrument either by the potassium bromide pressed
disc technique or by soaking previously prepared self-supporting discs of adsorbent in the chelate
solution, washing in benzene and then drying at 50°.

X-Ray diffraction

Silica gel (400 mesh) was equilibrated with the chelate solution in benzene and was then examined
by the powder-photograph technique and results were compared with those for the pure chelate.
The adsorbent was completely amorphous and no characteristic pattern could be obtained with it or
with “monolayer”-covered samples.

Zusammenfassung—Das allgemeine Adsorptionsverhalten der Metall-
chelate von 8-Hydroxychinolin, Atioporphyrin, B-Diketonen und
8-Mercaptochinolin wird beschrieben. Dies zeigt im Zusammenhang
mit Untersuchungen von Adsorptionsisothermen, daf8 der Mechanis-
mus zum Chemisorptionstyp gehdrt. Dabei treten im Falle iiber
Sauerstoff koordinierender Chelatbildner hohe Adsorptionswirmen
auf. Es scheint, daBl Wasserstoffbriicken zu Brenstedzentren an den
Adsorbentien fiir den Proze8 wesentlich sind und da8 leich mehrere
Adsorptionsschichten aufgebaut werden. Diese Beobachtung wird
gestiitzt durch kinetische Untersuchungen, die zeigen, daB die Adsorp-
tion in zwei Stufen ablduft, wobei nach Bildung einer Monoschicht
cine Anderung sichtbar wird. Beide Stufen sind diffusionskontrolliert
und haben relativ geringe Wahrscheinlichkeit. Infrarot- und Ront-
genbeugungsuntersuchungen stiitzen diese Folgerungen, obgleich
sie nur von begrenztem Wert sind. Anforderungen an allgemeiner
verwendbare Chelatbildner und Adsotbentien fiir analytische Zwecke
werden vorausgesagt und diskutiert.

Résumé—On décrit les caractéristiques générales d’adsorption des
chélates de métaux avec la 8-hydroxyquinoléine, I’étioporphyrine, la
p-dicétone et le 8-quinoléinethiol. Celles-ci, avec des études d’iso-
therme d’adsorption, montrent que le mécanisme est d'un type
chimisorption avec, dans le cas d’agents oxo-chélatants, des chaleurs
élevées d’adsorption. 1l apparait que I’enchainement par liaison
hydrogéne sur des positions de Bronsted des adsorbants est un caractére
essentiel du processus et qu’il se forme aisément de multicouches de
produit adsorbé. Cette observation est appuyée par des études de
vitesse qui montrent que I’adsorption est un processus en deux étapes
avec une rupture en un point correspondant au recouvrement par
une seule couche. Les deux étapes sont contrdlées par diffusion avec
une probabilité relativement faible. Des études d’infra-rouge et de
diffraction de rayons X, quoique de valeur limitée, étayent ces con-
clusions. On laisse prévoir les conditions nécessaires pour les agents
chélatants le plus généralement applicables et les adsorbants pour des
buts analytiques et en discute.
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AN INVESTIGATION INTO THE USE OF
PLATINUM WARE FOR SILICATE
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(Received 17 November 1967. Revised 10 September 1968. Accepted 31 October 1968)

Summary—The amount of platinum dissolved from platinum apparatus
used for dissolving silicate materials to obtain solutions for analysis
has been determined. The study included apparatus made from an
alloy containing 95 %; platinum and 59; gold. The affinity of iron and
platinum was investigated, together with the problem of removing
iron from platinum after the latter has been contaminated during
fusions. The behaviour of platinumin aclassical scheme for the analysis
of silicatematerials was investigated and the distribution of the platinum
in various precipitates established. Platinum has been found to interfere
in commonly used methods for the determination of silica, aluminium,
iron, titanium, calcium and magnesium.

IT 1s well known that platinum interferes in conventional methods for analysis of
silicates, though very few exact details are available. The opening-out of silicate
materials usually involves the use of platinum apparatus, and platinum may be dis-
solved in variable amounts which are assumed to be small and are often ignored in
the analytical procedures. Hillebrand e al.' recommend the removal of platinum
by precipitation with hydrogen sulphide after the fusion, as its distribution in subse-
quent stages is unpredictable, but this considerably prolongs the analysis. Groves?
recognizes that platinum passes into the filtrate from an R,0; precipitation with
ammonia, and states that it accompanies the calcium oxalate precipitate. Bennett
and Hawley® state that platinum is dissolved during alkaline fusions in platinum
crucibles, but they make no allowance for its presence in subsequent procedures.

It is well known that iron, particularly iron(II), has a strong affinity for platinum
when the two substances are heated together; this effect is particularly pronounced
when materials containing iron are fused with alkaline fluxes. Iron that adheres to the
platinum crucible must be removed after the sample has been dissolved, or low iron
results will be obtained; some platinum is simultaneously removed. Iron must be
removed from platinum ware before an analysis is started.

We have been unable to find any detailed information on the behaviour of platinum
crucibles during various types of fusions, and on the subsequent behaviour of plat-
inum during analyses. This report describes the work done to obtain a clearer under-
standing of this problem, which is of great importance in silicate analysis work.

The iron absorbed by the platinum during fusions with alkaline fluxes is very
difficult to remove, and no effective method has been found. The best method is
repeated ignitions alternated with potassium pyrosulphate fusions, though, after
seven such treatments, significant amounts of iron may still be removed with each
fusion. It is recommended that separate crucibles should be reserved for iron deter-
minations, and that an acidic flux should be used for the fusion.

* Presented at the 20th Convention of the South African Chemical Institute, Durban, July, 1967.
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Crucibles made from a 59 gold-95 % platinum alloy are superior to pure platinum
crucibles in that they are at least as good in their resistance to attack and iron ab-
sorption, and have the added advantage of not deforming easily with handling.

When platinum apparatus is used for an analysis involving fusion, account must
be taken of the platinum introduced into the solution and its possible interference in
the methods used. The amount dissolved varies according to experimental conditions
and the crucibles and samples used.

EXPERIMENTAL
Determination of platinum

The first essential was a fairly sensitive method for the determination of platinum with as few
interferences as possible. The tin(IT) chloride method is well known; its sensitivity has been increased
by extraction of the platinum complex into organic solvents,** but this procedure was not found to be
reproducible and did not give the sensitivity claimed. Measurement in aqueous solution was found
to be entirely satisfactory. The tolerance for titanium, calcium and magnesium has been reported to
be well within the limits required; nickel and chromium give high results, but moderate amounts of
copper and cobalt can be tolerated.* We found that 0-1 mg of platinum could be measured in the
presence of 500 mg of iron or 1000 mg of aluminium; up to 1-5 g of sulphate and nitrate
have no effect, and sodium chloride can be tolerated up to the saturation level. However, if ammonia
has been added to the sample at any stage of the analysis, the portion used for the platinum deter-
mination must be boiled with sulphuric acid for 30 min before colour development.

Fluxes used

Five types of flux are used at the National Institute for Metallurgy (N.I.M.) and are described
here. Other fluxes which have been investigated and found to be inferior are sodium fluoride,
sodium hydrogen fluoride, lithium tetraborate, boric acid, and sodium tetraborate. Many non-
refractory silicates are dissolved in hydrofluoric acid and the fluorides decomposed with sulphuric
acid, particularly for the determination of the alkali metals; attack on the platinum is insignificant,
however, so the technique is not considered in this report.

Sodium carbonate fusion. The sample is mixed with 8 times its weight of flux in a platinum cru-
cible covered with a lid, and fused, slowly at first, then for 30 min, with occasional swirling,* at the
full heat of a Méker burner. The fusion is applicable to most non-refractory silicate materials.

Sodium carbonate sinter. Sample (1 g) is mixed with sodium carbonate (2 g) in a platinum dish
and heated over a Méker burner at full heat for 10 min, then placed in a muffle furnace at 1200°
for 5 min.” Refractory silicates such as sillimanite are not completely dissolved.

Sodium carbonate and sodium borate fusion. The fusion mixture is composed of equal amounts of
sodium carbonate and anhydrous sodium borate.* The fusion conditions are the same as for sodium
carbonate. The fusion is applicable to refractory silicates and zirconium ores.

Sodium peroxide and sodium hydroxide sinter. A mixture of 2 g of sodium peroxide and 15 g of
sodium hydroxide is mixed with 0-5 g of sample (3 and 2 g respectively for a 1-g sample) and sintered
at 440° for 30-60 min in a muffle furnace. The technique is applicable to refractory silicates, and is
particularly suited to samples containing iron(I). Zirconium ores are not dissolved. Silica remains
soluble whenthecooled fused massis leached in water and the solution is poured into hydrochloric acid.

Potassiumhydrogen fluoride fusion. A mixture of 2 g of flux with 0-5 g of sample is heated gentlyina
crucibleuntil all moisture has been evolved, then at the full heat of a Méker burner until the sample has
dissolved. The fusion should not take more than 1 min from the time that the full heai is applied.
The fluorides are decomposed by heating with 3-5 ml of conc. sulphuric acid for 10 min after the initial
effervescence has ceased. Silicon is volatilized as the tetrafiuoride during the fusion. The fusion is
applicable to all the silicate materials that have been investigated.

Lithium fluoride and boric acid fusion. A mixture of 3 g of lithium fluoride and 2 g of boric acid is
Pplaced in the crucible, and 0-5 g of sample placed on top.® The mixture is heated for 15 min at the full
heat of a Méker burner. Then 10 ml of conc. sulphuric acid are added, and the crucible is heated
gently until effervescence has ceased. The temperature is increased until copious fumes of sulphur
trioxide are evolved and is then maintained for 2-3 min. Silicon, boron, and fluorine are volatilized.
Refractory materials are not completely dissolved.

Lithium metaborate fusion. A sample weighing 0-2 g is mixed with 1 g of lithium metaborate (an-
hydrous) and placed in a muffle furnace at 950° for 10-15 min.* The fused mass is cooled, and leached
with dilute nitric acid. If platinum-gold alloy crucibles are used, the mass comes away from the
crucible on cooling and can be taken out, leaving the crucible free for use again without leaching.
The fusion is uncertain for refractory materials, and does not dissolve zirconium ores.



An investigation into the use of platinum ware for silicate analysis 489

Behaviour of platinum crucibles during fusions

Although a number of factors can be shown to affect the dissolution of platinum, there are also
some that we have been unable to explain and still do not fully understand. The amount of platinum
dissolved by the fluxes used is shown in Table I; the sodium carbonate fusion and the sodium hy-
droxide—sodium peroxide sinter have been selected for more detailed study, and are not included in the
Table.

The sample used contained about 8 9 of iron(IT) oxide and 7% of iron(III) oxide. Dilute hydro-
chloric acid was used for leaching and the platinum was determined in the solution. After ignition,
5 g of potassium pyrosulphate were fused in the crucible, and platinum and iron were determined
after leaching in dilute hydrochloric acid. The crucibles were cleaned by repeated potassium pyro-
sulphate fusions until the iron dissolved by each fusion was less than 15 ug. It is, of course, possible
that iron was still present but insoluble in molten potassium pyrosulphate, though there is no experi-
mental evidence to substantiate this.

Effect of iron(Il) and (I1T)

It is well known that platinum and iron have a strong affinity, and that if an iron compound
is heated with platinum, some iron is absorbed by the platinum and is difficult to remove, e.g., the
rapid deterioration of platinum crucibles if they are frequently placed on steel hot-plates. When
silicate rocks are fused with acidic fluxes, such as potassium hydrogen fluoride or pyrosulphate,
there is no tendency for iron to be absorbed by the platinum; in fact, the reverse occurs, and any
iron already absorbed by the platinum is partially removed. Also, the amount of platinum dissolved
is about 0-5 mg for 5 g of flux. With alkaline fluxes, such as sodium carbonate, the amount of plat-
inum aissolved can be substantial and appears to be related both to the amount and the oxidation
state of the iron. The results in Table II were obtained by mixing 0-03 g of iron(II) or iron(IIl)
(as the sulphate), with 0-5 g silica and 4 g of sodium carbonate and fusing as described above. The
cooled melts were leached with dilute hydrochloric acid, and the crucibles were rinsed with conc.
hydrochloric acid. Platinum in the leach solutions was determined. The crucibles were then ignited

TABLE I.—AMOUNT OF PLATINUM DISSOLVED DURING FUSION WITH FLUXES IN PLATINUM
CRUCIBLES AND THE AMOUNT OF IRON ABSORBED BY THE CRUCIBLE

Crucible cleaned with K,S,0,
No. of Ptin leach

Flux detns. solution, Pt dissolved, Fe removed,
mg mg mg

Sodium carbonate and sodium tetraborate 3 111 £ 08 0:67 + 0-13 02 4- 0-1
Sodium carbonate sinter 6 68 + 09 0-62 £+ 0-:60 0-008 L 0-002
Lithium metaborate 4 0012 - 0:004 066 4 0-15 0-047 4 0-036
Lithium fluoride and boric acid 8 61 + 40 not determined
Potassium hydrogen fluoride 4 0-15 + 0-03 060 £ 012 007 £ 007
Hydrofluoric acid and sulphuric acid 4 <002 not determined

TABLE II.—BEHAVIOUR OF IRON AND PLATINUM DURING SODIUM CARBONATE FUSIONS

Pt Leach solution from

in leach K.;S,0; fusion
Fe(IIT) Fe(Il)  solution ————
Crucible* g g mg Pt mg Fe mg

11 0-03 1-92 0-54 017
22 0-03 504 1-58 0-19
45 0-03 2:90 0-80 0-01
11 0-03 0-08 0-66 2-08
22 0-03 0-30 2-08 12:24
45 0-03 0-16 077 4-08
11 0-61

22 041

45 0-34

* Dates of manufacture: 11—1963; 22—1963; 45—before 1960.
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for 30 min at the full heat of a Méker burner. The crucibles, after the fusions with iron(II), had
brown strains inside, but none occurred with iron(III). The stains were assumed to be due to oxi-
dation of iron(II) absorbed by the platinum. Then 5 g of potassium pyrosulphate were fused in each
of the crucibles for 10 min, and the cooled melts were leached with dilute hydrochloric acid. Iron
and platinum were determined in the solution. For comparison, the fusion was repeated with only
sodium carbonate and silica, and the platinum was determinec. Asshown in Table II, more platinum
was dissolved in the presence of iron(IIl) than of iron(ID), though considerably more iron(II) appears
to have been absorbed by the crucible. It is possible, however, that iron(Il) is more easily removed
by molten potassium pyrosulphate than iron(IIl) is, and the latter remains on the platinum. The
greater amount of platinum dissolved when no iron is present is probably due to the higher flux:
sample ratio; an average of 8 mg of platinum was dissolved by fusing 4 g of sodium carbonate in the
absence of any sample. The importance of removing iron from crucibles after they have been used
with alkaline fluxes is amply illustrated. The absorption of iron(II) by the crucible can be avoided by
using an oxidizing flux.

The removal of iron from platinum ware

The importance of the removal of iron from platinum apparatus cannot be overstressed, especially
if iron is to be determined. No really efficient method has been found for the removal of iron from
platinum, but of several substances investigated, molten potassium pyrosulphate is the most effective,
though the crucibles used had to be ignited in air before the iron would dissolve in the flux. Tables
III and IV show the amount of iron absorbed by platinum and the ineffectiveness of hydrochloric
acid and potassium pyrosulphate for the removal of the iron. The sample used was a silicate rock
containing approximately 8% of iron(II) oxide and 7% of iron(III) oxide. The cooled melts were
dissolved in dilute hydrochloric acid, and the platinum was determined in the leach solution. The
crucibles were then ignited for 30 min before each potassium pyrosulphate fusion or hydrochloric
acid leach. Platinum and iron were determined on the resulting solutions.

The oldest crucibles, 45 and 79, appeared to absorb least iron and yield least platinum. They
had become hardened from prolonged use and, on microscopic examination, their interior surfaces
were seen to be pitted and very rough. It is interesting that these are the only crucibles that do not
contain rhodium (see Table V). Crucible 22, which absorbed most iron and yielded most platinum,
had the highest rhodium content. After being used to obtain the results in Table IV, the shiny interior
surface of crucible 29 became etched and dull; a coarse crystal structure was visible to the naked
eye. Crucibles 11, 22, and 87 had a similar crystal structure. The structure of crucible 79 was finer
but still visible to the naked eye. Crucibles 45 and 47 had a very fine structure visible only under a
microscope. It appears that platinum displays its most favourable properties when it has a fine
crystal structure.

The exteriors of the crucibles were then examined by X-ray fluorescence. The results are shown in
Table V.

No standards were used, so the results are purely comparative and no absolute values can be
given. Iridium may be present in some crucibles, but the results were uncertain. The copper and
nickel content could not be reduced by boiling the crucibles in nitric acid so the contamination was
probably not on the surface. The manufacturers confirmed that small additions of iridium and rho-
dium are made to platinum to reduce crystal growth. It has been suggested that the crystal structure
observed in some crucibles is caused by mistreatment, but this was discounted when the structure
was observed in new crucibles, e.g., 29. The manufacturers agree that the use made of crucible 29
should not have caused deterioration of the platinum.

TABLE III.—REMOVAL OF IRON FROM PLATINUM CRUCIBLES WITH HYDROCHLORIC ACID AND
POTASSIUM PYROSULPHATE
For each fusion 0.5 g of sample was taken

Sample 1st HCI cleaning 2nd HCI cleaning 3rd HCl cleaning K,S,0, fusion
Year of leach e —,
Crucible manufacture  Flux Pt,mg Pt,mg Fe,mg Pt,mg Fe,mg Pt,mg Fe, mg Pt, mg Fe, mg

11 1963 Na,CO; 3-40 0-070  2-57 <003 1-29 <003 143 0060 286
22 1963  Na,CO; 3:20 0-070 2-74 <003 2:23 <003 2-11 1-15 607
45 pre 1960  Na,CO, 332 <003 0009 <003 0004 <003 0-006 0-38 0070
47 1964 Na,CO, 480 <003 0036 <003 0020 <003 0044 018 0-056

79 pre 1960 Na,CO; 174 <003 086 <003 062 <003 034 031 049
87 1963  Na,CO,; 3-00 0-060 2:37 <003 194 <003 206 08 791
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TABLE IV.—REMOVAL OF IRON FROM PLATINUM CRUCIBLES BY POTASSIUM
PYROSULPHATE FUSION
For each fusion 1 g of sample was taken

Leach
solu- 1st fusion 2nd fusion 3rd fusion
Date of tion -——"—— /—_—T—m
Crucible manufacture Flux Pt, mg Pt, mg Fe, mg Pt, mg Fe, mg Pt,mg Fe,mg
11 1963 Na,CO, 825 091 797 120 269 071 097
22 1963 Na,CO, 560 227 1633 320 769 075 091
45 pre 1960 Na,CO,4 316 042 0011 034 0017 030 0-003
47 1964 Na,0, + NaOH 042 032 0066 0-33 0064 037 0-050
79 pre 1960 Na,0, + NaOH 106 0-37 0097 040 012 037 011
87 1963 Na,0, + NaOH 132 045 031 08 033 036 018
29* Jan. 1966 Na,CO, 264 069 740 048 212 08 194
4th 5th 6th 7th
Date of fusion fusion fusion fusion
Crucible manufacture Flux Fe, mg Fe, mg Fe, mg Fe, mg
11 1963 Na,CO;, 0-27 0-44 0-30 016
22 1963 Na,COy, 029 0-31 0-12 0-16
45 pre 1960 Na,CO, — — —_ —
47 1964 Na,O, -+ NaOH 0-020 0-040 0-010 0-020
79 pre 1960 Na,O, + NaOH 018 0-025 0-070 0-080
87 1963 Na,O; + NaOH 0-31 019 0-060 0-050
29* Jan. 1966 Na,CO, 1-07 1-06 034 0-28

* New and unused

TABLE V.—QUALITATIVE X-RAY FLUORESCENCE ANALYSIS OF PLATINUM
CRUCIBLES FOR IMPURITIES

Crucible  Fe Ni Cu Rh Remarks
11 B B B C
22 C B B D
29 B B B B Ir also detected
45 B B D A
47 B B D C
79 D B D A Pd and Zn also detected
87 B B D C
A-—Not detected C—About five times B
B—Just detectable D—About ten times B

Table VI shows the results of further similar work with a pyroxenite containing 8-5%; of iron(II)
oxide and 0-757; of iron(IIl) oxide. The results are similar and again seem to indicate that attack
on platinum is higher for the newer crucibles than the old. This does not necessarily imply that the
newer crucibles are of inferior manufacture, but it may indicate that the properties of the platinum
improve with long use. The amount of iron removed by the molten potassium pyrosulphate is un-
expectedly low. This emphasizes the difficulty of predicting what results will be obtained with any
particular combination of flux and sample. Although experimental conditions were reproduced as
closely as possible in Tables I1I, 1V, and VI, large variations in the amounts of platinum dissolved
and iron absorbed do occur, and no explanation can be given for this behaviour.

The ineffectiveness of hydrochloric acid and potassium pyrosulphate in the cleaning of crucibles
creates great difficulties in the determination of iron in silicate materials. Once a platinum crucible
has been contaminated with iron, it is very difficult to ensure that the iron has been effectively removed
even after 7 cleanings with potassium pyrosulphate. Also, if an alkaline flux is used to decompose
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TABLE VI.—PLATINUM ATTACKED BY SODIUM CARBONATE FUSIONS, AND IRON
REMOVED BY POTASSIUM PYROSULPHATE
Conditions: 0-5 g sample; 4 g of sodium carbonate; 5 g of potassium pyrosulphate

Pt removed K.,S,0, fusion

Date of  during fusion, No. of

Crucible  manufacture mg Pt, mg Fe, mg detns.
1 new 1967 53419 0-65 + 0-01 0-02 4 0-00 2
20 1966 77+ 42 0-69 4 0-06 0-10 4 0-01 5
29 1966 60 4- 40 0:76 4+ 0-05 0-05 4 0-02 5
33 1963 18 405 064 + 006  0-05 ++ 0-02 5
45 pre 1960 1:6 & 06 0-81 4+ 0-04 0-05 4- 0-05 5
52 new 1967 74 + 25 0:64 4- 0-02 0-01 4- 0-00 2
88 1963 60 £ 30 093 £ 0-10 0-52 4 0-04 5
89 1963 16 + 07 0-70 4- 0-11 0-03 4 0-01 5

TaBLE VII.—DISSOLUTION OF OXIDIZED PLATINUM IN
HYDROCHLORIC ACID AND POTASSIUM PYROSULPHATE
BEFORE AND AFTER IGNITION

Ignition and K,S,0,
Hot conc. HCl rinse fusion

Crucible Pt, mg Fe, mg Pt, mg Fe, mg

21 016 015 075 0-02

31 018 021 0-74 0-03

34 0-16 017 0-69 0-10

35 0-10 015 0-66 0-03

Ignited (21 012 0-28 0-38 0-09
before | 31 0-13 019 0-59 0-01
HCI 34 0-06 0-24 0-68 0-10
rinse |35 0-08 0-17 0-76 0-01

the sample, the analyst can never know how much iron has been absorbed by the crucible. Probably
the best way of ensuring accurate iron determinations is to use acid fluxes (e.g., potassium hydrogen
fluoride) to decompose the sample in crucibles used only for this work and never used for alkaline
fusions.

Electrolytic treatment of platinum

It is well substantiated that the life of platinum electrodes is considerably lengthened if they are
previously used as the anode to electrolyse a sodium hydroxide solution. The reason is not fully under-
stood, but is is believed that the surface of the platinum is in some way rendered passive. It was
thought possible that the same treatment might improve the quality of crucibles, but experiment
proved it did not.

Oxidation of platinum by sodium peroxide

After sintering of samples with sodium peroxide and sodium hydroxide and leaching, the crucibles
had a black stain, which disappeared if they were either ignited to red heat for a few seconds or
rinsed with hot conc. hydrochloric acid. To ascertain the nature of the strain, pyroxenite samples
were sintered and then leached with water.

The stains were removed by leaching with hot hydrochloric acid, then fusing 5 g of potassium
pyrosulphate in the crucible, cooling and leaching; platinum and iron were determined in both solu-
tions. From the results (Table VII) it appears that the stain may be an oxide of platinum that is
soluble in hydrochloric acid and is partly reduced to the metallic state on heating. This may explain
the attack on platinum during alkaline fusions when oxidizing agents are present.

Behaviour of platinum-gold alloy crucibles

Crucibles made from an alloy consisting of 5%, gold and 959 platinum have recently become
popular for silicate analysis, particularly when spectrographic and X-ray fluorescence techniques are
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TABLE VIII.—ATTACK ON CRUCIBLE, AND IRON ABSORBED DURING FUSIONS
IN PLATINUM—GOLD ALLOY CRUCIBLES

KgSg07 fusion

Pt
in leach Pt Fe
Sample solution, removed, removed,

Crucible g Flux mg mg mg
101 oS Na,CO, 7-20 0-54 0-05
101 8-20 074 0-02
102 470 0-34 0-53
102 572 0-54 034
101 05 Na,0, + NaOH 0-88 0-29 0-06
101 0-32 048 0-01
102 0-66 0-33 0-08
102 0-34 0-34 0-17
101 05 KHF, 0-26 0-58 0-05
101 0-26 0-70 0-04
102 026 0-51 0-50
102 0-26 0-40 0-05
101 02 LiBO, 0-02 068 007
102 002 0-72 011

used. The main reason is that fluxes such as lithium metaborate and tetraborate do not *“‘wet” the
surface of the alloy, and melts can be poured out and the crucible left completely clean. If the melts
are cooled in the crucible, the solid mixture comes away from the walls and can be tipped out, leaving
the crucible ready for the next fusion. The alloy is much harder than pure platinum, and does not
deform easily on handling, so should last longer.

Table VIII shows the results obtained with the pyroxenite (method as for Table VI). The crucibles
showed no loss in weight on ignition at 1100° for 30 min. The dissolution of platinum and absorption
of iron were no worse than when pure platinum crucibles were used.

Behaviour of platinum during silicate analysis

In every analysis that uses platinum crucibles, variable amounts of platinum will be dissolved and
be present in solution during the subsequent analytical procedures. It is thus of the utmost importance
to the analyst to know how platinum affects the course of an analysis. The behaviour of platinum in
the various steps in the conventional method of analysis of silicate rocks was therefore studied.

Methods of analysis

Typical or simulated rock samples were fused with either sodium carbonate or a mixture of
sodium peroxide and sodium hydroxide. The cooled melts were leached with dilute hydrochloric
acid, and the solution was analysed for platinum. The sample solution was evaporated to dryness
in a porcelain dish, and the silica rendered insoluble by baking. The residue was redissolved in
hydrochloric acid, and the silica was filtered off, ignited in a platinum crucible, and volatilized as
silicon tetrafluoride. The residue was fused with potassium pyrosulphate, then dissolved in dilute
hydrochloric acid, and the platinum in the solution was determined. The solution was then combined
with the original filtrate, and neutralized (Methyl Red) with ammonia. Then the solution was boiled
and filtered, and the precipitate washed with dilute ammonium chloride solution. The amount of
platinum in the filtrate and the precipitate was determined.

Aluminium was determined (q) by weighing the ignited ammonia precipitate and deducting
iron, titanium, efc., and (b) by complexing the aluminium, iron, and titanium with EDTA, decompos-
ing the aluminium complex with fluoride and titrating the liberated EDTA with zinc chloride solution,
with dithizone as indicator.®

Iron was determined (a) titrimetrically with dichromate [sodium diphenylaminesulphonate
indicator, tin(II) chloride reduction] and (b) spectrophotometrically with 1,10-phenanthroline. The
hydrogen peroxide method (109 sulphuric acid medium) was used for titanium. The effect of plat-
inum on all five methods was investigated.
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TABLE IX.—PLATINUM PRECIPITATED DURING SEPARATION OF SILICA

Pt dissolved during Pt in filtrate after Pt in residue from
fusion of the sample,  separation of silica volatilizion of SiO,
mg mg mg
62 62 0-30
67 66 0-34
62 62 0-21

Calcium was precipitated with ammonium oxalate in the presence of 5 gof ammonium chloride
in boiling solution neutral to Methyl Red, with 1 hr digestion before filtration. Magnesium was
precipitated as magnesium ammonium phosphate and ignited to magnesium pyrophosphate. The
amount of platinum in both precipitates was studied.

Results

Silica. Table IX shows that all the platinum appeared to be in the filtrate after theseparationof the
silica. About 0-3 mg of platinum was dissolved from the crucible during the potassium pyrosulphate
fusion of the residue after volatilizion of the silica.

Iron, aluminium and titanium. Platinum forms very stable ammine complexes that are not easily
decomposed and do not react with tin(IT) chloride in the spectrophotometric determination of the
platinum. Thus the filtrate and precipitate from the ‘‘ammonia precipitation” could not be analysed
directly for platinum. The difficulty was overcome for the precipitate by igniting it in a zirconium
crucible, fusing the oxides with sodium peroxide and leaching with dilute hydrochloric acid, and for
the filtrate by evaporating it to dryness with nitric acid to remove ammonium salts, then either
boiling for 30 min or fuming strongly for 5 hr with conc. sulphuric acid.

Table X shows that relatively little platinum is precipitated with aluminium hydroxide, the amount
increasing with increasing amounts of iron, but not reproducibly, so no precise prediction can be
made as to the amount of platinumexpected ineither the filtrate or the precipitate. In most experiments
recovery of platinum was not complete, probably because small amounts of the ammines remained
undecomposed by the sulphuric acid treatment.

The indirect determination of aluminium by weighing the mixed oxides and subtracting the weights
of other substances present is obviously affected by the amount of platinum present and is not satis-
factory.

Plarytinum interferes in the EDTA procedure'® by causing (a) results to be low (Table XI) and (b)

TABLE X.—PRECIPITATION OF PLATINUM BY IRON AND ALUMINIUM HYDROXIDES
Solutions contained 6-2 mg of platinum. Iron(IIl) and aluminium were added
as chlorides.

Pt found, mg

Fe 0, added, Al;O; added,

g g Filtrate Precipitate
0-14 0 495 112
014 0 565 0-50
009 0 572 0-42
0-06 0 595 0-14
0-03 0 6-00 0-15
0-14 032 6:00 011
0-14 0-21 597 0-10
0-14 011 6:10 0-09
0-12 032 6:10 0-08
0-09 0-32 610 0-05
0-075 0-50 6-20 <0-02
0-075 0-50 615 <0-02
0-075 0-50 622 <0-02
0-075 0-50 - 610 0-20
0-075 0-50 595 0-22
0-075 0-32 6-:00 0-05
0-075 0-32 6-05 0-07

0-00 0-50 6:12 0-02




An investigation into the use of platinum ware for silicate analysis 495

TABLE XI.—INTERFERENCE OF PLATINUM IN ALUMINIUM DETERMINATION IN THE
PRESENCE OF IRON
The solutions contained $ mg of iron and 20 mg of aluminium.

Pt added Relative error Pt added Relative error
mg % mg %
1.2 —0-5, —09, -—-07 50 -1-1, —14, —22
2-5 —09, —06, —1.6 62 —-12, —09, -22
37 —-09, -—11, -—14 74 -07, —32, -28

TABLE XII.—EFFECT OF PLATINUM ON THE DETERMINATION OF IRON WITH 1,10-
PHENANTHROLINE OR BY DICHROMATE TITRATION

1,10-Phenanthroline Dichromate
Pt added Fe taken Fe found Fe taken Fe found
0 0-100 0-101, 0-099 40-0 40-0, 40-0
1-22 0-102, 0-099 409, 409
1-83 0-100, 0-099 409, 40-8
4-90 0099, 0-099 40-6, 41-5
9-80 0-101, 0-107 41-8, 419

TaBLE XIIL—PLATINUM PRECIPITATED WITH
MAGNESIUM AMMONIUM PHOSPHATE
Solutions contained 6:2 mg of platinum

Pt recovered, mg

MgO added,

4 Filtrate Precipitate
0-3 4-02 196
03 427 1-82
03 4-05 2:01
03 3-50 2:42
03 3-88 2-08
0-2 3.13 2:82
01 2-80 318
0-02 2-88 2-86
0-02 475 1-24

the indicator to be decomposed. No explanation is offered for () other than the possibility of a 1:1
ternary aluminium-platinum complex (possibly with EDTA) sufficiently stable (thermodynamically
or kinetically) not to react with fluoride; (b) is thought to be due to platinum catalysis of the oxidation
of dithizone by iron(III).

Table XII shows that up to 10 mg of platinum does not interfere in the 1,10-phenanthroline
method for iron, but there is considerable interference in the volumetric method, possibly because
platinum(IV) forms a complex with tin(II)!* and this would be titrated along with the iron.

Attempts to eliminate platinum interference, by adding ammonia to form the ammine complex
and then redissolving the precipitate with hydrochloric acid, reducing, and titrating, reduced the
error by about half. The error could be further reduced, though not eliminated, by filtering off and
washing the precipitate before redissolving it in hydrochloric acid, mainly because part of the platinum
passes into the filtrate. It has been shown that platinum does not interfere in the silver reductor
method if the first sharp end-point is used.*?

Platinum (up to 10 mg) does not interfere in the hydrogen peroxide method for titanium.

The calcium oxalate precipitate retains less than 0-01 mg of platinum (from 8 mg). Magnesium
ammonium phosphate coprecipitates appreciable amounts of platinum, even when only 20 mg of
magnesium oxide are present, Table XIII. The amounts precipitated are erratic and show little
apparent relationship to the amount of magnesium present.
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CONCLUSIONS

When a sample is fused with a flux in a platinum crucible or dish, platinum will be
dissolved. The amount depends on several factors, the most important of which is the
type of flux used. Alkaline fluxes dissolve more platinum than acidic fluxes do; the
greatest attack is by sodium carbonate, and the amount dissolved can be as high as
10 mg if the sample contains appreciable amounts of iron. If the sample contains
iron(II) considerable amounts of iron may be absorbed by the platinum. A preferable
method of dissolving silicate materials is a sinter, at 440°, with a mixture of sodium
peroxide and hydroxide. Refractory materials are completely dissolved, a clear
solution is normally obtained, platinum attack is reduced, and iron(Il) is oxidized
so that less iron is absorbed by the platinum. With potassium hydrogen fluoride and
pyrosulphate fusions, platinum attack usuvally amounts to 0-5 mg and iron is not
absorbed by the platinum, so that these fusions are recommended where iron is to be
determined. With lithium metaborate fusions, the amount of platinum dissolved is
~0-01 mg.

Zusammenfassung—Es wurde die Platinmenge bestimmt, die sich aus
Platingerit beim Aufschlu von Silikatmineralien zur Herstellung von
Analysenlosungen auflést. Auch Gerite aus einer Legierung von 959,
Platin und 59, Gold wurden untersucht. Die Affinitdt von Eisen und
Platin wurde erforscht sowie das Problem, wie man Eisen aus Platin
entfernt, wenn es bei einer Schmelze damit verunreinigt wurde. Das
Verhalten von Platin in einer Silikatanalyse nach klassischem Schema
wurde untersucht und die Verteilung von Platin auf die verschiedenen
Niederschlége ermittelt. Es wurde gefunden, daB Platin bei allgemein
verwendeten Methoden zur Bestimmung von Kieselsdure, Aluminium,
Eisen, Titan, Calcium und Magnesium stort.

Résumé—On a déterminé la quantité de platine dissoute d*un appareil
en platine utilisé pour la dissolution de produits au silicate pour obtenir
des solutions pour I'analyse. L’étude inclut un appareil fait d’un
alliage contenant 959; de platine et 5%, d’or. On a étudié affinité du
fer et du platine, en méme temps que le probléme de I’élimination du fer
du platine aprés que ce dernier ait ét€ contaminé durant les fusions. On
a étudié le comportement du platine dans un schéma classique pour
P'analyse de produits au silicate et établi la répartition du platine dans
divers précipités. On a trouvé que le platine géne dans les méthodes
communément employées pour le dosage de la silice, de I’aluminium,
du fer, du titane, du calcium et du magnésium.
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SOME VICINAL DIOXIMES AS GRAVIMETRIC
REAGENTS
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Summary—A series of 3,3-substituted indane-1,2-dionedioximes has
been synthesized and their reactions with transition metals have been
investigated. From the results obtained it is suggested that the select-
ivity of such dioximes, as gravimetric reagents, is not a function
of the dioxime grouping but is due to metal-metal bonding in the com-
plex.

AMONG the factors which influence the choice of an organic chelating reagent as a
selective precipitant for one metal ion species in a mixture are the relative stabilities
and solubilities of the chelates formed. The stability of the chelates depends essentially
on the strength of the ligand—metal bonds, which in turn is determined by the relative
electron densities at the bonding atoms, the polarizability of these atoms, and the
distances apart of the centres of electron density. For any two metals forming com-
plexes with a particular chelating ligand, the differences in the stabilities of the
complexes are thus attributable to (a) the differences in the electronegativities of the
two metals, and (b) the sizes and distribution of the electronic orbitals of the two
metal ions.

The palladium chelates of reagents such as dimethylglyoxime and 4-alkylcyclo-
hexane-1,2-dionedioximes are stable at lower pH values than are the corresponding
nickel compounds. Since the electronegativity of palladium is only slightly different
from that of nickel, we may consider that the stability increase is caused by the larger
size of the palladium ion and its greater polarizability. In the chelate the metal atom
has four equidistant nitrogen atoms as nearest neighbours, and because the nitrogen—
metal orbital overlap is greater in the palladium chelates the bond formed is potentially
stronger.

In an attempt to make a vicinal dioxime that would be more selective than di-
methylglyoxime or the 4-alkyl-cyclohexane-1,2-dionedioximes for palladium, we have
synthesized and studied! the compound indane-1,2-dionedioxime. Because the
nitrogen atoms of the two oximino groups are attached to carbon atoms of a 5-
membered alicyclic ring and these carbon atoms effectively exhibit distorted sp®
hybridization there is an increased N-N separation and hence an increased N-metal
separation, in comparison with dimethylglyoxime and its analogues. The nickel
chelate should be relatively more affected than the palladium chelate, and this is
indeed the case,! a higher pH being needed for precipitation of the nickel chelate than
for the dimethylglyoxime and 4-methylcyclohexane-1,2-dionedioxime complexes.

The effect of substituents in the 3-position of indane-1,2-dionedioxime have now
been investigated. Preliminary results with one such reagent have been reported.?

* Present address: Flintshire College of Technology, Connah’s Quay, Wales.
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EXPERIMENTAL
Reagents

The following members of the monoxime series 3-R’-3R"-indane-1-one-2-oxime were prepared by
slight modifications of existing methods.*—®

R’ = H—; R” = CHy—; 3-methylindane-1-one-2-oxime?

R’ = R” = CHy—; 3,3-dimethylindane-1-one-2-oxime®

R’ = H—; R" = C¢Hy—; 3-phenylindane-1-one-2-oxime*

R’ = CHy—; R" = CgHy—; 3-methyl-3-phenylindane-1-one-2-oxime®
R = R” = CgH;—; 3,3-diphenylindane-1-one-2-oxime?

All the compounds were prepared via the appropriately substituted indane-1-one, which was
converted into the 2-oxime with amyl nitrite and sodium methoxide.

Although for ease of filtration of the metal-dioxime complexes it is advantageous to form the
oximes in situ, for investigations of their reactions it is necessary to use solutions of the dioximes, so
that any precipitates formed can be attributed to the correct reagent. The dioximes were prepared
by heating a mixture of the monoxime with hydroxylamine hydrochloride, ethanol and 109 w/v
sodium hydroxide solution.

The dioximes were recrystallized from ethanol, and for those with melting points close to those of
the monoximes, identity was checked by taking the melting points of mixtures with the appropriate
monoxime.

Reactions of the monoximes and dioximes with metal ions

The reactions with metal ions were investigated by adding aqueous ethanolic solutions of the
compounds to aqueous solutions of the appropriate salts of the metal ions, and adjusting the pH
of each solution to 2-0, 7-0 or 9-0 with ethanolic solutions of hydrochloric acid or ammonia. (The
ratio of ethanol/water was empirically determined to be such as to prevent precipitation of either the
metal salt or the oxime.) The solutions were left either for 1 hr at room temperature or for 30 min
at 80 £ 1°.

The ions used were Co(IIl), Cu(Il), Au(Il), Ir(), Fe(Il), Fe(IIl), Mn(II), Ni(II), Os(IV),
Pd(I), Pt(dD, PtAV), Rh(dI), Ru(IV). These were selected from the larger number used to test the
reaction of indane-1-one-2-oxime and indane-1,2-dionedioxime.! Results are given in Table I.

DISCUSSION

As expected, palladium(II) gave precipitates with all the dioximes at all the pH
values used. The increasing hydrophobic effect of the heavier hydrocarbon sub-
stituents was manifested by the insolubility of their nickel, copper(Il) and gold(III)
complexes.

It is noteworthy that copper(II) does not give precipitates with the monoximes,
although they contain the same —CO—C=N—OH— grouping as a-benzoinoxime.
It is considered that this is due to the difference in the dispositions of the orbitals in
the two types of compounds. The benzoinoxime has a much less rigid structure than
have the indane monoximes.

Platinum(IT) did not give the expected precipitates with the dioximes. However,
on formation of platinum(II) from platinum(IV) in situ by reduction with hydroxyl-
amine, precipitates were obtained with all the dioximes at pH 7-0 and 9-0 and with
the phenyl-substituted dioximes at pH 2:0. This was attributed to a kinetic effect.
The solvent sheath of platinum(II) in aqueous solution is probably so kinetically
stable [“inert,” probably owing to the polarizability of platinum(iI)] that it does not
allow the entry of the nitrogen co-ordination system of the oxime. During reduction
from platinum(IV) to platinum(II) with its attendant change from 6- to 4-co-ordin-
ation and the formation of a transition complex with the reductant, the oxime nitrogen
atom may enter into the co-ordination sphere of the platinum(II) and result in precipi-
tation of the indane complex.
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TaBLE 1
Monoxime Dioxime
Oxime Metal
pH Observation pH Observation
i Pd(I) 7,9 yellow ppte i, a 7,9 yellow ppte £, ¢
Au(IID) 7,9 brown ppte ii, b 2,7 yellow ppte i, ¢
Ru(lv) 2,7,9 purple colour, b
Co(II) 9 red brown ppte i
Cu(ll) 9 light brown ppte i
Fe(II) 9 red brown colour
2 Pd(D) 2 yellow ppte ii, a 2,7,9 yellow ppte i
7 yellow ppte 7, ¢
9 yellow ppte i, a, d
Au(IID) 9 yellow ppte ii 2,7 yellow ppte ii, b
Rh(II) 7 yellow ppte i, b ’
9 yellow ppte ii
Ru(V) 2 purple colour b
7,9 brown colour b
Cu(I) 2,7,9 brown ppte ii
Ni(II) 9 yellow ppte 7, a
Os(1V) 7,9 brown colour b
3 Pd(IT) 2,7.9 yellow ppte i, a 2,7,9 yellow ppte i
Au(IIl) 2 yellow ppte ii, a 2 yellow ppte i
Os(1V) 7,9 brown colour b 7,9 brown colour b
Fe(l) 7,9 yellow colour &
Cu(II) 7,9 light brown ppte
Ni(II) 9 light brown ppte
Co(ID) 9 light brown ppte
4 PdI) 2 yellow ppte i, a, d 2,7,9 yellow ppte i
7,9 yellow ppte i k
Cu(1l) 2,7,9 brown ppte i, a
Au(III) 2 yellow ppte ii, b
Co(Il) 9 brown ppte ii
NidI) 9 yellow ppte 7, ¢
Os(1V) 7,9 brown colour b 7,9 brown colour b
Ru(lV) 9 purple colour b
5 Pd(I) 2 yellow ppte , a, d 2,7,9 yellow ppte /
7,9 yellow ppte
Pt(1D) 2 yellow ppte 7, b
Rh(I1I) 2 yellow ppte 7, b
Pr(IV) 9 yellow ppte i, b 2 yellow ppte ii, &
Au(1I)) 2,7,9 yellow colour b 2,7 yellow ppte i, b
Cu(Il) 2,7,9 brown ppte i
NidII) 2,7,9 orange ppte ii
Co(1l) 2 pale brown ii
7,9 yellow ppte i, b
Os(1V) 7,9 brown ppte ii, b
Fe(II) 7,9 purple ppte i, b
Legend:
Substances: 1. 3-Methylindane-
2. 3-3-Dimethylindane-
3. 3-Phenylindane- 1-one-2-oxime
4. 3-Methyl-3-phenylindane-
5. 3,3-Diphenylindane-

Amount of precipitate: i copious amount
ii faint precipitate
All precipitates produced at room temperature and not affected by heating in suspension except
those marked:
a—dissolves on heating
b—produced on heating
c—coagulates on heating
d—reprecipitates on cooling.

3
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Although gold(III) has the same d-clectron configuration as platinum(II) a similar
kinetic effect does not occur with gold.

Consideration of the electronic orbitals theoretically available for bonding, and of
models of the oximes of the ionic species Ni(II), Cu(II), Pd(II), Pt(Il), Au(II),
shows no obvious reasons why the electronic overlaps and hence the stabilities of
complexes formed with the dioximes should not be Ni < Cu < Pd > Pt = Au. The
electronegativities on the Allred-Rochow scale® and the probable polarizabilities of
these ionic species would tend to indicate that the stabilities of the copper(II) complexes
should be enhanced relative to those of nickel and that on these considerations alone,
these dioximes should be better reagents for copper than for nickel. The relative
thermodynamic stabilities of nickel and copper dimethylglyoximates? confirm this,
but other factors also play a part. In nickel dimethylglyoximate the metal d,. orbitals
are used to give Ni-Ni bonds and an insoluble polymeric form arises.® The monomer,
in which the d,s orbital is used to co-ordinate solvent molecules, is a highly soluble
yellow complex.? Only on polymerization is the familar insoluble red complex
formed. Copper dimethylglyoximate is simply a hydrated dimer, the d,. orbital of
each copper ion being co-ordinated with one of the hydrogen-bonded oxygen atoms
in the adjacent molecule in the dimer, and the sixth co-ordination sites being occupied
by water molecules. These and the water associated with the oxime bridge by
hydrogen-bonding or by dipole-dipole interaction cause the copper dimer to be so
solvated as to be soluble in water.

If, because of steric hindrance, the copper complexes could be caused to bond in a
somewhat different manner, or be made so hydrophobic as to be insoluble then these
compounds could be ideal gravimetric reagents for copper.

In the metal complexes of the 3,3-disubstituted indane dioximes, the substituents
are in a plane normal to that containing the rest of the metal complex. Models
indicate that if the complex units are stacked as in the palladium dimethylglyoximate
complex,? then in a 3-substituted indane oxime the oxime bridges are somewhat
shielded from solvent approach by the alkyl or aryl groups above and below it in the
polymer. With the diphenyl complex this is so marked that it is thought possible that
almost no solvation of the oxime-hydrogen-bond bridges would occur, and that if the
metal complexes were stable, they would be so insoluble that this reagent should be
capable of precipitating ug-amounts of the metals.

From a consideration of molecular models, it would appear to be impossible to
pack the copper 3,3-diphenylindane-1,2-dionedioximate units to form dimers similar
to those of copper dimethylglyoximate but they can be packed like palladium di-
methylglyoximate to give a polymer. From the results obtained with the monophenyl
and the diphenyl oximes, we consider it probable that this packing is used. Attempts
to verify this by X-ray analysis have not yet proved successful.

Determination of palladium

Those of the oxime series which had potential uses as gravimetric reagents for
palladium were further investigated. Solubility of the reagent was accounted a
prime consideration, and since it is generally better! to prepare the dioxime in situ—
by oximation of the monoxime at a pH at which excess of dioxime is hydrolysed to the
monoxime—the solubility of only the monoxime was determined (Table II), though
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the extent of co-precipitation was compared for both classical and homogeneous
solution (PFHS) precipitation methods.

TABLE II-—SOLUBILITIES OF THE MONOXIMES

_ Solubility, mg/100 ¢
Oxime of solution
Indane-1-one-2-oxime 49 4+ 1
3-Methylindane-1-one-2-oxime 48 + 1
3,3-Dimethylindane-1-one-2-oxime 45 + 1
3-Phenylindane-1-one-2-oxime 48 + 1
3-Methyl-3-phenylindane-1-one-2-oxime 54 +1
3,3-Diphenylindane-1-one-2-oxime 58 +1

Direct precipitation

Palladium chloride solution (2:5mg of palladium) was heated to 60°, and brought to pH 2
(hydrochloric acid). A 209 excess of 0-5% w/v dioxime solution in ethanol was added, the sus-

pension was digested for 2 hr, then the precipitate was filtered off, washed free from chloride and
reagent, and dried at 105-110°.

Precipitation from homogeneous solution

A 207 excess of 0-5 w/v monoxime solution in ethanol was added to a palladium solution, the
pH adjusted to 20, and the mixture stirred until any precipitate had redissolved. An ethanolic
5% w/v solution of hydroxylamine hydrochloride (100 excess) was added and the mixture heated at
60-65° for 3 hr. The precipitate was then treated as before.

Results
Recoveries (%) were
Monomethyl Dimethyl Monophenyl Diphenyl
Direct 984 403 99-8 4- 0-3 104 + 15 110 £ 2
PFHS 99-8 + 01 992 4 0-2 994 + 0-3 1002 + 05

The direct method always gave slow filtration and precipitates difficult to wash
free from reagent. Analysis of the monophenyl and diphenyl complexes prepared by
the direct method showed that co-precipitation of the reagent had occurred.

The diphenyldioxime appeared to be potentially a very sensitive reagent for trace
amounts of palladium. Investigation showed that the optimum pH range for precipi-
tation was 1-4, that up to 2009, excess of reagent caused no co-precipitation in
PFHS, and that as little as 100 ug of palladium could be determined with an error of
about 49;.

Application

Palladium generally occurs with the other noble metals and copper and nickel,
both in nature and in alloys used for catalytic purposes, jewellery, or for metallurgical
applications.

Since many of these metals give precipitates with either the monoxime or the
dioxime, a prior separation is necessary. The most convenient is reverse-phase
chromatography on tri-n-butyl phosphate supported on cellulose, with 63/ hydro-
chloric acid as eluent.!® Palladium and platinum are not separated, however, and the
area of the thin layer containing these elements is removed, wet-oxidized to remove
organic matter, and then treated with the monoxime at pH 2:0 and 70° for 30 min.
The mixture is filtered hot, and the residue (platinum) washed with hot aqueous
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ethanol. The filtrate, which contains the palladium, is then treated as described. Up
to a 20-fold amount of platinum can be tolerated.

Conclusion

The results so far indicate that it is necessary to re-assess the selectivity of the
vicinal dioxime group, hitherto considered to be highly selective, only palladium(II),
nickel(IT) and platinum(II) yielding insoluble products. The selectivity however is
not a function of the group itself, but of metal-metal bonding. A search for a more
selective functional group, based on a knowledge of the disposition of the d orbitals
and the possibility of 7-bonding between the ligands and the central metal atom, is
necessary. Some of the compounds investigated, even though not as “selective” as
dimethylglyoxime, are potentially useful as reagents for the determination of
palladium.

Zusammenfassung—Fine Reihe von 3,3-substituierten Indan-1,2-
diondioximen wurde synthetisiert und ihre Reaktionen mit Uber-
gangsmetallen untersucht. An Hand der erhaltenen Ergebnisse wird
die Vermutung geduBert, daB die Selektivitit solcher Dioxime als
gravimetrischer Reagentien nicht an der Dioximgruppierung liegt,
sondern an Metall-Metall-Bindungen im Komplex.

Résumé—On a synthétisé une séric d’indane 1,2-dionedioximes
3,3-substituées et étudié leurs réactions avec les métaux de transition.
Des résultats obtenus, on suggére que la sélectivité de telles dioximes,
en tant que réactifs gravimétriques, n’est pas fonction du groupement
dioxime mais est due & ’enchainement métal-métal dans le complexe.
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Summary—Papers impregnated with the inorganic ion-exchangers
tin(IV) tungstate and selenite have been shown to be useful for ion-
exchange chromatography of several metal ion mixtures, and suitable
solvent systems have been developed and evaluated.

SYNTHETIC inorganic ion-exchangers sometimes show high selectivities for metal
ions.! This outstanding property can be utilized in chromatography by impregnating
papers with these materials. For this purpose the inorganic material has definite
advantages over organic resins: its synthesis and impregnation on paper is easier; it
does not shrink significantly in contact with aqueous solvents or exchanging ions;
the amount of the ion-exchanger on the paper can be varied and papers with different
ion-exchange capacities can be easily prepared; it is more selective and many difficult
separations can be made easily. When used in conjunction with mixed solvent
systems the inorganic ion-exchange papers become even more effective for the separ-
ation of cations. Tin(IV) tungstate, a cation-exchanger, was synthesized in these
laboratories? and the chromatographic behaviour of 46 cations in 45 solvent systems
on tin(IV) tungstate papers was reported earlier.® In the present communication
results are presented for 15 more solvents for the paper chromatography of 47 cations
on these papers. Tin(IV) selenite papers have also been prepared and their behaviour
towards 47 cations in 40 solvent systems has been studied. As a result a number of
interesting separations have been developed.

EXPERIMENTAL
Preparation of ion-exchange papers

Tin(IV) tungstate. Whatman No. 1 paper strips, 140 x 30 mm, prepared as reported earlier.®

Tin(IV) selenite. Paper strips dipped in 829, w/v tin(IV) chloride solution for 5 sec, blotted,
dried at room temperature, dipped in 6:7 % w/v selenium dioxide solution for 5 sec, drained, dried
at room temperature, washed with distilled water, and again dried at room temperature. It is
necessary to wash the papers as soon as they are dry after the selenium dioxide impregnation.

Procedure

Thin glass capillaries were used to spot the test solutions. The papers were conditioned for 10 min
in 200 x 50 mm glass jars containing the solvent and then developed until the solvent had ascended
110 mm, unless otherwise stated. Test solutions and detection reagents were prepared as before.®

The solvent systems used were as follows.

Systems used for tungstate papers

. Acetonylacetone + acetone +- 509 hydrochloric acid (7:3:1)

. Butanol + acetonylacetone + acetic acid + 509 hydrochloric acid (3:3:3:1)
. Ethyl methyl ketone - butanol +- 509 hydrochloric acid (6:3:1)

. Butanol + dioxan + 10M hydrochloric acid (6:2:2)

. Ethyl methyl ketone -+ acetone + 1M hydrochloric acid (7:3:3)

. Isopropanol + acetylacetone + 507 hydrochloric acid (6:3:1)
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7. Dioxan + satd. soln. of sodium fluoride -+ 1M hydrochloric acid (3:1:6)
8. 2M Perchloric acid + chloroform - acetone (a, 1:2:5) (b, 1:1:3) (¢, 2:1:5)
9. 0-5M Perchloric acid
10. Isopropanol + acetylacetone + 507%; perchloric acid (6:3:1)
11. Ethyl malonate + isobutyl methyl ketone + 509/ nitric acid (6:3:1)
12, Butanol -+ dioxan -+ isopropyl ethyl ether 4+ 509; hydrochloric acid (3:3:3:1)
13. Methylamine + acetone 4 509 hydrochloric acid (7:2:1)

Systems used for selenite papers

. Methanol + 10M hydrochloric acid + formic acid (6:2:2)

. 0+1M sulphuric acid

2M Nitric acid + 10% formic acid (1:1)

. 0-1M Perchloric acid

. 0-1M Ammonium chloride

. 1-0M Perchloric acid

. Methanol + 10M hydrochloric acid + acetic acid (a, 6:1:4), (b, 4:1:6), (c, 10:1:1)

. 1% EDTA solution

. 01 M Nitric acid

10. 0-1M Hydrochloric acid

11. 0-1M Boric acid + 0-1M sodium hydroxide (pH 10)

12. 0-1M Citric acid 4+ 0-1M trisodium phosphate (pH 7)

13. 1% Selenium dioxide solution in 0-1M nitric acid

14, 2M Nitric acid + 19 potassium nitrate solution (1:1)

15. 2M Nitric acid + 109 potassium nitrate solution (1:1)

16. 2M Nitric acid + 109 tartaric acid solution (1:1)

17. 4M Nitric acid + acetone - n-propanol (e, 1:1:1), (b, 2:1:1), (¢, 1:2:1), (d, 1:1:2),
(e, 1:4:1), (f, 1:1:4), (g, 4:3:3)

18. 0-05M Ammonium acetate

19. 0-2M Boric acid + 0-2M sodium chloride 4- 0-05M borax (25:25:12, pH 8:5)

20. 0-05M Potassium hydrogen phthalate (pH 4-2 and 6-2)

21. 0-1M Ammonium chloride + 0-1M hydrochloric acid (1:1)

22. Methanol + acetone + 10M hydrochloric acid (1:1:1)

23. 1Y% Citric acid solution

24. 0-1M Hydrochloric acid + 0-1Af ammonium tartrate (1:1)

25. 1% Sodium potassium tartrate solution

26. 30% Formic acid

27. 6M Hydrochloric acid + 19; EDTA solution (2:8)

28. n-Butanol 4 10M hydrochloric acid + 26M formic acid (7:1:3)

29. 1-0M Acetic acid

30. 2M Nitric acid 4 satd. soln. of potassium nitrate (1:1)

31. 0-5M Hydrochloric acid

CONAUMP LN

RESULTS
The results for the most useful systems are summarized in Tables I and II. Ry,
and Ry refer to the leading and tailing edges of the spots. These solvents were chosen
because some interesting separations can be achieved with them.

Separation of cations

These ion-exchangers proved to be so selective that in many cases one cation could
be separated from almost all the others tested. Tables III and IV give the results, the
interfering ions and the time of development being specified for each solvent. The Ry,
and Ry values are given in parentheses. Numerous separations can be worked out
from the data in Tables I and IT; many of these were tested experimentally and found
feasible; in some cases there was less spreading of the spots when mixtures of cations
were chromatographed.

Some useful separations obtainable on selenite papers with solvent systems not
listed in Table II are summarized in Table V.
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505

Solvent system

Cations 5 6
R, Rr Ry, Rt R, Ry R, Rr Ry, Ry Ry, Ry
Be?t 020 000 023 004 020 000 052 026 040 000 0-38 000
Mg+ 006 000 010 000 000 000 020 000 013 000 0-:08 000
AT 006 000 000 000 000 000 020 000 042 010 046 000
K+ 0-:07 000 016 008 000 000 007 000 020 010 0:00 0-00
Ca®r 007 000 010 000 000 000 008 000 030 010 0-:00 000
Tis+ 0-:06 000 000 000 007 000 037 000 007 000 1-:00 0-00
\'ARs 024 001 013 000 010 000 040 022 040 000 042 018
Cr3+ 0-:07 000 000 000 000 000 020 000 031 000 0-08 000
Mn?2+ 035 021 015 004 000 000 036 021 043 018 0-10 000
Fe?r 0-85 055 056 000 000 000 100 085 067 000 1-00 0-00
Fe?t 094 063 057 000 000 000 100 087 067 000 1-:00 000
Co?* 050 032 020 006 000 000 075 054 041 021 022 005
Nijzt+ 000 000 000 000 000 000 020 0-00 047 021 0-:09 000
Cu** 052 045 040 028 045 030 076 060 0-53 031 0-50 0-33
Zn?* 0-83 051 061 052 070 062 092 08 094 087 068 060
Ga’t 1-00 084 067 054 060 050 1:00 090 000 000 1-00 0-88
As?t 050 015 034 000 035 000 066 000 024 000 031 000
Set+ 1-00 055 000 000 000 000 016 000 006 000 0:00 000
Rbt 0:06 000 012 004 000 000 007 000 017 007 0-:00 000
S+ 0-00 000 000 000 000 000 000 000 018 0-06 0-:00 000
Y3+ 000 000 006 000 000 000 010 000 050 000 0:00 0-00
Zrtt 0-10 000 062 055 000 000 010 000 000 000 085 000
Nbs+ 056 000 050 035 045 000 066 000 — — 0:53 000
Mot+ 067 000 050 000 060 000 097 083 005 000 090 000
Rudt 074 000 013 000 000 000 0-52 000 043 000 0-56 0:00
Pdz+ 063 045 050 028 056 035 085 050 080 0-54 1-:00 0-50
Ag* 048 000 057 000 054 000 009 000 000 000 060 000
Ccdz+ 067 046 060 057 059 050 1-00 085 086 080 062 056
In3+ 084 060 057 044 056 048 092 068 000 000 0:60 050
Sb3+ 062 045 053 040 057 050 100 088 017 0:00 061 000
Tet+ 0-53 000 050 000 045 000 100 085 000 000 0-54 000
Cs* 0:06 000 012 001 000 000 011 000 017 004 0-:00 0-00
Ba?+ 0:00 000 000 000 000 000 000 000 012 001 0-00 000
La®t 000 0:00 000 000 000 000 007 000 017 000 0-00 0:00
Ce?* 000 000 000 000 000 000 008 000 018 000 0-00 000
Cett 0:00 000 000 000 000 000 006 000 010 000 0-00 000
Hfs+ 0-07 000 000 000 000 000 000 000 000 000 1-00 0-58 }
0-18 0-00
Irt+ 0-14 000 006 000 006 000 025 000 005 000 010 000
Pt 0-7F 048 055 050 060 052 094 077 060 050 0-60 050
Audt 1-00 000 100 072 100 074 100 094 100 090 1-:00 017
0-:00 000
Hg,** 090 000 060 000 08 064 100 095 094 090 088 000
0-00 000
Hg*+ 094 061 061 054 08 060 09 000 100 092 082 0-61
TI+ 026 000 011 000 000 000 022 000 013 000 011 000
Pb2+ 050 014 021 000 036 000 047 004 060 000 046 000
Bid+ 0-85 046 058 031 064 050 080 045 098 090 061 0-53
The+ 0:06 000 000 000 000 000 007 000 009 000 0-:00 000
V0,2t 065 043 045 024 046 032 090 068 056 000 063 034
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TABLE II——Ry, AND Rz VALUES OF METAL IONS IN SOME SOLVENT SYSTEMS ON
TIN(IV) SELENITE PAPERS

Solvent system
Cations 1 2 3 4 5

RL .RT RI, RT RL .RT RL RT RL .RT

Be?t 0-81 0-60 1-00 0-81 1-00 091 1-00 090 0:950 0-00
Mg+ 0-96 0-85 095 0-80 1-00 0-90 0-80 057 1-00 093
AP+ 0-81 0-33 0-91 050 100 0-98 0-64 0-37 0-46 0-00
K+ 028 0-20 094 0-86 0-81 0-50 090 0-63 0-84 0-70
Ca’t 0-50 0-16 097 0-81 0-98 0-83 0-70 0-40 0-80 0-00
Ti*+ 0-30 0-00 063 0-00 0-07 0-00 0-00 0-00 0-00 0-00
i+ 072 0-47 0-52 0-34 078 0-54 0-32 0-07 015 0-00
Cr3+ 098 077 1-00 0-90 096 0-81 0-17 0-00 0-25 0-00
Mn?* 0-90 0-35 0-86 072 0-90 0-60 060 0-30 0-62 0-00
Fe®+ 073 0-54 0-87 0-00 0-90 0-00 0-60 0-00 0-00 0-00
Fet+ 0-81 0-46 012 0-00 0-38 0-00 0-00 0-00 0-00 0-00
Co?* 0-70 046 0-86 0-00 1-00 0-57 0-60 0-14 0-36 0-00
Ni*+ 0-70 0-36 1-00 0-62 099 077 0-63 0-44 071 0-09
Cuz* 0-78 0-60 0-72 0-34 090 0-66 0-40 0-14 0-26 0-00
Zn?t 097 0-00 0-80 0-61 0-90 0-38 0:70 0-32 0-90 0-00
Ga®t 0-87 0-77 1-00 0-00 0-88 0-00 077 0-00 0-65 0-00
As?t —_ —_ 000 0-00 — — — —
Rb* 0-32 021 0-85 0-57 0-90 0-61 0-66 043 074 0-57
Srz+ 0-28 0-00 0-95 0-86 0-78 0-50 067 0-45 0-83 0-37
Y3+ 0-51 0-13 1-00 0-81 0-81 0-20 0-27 0-00 0-24 0-00
V4 o 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
Nbs+ 027 0-00 0-00 0-00 — . :
Mos+ — — 0-10 0-00 0-06 0-00 0-00 0-00 0-00 0-00
Ru?* 0-67 013 0-00 0-00 0-27 000 0-50 0-00 022 0-00
Pqgz+ 1-00 0-00 1-00 0-00 1-00 0-00 1-00 0-00 1-00 0-00
Agt 063 0-00 0-00 0-00 018 0-00 0-09 0-00 0-00 0-00
Cd** 0-38 0-18 0-62 042 0-88 0-50 0-60 014 077 0-00
In3+ 0-85 0-61 017 0-00 0-48 0-00 0-00 0-00 0-10 0.00
Sbi+ 0:97 0-81 0-06 0-00 0-07 0-00 0-00 0-00 0-00 0-00
Tet* — — 0-00 0-00 0-07 0-00 0-00 0-00 0:00 0-00
Cs* 0-00 0-00 0-85 0-58 0-85 0-67 0-56 0-35 0-84 0-50
Ba?t 0-16 0-00 —_ — 0-90 0-81 0-43 0-27 0-84 0-16
La3+ 0-62 0-16 0-66 0-12 0-81 0-50 0-30 0-00 0-13 0-00
Ce?t+ 0-50 0-04 0-54 0-08 0-70 042 0-30 0-00 0-25 0-00
Cett 0-40 0-00 050 0-00 0-00 0-00 0-32 0-00 0-51 0-00
we+ 0:30 0-00 0-00 0-00 —_ — - -
Irt* — — 0-00 0-00 1-00 0-80 0-00 0-00 025 0-00
P+ — — 0-00 0-00 0:00 0-00 0-00 0-00 0-00 0-00
Autt 092 075 0-56 0-00 0-66 0-00 0-63 0-45 0-60 0-00
Hg,** 1-00 0-90 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
Hg** 1-00 093 074 0-54 015 0-00 0-84 0-00 0-10 0:00

TI+ 0-00 0-00 0-44 0-18 0-56 0-36 0-30 0-00 0-31 0-06
Pbz+ 0-53 018 0-14 0-00 0-50 0-27 0-09 0-00 0-00 0-00
Bis+ 092 0-81 0-50 0-00 0-31 0-00 0-70 0-00 0-30 0-00

Thé+ 0-20 0-00 0-18 0-00 013 0-00 0-00 0-00 0-00 0-00
Uo** 076 0-46 0-36 0-00 045 010 0-16 0-00 0-10 0-00

The charge on the ions separated was determined by electrophoresis on Whatman
No. 1 paper with aqueous solvent systems used on selenite papers (Table VI).

DISCUSSION

The results show that papers impregnated with tin(IV) tungstate or selenite achieve
fast, selective and specific separations with a solvent ascent of 110-150 mm. The
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TABLE 1II—SEPARATION OF SINGLE CATIONS ON TIN(IV) TUNGSTATE PAPERS

Solvent
Cation separated system Ions which interfere Time, min
Zn*+(0-94-0-87) 5 Autt, Hg,?+, Hg+, Bi*+, Cd?* 60
Cd*+(0-86-0-80) 5 Au®, Hg,®*, Hg?*, Bi®*, Zn** 60
Au+(1-00-0-74) 3 Hg,*t and Hg?+ 35
Aud+(1-00-0-74) 2 Hg+ 55
Ga3*+(1-00-0-84) 1 Fe?*, Fe®t, Sett, Au*t, Hg,**, 20
Hg’*, Bid+
TABLE IV—SEPARATION OF SINGLE CATIONS ON TIN(IV) SELENITE PAPERS
Solvent
Cation separated system Tons which interfere Time, min
Au®t (1-00-0-80) 7(@) — 40
Mg?* (1-00-0-93) 5 Hge+, Pd®+, Zn*+ 20
K+ (0-81-0-63) 11 Hg?+, Pd*+, Au®+, Th**+, Nbs+ 20
Nb*+ (1-00-0-90) 4 K+, Pd®*, Ga®t, Hg?+, Be*+ 20
Be?+ (1-00-0-90) 4 K+, Pd**, Ga®t, Hg?*, Nb** 20
TABLE V-—SEPARATIONS ON TIN(IV) SELENITE PAPERS
Solvent system Separations achieved Time, min
7(a) Ga** (0-77-0-65) — TI+ 40
Au®t (1-00-0-86) — Ag* (0-22-0-00)
— Pt¢+ (0-63-0-45)
— Pd** (0-51-0-27)
Hg?*+ (0-80-0-60) — Pb#+ (0-20-0-00)
8 Cr2t (0-16-0-00) — Co?* (0-67-0-47) 20
— Ni?+ (1:00-0-90)

TABLE VI—ELECTROPHORETIC DETERMINATION OF THE CHARGE ON THE SPECIES IN SOME AQUEOUS
SOLVENT SYSTEMS USED ON TIN(IV) SELENITE PAPERS

Solvent
system Positively charged Negatively charged Uncharged
2 Fe(111), Al — —
4 Ni, Ti(1V), Fe(Il), Al,
Co(IV), Cr(III), Cu(l), — —_—
Ba, Sr, Mg
6 Ce,Zr, Y, Th — —_
8 TI(]), Cr(IID), Ba, Sr, Mg, Y Ni, Co(ID), La
Ca, Be
9 TI(D), Cu(ID), Cd — _—
10 Fe(IID), Cu(Il), V(IV) TI(T), Mn(ID), Ti Ag, Th
11 Cs, Rb, Ca, As(lID), Ni,  Mo(VI) Hg(I)

Cr(1ID), K
Cr(ID), Cs, Mg

v(av), Cul), Zn, P4(II),
Al

UO,aD), Bi, Ti(IV)
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papers are easily and quickly prepared and possible separations can almost always be
predicted from Ry, and Ry values. The more important aspects of chromatography
on the tungstate papers are as follows.

() Out of 15 systems containing mixed solvents, best results are obtained with
butanol + dioxan + 10M hydrochloric acid (6:2:2). The cations evidently migrate
as chloro-complexes since the maximum R, values are those of Cd*t, Sb?+, Fe3+, Fe?r
and Ga®" which have a strong tendency to form chloro-complexes, whereas cations
like Ba®**, Sr?+ and Ca?", which form weak chloro-complexes, tend to be retained.
The ions with high Ry values have small ionic radii and vice versa.

(i) Hg**, Cd**, Zn** and Bi*+ have high R; values in the ethyl methyl ketone -+
acetone + 1M hydrochloric acid (7:3:3) system and are easily separated from the
other 41 metal ions tested. All four can form negatively charged chloro-complexes
which would not be adsorbed by the ion-exchanger; rapid migration might also result
from the high solubility of their chlorides in acetone.

(iii) The results for the acetonylacetone - acetone + 509, hydrochloric acid
(6:3:1) system are very interesting. Cations such as Ga®*t, In®t, Hg*+, Bi3+, Cu?+,
Fe3+ and Co*t probably migrate by forming negatively charged chloro-complexes.
Similar results are obtained in the isopropanol + acetylacetone + 50 % hydrochloric
acid (6:3:1) system, for similar reasons. However, when in the latter solvent the
hydrochloric acid is replaced by perchloric, the results are completely altered. Hg2+
now begins to tail owing to the lower solubility of its perchlorate. A similar change in
behaviour is shown by Bi*t, Cd*+, Zn*, UO,?+, Pt*+ and Pd*+. All these cations
migrate significantly and give compact spots in the hydrochloric acid medium but tail
from the point of application when the perchloric acid medium is used. Ga3,
however, is an exception, giving a compact spot with Ry, 1:00 and Ry 0-94, probably
because of complexation by acetylacetone.

(iv) A number of systems containing perchloric acid were tried in order to study
the chemistry of the cations rather than to achieve separations. For this purpose
perchloric acid + chloroform + acetone systems were used, because acetone and
chloroform do not strongly solvate metal ions. It was found that for non-complexing
ions such as the alkali and alkaline earths metals, R, values increase with electro-
negativity, whereas for complex-forming ions such as Ni*t, Co?*" and Mn?t the
reverse occurs. In this system Hg?" has a higher R; value than Cd?*t and Zn*+ owing
to the high solubility of mercury(Il) chloride in acetone. This explanation is confirmed
by the fact that in 0-5M perchloric acid alone Hg?+ has a lower R; value than Cd?+ and
Zn*" owing to the absence of an organic solvent in the system.

In perchloric acid systems the R, values of all ions increase with electronegativity
but in hydrochloric acid systems the reverse holds for complex-forming ions such as
Ni?+, Mn?+, Zn2+, Cd*+ and Hg?*. A plot of the radii of hydrated ions vs. R, value for
Hg*, Cd*t, Zn%t, Ba%t, Ca?t and Mg2+ shows that the R, values increase as the radii
decrease. To find the cause of this, chromatography was performed on plain What-
man No. 1 papers; the R, values were all close to 1-0. The solubility of the tungstates
was then considered. It was found that tungstate solubilities decreased in the order
Mg > Ca > Ba. The R, value sequence is therefore most probably due to ion-pair
formation between the ion and the matrix of the exchanger. A similar explanation
applies to the low R, value of Hg?,

Cations may have zero R; values if (i) the ion-exchanger has a high selectivity for
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the cation concerned, (ii) they form a precipitate, e.g., hydroxide, chloride or bromide,
with one of the components of the solvent system and hence remain at the point of
application, or (iii) they have high adsorption on paper. To distinguish between these
causes, chromatography was performed on plain Whatman No. 1 papers for those
cations which had zero R; value on ion-exchange papers. On mixing the cations with
the solvent systems in test tubes precipitation was obtained in the following cases:
Ag+ and Hgy?" in 0-1M ammonium chloride; Agt, Hg*+ and W in 19; EDTA
solution and 6M hydrochloric acid; Ag* in methanol 4 acetone 4 0:1M hydro-
chloric acid (1:1:1) and in 0-1M hydrochloric acid; Hgy*"in 0-1M boric acid + 0-1M
sodium hydroxide (pH 10). These cations have therefore zero R; values owing to
precipitation. The rest of the cations which had zero R, values on ion-exchange papers
had also zero R, values on Whatman No. 1 papers and in these cases this is due to low
partition of the cation in the solvent system.

Since no work with selenite papers has been previously reported, more attention
was given to their use with aqueous systems. These papers gave some remarkable
separations, e.g., Zn?*-Cd?+, Rb*-Cs+, Nb% or Be* from numerous metal ions.
Despite extensive work, these separations could not be achieved on tin(IV) tungstate
or phosphate papers. Since the solvent ascent takes only about 20 mins the ion-
exchanger does not dissolve significantly and it is possible to use even moderately
reactive systems. Such systems can not be used in column chromatography as the
solubility of the ion-exchanger will be too great, owing to the longer time required.
This is a decided advantage of ion-exchange paper chromatography.

Acknowledgement—The authors are grateful to Prof. A. R. Kidwai and Dr. S. M. F. Rahman for
providing research facilities. K. N. Mathur thanks CSIR (India) for financial assistance. A. H.
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Zusammenfassung—FEs wurde gezeigt, dal mit den anorganischen
Ionenaustauschern Zinn(IV)-wolframat und -selenit imprégnierte
Papiere bei der Ionenaustauschchromatographie mehrerer Metall-
ionengemische niitzlich sind; geeignete Losungsmittelsysteme wurden
entwickelt und ihre Daten gemessen.

Résumé—On a montré que les papiers imprégnés avec les échangeurs
d’jons minéraux tungstate et sélénite d’étain(IV) sont utiles pour la
chromatographie d’échange d’ions de plusieurs mélanges d’ions
métalliques, et I'on a élaboré et estimé des systtmes de solvants
convenables.
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Summary—A spark source mass spectrograph with photographic

plate recording has been adapted for the analysis of plutonium and

americium metals. Over seventy elements can be determined simult-

aneously in these metals. A comparison has been made between results

obtained by mass spectrography and by conventional methods for

impurity elements. The operations involved in handling radioactive

materials in the mass spectrograph are also discussed.
IMPROVEMENTS in purification techniques and metal production technology have
resulted in the production of radioactive metals, such as plutonium and americium,
of a high degree of purity. The number of impurities present has been reduced, and
the concentration of impurities contained has been lowered to a level that is below
the detection limits of routine spectrographic methods. Analysis of the pure metal
by emission spectrographic methods would require the use of separation and con-
centration techniques. This would mean increased analysis time and higher analytical
costs.

A good determination of the degree of purity of a metal also requires that the
concentration of many elements, that are not now routinely determined, be measured.
Formerly, an element, difficult to determine, such as chlorine or sulphur, could be
present to the extent of 20 ppm in the metal and be unimportant because there was a
total of over 400 ppm of other impurities. Now, however, chlorine or sulphur may
be one of the major impurities. It is, therefore, necessary to determine a greater
number of elements in each sample.

The considerations above indicate that the use of the spark source mass spectrom-
eter for this type of analysis would be desirable and feasible. A low level of detection
limit is attainable, a large number of elements are detectable, the reported accuracy
seems acceptable, and the probable increased cost of analysis appears justifiable.
The equipment necessary for handling radioactive samples was therefore installed on

a CEC 21-110 mass spectrometer.

Safe handling of radioactive metals

The dangers from the radioactivity of plutonium and americium are well known.!
In addition, plutonium is also a highly toxic material. Plutonium has been termed one
of the most toxic elements on which large scale work is now being performed. All
non-solution work with these materials must be performed in a closed system so that
no material is freed into the room atmosphere. This can be done with a glove-box
or in an open-front box with controlled draught to keep loose material in the box.

Work performed under U.S. Atomic Energy Commission Contract AT(29-1)-1106.
511
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The major radioactive contamination of the mass spectrometer was in the source
section. Provision had to be made for the sample holders to be removed for changing
samples and all the resultant contamination contained. The electrode-positioning
controls are on the sample holder, so these had to be manipulated inside the enclosure.
The use of a completely enclosed box to contain the source section would have neces-
sitated performing these complex operations through heavy rubber gloves. Therefore,
an open-front box was designed to contain the source and permit working with sur-
geon’s gloves. The box has proved to be satisfactory, with so far no escape of con-
tamination. Only metal samples have been handled in this box; no powders have been
analysed.

Samples are prepared for analysis in a standard glove-box. Inaddition to its radio-
active and toxic characteristics, plutonium metal is also pyrophoric. The cutting
and filing of the metal into shapes suitable for electrodes is therefore done in an argon
atmosphere. Samples are then transferred to the source-box for loading into the
instrument.

The source of the instrument became contaminated with the first plutonium
sample sparked. An average of 34 mg of sample is consumed during each analysis,
and most of this material remains in the source. It was also possible that enough
plutonium was entering the instrument to constitute a hazard when the instrument
was opened and the inside surfaces monitored with a-counting instruments. The only
areas of significant radioactivity were the slit edges, back to and including the beam
monitor. When the instrument is first vented, the slits may be removed and placed
in a plastic bag with little chance of contamination. However, if the plutonium
deposited is allowed to oxidize, the loose oxide will spread and be a health hazard.

The possible contamination of the photoplate was of prime interest because of
handling difficulties if it were radioactive. If all the plutonium passing the beam
monitor reached the plate, the calculated amount deposited there would be about
0-025 ng. The radioactivity from this amount of material would be four disintegra-
tions per minute. Contamination determined in practice has been at the background
level of the counting equipment. No contamination greater than one disintegration
per minute has been detected on a developed plate, an undeveloped exposed plate, or
in the developer and fixing solutions.

Continuous sampling of the laboratory air has shown that the method described
is safe for the handling of radioactive metal samples for spark source analysis.

EXPERIMENTAL
Instrumental parameters

The instrument used for this work was a Consolidated Electrodynamics Corporation Model
21-110, Lot 3, double focusing mass spectrometer. One of the electrodes is at a potential of 13 kV
positive with respect to earth. A 300 Hz pulse of 17 usec duration is applied to the other electrode
for the spark analysis of the metal. Source conditions which were found to be difficult to reproduce
from sample to sample were shape, distance to slit, and spark gap. These varying parameters proba-
bly contributed to the experimental error. The spectra of the samples were recorded on Ilford QII
photoplates.

Plutonium standardization

There are very few certified standards of any material that contain impurities at the low levels
desired for spark source analysis. A few copper metal standards and an aluminium standard were
obtained and used in the initial development work. There are no certified plutonium metal standards
at present. Fortunately, two samples of plutonium metal became available that had been analysed
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several times by five USAEC contractors. A comparison could be made between the compiled
results and the mass spectrographic results.

Analytical procedure

The visual method of estimating impurity concentration was used for most of the analyses. In
this method, as described by Craig and Wolstenholme,? a graded series of exposures is made of the
same sample and the impurity concentrations (Cy) are calculated from the formula

Em Cm Wi 10‘

C="RiLWa

where the subscripts m and i represent matrix and impurity respectively, E is the beam monitor
reading where the line of the element is just detectable, J; is the isotopic abundance (%) of the impurity
isotope, W is atomic weight, and Cm is expressed in 7. The concentration of the impurity will be in
ppm by weight.

The plutonium samples to be analysed presented a problem in that the isotopic ratios of the various
plutonium isotopes were not constant. To remove the need for isotopic analysis of all samples for
the determination of Cm, an empirical Em was used in the initial calculations. The work of Brown
et al.,* has shown that the basic ion sensitivity of a just detectable line is around 2 x 10~ coulomb.
This was verified from a few test plates, and the empirical value was used for the exposure level of the
matrix in all subsequent visual calculations.

Sensitivity factors

For the initial results only the empirical formula was used, as all elemental sensitivities were
assumed to be the same. Other workers,*®* however, have shown that there are various factors
influencing the recording of the ion on the photographic plate. Among them are emulsion response to
mass, Z focusing, and matrix effects. All of these combine to result in different sensitivity factors for
each element.

TABLE I.—RELATIVE SENSITIVITY FACTORS—VISUAL METHOD

(Pu = 1:0)
Sensitivity Sensitivity
Element factor Element factor
Al 80 Mg 110
C 18-0 Mn 80
Cr 54 Ni 80
Cu 80 Pb 180
Fe 72 Si 80
Ga 11-0 U 1-6
In 58 Zn 61

Elemental sensitivity factors used in the mass spectrographic analysis of steels have been calculated
by other workers®® from results obtained by analysing certifiecd NBS and BISRA steel samples, but
because there are no certified plutonium standards the sensitivity factors for plutonium analysis have
to be obtained by a different method. A method that would combine most of the previously men-
tioned factors into a single factor was desirable. A programme was therefore initiated of sparking
plutonium and other pure elements and recording their spectra under the same conditions. The
only difference was that the spectra were recorded at small incremental increases in the beam monitor
readings. By this method the exposure of a “just detectable” line could be more accurately estimated.
The sensitivities of the various elements were then calculated relative to plutonium.

Table I contains the results of some of the elemental sensitivities that have been calculated.
These factors should include most of the recording variables except for matrix effect. This method can
thus also be used to determine which elements exhibit significant matrix effects. A good example of a
large matrix effect is shown in the case of lead. The factor calculated from the pure lead photoplate
was 2-6, a value which gave extremely high comparative answers when used in the analytical calcula-
tions. The sensitivity factor calculated for lead in both a copper matrix standard and in two NBS
steel standards was 18, indicating that lead sensitivity was affected by a metal matrix. This factor
was used in calculating the lead values in the plutonium samples. The gallium factor was calculated
in the same manner.
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Precision of measurements

Each of the plutonium metal samples was analysed a total of 16 times over a three-week period.
A total of eight plates was taken. The metal electrodes used were from the same batches. Homogene-
ity of a metal at trace levels of impurities is difficult to ensure; this may account for the high relative
standard deviation calculated for some of the elements.

RESULTS AND DISCUSSION

The two plutonium metal samples were analysed by the visual method. Results
by spark source mass spectrography, both with and without sensitivity factors, are
compared with emission spectrographic results in Table II. In both samples about

TABLE II.—PLUTONIUM METAL ANALYSIS

Mass spectrography

Emission
spectrography - Uncorrected Corrected Relative
Element ppm ppm ppm std. devn., %
Metal A
Al 14 28 17 21
Cr 3 3 3 20
Cu 2 1 1 15
Fe 34 29 28 25
Ga 04 1 07 41
Mg 6 36 7 30
Mn 5 7 7 32
Ni 6 7 9 19
Pb 2 5 15 30
Si 30 31 10 30
Zn 4 18 17 22
Metal B
Al 29 65 50 14
Cr 4 54 62 10
Cu 17 22 22 10
Fe 232 308 272 17
Ga 28 50 32 28
Mg 4 11 3 20
Mn 10 14 18 22
Ni 45 68 55 14
Pb 4 14 5 42
Si 80 105 85 15
Zn 15 19 15 16

909, of the mass spectrographic results are within a factor of two of the emission
spectrographic results. The emission spectrographic results are the average of over
25 analyses for all elements except gallium and zinc. Only a few scattered results
were available for these elements, as they are not requested determinations in this co-
operative analysis program. The mass spectrographic results are the average of 16
analyses.

Sensitivity factors and impurity concentrations were also obtained by densito-
metric methods. A recording microphotometer was used to obtain chart tracings
of ion lines of interest on the plutonium and pure element photoplates. Absorbance
values were taken from the charts, and the area of the lines was calculated by the
method of Owens.” Values from the plutonium-239 spectral recording were then used
to prepare a curve relating plutonium-239 line absorbance to exposure (beam monitor
reading). A similar curve was prepared for area measurement.

The exposure necessary for the plutonium-239 line to give an absorbance, or area,
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equal to that given by a second element line at a certain exposure was then obtained
from this curve. The ratio of these exposures, corrected for isotopic abundance, was
then termed the relative sensitivity of the second element. Five calculations were
made for each element investigated. The average values obtained for some of these
elements are shown in Table III. The increase in the factor with decrease in atomic
weight was expected, but the curve was not as smooth as hoped.

TABLE III.—RELATIVE SENSITIVITIES BY
DENSITOMETRIC METHODS

Relative sensitivity ~ Relative sensitivity

Element absorbance area
Pu 1-0 1-0
Pt 1-4 16
Zn 58 30
Fe 11-3 2:6
Cr 5 27
Mg 129 4-0
C 257 80

The corrections obtained by using the experimentally obtained densitometric
factors are shown in Table IV. It also shows the errors that are present if these
corrections are not used. The familiar general method of using the ratio of matrix
and impurity exposure levels at some selected line transmission reading, usually
about 40 %, may give acceptable answers for impurities in some matrices such as iron,
but not for impurities in plutonium. This is chiefly because of the large differences in

TABLE IV.—ANALYSIS OF PLUTONIUM METAL SAMPLES BY
DENSITOMETRIC METHODS

Mass spectrograph, ppm

Impurit Equal absorbance - Equal area Emission
el eI:n emy spectrographic,
Mass- Sensitivity- Sensitivity- ppm
corrected corrected Calculated corrected
Metal A
Zn 230 82 58 20 4
Fe 105 20 68 28 24
Cr 25 10 14 5 3
Mg 120 30 97 26 8
C 585 110 755 100 95
Metal B
Zn 116 42 78 28 15
Fe 1420 280 478 284 223
Cr 268 108 172 68 43
Mg 32 8 30 8 7
C 450 85 486 65 145

line profiles of the plutonium line at mass 239 and the major impurities which have
mass numbers below 65. Although the equal absorbance values were corrected for
the reported mass dependence of the Ilford QII emulsion, they are still considerably
higher than those obtained by the area method. The method of calculating the ab-
sorbance factors included this value in the factor for each element, and this absorbance
factor is applied instead of the mass dependence factor.

4
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The absorbance method would be faster because fewer calculations are needed,
but the area method yields results closer to the emission spectrographic and chemical
results. Densitometric methods require more time per sample than the visual method
of photoplate evaluation. The major purpose of the densitometric study was to prove
the value of obtaining an ion density computer. Until this equipment is obtained, the
visual method of sample analysis will be used. The large number of sample analyses
being performed require that the faster method be used.

Americium analysis

Results obtained on the plutonium samples previously described, and on subse-
quent samples, indicated that comparatively good results could be obtained without
the use of standards. The second radioactive metal analysed was again one for which
no standards were available. This was americium.

TABLE V.—ANALYSIS OF AMERICIUM METAL (COMMON IMPURITIES)
(All values are in ppm by weight)

Sample 1 Sample 2
Element Emission  Emission Emission  Emission
Massspec.  spec. A spec. B Mass spec. spec. A spec. B
Cr 60 50 <50 60 50 <50
Fe 105 150 50 100 <50 50
Ni 8 <50 <50 5 <50 <50
Y 200 50 200 120 20 100
Zn 4 <100 <100 2 <100 <100
Eu 12 <12 <50 20 12 <50
La 140 12 <50 110 50 100
Sm 35 <25 <100 55 60 <100
Tm 02 6 <50 0-2 <6 <50
Yb 20 <1 <35 45 6 <5
Ce, Dy <02 <18 <75 <02 <18 <75
Er, Gd,
Ho, Lu,
Nd, Pr,
Tb
cl 1000 — 390 — —
F 15 — — 40 — —
Np 185 — 120 — —
S 8 — — 2 — —
#zM 600 — — 40 — —

The specially purified americium was to be used, if acceptable, for a half-life
determination by calorimetric methods. This necessitated a knowledge of the purity
of the metal, as this would enter into the half-life calculation. Spark source mass
spectrographic and emission spectrographic methods were used to analyse the metal.
Two different laboratories, using different methods, analysed the metal by the
emission spectrographic technique. Results obtained for some of the more important
impurities are compared in Table V.

The results compare quite well for the elements that were determined by all three
methods. A determination of the rare earth elements is important in americium
analyses as these are concentrated along with americium in the plutonium-americium
separation. With the rare earths, a major advantage of the spark source method is the
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lower limit of detection. The last five elements listed in the table are some that are
not determined routinely by emission spectrographic methods. These impurities were
quite important in the americium samples, as their added concentrations represented
a high proportion of the total impurities. Chlorine was a major impurity in both of
these americium metal samples. The impurity listed as mass 242 brings out an inter-
esting feature of spark source analysis. In the method used for these analyses,
it was not possible to determine the element represented by this isotope of 242 atomic
mass units. However, the amount present could be calculated. Radiochemical work
indicated later that this was plutonium-242 and also confirmed the presence of nep-
tunium. The thermal effects of the high plutonium-242 content of americium sample
number 1 made it unsuited for the americium half-life investigation.

CONCLUSIONS

Results so far obtained indicate that most of the requirements for analysis of
pure radioactive metals have been met by spark source mass spectrographic analysis.
This is summarized in Table VI.

TABLE VI.—ANALYSIS OF PURE RADIOACTIVE METALS

Method requirement Attainable by mass spectroscopy

As many elements should be determined as Over 70 elements are determined by the one

is feasible. method.

Low levels of detectability are needed. Most of the elements can be routinely
detected at the 0-1 ppm level.

The accuracy must be adequate Agreement within a factor of three is con-
sidered adequate below 10 ppm at the present
time.

The cost of analysis must be justifiable. A cost comparison of the mass spectro-

graphic method and the other analytical
methods is difficult to make, as many of the
elements determined by the spark source
method are not being routinely determined
at this time, The total time of analysis,
however, has been estimated to be reduced
by about 609, by use of the spark source
for total trace impurity analysis (the
elements F, Na, S, and Cl are included

in the spark source analysis time but not
that of the other methods).

The mass spectrographic method, using the instrumental parameters given in this
paper, also has limitations. Spectral lines due to the various ions are closer together
at the high mass end of the photoplate than at the low mass end. This can result, for
ions of >230 amu, in a weak line of one ion being covered by a wide strong line due to
an ion that is within one amu of the low level ion and present in far greater amounts.
In the plutonium metal analysis, for example, the wide plutonium-239 matrix line
makes it impossible to determined uranium-238 on the photoplate.

The small amount of sample actually used in the analysis makes it important that
the analytical spark covers as much of the electrode surfaces as possible. If the spark
should localize on one small area that is actually a grain of some segregated species,
the analysis would represent that species and not the impurities of the bulk sample.
The sparking, however, can be easily controlled by observing the sparking and making
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minor electrode positioning adjustments. This is done, during sparking, with controls
external to the evacuated spark chamber.

The small amount of sample used is obviously advantageous in the analysis of the
rare and expensive actinide metals and their compounds.

Acknowledgements—We wish to acknowledge the aid of L. A. DeSantis and R. E. Schlupp in oper-
ating the instrument and in developing the photoplates.

Zusammenfassung—Ein Massenspektrograph mit Funkenquelle und
photographischer Registrierung wurde zur Analyse von metallischem
Plutonium und Americium angepaBt. In diesen Metallen kénnen {iber
sicbzig Elemente gleichzeitig bestimmt werden. Die Ergebnisse des
Massenspektrographen und konventioneller Methoden zur Bestim-
mung von Verunreinigungen wurden verglichen. Auch die Operationen,
die bei der Handhabung radioaktiven Materials im Massenspektro-
graphen notwendig sind, werden diskutiert.

Résumé—On a adapté un spectrographe de mass & source d’étincelle
avec enregistrement sur plaque photographique a I’analyse des métaux
plutonium et américium. On peut déterminer simultanément plus de
soixante-dix éléments dans ces métaux. On a effectué une comparaison
entre les résultats obtenus par spectrographie de masse et par des
méthodes usuelles pour les éiéments 4 I’état d’'impuretés. On discute
aussi des opérations mises en jeu dans la manipulation de matériaux
radioactifs dans le spectrographe de masse.
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SHORT COMMUNICATIONS

New chromogens of the ferroin type—V
Pyridylpyrimidines, bidiazines and other substituted derivatives of diazines
(Received 28 October 1968. Accepted 28 November 1968)

PREPARATION of a variety of pyridylpyrimidines and bidiazines and the spectrophotometric character-
istics of their iron(II) chelates were reported recently by Lafferty and Case.! They concluded that
the compounds are less sensitive as iron chromogens than the corresponding derivatives of 2,2’-
bipyridine and 2,2°,2"-terpyridine. Chromogenic properties of the new ferroin-type compounds
with respect to chelation of other metal ions, particularly copper and cobalt, were not investigated.
The results of such a study are reported here, together with some redetermined spectrophotometric
constants for the iron(II) chelates.

More recently, Case® described the synthesis of some pyrimidine, pyradazine and pyrazine
derivatives that contain the ferroin group. The chromogenic reactions of these with iron(lI), cop-
per(l), and cobalt(II) have also been investigated and are reported here.

The new chromogens, identified below, will be referred to by roman numeral designation.

Pyridylpyrimidines Quinazolines

I 5-Methyl-2-(2-pyridyl)pyrimidine IX  2-(2-Pyridyl)quinazoline

II 5-Phenyl-2-(2-pyridyl)pyrimidine X 2-(2-Pyridyl)-5,6,7,8-tetrahydro-

III  4-Phenyl-2-(2-pyridyl)pyrimidine quinazoline

IV 4-Phenyl-6-(2-pyridyl)pyrimidine XI  2,4-Bis(2-pyridyl)quinazoline

A% 4,6-Bis(2-pyridyl)pyrimidine XM 2,4-Bis(2-pyridyl)-5,6,7,8-tetrahydro-
VI 2,6-Bis(2-pyridyl)pyrimidine quinazoline

VII  4-Methoxy-2,6-bis(2-pyridyl)pyrimidine s e

VHI 4-Hydroxy-2,6-bis(2-pyridyl)pyrimidine Bidiazines

XIII 3,3’-Bipyridazine
X1V  4,4'-Diphenyl-2,2’-bipyrimidine

XV  Bipyrazine
2,4-Diamino-6-diazyl-1,3,5-triazines 2-Diazylbenzimidazoles
R-(diazyl) NH,. _N. _NH, R-(diazyl)
XVI  Pyrazyl Y \|r XX  Pyrazyl
XVII  3-Pyridazyl Ny N XXI  3-Pyridazyl R
XVIIL 2-Pyrimidyl XXI1 2-Pyrimidyl
XIX  4-Pyrimidyl R H
Diazylhydrazidines R—C(=NH)NHNH, 3-Diazyl-5,6-diphenyl-1,2,4-triazines
R-(diazyl) R-(diazyl) C.H;
XXIHI  Pyrazyl XXVI  Pyrazyl N
XXIV  3-Pyridazyl XXVII 3-Pyridazyl

XXV  4-Pyrimidyl

3-Diazyl-5,6-bis(2-pyridyl)-1,2 4-triazines

R-(diazyl) C,HN R-(diazyl)

XXIX Pyrazyl N XXXl Pyrazyl
XXX  3-Pyridazyl p. / \ C,HN XXXIII  3-Pyridazyl
XXXI  4-Pyrimidy] NN

R_<~¥=N\ C.H,

3-Diazyl-1,2 4-triazino(5,6-f1[4,7\phenanthrolines

XXVII 4-Pyrimidyl

519
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EXPERIMENTAL

Samples of the 33 compounds, for which analytical and preparative details have been previously
reported,!-? were kindly provided by Dr. Francis H. Case of Temple University.

A description of the various standard solutions, pH buffers, reagents, and procedures used in
this investigation appears in an earlier paper of this series.® The method of continuous variations was
used to determine spectrophotometrically the nature and stability of certain of the iron(II) complexes.

RESULTS AND DISCUSSION

The spectral properties of the iron(Il), copper(l), and cobalt(II) chelates are listed in Table I.
Of the thirty-three chromogens studied, XXVI and XXVII are the most sensitive for iron, and IX is
the most sensitive for copper. None are particularly outstanding as cobalt chromogens. More
sensitive chromogens for iron and copper are known,? and it is unlikely that any of those studied
here will prove popular as chromogenic reagents.

It is concluded that a diazine moiety is an inferior chromophoric element in comparison to either
a triazine®®*® or a pyridine’® ring when incorporated as a part of the ferroin chromophore group.
Furthermore, the complexes are less stable (Table II).

TABLE I.—SPECTRAL CHARACTERISTICS OF THE IRON(II), corper(I), AND
COBALT(II) CHELATES

Iron(1I) Copper(l) Cobalt(11)
Chromogen 4, nm e A, nm & A, nm €
I 488 6800 423 2700 t T
II 525 7000* 425 4600 t t
m 531 10800 425 4200 + +
v 569 7600* 487 3400 + t
v 571 7800* 488 6400 + +
VI 550 9700 425 170t 487 896
v 563 10600 t T 456 368
v 525 10900 T T + +
IX 442 11470 481 8900 + +
X 488 6200 437 5500 + 1
X1 658 10900 481 4600 t T
X11 582 10500 438 2500 460 1580
X1 517 6350 473 5700 + +
X1v * » 403 5200 T 1
XV 512 1700* 460 1500 + T
XVI 1 1 457 1400 T 1
XVl 1 + 457 3600 T +
XVIII 1 t 430 3640 t t
XIX + + 450 2700 T +
XX 600 8800 ) T 462% 3801
XX1 590 8100 t t T T
XX11 516 2300 T 1 t 1
XXIII 535 7800 T + t T
XXV 525 14800 t 1 t t
XXV 537 3000 T t + +
XXVI 536 19600 472 2730 + t
XXVIL 542 19000 588 6900 506 930
XXvia 550 10400 475 2400 525 450
XXIX 580 6800 507% 4000 4551 1800%
XXX 584 12900 507 4800 450% 60001
XXX1 593 7000 512 2600 450% 54001
XXXIT 581 15800 531 8300 537 610
XXXTII 583 15900 525 7100 537 4000

* Poor stability; absorbance not linear with concentration
1 Colours and spectra of chelate and chromogen are very similar.
1 Wavelength not at maximum but at a shoulder.



Short communications 521

TABLE II.—MOLE RATIOS AND CONDITIONAL FORMATION CONSTANTS
OF SOME OF THE IRON(II) CHELATES

Chromogen Fe:L log X’
XXVI 1:3 97
XXVII 1:3 123
XXVII 1:3 83
XXIX 1:2 75
XXX 1:2 91
XXXI 1:2 73
XXX1I 1:3 11-1
XXXIII 1:3 14-3

As expected, chromogens XVI-XIX failed to give the characteristic ferroin colour reaction with
iron(ll) salts. They possess amino groups on carbon atoms contiguous to the ferroin chromophore
groups, and methyl and other bulky substituents at such positions in closely related compounds are
known to cause steric hindrance in formation of tris-chelated octahedral complexes of iron(1I) and
cobalt(IT) but not in formation of bis-chelated tetrahedral comElexes of copper(I).t*

Consideration of the structures of chromogens XXIX-- reveals that they should be capable
of acting without steric hindrance as either bidentate or terdentate ligands to give respectively tris- and
bis-chelates of iron(II). They differ from 2, 2,2"- terpyridine, which in chelation with iron(Il) must
either serve as a terdentate ligand to form a bis-chelate or suffer serious steric hindrance from bulky
unco-ordinated pyridyl groups when attempting to form a tris-chelate. The continuous variation
results for XXXII and XXXIII were surprising. Both bebave preferentially as bidentate ligands
towards iron(II). This is probably a consequence of both steric and electronic effects. Certain
chelate rings apparently involve less physical strain than others, and donor atoms undoubtedly
have greater basicities in some ferroin groupings than in others.

The conditional formation constants (Table IT) indicate that pyridazyl groups confer greater
stability on the iron(IT) complexes than do either pyrimidy! or pyrazyl groups. This is consistent with
the relative order of basicities: pyridazine (pK, = 2-24) > pyrimidine (pKy = 1:23) > pyrazine
(pK, = 0-51). The relative stabilities of the pyrimidyl and pyrazyl ferroin complexes do not follow
the expected trend; however, the differences are not great and may be obscured by experimental
uncertainties in the conditional formation constants.

Acknowledgement—John W. Hook III assisted in the measurements of conditional formation con-
stants, Dr. F. H. Case furnished samples of the new compounds, and the G. Frederick Smith Chemical
Company provided financial support.

Department of Chemistry ALFRED A. SCHILT
Northern Illinois University WAYNE E. DUNBAR*
Dekalb, Illinois 60115, U.S.A4.

Summary—Spectrophotometric studies of the reactions of iron(Il),
copper(I) and cobalt(Il) with 33 new compounds have demonstrated
that the chromogenic properties of diazyl groups are inferior to those
of triazyl or pyridyl groups when incorporated into the ferroin chromo-
phore group. The metal complexes of the diazyl derivatives are less
stable than those of the corresponding pyridyl and triazyl derivatives.
Conditional formation constants of the iron(II) chelates of some
representative diazyl derivatives indicate that pyridazyl groups impart
greater stabilities than pyrimidyl or pyrazyl groups. Five of the new
chromogens have structures that suggest they can chelate iron(I)
without steric hindrance, either as bidentate or as terdenate ligands.
Although the terdentate mode would ordinarily be expected, two of
the five were found to act preferably as bidentate ligands.

Zusammenfassung—Spektrophotometrische Untersuchungen der Reak-
tionen von Eisen(I), Kupfer(I) und Kobalt(II) mit 33 neuen Verbin-
dungen zeigten, daB die farbbildenden Eigenschaften von Diazyl-
gruppen denen von Triazyl- oder Pyridylgruppen unterlegen sind, wenn

* National Science Foundation Summer Research Participant.
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man sie in den Ferroinchromophor einbaut. Die Metallkomplexe der
Diazylderivate sind weniger stabil als die der entsprechenden Pyridyl-
und Triazylderivate. Bildungskonstanten der Eisen(Il) chelate einiger
ausgewdhlter Diazylderivate deuten darauf hin, da8 Pyridazylgruppen
groBere Stabilitét verleihen als Pyrimidyloder Pyrazylgruppen. Fiinf
von den neuen Chromogenen haben Strukturen, die vermuten lassen,
daB sie Eisen(Il) ohne sterische Hinderung entweder zwei- oder
dreizihnig chelieren kdnnen. Obwohl man normalerweise die dreizih-
nige Chelatbildung erwarten wiirde, fand man bei zweien unter den
finf, daB die vorzugsweise als zweizihnige Liganden fungieren.

Résumé—Des études spectrophotométriques des réactions des fer(Il),
cuivre(l) et cobalt(ll) avec 33 nouveaux composés ont démontré
que les propriétés chromogénes des groupes diazyle sont inférieures
A celles des groupes triazyle ou pyridyle lorsqu’ils sont incorporés
dans le groupe chromophore ferroine. Les complexes métalliques
des dérivés diazyle sont moins stables que ceux des dérivés correspon-
dants pyridyle et triazyle. Les constantes de formation conditionnelles
des chélates du fer(Il) avec quelques dérivés diazyle types montrent
que les groupes pyridazyle communiquent de plus grandes stabilités
que les groupes pyrimidyle ou pyrazyle. Cinq des nouveaux chromo-
génes ont des structures qui suggérent qu’ils peuvent chélater le fer(1I)
sans empéchement stérique, & I'état de ligands & deux ou trois attaches.
Quoique le mode A trois attaches devrait étre ordinairement attendu,
on a trouvé que deux de ces cinq composés se comportent préférentiel-
lement comme ligands 3 deux attaches.
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Infrared determination of calcium or lithium nitrate in acetone solution
Determination of calcium or lithium in the presence of strontivm or barium
(Received 12 September 1968. Accepted 30 October 1968)

CaLciuM has been determined in the presence of strontium by conversion of both into the nitrates,
treatment with acetone to dissolve the calcium nitrate, filtration of the insoluble strontium nitrate,
and determination of the calcium gravimetrically (after evaporation of the acetone) or by difference.* -3
The method has apparently not been applied to the determination of calcium in the presence of bar-
ium, although barium nitrate is also insoluble in acetone.

It is proposed that calcium in the presence of strontium or barium be determined by treatment of
the nitrates with acetone, filtration, and infrared determination of calcium nitrate by measuring the
nitrate peak at about 825 cm~. The same technique has been applied to the determination of lithium
in the presence of strontium or barium.

EXPERIMENTAL
Apparatus

The dry-box used consisted of a cardboard box and top about 10 X 6 x 4in., containing a
3-in. thick layer of “Drierite” covered by a platform consisting of a piece of cardboard with a }-in.



Short communications 523

diameter hole in each in.?; there were two inlet holes in the top for the glass tubes conducting the
dry air.

Reagents

Acetone. Reagent grade, ACS specification.

Anhydrous calcium nitrate. Heat Ca(NO;),"4H,O in an uncovered weighing dish on the hot-plate
at gentle heat until most of the water is driven off, dry in an oven at 170° for 6 hr, cover, and store
over anhydrous magnesium perchlorate in a desiccator.

Anhydrous lithium nitrate. Dry reagent grade LiNQ, in an oven at 170° for 2 hr, cover, and store
over anhydrous magnesium perchlorate in a desiccator.

Calibration curves

Prepare standard solutions (~1-0 g weighed to 4-0-1 mg, dissolved in acetone and diluted to
50-0 mi) of calcium and lithjum nitrates. Dilute 1, 2, 3 and 4-ml portions to the mark in 5-ml volu-
metric flasks, with acetone. Record the spectra (0-4-mm sodium chloride cells) from 860 to 800 cm™*
and measure the peak heights at 824 cm™ for calcium and 827 cm~* for lithium. Plot calibration
curves.

Calcium or lithium in the presence of strontium or barium

The calcium, lithium, strontium and barium must be in the form of nitrates. The oxides and car-
bonates (and oxalates after ignition) can be converted into nitrates by treatment with nitric acid
(1 + 1), evaporation to dryness, addition of water, and re-evaporation to dryness. Use an amount
of sample that will contain 1-80 mg of calcium or lithium nitrate and up to about 0-2 g of strontium
or barium nitrate. Dry the nitrates at 170° for 2 hr and cool over anhydrous magnesium perchlorate
in a desiccator. Add 20 ml of acetone, break up any lumps by use of a policeman, wash down the
policeman with a little acetone, and remove it. Cover the beaker with a watch-glass, insert a small
stirring rod, and allow to stand for 2 hr with occasional stirring. Filter through a sintered glass
crucible of fine porosity (tared if strontium or barium is to be determined). Transfer the precipitate to
the crucible with acetone and wash it several times with acetone.

If the strontium or barium is to be determined, dry the crucible at 130° for 1 hr, coolin a desiccator,
and weigh as Sr(NO;), or Ba(NOy),.

In a dry-box evaporate the filtrate to about 2 ml with a stream of air dried by passage through
anhydrous magnesium perchlorate. Then immediately wash the solution into a 5-ml volumetric
flask with acetone and dilute to the mark with acetone, Record the spectrum from 860 to 800 cm—*
and measure the absorbance of the peak at 824 cm= (calcium) or 827 cm™? (lithium).

RESULTS AND DISCUSSION
The spectra of nearly saturated acetone solutions of calcium and lithium nitrate and of acetone
were obtained over the range 4000-667 cm~?, in 0-028, 0-2 and 0-4-mm cells. The peaks are listed in
Table I. The best peak seemed to be at 824 cm! for calcium nitrate and 827 cm~ for lithium nitrate.
A 0-4-mm cell was used for the quantitative procedure in order to obtain good sensitivity.

TABLE I.—PEAKS FOR CALCIUM NITRATE AND LITHIUM NITRATE IN ACETONE
SOLUTION

Wave number, cm!

Calcium nitrate Lithium nitrate Nature
737 734 weak, sharp
824 827 medium, sharp
1032 1037 weak, sharp
1314 1325 strong, ill-defined owing
to acetone interference
1420 1405 strong, ill-defined owing

to acetone interference

Calcium nitrate and lithium nitrate in acetone solution have covalent characteristics, so the peaks
are not due to the nitrate ion as such. It is known that nitrate in the ionic state has four fundamental
vibrations in the infrared while nitrate in the covalent state has six.*

Water interferes by lowering the base-line in the region of 825 cm~! and causing low results. This
interference from water makes it necessary to use a dry-box and dry air for the evaporation. Other-
wise the cooling effect of the vaporization and the hygroscopicity of the acetone and nitrates will
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cause condensation of moisture from the air. The effect of moisture precludes the use of a steam-bath
for the evaporation.
Typical results are shown in Table I1.

TABLE II,—RESULTS FOR SYNTHETIC MIXTURES

Added, g Found, g

Ca(NO,), Sr(NO,), Ca(NOy), Sr(NOy).
0-0768 0-2301 0-0755 0-2297
0-0610 0-0521 0-0610 0-0519
0-0105 0-1010 0-0110 0-1005
0-0077 0-0054 0-0071 0-0051
0-0017 0-0014 0-0015 0:0010

Ca(NOy), Ba(NO;), Ca(NOy), Ba(NO,),
0-0749 0-2332 0-0765 02316
0-0508 0-0517 0-0496 0-0515
0-0120 0-1009 0-0120 0-1004
0-0055 0-0049 0-0053 0-0046
0-0010 0-0015 0-0009 0-0013
LiNOg Sr(NOy), LiNO, Sr(NO;),
0-0799 0-2102 0-0792 0-2099
0-0576 0-0510 0-0550 0-0516
0-0111 0:0165 0-0111 00153
0-0055 0-0057 0-0056 0-0055
0-0024 0-0026 ., 00022 0-0023
LiNO; Ba(NO;), LiNO, Ba(NO,),
0-0774 0-2009 0-0762 0-2014
0-0598 0-0570 0-0576 0-0557
0-0126 0-0121 0-0115 0-0116
0-0043 0-0059 0-0041 0-0054
0-0034 0-0022 0-0035 0-0020

Interferences

Sodium and potassium nitrates are slightly soluble in acetone and produce a slight but significant

interfering peak. Magnesium nitrate is very soluble in acetone and produces a strong interfering

ak. The method cannot be used for the determination of magnesium nitrate because water cannot
be removed from hydrated magnesium nitrate without loss of some nitrogen dioxide.

If the method is to be applied to mixtures of calcium and magnesium a preliminary separation is
necessary, e.g., by oxalate precipitation. Three samples containing respectively 5-5, 2:2 and 1-1 mg
of calcium nitrate, with 5-1 mg of magnesium nitrate in each, were taken and calcium oxalate was
filtered off, ignited, and converted into the nitrate, which was then determined. The amounts of
calcium nitrate found were 5:2, 2:4 and 0-9 mg.

Frankford Arsenal GEORGE NORWITZ
Philadelphia, Pa. 19137, U.S.A. Davip E. CHAsAN

Summary—A method is proposed for the infrared determination of
calcium or lithium in the presence of strontium or barium. A mixture
of the nitrates is treated with acetone which dissolves only the calcium
or lithium nitrate. The strontium or barium nitrate is filtered off. The
filtrate is evaporated to about 2 ml with a stream of dry air and then
diluted to 5 ml with acetone. The infrared spectrum is scanned from
860 to 800 cm™ and the nitrate peak at 824 cm™ for calcium and 827
cm™ for lithium is measured. The recommended range is 1-80 mg
of calcium or lithium nitrate in the presence of up to about 200 mg of
strontium or barium nitrate.
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Zusammenfassung—Ein Verfahren zur Infrarot-Bestimmung von
Calcium oder Lithium neben Strontium oder Barium wird vorges-
chlagen. Ein Gemisch der Nitrate wird mit Aceton behandelt, das nur
Calciumoder Lithiumnitrat 16st. Strontium- oder Bariumnitrat wird
abfiltriert. Das Filtrat wird mit einem trockenen Luftstrom auf etwa
2 ml eingeengt und mit Aceton auf 5 ml verdiinnt. Das Infrarotspek-
trum wird von 860-800 cm='. registriert und die Nitratbande bei
824 cm™ fiir Calcium und 827 em~ fiir Lithium gemessen. Empfohlen
werden 1-80 mg Calcium-oder Lithiumnitrat neben bis zu 200 mg
Strontium- oder Bariumnitrat.

Résumé—On propose une méthode pour le dosage infra-rouge du
calcium ou du lithium en présence de strontjum ou de baryum. On
traite un mélange des nitrates 4 I'acétone qui dissout seulement le
nitrate de calcium ou de lithium. Le nitrate de strontium ou de baryum
est séparé par filtration. On évapore le filtrat & 2 ml environ par
un courant d’air sec puis dilue & Sml par Pacétone. Le spectre
infra-rouge est examiné de 860 & 800 cm~! et I'on mesure le pic du
nitrate 4 824 cm™ pour le calcium et 827 cm* pour le lithium, Le
domaine recommandé est de 1-80 mg de nitrate de calcium ou de
lithium en présence de quantités de nitrate de strontium ou de baryum
pouvant atteindre 200 mg.
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Liquid-liquid extraction of tungsten(VI) with mesityl oxide
Application to an alloy steel
(Received 1 July 1968. Accepted 19 November 1968)

MesityL oxide (4-methyl-3-pentene-2-one) has been used in this laboratory for the extraction
of transition elements. These studies have been extended to tungsten(VI), which can be extracted with
759, mesityl oxide in isobutyl methyl ketone (IBMK). It can then be stripped with ammonia and
determined photometrically as the thiocyanate complex. The method is simple and rapid and has
been successfully applied to an alloy steel.

EXPERIMENTAL
Reagents

Mesityl oxide. ) )

Stock solution of sodium tungstate, ~0-87; w/v, standardized by the oxinate method, and
diluted as required for working solutions.

Potassium thiocyanate solution, 509 wiv. . .

Tin(II) chloride solution, 209 w/v in concentrated hydrochloric acid.

General procedure

A 2-ml portion of sodium tungstate solution containing 430.[.tg of tungsten(VI) was takgn ina
separatory-funnel. Enough hydrochloric acid and lithium chloride were added to make their con-
centrations 1M and 12M respectively in a total volume of 25ml. The aqueous phase was then
extracted with 10 ml of 757 mesityl oxide solution in IBMK for 2 min. The layers were allowed to
separate, and tungsten(VI) was stripped from the organic layer by shaking first with 10 ml of 0-5M
ammonia and then 5 ml of distilled water. To the extract about 25 ml of concentrated hydrochloric
acid, 5 ml of 209; tin(II) chloride solution and 0-5 ml of 129 titanium(TII) chloride solution were
added and mixed well. After addition of 1-5 ml of 502, potassium thiocyanate solution and dilution
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to 50 ml, the absorbance of the yellow solution was measured photometrically at 420 nm against
water, within 2 hr.?

RESULTS AND DISCUSSION

In the presence of 12M lithium chloride as salting-out agent, extraction was found to be complete
from 1-4M hydrochloric acid.

The concentration of mesityl oxide was varied from 199, (1-62M) to 100%; (8-70M) with IBMK
as the diluent, and the hydrochloric acid concentration was varied from 0-1 to 4-0M in the presence
of 12M lithium chloride. The results (Table I) show that it is quite possible to extract tungsten(VI)
quantitatively even with 759 mesityl oxide., Various other solvents such as chloroform, carbon
tetrachloride, benzene, toluene, xylene, n-butanol and isobutyl acetate were also tried as the diluent.
The extraction was incomplete with all except xylene, toluene and IBMK. IBMK was preferred as
it permits clear separation of the two phases.

The chlorides of lithium, magnesium and aluminjum were tried as salting-out agents (Table II)

TABLE I.—DISTRIBUTION RATIO AS THE FUNCTION OF ACIDITY

Mesityl oxide Initial Distribution
concentration, % [HCl], M Extraction, % ratio
19 01 462 2-14
(1-62M) 02 52-8 2:79
05 61-1 3-92
1 69-4 577
2-3 75-0 7-50
4 80-6 10-35
30 01 569 3-30
(2-61M) 02 583 3-49
05 639 4-42
1 722 6-66
2 778 874
3 79-2 9-44
4 83-3 12-49
60 0-1-0-2 694 577
(5-22M) 05 750 7-50
1-2 94-4 42-46
34 972 87-38
75 0-1-0-2 77-8 874
(6°52M) 05 86-1 15-49
14 100-0 oc
100 01 806 10-35
(8-70M) 0-2 83-3 12-49
05 94-4 42-46
14 100-0 o

Tungsten(VI) = 430 ug in presence of 12M LiCl
Mesityl oxide = 759 in IBMK

with 759, mesityl oxide in IBMK and 0-5-4-O0M hydrochloric acid. The results showed that for
quantitative extraction of tungsten(VI) at 1M hydrochloric acid concentration it is necessary to use
12M lithium chloride as the salting-out agent.

Variation of shaking-time from 30 sec to 3 min showed that a minimum of 2 min shaking is needed
for complete extraction.

A number of representative ions were carried through the procedure and tested for interference.
The tolerance limits (Table IIT) represent the weight ratios of ion to tungsten at which the error in
tungsten determination is <29,. Ions showing strong interference are copper, mercury, ruthenium,
antimony, iridium, molybdate, selenite, tellurite and fluoride. The relative standard deviation
(10 variates) was 1:1:2%,. The extraction and determination take about 40 min.
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TABLE 1I.—EFFECT OF SALTING-OUT AGENT

Salting-out Initial Distribution
agent [HCl], M Extraction, % ratio
LiCl, 6M 05 319 117
1 34-7 1-32
2 444 1-90
3 63-9 4:42
4 76:4 812
M 0-5-1 347 1-32
2 778 8-74
3 80-6 10-35
4 889 19-98
10M 0-5 52-8 279
1 69-4 577
2 91-6 2747
3-4 94-4 42-46
12M 0-5 861 15-49
14 100-0 o
MgCl,, 1M 1 22:2 071
2 27-8 0-96
3 319 1-17
4 389 1-59
2M 1 347 1-32
2 389 1-59.
3 46-2 2-14
4 722 7 6:66
AlCl,, 1M 1 23-6 0-77
2 319 1-17
3 41-7 1-78
4 61-1 3-92
1-5M 1 333 1-24
2 389 1-59
3 583 349
4 66-7 499

Tungsten(VI) = 430 ug
Mesityl oxide = 75 % in IBMK

Application to an alloy steel

Dissolve a known weight (~0-5 g) of alloy steel in 9 mi of concentrated sulphuric acid and 50
ml of water. After the initial reaction is over, heat the solution and oxidize it carefully with 10 ml
of nitric acid and evaporate to fumes. Finally dilute it to 250 ml in a volumetric flask. Take a 2-ml
aliquot of this solution in a separatory-funnel and add hydrochloric acid to give a concentration of
3-5M. Shake with 10 ml of 1009, mesityl oxide for 10 min to remove iron;? under these conditions
tungsten(VI) is not extracted. Evaporate the aqueous phase to about Sml. Add hydrochloric
acid and lithium chloride to make their concentrations 1M and 12M respectively. Shake the resulting
solution for 2 min with 75 ¢ mesityloxide in IBMK. Allow the layers to separate. Strip tungsten(VI)
from the organic phase as described above and determine it photometrically as the thiocyanate
complex, at 420 nm.
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TABLE ITI.—EFFECT OF DIVERSE IONS

Tolerance Tolerance
limit, ion/W, limit, ion/W,
Foreign ion Source o owlw Foreign ion Source w/w
Pb*+ PbCly-2H;0 5 Ca?t CaCly2H,0 2:5
T+ T, SO, 25 Sr2+ SrCly-6H,0O 5
Cu?t CuSO,5H,0 0 Bat+ BaCl;'2H,0 10
Hg2+ HgCl, 0 Sb3+ SbCl,-3H,0 0
Cqaz+ CdCly-6H,0 25 Os?t Na;0s0, 05
Bi+ Bi(NOy)s5SH;O 25 Ir3+ IrCl, 0
Ptet H,PtCls:6H,0 25 Most+ (NH,);Mo0,0,,4H,0 0
Ru**+ RuCly-3H;0 0 CN- KCN 0-5
Pdzx+ PdCly-2H,0 25 S,0,% Na,S;0;4-5H,0 5
Rh3+ RhCl3'3H,0 15 HPO*~ Na,HPO,-12H,0 25
Cr3t Cry(S0,)s 18H,0 10 VO,~ NH, VO, 15
Fedt+ FeCly6H;O 2:5 Tartrate Tartaric acid 2:5
Aud+ HAuCl, XH;0 0-5 Citrate Citric acid 2:5
Be?t Be(NO,), 10 Oxalate H,C.0,2H,0 0-5
Thet+ Th(NO,),-4H,0 5 Ascorbate Ascorbic acid 2-5
Zr*+ Zr(NOg), 25 Malonate Malonic acid 05
Ce?+ Ce,y(SOy), 5 Acetate CH;COONH, 5
Us+ U0, (NOy)y'6H,O 5 EDTA EDTA 2-5
Zn2t ZnSO,7TH,0 5 SeO,- Na,Se0, 0
Mn*+ MnCl;-6H,O 5 TeO4*~ Na,TeO, 0
Co** CoCly-6H;O 5 F- NaF 0
Nig+ NiSO, 7TH ;O 5 SO,* Na,SO, 10H;0 35

Tungsten(VI) = 215 ug in the presence of 1M HCI and 12M LiCl.
Mesityl oxide = 757, in IBMK.

The results from the duplicate analysis of alloy steel No, 2735 (Bureau of Analysed Samples Ltd.)
were 13-6 and 13-6% of tungsten (certificate value 13-65%;).

Department of Chemistry V. M. SHINDE
Indian Institute of Technology S. M. KHOPKAR
Bombay-16, India

Summary—A new and simple method has been developed for the
rapid extraction of tungsten(VI) with mesityl oxide. Quantitative
extraction occurs from solutions 1A in hydrochloric acid and 12M in
lithium chloride (as the salting-out agent) with 759 mesityl oxide in
isobutyl methyl ketone. Tungsten is finally determined photo-
metrically as the thiocyanate complex in the aqueous phase. Tungsten-
(VD) can be extracted and determined satisfactorily in the presence of
several elements. The method is shown to be applicable to an alloy
steel.

Zusammenfassung—Eine neue und einfache Methode zur schnellen
Extraktion von Wolfram(VI) mit Mesityloxid wurde entwickelt. Die
Extraktion ist quantitativ aus Losungen, die 1M Salzsdure und 12M
Lithiumchlorid (als Aussalzmittel) enthalten, mit 75 %, Mesityloxid in
Isobutylmethylketon. Wolfram(VI) wird zum SchluB in der wiBrigen
Pbase als Rhodanidkomplex photometrisch bestimmt. Wolfram(VI)
kann in Gegenwart mehrerer Elemente zufriedenstellend extrahiert und
bestimmt werden. Es wird gezeigt, daB sich das Verfahren auf einen
legierten Stahl anwenden 146t.

Résumé—On a élaboré une méthode nouvelle et simple pour I'extrac-
tion rapide du tungsténe(VI) avec I'oxyde de mésityle. L’extraction
quantitative a lieu 4 partir de solutions 1M en acide chlohydrique et
12M en chlorure de lithium (comme agent de relargage) avec I'oxyde
de mésityle & 759, en méthylisobutylcétone. On dose finalement le
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tungsténe photométriquement sous forme de son complexe thio-
cyanique dans la phase aqueuse. On peut extraire et déterminer le
tungsténe(VI) de fagon satisfaisante en la présence de plusieurs é1é-
ments. On montre que la méthode est applicable & un alliage d’acier.
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Glass electrode measurements of sodium in albumin solutions*

(Received 8 July 1968. Accepted 5 October 1968)

SINCE the initial work of Eisenman, Rudin and Cosby! on sodium-selective glass electrodes, several
studies have been made comparing sodium-electrode and flame photometric determination of the
the sodium content of various biological fluids. Friedman, Wong and Walton,? and Portnoy and
Gurdjian,*>* made their own small electrodes from Corning NAS;,_,, glass; Moore and Wilson®
used two commercially available sodium electrodes. All investigators reported no indication of glass
poisoning by any of the constituents in the samples they analysed.

The present work is limited to some observations on the behaviour of one commercially available
sodium electrode in bovine albumin solutions during the course of a study to obtain supporting results
for a model for ultrafiltration to be published separately. Since these electrodes are now manu-
factured by several companies, they are readily available, and because of the expected increase in
their use, it is hoped that these observations will be pertinent.

EXPERIMENTAL

A Beckman Research Model pH meter was used for the potential measurements. The sodium
clectrodes were the Corning NAS;;_,4 glass membrane electrodes. The calomel electrode was the
Beckman 5-in. fibre junction electrode. Sodium analyses were made with a lithium internal standard
flame photometer (Instrumentation Laboratory Inc., Model 143). Solutions were made up in de-
mineralized water, with reagent grade chemicals. The albumin was Pentex crystallized bovine al-
bumin lot 13. Agar-salt bridges were made by dissolving 29 of Bactoagar (Difco Laboratories) in
the appropriate salt solutions. Polyethylene tubing 2:5 mm i.d. was used for the bridge. Special
sample tubes were made by drawing the ends of 20-mm borosilicate glass test-tubes into rounded
cones that closely fitted the bulbs of the electrodes.

Two procedures were employed to determine the difference in sodium activity between an albumin
solution and its ultrafiltrate. In the first the solutions were placed in separate containers electrically
joined by means of a salt bridge. The potential difference between two sodium electrodes, one im-
mersed in each solution, was then measured. The second procedure was to measure the potential
difference between a single sodium electrode and a calomel electrode immersed in the same solution,
and then to subtract the potential of the ultrafiltrate from that of the sac (albumin solution). For
checking their responses, the two sodium electrodes were first immersed in the same sodium chloride
solution and the potential difference noted. They were then checked for Nernst response by the first
procedure with two known sodium chloride solutions (usually one 0:16 molal and the other 0-08
molal made up to the same ionic strength with potassium nitrate). The potential was regarded
as at equilibrium if it was unaffected by stirring the solution and it remained constant for 30 min.
When the second procedure was used, the calomel electrode was connected by an agar-saturated
potassium chloride bridge to the solution to be measured in order to prevent clogging of the fibre
junction by protein; the criteria for equilibrium were the same as in the first procedure.

For determining sodium levels of unknown solutions a standard curve of potential vs. log con-
centration was constructed. The equation obtained for the curve was

E(mV) = 53-45 + 658 log C

where C is the molal concentration of sodium chloride in a solution of ionic strength 0-16.

* 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-49-932.
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RESULTS
Effect of depth of immersion
Very erratic results led to the observation that the depth of immersion of the sodium electrode

was quite critical. After the bulb was immersed to its narrowest portion, further immersion caused no
change. Table I summarizes the results for the potentials of the sodium electrode in a 0-14 molal

TaBLE 1.—EFFECT OF DEPTH OF
IMMERSION ON POTENTIAL

Immersion Potential, mV
Bottom only +67
Halfway —0-7
Complete —2-3

sodium chloride solution, measured against a calomel electrode. Essentially the same behaviour
was noted for the two sodium electrodes used. In the special sample tubes, 1 ml of solution was
sufficient to cover the bulb of the electrode completely.

Effect of aging of solutions

The difference in potential between an albumin solution and its ultrafiltrate, whether measured
directly with two sodium electrodes or by difference by the second procedure, was close to zero when
measured reasonably soon after completion of ultrafiltration (14 samples gave 0-30 -+ 0-10 mV).
However, the differences as well as the potentials of the individual solutions were found to change if
there were any prolonged exposures at room or higher temperatures (Table II). The first three
samples had various periods of aging. Measurements on sample 4 were made soon after completion

of ultrafiltration, and again on the original solution after it has been stored for one month in a
refrigerator.

TaABLE II.—EFFECT OF AGING OF SOLUTIONS ON POTENTIAL

e.m.f. vs. Difference, [Na), molal
calomel, (sac-ultrafiltrate),
mv mV em.f.  Flame photometry
1. Sac* 7-50 0-85 0200 0193
Ultrafiltrate 6-65 0-194 0-184
2. Sac* —11-75 3.40 0-102 0-094
Ultrafiltrate —15-15 0-091 0-082
Direct differencet 3-00
3. Sac* .. AT85 8-50 0275 0197
Ultrafiltrate 9-05 0-211 0-183
Direct differencet 870
4. Sact +0-85 —015 0-156 0-163
Ultrafiltratet +1-:00 0-159 0-151
Direct differencet 0-50
Direct differencet (4hr later) 1:30
5. Albumin solution§ —020 0-153 0-160

* Measurements at least 2 weeks after samples were prepared.
1 Two sodium electrodes.

+ Measurements within 2 hr after ultrafiltration.
§ Original solution of sample 4, one month later.

DISCUSSION

Careful standardization was necessary in order to obtain reproducible results. The bulbs of the
sodium electrodes were completely immersed, and the response was checked by placing the electrodes
in the same solution as well as in separate solutions of the same and different concentrations. This
effect of depth of immersion has not been previously reported.
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Although the meter could be read to 0-05 mV, the repeatability of a potential measurement was
within 0-2 mV. The potential difference between two sodium chloride solutions of different con-
centrations usually agreed within 0-2mV when measured by either procedure. However, such was
not the case when one of the solutions contained albumin. As seen in column 3 of Table II, the dif-
ferences determined by the two methods show a wider deviation for the same solutions.

Considerable drifting occurred when an electrode was placed in a new solution, and 10-20 min
were required for a steady potential to be attained. The presence of albumin in solution caused an
even slower approach to a steady potential. Friedman, Wong and Walton,* and Portnoy and
Gurjian,®* reported using equilibration times of several minutes after changing solutions. However,
they used hand-made electrodes which were much smaller than the commercial electrodes used in the
present work.

No extensive study on the aging process was carried out other than to establish its presence and to
determine how it might be prevented. In most of the early experiments a number of circumstances
cast doubt on the validity of potential measurements made soon after ultrafiltration. These samples
were kept in the refrigerator most of the time but had been brought to 37° for potential measurements
on several occasions. In general it was noted that the samples which gave the greatest deviation of the
difference potential from zero had been left unrefrigerated for the longest periods. Some of the dif-
ferences deviate considerably from the expected nearly zero value, and the sodium levels calculated
from the individual solution potentials are considerably greater than the levels found by flame
photometry.

In the experiment where the measurements were made reasonably soon after ultrafiltration it may
be seen that the sodium potential difference between the sac and ultrafiltrate increased from 0-5 to
1:3 mV in an interval of 4 hr when the samples were placed in a thermostat at 37°. On the other
hand, the sodium activity as indicated by the potential measurement on the refrigerated original
solution one month later was essentially the same as that of the sac contents. This observation was
taken as an indication that refrigeration was an effective means of preventing undesirable changes in
the albumin solution. In contrast to the measurements on the aged solutions, the electrode sodium
levels were lower than the flame photometric values for the fresh solutions and refrigerated samples.

It seems apparent that continued exposure of albumin solutions at room temperature results in
the formation of some substance that affects the potential of the electrode system. Two obvious
sites of the effect are the surface of the glass electrode and the liquid junction between the solution
and the agar-salt bridge. However, sufficient information is not available to determine whether
the effect occurs at one or both of these sites.

It will be noted that the values are expressed in molal units (moles per kg of water) in the present
work. Most of the flame photometry values for serum are reported in mole/l., and are lower than the
values obtained by electrode. Moore and Wilson® noted that when they corrected their flame photom-
etry values for protein content (conversion to molal units), the electrode value was lower. If a
correction for 93 9 water content for serum is used, the flame photometer value obtained by Friedman,
Wong and Walton? increases from 137-9 meq/l. to 148-:3 meq/100 g of water as compared to the
electrode result of 146:8. Our own value of 0-153 molal found by electrode for a 5 7; albumin solution
was lower than the 0-160 molal found by flame photometry.

The usual explanation for the lower value found by electrode is that the activity is being measured
and that the activity coefficient of the solution is affected by the protein. Another explanation of this
effect could be that there is some type of protein binding of the sodium, since the effect of the protein
on the ionic strength is not sufficient to account for the decrease in sodium activity.

Department of Radiation Biology and Biophysics T. Y. TORIBARA
University of Rochester School of Medicine and Dentistry LArYsa KovaL
Rochester, New York 14620, U.S.A.

Summary-—Measurements of the sodium level of albumin solutions
and their ultrafiltrates were made with commercially available sodium-
sensitive glass electrodes. The potential of the electrode was found
to vary considerably with the depth of immersion. The potentials of
albumin solutions which were allowed to remain at room temperature
or higher for any length of time were found to increase, and in time
gave unrealistic levels of sodium activity. An albumin solution
stored in a refrigerator for a month did not show this effect. The
sodium levels of albumin solutions as determined by the electrode were
lower than the flame photometric values for the same solutions.

Zusammenfassung—Der Natriumgehalt von Albuminlésungen und
ihren Ultrafiltraten wurde mit kiuflichen natriumempfindlichen
Glaselektroden gemessen. Es wurde gefunden, daB das Potential der

o
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Elektrode mit der Eintauchtiefe betrichtlich variiert. Die Potentiale
von AlbuminlSsungen, die beliebige Zeit bei Zimmer- oder hoherer
Temperatur belassen wurden, steigen an und gaben mit der Zeit
unrealistische Werte der Natriumaktivitit. Eine einen Monat im
Kiihlschrank aufbewahrte Albuminlosung zeigte diesen Effekt nicht.
Die mit der Glaselektrode ermittelten Natriymgehalte von Albumin-
18sungen waren niedriger als die an den selben. Losungen flammen-
photometrisch bestimmten.

Résumé—On a effectué des mesures de la teneur en sodium de solutions
d’albumine et de leurs ultra-filtrats avec des électrodes de verre sensibles
au sodium commercialement disponibles. On a trouvé que le potentiel
de I"électrode varie considérablement avec la profondeur d’immersion.
On a trouvé que les potentiels de solutions d’albumine qu’on a laissé
reposer 3 température ordinaire ou plus élevée pendant un temps
quelconque crosisent, et donnent dans le temps des valeurs non réelles
de Pactivité du sodium. Une solution d’albumine convserée dans un
réfrigérateur pendant un mois ne montre pas cet effet. Les tencurs en
sodium de solutions d’albumine déterminées par I’électrode sont
inférieures aux valeurs obtenues par photométrie de flamme pour les
mémes solutions.
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Determination of hydrazine by gas evolution
(Received 9 September 1968. Accepted 2 October 1968)

HyDRAZINE and its compounds are used extensively as industrial chemicals, rocket fuels, and in
hydrazine—oxygen fuel cells. Numerous methods have been proposed for the determination of these
compounds but the majority are based on the titration of hydrazines, either as reducing agents or as
bases.! Other methods which have been used include coulometry,®:® chronopotentiometry,* tur-
bidimetry,® and colorimetry.®-® Most of the titration procedures require 20-100 mg of hydrazine
per determination, whereas the electrical and colorimetric techniques use #g amounts,

Quantities of hydrazine in the 1-10 mg range have been determined by measuring the volume of
nitrogen evolved on oxidation of the hydrazine. The published methods have used iodate,!° ferricy-
anide,'-'* and lead (IV) and (II, IV) oxides'® to produce the gas. Other oxidants proposed include
copper(I)*¢ and the oxides of copper(Il),'* manganese(IV),' silver(I)'® and silver(Il).17,1

The suitability of the oxides of silver for this purpose has now been investigated. The resultant
analytical procedure, described in this paper, proved comparable with alternative methods.

EXPERIMENTAL
Reagents

Silver(I) oxide of low carbonate content was prepared by adding 0-1M barium hydroxide through
a filter into a slight excess of 0-2M silver nitrate under an atmosphere of nitrogen. The silver nitrate
solution was prepared with freshly boiled distilled water which had been previously purged with
pure nitrogen gas. The precipitate of silver(I) oxide, after filtration and washing with carbonate-free
water, was dried under vacuum over phosphorus pentoxide. The ground product was stored in a
desiccator over potassium hydroxide pellets.

Silver(II) oxide was prepared by the method of Hammer and Kleinberg'® and was stored similarly
to the silver(I) oxide. The carbonate contamination of this compound has been found to be less than
0-5% AgyCOs; for a freshly prepared product containing 98 %, AgO.
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Hydrazine sulphate stock solutions were prepared by dissolving a sample of the salt which had
been recrystallized twice from distilled water. Hydrazine samples of lower purity were prepared by
recrystallizing hydrazine sulphate from solutions containing either sodium sulphate or potassium
nitrate, and these were used for comparing the method with other published procedures.

Buffer solutions were prepared from analytical reagent grade chemicals in the usual manner,
a phosphate buffer being used for pH 6-8, and an acetate buffer for pH 6'5.

r

F16. 1.—Gas evolution measuring appar

e
L

s (for details see text).
Apparatus

The gas evolution method was tested in the apparatus shown in Fig. 1. The apparatus consists of
a water-jacketed reaction vessel (A) of 60 ml capacity connected through a removable capillary
tube (B) and 3-way stop-cock (C) to a water-jacketed 5-00-'m1 gas burqtte o), readmg_to 0-01 ml.
The gas burette is fitted with a levelling bowl (E). The reaction mixture in the vessel (A) is §t1rred.by
means of a magnetic stirrer (F) and the apparatus is maintained at constant temperature by circulating
water from a thermostatically controlled constant temperature bath fitted with a Braun Thermomix
unit.

Recommended procedure

Prepare a stock solution of the hydrazine sample and add an aliquot of this solution, containing
5-6 mg of hydrazine, to approximately 15 ml of 0-5M buffer solution phosphate or acetate) contained
in the reaction vessel. The total volume should not be greater than 25 ml. Stir the mixture to ensure
thermal equilibrium with the circulating water which should preferably be maintained within 1° of
ambient temperature. Weigh 0-1 g of silver(I) oxide into a plastic boat and, after stopping the
stirrer, float the boat and contents on the surface of the reaction mixture. Replace the removable
capillary tube and close the apparatus to the atmosghcre by adjusting the 3-way stop-cock. Allow
sufficient time for the enclosed gases to equilibrate thermally then level the liquid in the gas burette
with the aid of the levelling bowl and 3-way stop-cock. Start the stirrer to sink the boat and contents,
and measure the maximum volume of gas evolved. The amount of hydrazine present in the reaction
mixture is given by

PY

N;H,(mg) = 0514 =,
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where P = partial pressure of nitrogen evolved (mmHg), i.e., atmospheric pressure — water vapour
pressure; ¥ = volume of wet gas evolved (ml); T = temperature of circulating water in apparatus
(°K).

RESULTS AND DISCUSSION

Earlier studies indicated that the rate of reaction is pH-dependent and as protons are released
during the reaction adequate buffering is essential. At pH < 6 the reaction rate at room temperature
is too slow for practical purposes. At pH > 7 low nitrogen yields were observed, possibly owing to
some aerial oxidation of the hydrazine test solution.

Two buffer systems were therefore examined in detail; a phosphate system adjusted to pH 6-8
and an acetate system buffered at pH 6-S. Acetate ions form a weak complex with silver ions and
total gas evolution was complete in 8-10min. The phosphate ion forms a sparingly soluble compound
with silver ions and the time required to liberate the gas fully from these solutions was 20 min.
Silver ions are involved in the reaction mechanism'® hence the presence of anions which form spar-
ingly soluble compounds reduces the rate of reaction. For example, a 0-1M chloride concentration
in the two buffer solutions reduced the amount of gas evolved in the stated time periods to 50%; and
157; respectively of the total yield. At concentrations less than 0-5M, nitrate and sulphate ions had
no effect on the yield. Some studies were made with a maleate buffer system but the experimental
results were consistently 2-59; low.

The effect of varying the buffer concentration, the pH, the total volume, the amount of hydrazine
present, the weight of silver oxide added, and the temperature, on the efficiency of the gas evolution
method, were all examined.

Silver(IT) oxide was found to be an unsuitable oxidant under all conditions. To avoid side-reactions
with silver(I) oxide the amount of excess of reagent has to be restricted. The amount of oxide added
should not exceed 14 (acetate buffer) or 2 (phosphate buffer) times the amount theoretically required.
The use of silver(I) oxide samples containing large amounts of carbonateimpurity is not recommended,
as a sample containing 2-3 %, Ag,CO, gave results which were 1-2%; high.

The rate of reaction decreases with decreasing hydrazine concentration, increasing ionic strength,
and decreasing temperature, and consequently, low analytical results were obtained in the presence of
high concentrations of acetate ions, on dilution of the sample with large volumes of buffer, and at
low temperatures. Increasing the temperature did not successfully overcome the kinetic problems,
since the errors associated with vapour pressure corrections become more pronounced with increased
temperature.

The results obtained when samples were analysed by the recommended procedure and three
other procedures selected from the literature are shown in Table I. These results are the average
of at least eight determinations, the standard deviations recorded being determined in the usual way.

TABLE 1.—COMPARISON OF ANALYTICAL PROCEDURES

N.H, . H,S0,,%

Method

Sample I Sample IT Sample III
Gasometric method (acetate  100-7 + 0-4 775 + 02 89-8 4- 05
buffer)
Gasometric method (phos- 100-1 + 04 765 + 03 89-8 +0-3
phate buffer)
Acid-base potentiometric ti- 984 + 0-4 762 4+ 0-2 892 1+ 01
tration method?®
Indirect iodate titration 100-3 + 02 77'5 + 0-2 90-3 + 0-2
method?!
Dichromate colorimetric 102:2 4+ 06 790 + 03 927 + 05
method??

It can be observed that the two gas evolution procedures yielded values which compare favourably
with the two titration methods, the results obtained with an acetate-buffered solution being, in general,
slightly higher than those obtained with a phosphate-buffered solution. The acid-base potentiometric
titration gave results which were lower than those obtained by the gas evolution and indirect iodate
methods. With pure hydrazine sulphate the titration result was 29, low (Sample I). The colorimetric
method, based on the reduction of dichromate ions, gave results which were consistently high by
2-3%,. This method requires calibration with a standard hydrazine solution and the reaction between
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hydrazine and the dichromate appears to be non-stoichiometric and slightly dependent on reaction
conditions.

All gasometric procedures have limitations. For example, special apparatus is required and this
restricts the method to a small range of hydrazine concentrations. The technique is sensitive to
changes in experimental conditions and the procedure is comparatively slow. However, for the
analysis of hydrazine solutions the alternative techniques are each subject to some limitations, and,
as shown in this study, the gas evolution method is just as satisfactory for mg quantities of hydrazine.

Department of Chemistry C. P. Lroyp
University of Newcastle W. F. PICKERING
New South Wales, Australia

Summary—A method is proposed for the determination of mg amounts
of hydrazine based on the measurement of the volume of nitrogen
evolved after oxidation with silver(I) oxide.

Zusammenfassung—Eine Methode zur Bestinmung von Milligram-
mengen Hydrazin wird vorgeschlagen. Dabei wird das Stickstoff-
volumen gemessen, das nach Oxidation mit Silber(I)-oxid entwickelt
wird.

Résumé—On propose une méthode pour le dosage de I'hydrazine en
quantités de I'ordre du mg basée sur la mesure du volume d’azote
dégagé aprés oxydation par I'oxyde d’argent (I).
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Thermometric titrimetry
Studies of the cerium(IV) oxidation of a-mercaptocarboxylic acids
(Received 11 September 1968. Accepted 18 October 1968)
RECENT studies in these laboratories'® have dealt with attempts to correlate the thermodynamic

and kinetic parameters involved in metal-ion oxidations of organic substrates. Although kinetic*
and analytical® investigations of cerium(IV) oxidation reactions are well established, little information
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is available on the thermodynamics of such reactions. Provided the reaction rates are sufficiently
fast, enthalpimetric titration can be used to determine not only the stoichiometry of a particular
reaction but its overall heat. Jordan and Ewing® have measured the heat of reaction of cerium(IV)
with iron(II), titanium(III) and ferrocyanide but no results are available for cerium(IV) oxidation of
organic substrates. The reactions with «-mercaptocarboxylic acids are complete within a few msec
under the conditions used® and so represent ideal systems for study.

EXPERIMENTAL

All materials used were of analytical reagent grade. The stock ammonium sulphatocerate solu-
tions were standardized with iron(Il) ammonium sulphate, with ferroin as indicator. Thiomalic
acid, 99-77 pure, was used without recrystallization, but thiolactic acid and thioglycollic acid were
redistilled at reduced pressure under nitrogen. Titration of the thiol group with iron(III)” showed the
acids to be more than 999, pure.

Experiments were carried out at various hydrogen ion concentrations. The a-mercapto acid was
placed in the reaction cell, diluted to 50 ml with oxygen-free water and titrated with the oxidant
(generally 100 times more concentrated than the acid solution, to keep the volume changes small,
<2%).

Reaction products were shown to be the disulphides! which have also been prepared by iodine
oxidation® of the substrates. Infrared spectra of the products from both methods showed them to
be identical.

The titration assembly was of conventional design, the rectangular perspex reaction cell of 150 ml
capacity being surrounded by ~150-mm thick expanded polystyrene for heat insulation. A Vibronix
stirrer (Shandon Scientific Co.,) ensured thorough mixing and the titrant was delivered at an adjust-
able but constant rate by a synchronous motor via a micrometer syringe the tip of which was below the
level of the solution in the cell. Heat changes were detected by a 5-k€ thermistor in a bridge circuit,
the output being relayed to a Honeywell multis‘Eeed 10-mA chart-recorder.

The instrument was calibrated .with the hydrochloric acid-sodium hydroxide neutralization and
checked with the iron(I)-cerium(IV) reaction, the value obtained for the latter being —27-0 &
0-7 kcal/mole, compared with —27-0 kcal/mole previously obtained.®

RESULTS AND DISCUSSION

The initial steps of these oxidations have previously been shown to take place rapidly* and direct
titration indicated that further slower oxidation steps take place, the total amount of cerium(IV)
required being 8 moles per mole of a-thiol, the time taken being up to 3 days depending on tempera-
ture and acidity. With ferroin used as indicator the first reaction required more than 1 mole of cerium-
(IV) per mole of thiol (see Table I).

TABLE 1
Ratio Ce(IV)/a-thiol
a~-Thiol visual thermometric
Thiomalic acid 1:30 1-32
Thiolactic acid 1-12 1-14
Thioglycollic acid 1-16 1-18

The curves obtained in thermometric titrations showed marked deviations from those normally
derived. A typical example is shown in Fig. 1, where AB represents the base-line (heat loss from the
solution to the surroundings) and at B the titrant was added. The rate of evolution of heat was con-
stant for about 607, of the reaction (B — C). The curve then deviated slightly at C but remained
fairly linear to .D where a sharp change was recorded. DE represents the excess of reagent. The
volume of titrant added from B to D, V,, yielded the stoichiometries of the reactions of the three
a-thiols (Table I).

Such stoichiometries are unexpected since the formation of disulphide would suggest a reaction
(RSH = thiol)

Ce* + RSH — Ce** + RS- + H+
| sr—s-s r

where 1 mole of each reagent is required.
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By extrapolation of BC and DE the volume ¥, (Fig. 1) was obtained, which corresponded to
1:1 stoichiometry within 19 in all three cases.

Titrations with methyl acrylate present

The results suggested that the radicals produced reacted further with cerium(IV). To investigate
this, titrations were carried out in the presence of methyl acrylate. Sharp changes in slope were

0.05¢-

0.10
ave
0.5
0.20
0.25
L ! ! 1 ) 1 ! 1
Volume
FiG. 1.—Enthalpimetric titration of 1-93 X 10~¢ mole of thiolactic acid with
cerium(IV) in 0-50M H,SO,.

Each volume division represents 0-2280 ml. Addition rate, 2-5 ml/min. Effects due to
the secondary reaction (EF) were obtained by measuring the heat changes as a function
of time after addition of oxidant has ceased at E.

recorded at the beginning and end of the titrations but the titration branch showed some curvature.
This may be caused by polymerization in the neighbourhood of the sensing device. Overall heat
changes in these systems were 10-20 times as great as those normally recorded. The curvature did
not affect the measurement of titrant consumed. In all three cases the stoichiometry found was 1:1
within 1%.

Measurements of AH

The secondary oxidations interfere with the calculation of AH in the normal way. In order to
calculate the heat of reaction for the first oxidation step it is necessary to assume that (2) the second
oxidation starts after the completion of the first reaction and (b) the oxidation rate for the second
reaction is constant during the addition of the excess of oxidant and for about 30 sec after addition
has ceased, i.e., while the fourth portion of the enthalpogram (EF in Fig. 1) is being traced. Since
the first reaction occurs at a rate several orders of magnitude greater than that of the second and all
the curves referring to excess of reagent are linear (except at very low acidities [H+] < 0-1M), even if
the assumptions are not valid the results will still be essentially correct. To calculate AH, the fol-
lowing procedure was adopted: slopes BC, DE, and AB were measured (Fig. 1) and the heat con-
tribution of the second oxidation reaction was obtained by measuring the heat changes (EF) occurring
after the addition of titrant had ceased. The AH for the reaction was then calculated from slopes
BC’ — (ED + EF — AB). Table II lists the AH values obtained in this way, together with those
derived without allowance for the side-reaction. Good agreement is seen over the acidity range used
(0-2-1-2M) and differences in AH at 20° and 25° are within experimental error.

To date we have not been able to characterize fully the side-reaction involving the radical, although
the inhibition of the reaction in the presence of methyl acrylate would suggest a possible isomerization
followed by further (very fast) redox reaction with the cerium(IV). A possible scheme for thioglycollic
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acid might be:

Cet+ + CHy'COH ———» Ce*+ + H* 4+ CH,—CO,H

SH

|
S

(a) dimerization

&)

Y
CH,—S—S—CH,

I I
CO.H CO.H

The requirements of stoichiometry are met if the reaction is considered to proceed 979, via path (a)
and 3 9, via path (b). The fact that for thiomalic acid, which has two carboxylic groups, the deviation
in ¥, (Table I) is twice that for the other acids which are monocarboxylic, would suggest that these

groups are involved in the side-reaction.

It is of interest to note that this is the only method of obtaining the heat of reaction for these

TABLE II.—HEATS OF REACTION

- AH“DC Orrs - AHC Oorrs

Moles reacted 7°C [H,SO,1, M kcallmole kcallmole
Thiolactic acid 2213 x 10-¢ 202 07 37-8 387
20-4 06 374 379
20-0 02 350 389
20-2 0-5 305 374
205 05 267 39-6
1476 x 10* 198 1-2 380 384
20-2 05 372 382
224 05 353 381
251 0-5 31-3 387
21-3 05 352 37-8

Mean AHyorr = —384 + 0-5 kcal/mole
Thioglycollic acid 1-841 x 10~¢ 201 05 39-5 40-0
20-5 05 383 40-7
212 05 37-1 40-2
207 05 373 39-6
20-0 05 384 40-0
204 02 34-5 39-8
204 12 383 41-5
19-6 1-2 39-8 40-3
22-8 05 354 40-2
240 05 341 41-5
Mean AHorr = —40-4 £ 0-6 kcal/mole

Thiomalic acid 1730 x 10~ 203 03 379 40-4
20-1 0-5 38-4 40-0
20-8 0-5 371 39-8
20-1 12 377 40-1
2:184 x 10* 206 07 384 39-5
207 0-5 378 409
207 05 376 399
209 05 37-2 390
201 0-2 36-5 39-8
201 02 36-8 40-5

Mean AHyorr = —40-0 -+ 04 kcal/mole
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systems since it is only through the titration that the secondary reactions which occur can be identified
and corrected for.

Department of Chemistry W. A. ALEXANDER
University of Strathclyde C. J. MasH
Glasgow, C.1., Scotland A, MCAULEY®

Summary—The cerium(IV) oxidation of thioglycollic, thiolactic and thi-
omalic acids has been examined by thermometric titration. The titration
curves indicate stoichiometries of more than 1 mole of cerium(IV)
per mole of a-thiol, suggesting possible side-reactions. In the presence
of methyl acrylate, however, the expected ratio is observed. The
overall heat of each reaction has been derived. Only with a titration
method of this kind where allowance can be made for side-reactions
can the heats of reaction for these systems be measured.

Zusammenfassung—Die Oxidation von Thioglycolsdure, Thiomilch-
sdure und Thiodpfelsdure mit Cer(IV) wurde mit thermometrischen
Titrationen verfolgt. Die Titrationen deuten auf Verhiltnisse von
mehr als einem Mol Cer(IV) pro Mol a-Thiol, was auf die Méglichkeit
von Nebenreaktionen hinweist. In Gegenwart von Methylacrylat beo-
bachtet man hingegen das erwartete Verhdltnis. Die Gesamtwirme-
tonung jeder Reaktion wurde ermittelt. Nur mit einer Titrations-
methode dieser Art, wo fiir Nebenreaktionen korrigiert werden kann,
lassen sich die Reaktionswirmen dieser Systeme messen.

Résumé—On a examiné par titrage thermométrique I'oxydation par le
cérium (IV) des acides thioglycolique, thiolactique et thiomalique. Les
courbes de titrage montrent des stoechiométries de plus d’une mole de
cérium(IV) par mole d’a-thiol, suggérant des réactions secondaires
possibles. En la présence d’acrylate de méthyle, toutefois, on observe
le rapport attendu. On a déduit la chaleur globale de chaque réaction.
On ne peut mesurer les chaleurs de réaction de ces systémes qu’avec une
méthode de titrage de cette sorte, ot 'on peut tenir compte des réactions
secondaires.
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Logarithmic converter for atomic-absorption spectrometry
(Received 12 August 1968. Accepted 7 November 1968)

IN ATOMIC-ABSORPTION spectrometry, as in classical absorption spectrophotometry, the Beer-Lambert
law describes the relationship between sample concentration and absorbance. Since the most com-
monly employed transducer, the photomultiplier, responds linearly to intensity, it is necessary to
convert its output into logarithmic form to utilize the light absorption data for analysis. Usually the
conversion is effected manually, by means of tables, or automatically, by measuring the output with a
recorder of which the slidewire or gearing is logarithmic. Manual methods are tedious and slow,
while mechanical conversion suffers from an inherently limited dynamic range.
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Recently, the logarithmic relationship between the current through a semiconductor junction and
the voltage across it has been used to effect logarithmic conversion. Although any semiconductor
diode will show logarithmic response, the largest dynamic range is exhibited by silicon transistors in
which the emitter-base junction is used, while the collector-base junction is effectively short-
circuited.»* Such devices show a logarithmic response over 7-9 orders of magnitude.

This paper describes a logarithmic converter designed for use with the Perkin-Elmer Model 303
atomic-absorption spectrophotometer and incorporating signal-conditioning devices appropriate to
that instrument. Since the Perkin~Elmer instrument is a double-beam device, the converter described
computes the ratio of the intensity of the sample beam to that of the reference beam.

Caz Raa
R
C2 Rgy R
I 42
Samp. b A
2 -jA'A'L
= F = Ry S Rai a
48
R“;: To Recorder
L =
-r =
Cp
—
Rip
Cy Ry R
31
Ref. ‘——l 0 A. AN —
1 ! b
= = = Rls (;
<
Ria S¢
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Fi1G. 1.—Circuit diagram
All resistors 3:1%, # W unless otherwise specified.
Ryy, Rysy Ryy, Rl.(.f’lR“ =1MQ

Ry, Ry = 100

Ru = SOkQ

Rys = 47 k‘Q’ soo, tw

Ryg, Rys =5 kQ

Ry, = 1kQ, 10-turn, linear taper, 2 W
R.‘ = l kﬂ

Ry = 500Q

R45 = 300 Q

RM: RH’ 100 Q

Ry, 10092, 5%,1W

Cu, C’I, 01 ”F, 200 wvdc

Clg, Cg’, 05 MF 100 wvdc

Cy, 12 pF

D,, D,, IN485A

Ty, T,, 2N697

Ay, Ay, As, Ay, EP85AU or P85AU (G. A. Philbrick Researches Inc., Dedham, Mass.)

The inputs to the converter are the separated sample and reference beam signals taken at the
outputs of the cathode followers in the signal separator assembly in the instrument.® The signals are
two out-of-phase square-waves at high d.c. levels. They are conveniently available on most versions
of the instrument at external terminals labelled TP-5 and TP-6 and at octal sockets available for
connection of accessories supplied by the manufacturer. Because the output is taken from cathode
followers and because the logarithmic converter draws only a few uA of current, the logarithmic
converter and the manual nulling circuits of the instrument do not interact and may be used simul-
taneously.

Construction

A circuit diagram of the instrument is shown in Fig. 1. The operational amplifiers are manu-
factured by Philbrick Researches, Inc., Dedham, Mass. and powered by a Philbrick Researches
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PR-30 power supply. The output is fed into a Honeywell Electronik 15 recorder (1-50 mV, full scale,
as required). Other recorders and null potentiometers have been used with the instrument and found
satisfactory.

Description

The reference and sample input channels are identical and only the reference channel will be
discussed. Capacitor C,; and diode D, pass the a.c. component of the spectrophotometer output and
clamp its positive end to 0-5V. The resulting square-wave is passed through the inverter-filter,
(amplifier 1) which converts it into a positive d.c. signal. The filter may be considered to be a slowly
discharging integrator, the time constant of which is too long to allow complete discharge during one
cycle of the square-wave. The smoothed inverted sample and reference beams are fed into a logarith-
mic ratio circuit, a standard analogue computer circuit with an output proportional to the logarithm
of the ratio of the input voltages.* The potentiometer, Ry, i§ a zero control used to balance the sample
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FiG. 2.—Response of logarithmic amplifier. Aqueous Ca(ClOyp. solution, 0-113-11-3
ppm calcium. Air-acetylene flame. Note scale-change for solutions more concen-
trated than 2:25 ppm calcium.

and reference beams when no sample is in the flame. Since the input square-wave has a magnitude of
about 6V, attenuation of both signals is necessary and is effected by the voltage dividers on the
outputs of the filters (Ras + Rag and Ry5 + Ryy).

Amplifier 3 is a conventional logarithm-taking circuit."»* Its output is bucked against transistor
T3, the voltage across which is proportional to the logarithm of the current through it. Thus, the
non-inverting input of amplifier 4 is maintained at a potential proportional to the difference in the
logarithms of the two input voltages. Since the output voltage is proportional to the potential
difference between the inputs, this difference is multiplied by the amplifier in the conventional way and
appears at the output terminal. The output is taken through a 100-ohm resistor to protect the
amplifier against accidental shorting of its output terminals.

Performance

Figure 2 illustrates the performance of the logarithmic converter. Solutions of calcium perchlorate
were employed for these measurements. Absorbance was measured at 422:6 nm, a calcium hollow-
cathode lamp being used as source. The slope of the response curve is 1:36 mV per 0-001 absorbance
and is observed to at least 907, absorption. This corresponds to a change of 6 mV for a solution
showing 17 absorbance. For the calcium system used here the slope of the response curve is 58
mV/ppm of calcium up to about 1 ppm, decreasing to 52 mV/ppm at 10 ppm.

Because of the ratio configuration of the circuit, a change of 3077 in the gain of the photomultiplier
causes less than a 19 change in the output of the logarithmic amplifier. The instrument baseline
drifts slowly, however, because of fluctuations in flame conditions, for which the instrument cannot
compensate.
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The logarithmic converter requires about 2-6 sec to respond to a step increase or decrease in
absorbance. This slow response is caused by the active filters, which have time constants of about
0-5sec. A 0-5-sec time constant is necessary to achieve the desired smoothing of the square wave, to
a ripple factor of less than 19;. However, slow response is desirable, since it helps filter out some of
the noise inherent in atomic-absorption spectrometric measurements. It is possible to increase the
filtering action further by increasing the size of capacitors C;, and C,,, but this does not appear to be
necessary.

DISCUSSION

A major shortcoming of the transistor as a logarithmic conversion device is its relatively high
temperature sensitivity, about 0-39;/deg.! The converter described here does not incorporate tem-
perature compensation, but this could be readily effected by simple modifications to the feedback
circuit of amplifier 3. Since thermistors have a negative temperature coefficient of resistance, a fixed
resistor plus thermistor in place of the feed-back resistor in amplifier 4 would attenuate the gain
of the amplifier to compensate for the temperature dependence of the transistor transfer functions.
In practice, the temperature fluctuations encountered in the normal laboratory in the course of the
working day are not sufficiently great to affect the performance of the converter seriously. Normally,
a precision of 1-29] relative is acceptable for atomic-absorption work and room temperature fluc-
tuations of at least +3° are tolerable.

The converter would show an even wider dynamic range than it does if the relatively constant
reference signal were fed to amplifier 4 and the sample signal to amplifier 3. However, the response
range is more than adequate for atomic-absorption spectrometry, since a working concentration
range of more than a 100-fold is seldom employed. The configuration employed here gives a negative
output signal, a useful feature for the recorder employed by us. Interchange of the functions of
amplifiers 3 and 4 would give a positive output signal, which is desirable for some recorders.

Acknowledgement—This work was supported by the National Institute of Dental Health, Public
Health Service, under grant 5 R01 DH 00101-02, and by a PHS predoctoral fellowship to J. B. O.

Department of Chemistry MicHAEL D. MORRis
Pennsylvania State University JaMmes B. ORENBERG
University Park

Pennsylvania 16802, U.S.A4.

Summary—A logarithmic converter using a silicon transistor in the
feed-back loop of an operational amplifier circuit, and suitable for
use with a double-beam atomic-absorption spectrometer, is described.

Zusammenfassung—Ein logarithmischer Umsetzer wird beschrieben.
Er enthilt einen Silicium-Transistor in der Riickkopplungsschleife
eines Operationsverstirkerkreises und eignet sich zum Gebrauch in
Verbindung mit einem Zweistrahl-Atomabsorptionsspektrometer.

Résumé—On décrit un convertisseur logarithmique utilisant un
transistor au silicium dans la boucle de rétroaction d’un circuit
amplificateur opérationnel et convenant 4 ’emploi avec un spectro-
métre d’absorption atomique 4 douvbe faisceau.
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6-Methyl-2-pyridinecarboxamide oxime, a reagent for copper
(Received 3 September 1968. Accepted 24 September 1968)

THE blocking effect of substituents in positions adjacent to the nitrogen atoms of ferroin reagents
(1,10-phenanthroline, 2,2’-bipyridyl) renders the molecules non-reactive towards iron(II) and confers
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on them extraordinary specificity for copper(I).! In attempting to extend this blocking effect to
2 4,6-tripyridyl-s-triazine, an extraordinarily sensitive reagent for iron,»®* we failed to obtain the
desired 2,4,6"-tri(6’-methylpyridyl)-s-triazine, but did isolate a compound identified as 6-methyl-2-
pyridinecarboxamide oxime (R) which yields an intensely yellow compound with copper(T). The
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molar absorptivity is reasonably high (¢ = 7-2 X 10%) and the specificity good (only palladium
interferes) but in neither respect is the reagent superior to neocuproine (¢ = 795 x 10%) or batho-
cuproine (¢ = 13-9 X 10°). On the other hand the compound is easy to prepare.

EXPERIMENTAL
6-Methyl-2-pyridinecarboxamide oxime

To 8-4 g of hydroxylammonium chloride dissolved in 25 ml of water and adjusted to pH 5-6
with sodium carbonate were added 15-1 g of 2-cyano-6-methylpyridine dissolved in 75 ml of 95%
ethanol. The mixture was kept at 80-85° for 1 hr and then cooled to 40° and a stream of air was
passed over the surface of the liquid until the volume of the solution was reduced to about 25 ml.
Water was added until the crude product began to precipitate. After further standing the solid was
filtered off, thoroughly washed with water, recrystallized three times from hot benzene and then dried
for 24 hr at 60° under reduced pressure. White crystals; m.p. 138° with some sublimation before
melting. Found: C 55-6%;, H 6:1%, N 27-8%, m.w.® 146; calculated for C;H,N;0: C 55-62%,
H 6-007;, N 27-807;, m.w. 151-2. The NMR spectrum showed four bands, at § = 919, 7-60, 5-86
and 2-5. Integration showed 1, 3, 2 and 3 hydrogen atoms, respectively, the positions corresponding
to a hydroxyl hydrogen atom, three asymmetric ring hydrogen atoms, two amino hydrogen atoms,
and three identical methyl group hydrogen atomsrespectively. The spectrum is thus in agreement with
that expected for 6-methyl-2-pyridinecarboxamide oxime.

Reaction with copper(l)

The yellow copper(l) compound of R is completely formed in aqueous solution over the pH
range 4-5~7. The system conforms to Beer’s law up to 10~“M copper, the molar absorptivity being
72 X 10° at 405 nm, the wavelength of maximum absorption. The copper compound can be com-
pletely extracted into isoamyl alcohol in two extractions. The compound is stable in aqueous and in
isoamyl alcohol solutions. Spectrophotometric titration at 405 nm showed formation of a CuR,
compound.

6-Methyl-2-pyridinecarboxamide oxime is quite specific for copper. Mercury, cobalt, zinc,
manganese, lead, nickel, tungsten and platinum, at the 500-ug level, when treated with hydroxyl-
ammonium chloride, buffer of pH 5-5, and reagent, give no colour; bismuth gives a white precipitate,
presumably the oxychloride, and molybdenum gives a slight yellow colour. The determination of
copper can be carried out in the presence of 100 times as much iron if the copper compound is
extracted into isoamyl alcohol. The most serious interference is from palladium which forms a
yellow compound, the molar absorptivity being about 5:0 x 10® at the wavelength of maximum
absorbance, 355 nm.

Determination of copper in blood and liver

Attempts to determine copper in serum with 6-methyl-2-pyridinecarboxamide oxime following
treatment with an equal volume of 1-2M hydrochloric acid and precipitation of the protein with 209,
trichloracetic acid gave incomplete and irregular recovery of added copper. Results obtained by
first wet-washing the organic material with nitric and perchloric acids were satisfactory. It proved
necessary to fume adequately to remove all traces of nitric acid. Perchloric acid does not interfere,
as the colour formation is complete in the presence of even large amounts of sodium perchlorate.

Procedure. Digest the sample of serum or blood, 10 ml, or of liver, 2:50 g (wet basis), with 2:5 m!
of sulphuric acid, 10 m! of nitric acid and 1 ml of perchloric acid. Add additional amounts of a
mixture of nitric and perchloric acids (4:1) until all of the organic matter is destroyed. Heat the
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mixture until fumes of sulphuric acid appear and then cool. Add water, and heat until fumes appear
again. The resulting solution is nearly colourless. Dilute with water, adjust the pH to 56 with 10M
sodium hydroxide, and then dilute to a definite volume. Take an aliquot of the solution equivalent
to 5 ml of the whole blood or 0-5 g of the liver and dilute it to 25 ml with water and add 5 ml of 2M
acetic acid-sodium acetate buffer, pH 5-5 (from which the copper impurity has been removed by
treatment of 11. with 5 ml of 109, hydroxylammonium chloride solution and 5 ml of 0-19; reagent
solution and extraction with 10 ml of isoamyl alcohol), 5 m! of 109, hydroxylammonium chloride
solution (from which the copper impurity has been removed by treating 11. with 5ml of 0-1%
reagent solution and extracting with 10 ml of isoamyl alcohol), and 5 ml of 0-19; reagent solution.
Extract with first 5 ml and then 2-5 ml of isoamyl alcohol, place the extracts in a 10-ml volumetric
flask and dilute to the mark with ethanol. Measure the absorbance of this solution at 405 nm.
Prepare a calibration curve in a similar manner.,

Department of Chemistry JouN R. PEMBERTON
Iowa State University HARVEY DIEHL
Ames, Iowa 50010, U.S.A.

Summary—6-Methyl-2-pyridinecarboxamide oxime (R) forms a
yellow compound with copper(I), the molar absorptivity being 7-2 X
103 at the wavelength of maximum absorption, 405 nm. The copper
compound, CuR,, forms completely over the pH range 4-5-7 and is
easily extracted into isoamyl alcohol. R is highly specific for copper,
the methyl group neighbouring the ring nitrogen atom preventing
reaction with iron and other metals.

Zusammenfassung—6-Methyl-2-pyridincarboxamidoxim (R) bildet eine
gelbe Verbindung mit Kupfer(I) mit dem molaren Extinktionskoeffi-
zienten 7,2+10° bei ihrem Absorptionsmaximum 405am. Die
Kupferverbindung CuR, bildet sich im pH-Bereich 4,5-7 vollstandig
und 148t sich leicht in Isoamylalkohol extrahieren. R ist hochspezi-
fisch fiir Kupfer; die Methylgruppe in der Nachbarschaft des Ring-
stickstoffs verhindert eine Reaktion mit Eisen und anderen Metallen.

Résumé—La 6-méthyl 2-pyridinecarboxamide oxime (R) forme un
composé jaune avec le cuivre (D), le coefficient d’absorption molé-
culaire étant 7,2 X 10® & la longueur d’onde du maximum d’absorp-
tion, 405 nm. Le composé de cuivre, CuR,, se forme totalement dans
le domaine de pH 4,5-7 et est aisément extrait en alcool isoamylique.
R est hautement spécifique du cuivre, le groupement méthyle au
voisinage de l'atome d’azote du cycle empéchant la réaction avec le
fer et d’autres métaux.
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Polarography of uranium(VI) and lead(II) complexes with L-glutamine
(Received 22 July 1968. Accepted 10 October 1968)
THE DL- and L-glutamine complexes of nickel, cobalt(II) and copper(II) have been investigated by

Ritsma et al. and the stability constants determined.! Perkins has studied the effect of amino-acid
structure on the stabilities of the complexes formed with mercury, beryllium, zinc and cadmium.?
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The present paper describes a polarographic study of the uranium(VI) and lead(II) complexes
with L-glutamine.

EXPERIMENTAL

Apparatus

The polarograph and techniques used have been described previously.? The dropping mercury
electrode had m = 2:08 mg/sec and ¢ = 4-02 sec in air-free 0-6M sodium nitrate at an applied potential
of —0-5V vs. the S.C.E. with 732-mm mercury column height. All measurements were made at
25 + 0-01°.

The pH of solutions was adjusted with nitric acid or potassium hydroxide and checked with a
pH-meter.

Reagents

Uranyl nitrate (0-01M) and lead nitrate (0-01M) stock solutions were i)repared and analysed as
described previously.*® L-Glutamine (research grade) solutions were freshly prepared before use.

Triton X-100 (0-003 94 solution for nitrate and 0-001; for perchlorate supporting electrolytes)
was used as maximum suppressor for the uranium(VI) system, but no suppressor was needed for the
lead system.

RESULTS AND DISCUSSION

Because perchlorate is a very weak complexing agent, uranyl perchlorate and sodium perchlorate
(as supporting electrolyte) were used exclusively in our earlier polarographic work.>” However,
precipitation of potassium perchlorate in the calomel electrode of the pH-meter and in the polaro-
graphic cell interferes with pH measurement and changes the ionic strength of the polarographic
solutions. For this reason, sodium nitrate was tried as supporting electrolyte, and found satisfactory.
As shown, e.g., in curve I of Fig. 1, for solutions 10-*M in uranyl nitrate, 0-3—1-5Mf in sodium nitrate

0.22
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FiG. 1.—Effect of pH on the wave parameters of uranium(VI).
% 1:0 X 107°M UQ3(NOy),, 0-6M NaNO,, 0-0037, Triton X-100;
A 1:0 X 107*M UO4(ClO,);, 0-15M NaClO,, 0-0015; Triton X-100
I—Half-wave potential; II—diffusion current.

and containing 0-003 7 Triton X-100, E,;; remains constant at —0-180 V vs. the S.C.E. below pH 4-0,
identical with the first half-wave potential of the simple uranyl ion, indicating that no complexation
occurred. Between pH 4-0 and 4-4, E,,, varies with pH, having a slope of 0-060 indicating that one
hydroxyl group is attached to the uranyl ion.

Nature of the reduction

All the polarographic solutions examined were 10-2M in uranyl nitrate or lead nitrate and 0-6M
in sodium nitrate (as supporting electrolyte). The solubility of glutamine limited the maximum ligand
concentration to 0-25M. The pH ranges covered were 0-6-5-2 for the uranyl system and 0-6-8-5 for
the lead system. Above these pH ranges, even with maximum ligand concentration, precipitation
occurred, or an ill-defined wave was obtained.

The slopes of the conventional log plot fall in the ranges 0-057-0-060 for the uranyl system (Table I)
and 0-028-0-031 for the lead system (Table IT). These values were in good agreement with the theo-
retical values for the reversible one-electron reduction of the uranyl ion and two-electron reduction
of lead.
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TABLE 1.—POLAROGRAPHIC CHARACTERISTICS OF URANYL-GLUTAMINE COMPLEXES

Ligand conc., —E, ;s v5. S.C.E., Iq, _ 4
g M pH 14 uA AEq.c./Alog iq — i
0:03 1-50 0-180 270 0-057
259 0-183 263 0-059
342 0-186 2:60 0-058
479 0-215 1-01 0-057
0-05 1-95 - 0-184 276 0-057
292 0:195 270 0-060
395 0-197 2-60 0-059
4-38 0-208 2:34 0-058
0-10 1-02 0-180 2-83 0-057
208 0-194 2:70 0-058
390 0-204 2:44 0-058
4-65 0-222 2:03 0-059
5-28 0-244 070 0-060
0-20 0-60 0:180 296 0-059
1-70 0-197 2:90 0-058
278 0-218 2:20 0-059
4-08 0-222 2:20 0-059
5-28 0-263 0-95 0-058
0-25 0-60 0-180 293 0-057
1-45 0-192 275 0-058
2-50 0222 2-55 0-059
4-50 0-240 2-05 0-057
522 0-266 1-40 0-060

10—*M UO4(NO;),, 0-6M NaNO;,, 0-003 9, Triton X-100.

TABLE I1.—POLAROGRAPHIC CHARACTERISTICS OF LEAD-GLUTAMINE COMPLEXES

Ligand conc., —E, ;s 0s. S.CE., ia _ ¢
£ y; pH v A AEj../Alog g
010 0-60 0-403 562 0-029
230 0-408 5-41 0-030
5-18 0-407 545 0-028
6-40 0418 520 0-029
7-59 0-441 3-85 0-029
0-20 1-80 0-405 525 0-031
2:40 0-407 5-15 0-030
4-60 0-408 510 0-030
660 0-429 479 0-029
8-00 0-467 4-35 0-029
0-25 0-55 0-402 5-51 0-030
2:25 0-408 5-30 0-029
4-60 0-410 5-09 0-028
6-00 0423 4-79 0-029
7-05 0-442 4-26 0-029
8-48 0-490 3-64 0-029

1072 M Pb (NOy),, 0:6M NaNO,.

The diffusion current was found to be proportional to the square root of the height of the mercury
column, proving that the electrode reactions for both systems were diffusion-controlled. The temper-
ature coefficients of half-wave potential and diffusion current were less than the limiting ranges,
+1 mV/deg and 2%/deg respectively.

Uranyl-glutamine complex

A plot of half-wave potential vs. pH is shown in Fig. 2. It breaks into three sections at pH 25
and 4-1. Below pH 2-5 the slope in each curve increases with increasing ligand concentration and
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reaches a largest value of 0-028 at ligand concentration 0-25M. This shows that one hydrogen ion
is consumed for every two uranyl ions reduced. That E, s is independent of pH between pH 25 and
4-1 indicates that no hydrogen ion participates in the electrode reaction in this pH range. Above
pH 4-1 the curves show a uniform slope 0-036, proving that one hydroxyl ion is involved for every
two uranyl ions reduced.

027 |-

0.26

Q.25 |-

024 |-

023

SCE, volt.

022 -

ozl

~EL vs
2

FIG. 2.—Variation of half-wave potential with pH for uranyl-glutamine complex.

1-0 X 107*M UO,(NO;),, 0-6M NaNOQ,, 00039, Triton X-100 and various ligand

concentrations: @ 0; x 0-03M; O 0-05M; © 0-10M; A& 0-15M; A 020M:;
0 0-25M.

Figure 3 shows the relation of E,, to ligand concentration. The difference in number of ligands
co-ordinated to uranium(VI) and uranium(V), (p — q), can be determined from the slope of Ey,
vs. log Cq. At pH > 2:5 and Cq > 0-11M the slopes are 0-056, corresponding to (p — ¢) = 1.
However, at pH < 2:5 and Cg > 0-11 or at any pH values when Cg < 0-11M the slopes show
(p — q) <1(C, is the total glutamine concentration).

In order to determine the metal-ligand ratio, potentiometric and conductometric titrations were
performed. The formation of a 1:2 complex was proved when the ligand was in excess; below
pH 2:5 only a 1:1 complex was found conductometrically.

Glutamine is a neutral amino-acid with pKooon = 2-17, me{a = 9-13 and isoelectric point at
pH 5:56.* Therefore, in the pH range investigated in this work, the predominant ligand species must
be a dipolar molecule rather than the glutamine anion.

In the light of the discussion above, the complex species and electrode reactions can be formulated
as follows. At pH < 2'5, both species UO,*? and 'UO;G*? co-exist and undergo the electrode
reaction

UO,** + UO,G+2 + H* + 2¢ = 2UO,;* -+ HG+
At 2:5 < pH < 4-1 with Cg > 0-11M, UO,G,*? is formed and the equation is
UO0.G,** + ¢ = UO,G* + G

At 41 < pH < 52 with Cg > 0-11M, one hydroxyl group is attached to the uranyl ion, forming
the UO.(OH)G,* complex; the electrode reaction is

UO,(OH)G,* + ¢ = UO,G* 4+ OH~ 4 G

Lead-glutamine complex

Figure 4 shows the effect of pH on the wave parameters. Below pH 2-0 no complex is formed.
Between pH 2 and 5, the slope is zero, i.e., no hydrogen ion is involved in the reaction. Between

6
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F1G. 3.—Plots of log Ca vs. —E, s for uranyl-glutamine complex.
1-0 X 10-*M UO,(NOy);, 0-6M NaNO, and 0-003% Triton X-100; @ pH 2:00;
. X pH 3-50; O pH 4-95
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Fi6. 4—Effect of pH on the half-wave potential and diffusion current for lead-
glutamine complex.
1-0 x 10-°M Pb(NO,),, 0-6M NaNO, and various ligand concentrations: @ 0;
O 010M; X 0-15M; A 0-20M; @ 0-25M
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pH 5 and 7, the slope 0-014 was regarded as due to the partial hydroxylation of lead ions; above
pH 7-0, the hydroxylation was completed with one hydroxyl ion attached to each lead ion, as evi-
denced from the slope 0-032. The pH values of the break-points depend on the ligand concentration;
the higher the ligand concentration, the lower the pH value at which the break occurs, which is
attributed to the fact that the higher ligand concentration favours the complexation of the lead ion.
The stepwise decrease in diffusion current and the accordance of pH at break-points for i,-pH plots
and for E;,-pH plots provide further support for our suggestions.

0.25 |— ></
0.20 — x/

a
© /
0.10 f— /><
0.05 |—
| | I | l I
038 0.42 046 050

- E'E vs. S.C.E,, volt.
FI1G. 5.—Plots of log Cg vs. —E, s for lead-glutamine complex.

1-0 X 10-*M Pb(NOy);, 0-6M NaNQ;; O pH 3-0; x pH 6:0; O pH 80

The dependence of Ey, on the ligand concentration in various pH ranges is shown in Fig. 5,
from which the number of ligands co-ordinated to lead is determined. The slopes 0-056 for pH
7-0-8-5 and 0-027 for pH 5-0-7-0 reveal the lead~glutamine ratios to be 1:2 and 1:1, respectively.

Thus, the complex species and electrode reactions would be given as follows.

7-0 < pH < 85; Pb(OH)G;* + 2¢ + Hg = Pb(Hg) + 2G + OH~
50 < pH < 7-0; Pb(OH)G* -+ 2e 4 Hg = Pb(Hp) + G + OH~
2:0 < pH < 5:0; PbG*? + 2e + Hg = Pb(Hg) + G

The half-wave potential of a complex Pb(OH),,G;™™ at 25° obeys the equation:

- 5 0-059
(Eirre)e = (Eypa)e + '0—(2)5—9 log K. — 0—(-)2—52 nlog [G] — = mlog [OH"}
where
__ [Pb**][G]*[OH-]"
° "~ [Pb(OH).Gy™]
If
pKxr,* > pH > pKooor
__Cg.[HY)
1G] = [H*] + Kxn*
and
—log [OH-] = 14 — pH
then,

. - B = Eue
pfe = 0-0295

At pH 7-0-8-5, n = 1-9 and m = 11 then, pK, = 10:16 3= 0-04 (Table III).

— nlog Cg + (n — m) pH + nlog (Kxn,* + [H*]) + 14m



550 Short communications

TABLE I1I.—DISSOCIATION CONSTANT OF Pb(OH)G.* AT 25°C, u0-6

[Ligand], (Eisn)s — (Errede,
pH M 14 pKo
7-4 0-10 0-029 10-16
0-15 0-037 10-16
0-20 0-045 10-14
0-25 0-050 10-13
80 0-10 0-048 10-18
0-15 0-056 10-18
020 0-060 10-15
0-25 0-069 10-14
84 0-20 0-076 10-20
0-25 0-081 10-19

av. 10-16 4- 0-04

(Ein)s = —0-403 V vs5. S.C.E.

Acknowledgement—The authors thank the National Council of Science for financial support of this
work.
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China

Summary—The complexes of uranium(VI) and lead(Il) with L-
glutamine were investigated polarographically. For uranium(VI),
the complexes UO,G*3, UO,G,*? and UO,(OH)G,* were identified
at pH < 2-5, pH 2:5-4-1 and pH 4-1-5-2 respectively. With lead(Il),
complexes PbG+2, Pb(OH)G+ and Pb(OH)G,* were formed at pH
2-:0-5-0, pH 5-0-7-0, and pH 7-0-8-5, respectively. The concentration
dissociation constant of Pb(OH)G.+ was found to be pK, = 10-16 £
0-04 at ionic strength 0-6.

Zusammenfassung—Die Komplexe von Uran(VI) und Blei(Il) mit
I-Glutamin wurden polarographisch untersucht. Mit Uran(VI)
wurden bei pH < 2,5; 2,5-4,1 und 4,1-5,2 die Komplexe UO,G?*,
UO0,Gy* bzw. UO,(OH)G,t identifiziert. Mit Blei(II) wurden bei
PH 2,5-5,0; 5,0-7,0 und 7,0-8,5 dic Komplexe PbG*+, Pb(OH)G*
bzw. Pb(OH)G.* gebildet. Die auf Konzentrationen bezogene
Dissoziationskonstante von Pb(OH)G,* betrug bei der Ionenstirke
0,6 pKc = 10,16 + 0,04,

Résumé—On a étudié polarographiquement les complexes de I'uranium
(VD et du plomb(Il) avec la /-glutamine. Pour Puranium(VI), les
complexes UO,G**, UO,G,*+ et UO,(OH)G,* ont été identifiés a pH <
2,5, pH 2,54,1 et pH 4,1-5,2 respectivement. Avec le plomb(Il), les
complexes PbG+2, P(OH)G* et Pb(OH)G,* ont été formés a pH 2,0-
5,0, pH 5,0-7,0 et pH 7,0-8,5 respectivement. On a trouvé que la
constante de dissociation de concentration de Pb(OH)G,* est de
PK, = 10,16 + 0,04 a 1a force ionique 0,6.
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Sur une colorimétrie des alcoylamines, guanidines et ammoniums
quaternaires par la réaction de Janovsky

(Regu le 14 Octobre 1968. Accepté le 21 Octobre 1968)

LA REACTION colorée que fournit le m-dinitrobenzéne en solution acétonique alcaline, décrite par
Janovsky,'* est liée 4 la présence d’un méthyléne activé.® II est maintenant bien établi qu’il se forme
en premier lieu un composé d’addition (I), irréversiblement oxydé en (ID) s’il y a un excés de dérivé
dinitré [conditions de Zimmermann*5].8-10

j :
H_ CH—CO—R
NO,
NO,
@

Le m-dinitrobenzéne peut étre remplacé par I'acide dinitro-3,5 benzoique,'*!? le trinitro-1,3,5
benzene'$~'¢ ou I'acide picrique.'*'? D’autres dérivés méthyléniques réagissent également; Ashworth
et Gramsch'® ont ainsi accédé a la colorimétrie des nitroalcanes par action du m-dinitrobenzéne et
de potasse aqueuse.

En général, le développement de la coloration nécessite I'intervention d’une base forte. Selon nos
essais, avec le trinitro-1,3,5 benzéne en solution dans le nitrométhane, I'alcalinité d’une alcoylamine
suffit pour provoquer la condensation. Bien que nous n’ayons pas isolé le produit de la réaction, il
est raisonnable d’admettre que la coloration, dont I'intensité est proportionnelle a la quantité d’amine
mise en jeu, est due & Ianion (III).

NOg

(T

Par addition d’oxyde d’argent au milieu réactionnel, on peut également doser les chlorhydrates
d’amines et de guanidines et les chlorures d’ammoniums quaternaires.

Le spectre d’absorption offre deux maximums & 453 et 565 nm. Le premier, plus important, est
difficilement exploitable par suite de I'intense absorption du témoin des réactifs a cette longueur
d’onde. La solution présente aussi une fluorescence rouge relativement peu sensible (excitation
546 nm, émission 625 nm). On pourrait, par exemple, déterminer de la sorte entre 12 et 50 ug de
dibenzylamine.

Les arylamines sont trés peu réactives (densité optique = 0,05 pour 2 mg d’aniline) ainsi que la
pyridine (densité optique = 0,2 pour 2 mg) avec laquelle la coloration continue de se développer
pendant plusieurs heures.

PARTIE EXPERIMENTALE®*
Réactif
Solution a 0,2% de trinitro-1,3,5 benzéne dans le nitrométhane. Ce réactif doit étre conservé
a I’abri de la lumiére.
Mode opératoire

A 0,2 ml de solution éthanolique de chlorhydrate d’amine ou de chlorure d’ammonium quater-
naire, on ajoute 5 mg environ d’oxyde d’argent et 0,2 ml de réactif. On agite simultanément tous
les tubes pendant 2 mn d’un mouvement oscillant régulier puis dilue par 3 ml de nitrométhane et
filtre. Lecture immédiate & 565 nm.
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TABLEAU 1
Prise d’essai pour
obtenir une densité optique
Amine de 0,3 (cuve de 10-mm) ug
Amines libres
n-Butylamine 6,8
Di-n-butylamine 9
Triéthylamine 7,5
Chlorhydrates et chlorures

Méthylamine 52
Ethylamine 8
Di-n-butylamine 12,5
Dibenzylamine . 25
Triméthylamine 13
Triéthylamine 10,5
Emétine 45
Morphine 50
Prométhazine 30
Guanidine* 7
Paludrine 22
Acétylcholine 18
Triméthylbenzylammonium (iodure) 25

*Résultats peu reproductibles.

Si I'on opére  partir de 0,2 ml de solution éthanolique d’alcoylamine libre, on ajoute 0,2 ml de
réactif, laisse reposer pendant 1,5 mn A température ordinaire puis dilue par 3 m! de nitrométhane
avant d’effectuer la lecture.

Note: Ce mémoire était sous presse lorsque nous avons eu connaissance d’un travail tout récent
de C. A. Fyfe (Can. J. Chem., 1968, 46, 3047). L’auteur y démontre, par étude du spectre RMN,
que le condensat obtenu par action de la triéthylamine sur le 1,3,5-trinitrobenzéne en solution
dans le nitrométhane a bien la structure que nous proposons ici.

Centre de Recherches Roussel-Uclaf J. BARTOS
93-Romainville, France ‘

Résumé—En présence d’une alcoylamine, d’une guanidine ou d’un
hydroxyde d’ammonium quaternaire libérés de leurs sels par I'oxyde
d’argent, le nitrométhane se condense sur le trinitro-1,3,5 benzene
selon la réaction de Janovsky pour former un composé rouge qui
autorise la colorimétrie de la base azotée.

Summary—In the presence of an alkylamine, a guanidine or a quater-
nary ammonium hydroxide, liberated from their salts by the action
of silver oxide, nitromethane reacts with 1,3,5-trinitrobenzene, yielding
a red compound which allows the colorimetric determination of the
nitrogenous base.

Zusammenfassung—In Gegenwart eines Alkylamins, eines Guanidins
oder eines quatéiren Ammoniumhydroxids, die aus ihren Salzen
durch Silberoxid freigesetzt werden, reagiert Nitromethan mit 1,3,5-
Trinitrobenzol zu einer roten Verbindung, was die kolorimetrische
Bestimmung der Stickstoffbase erlaubt.
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LETTER TO THE EDITOR

Computer calculation of the interference of ammonium salts in Mohr’s method
for the determination of chloride

SIR,

The interference of ammonium salts in Mohr’s method for the determination of chloride has been
studied experimentally by Block and Waters,* and theoretically by Winninen,? who used the method
of conditional constants.®> The ionic equilibria involved can, however, be more comprehensively
treated by use of the computer program HALTAFALL.%®

In this letter Block and Waters’ and Winninen’s experimental values for the relative errors are
compared with the results calculated by the computer. In all cases 30-4 mg of chloride in 60 ml of
solution were titrated with » ml of 0-1M silver nitrate. The pH and the total concentrations of
chromate and ammonium ions were varied. The values taken for stability and solubility constants
were those used by Winninen.? The results are shown in Fig. 1.

The free concentrations of Ag+ and CrO,*~ are printed by the program for different values of v.
The volume at the end-point, vena, is then estimated as the value of » when [Agt][CrO,2~] = 107113,
and the relative error can easily be obtained as Erey = 100(Vena — Veq)/Veq %, Where veq refers to the

w

r %Rel. error

-

2=
log [:Cr()4 ]tot
24
2:2
2:0
1-8

1-6
1-4

T T T
6-4 6:0 56 pH
F1G. 1.—Relative error as a function of pH for various total chromate concentrations.
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equivalence point. The amount of solid silver chromate required to give a visible precipitate can be
estimated by means of a blank and need not be considered further.

TABLE I.—CALCULATED AND EXPERIMENTAL ERRORS AT DIFFERENT AMMONIUM CONCENTRATIONS
FOR THE TITRATION OF 30-4 mg OF CHLORIDE IN 60 ml OF SOLUTION WITH v ml OF 0-1M SILVER
NITRATE AND AN INITIAL TOTAL CHROMATE CONCENTRATION OF 10-%2-3¢M

Errors, %, calculated from

NH,NO, -
added, g P Conditional HALTAFALL*  Experimental
constants? output data data®

01 675 0:3(0-3)* 03 0

03 679 0-8(0-5) 0-6 03

06 672 1-3(09) 10 10

1 661 1-8(1-3) 14 17

15 6.61 3-4(2-4) 2:6 30

2 6-60 5-5(3-9) 4-1 33

* Figures in parentheses are calculated with corrected values for the total ammonium concen-
tration.

The error in the calculation of total concentration of each component (H, CrO,, Ag, Cl, NH,)
is 0-05%; and even if all errors a¢ccimulate, the error in our concentration calculations cannot be
more than 3 0-2% (pH is constant for each set of calculations). Further information concerning
the form of input data tapes used for the calculations can be obtained from this department.

In Table I, our calculated relative errors are compared with those calculated by Wanninen and
those obtained experimentally by Block and Waters. The discrepancy between the errors calculated

TABLE II.—CALCULATED AND EXPERIMENTAL ERRORS (%) FOR THE TITRATION OF A SOLUTION
CONTAINING 304 mg OF CHLORIDE AND 2 g OF AMMONIUM NITRATE IN 60 ml AT DIFFERENT pH
VALUES AND TOTAL CHROMATE CONCENTRATIONS

Total pHE4 pH 62 pH pH pH  pH
[Cr(VD] ond. cond. 60 58 56 54
const. comp. exp! conmst. comp. exp! C°TP- comp. comp.  comp.
10-*¢ 29 2:30 44 1-5 1-38 1-9 1-04 090 0-91 1-01
10->2 25 1-82 36 1-3 1-11 1:5 082 070 073 0-82
10-*° 1.9 1-43 22 10 0-90 1-3 0-64 057 0-58 0-66
108 — 1-15 - — 0-70 — 0-51 0-44 0-47 0-55
10~ — 0-86 — — 0-51 — 040 035 0-37 0-44
10~ — 0-64 —_ — 0-38 — 0-28 0-27 0-29 0-36

by Winninen and by the com};luter is probably due to an erroneous calculation of the total concen-
tration of ammonium ion. The values in parentheses have been recalculated by us by Winninen’s
method but with correct values of the total ammonium concentration. They agree satisfactorily with
the errors calculated by the computer as well as with the experimental values.
One advantage of the computer method is that a wide range of variables can be examined rapidly.
In order to find the optimum conditions for the titration of chloride in the presence of an initial total
ammonium concentration of 0-416M, we have extended the concentration ranges of hydrogen ion
and chromate to pH 5-4-6-4 and 10-1'4-10-*4M respectively. The results are shown in Table 1I.
At decreasing pH values the formation of HCrO~, and Cr,0,*" cannot be neglected. This can be
seen from Fig. 2. The optimum pH is 5-8; at higher pH interference is predominately due to
ammonia while at lower pH the formation of HCrO,~ and Cr,O,*" increases the relative error. For
a given pH the accuracy increases with increasing total chromate concentration since the precipitation
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i i i i ourse, an
of silver chromate starts, in all cases, after the equivalence point. In practice there is, of ¢ \

upper limit to the total chromate concentration. ate concentration of 10-14M was calculated to

A buffer capacity curve (Fig. 2) for 3 - chrl;':’att’.’l)’ constant during the titration. It can be seen

it is possible to keep the pH approxi / [ It can
fgzxgzt?:crﬁlcatofsystem itself has a fairly good buffering effect in the pH range considere

{C! O42~]

0 OOI5L

0 00

-log C

Buffer capacity

00008

_
7 8
pH

Fic. 2.—The titration of 68 ml of 10-%-4M[NH,}ict and 10-12M[CrQ,2-Jiot with v ml

of 10N OH~. The dashed curve represents the buffer capacity as a function of pH and

the full curve represents the logarithmic concentration of the different chromium species
as a function of pH.

We should like to thank Professor David Dyrssen for valuable discussions and Mrs Susan Jagner,
M.A,, fil. lic., for revising the English text. We are also indebted to His Majesty the King of Sweden,
who gave us free computer time through “Statskontoret”.

Department of Analytical Chemistry T. ANFALT
University of Gothenburg D. JAGNER
402 20 Géteborg 5, Sweden
27 September 1968
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NOTICES

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY
ANALYTICAL CHEMISTRY DIVISION

The Analytical Chemistry Division is administered by the Division Committee, the present
members being:

Professor P. W. West, U.S.A. (President)
Professor W. Kemula, Poland (Vice-President)
Professor 1. P. Alimarin, U.S.S.R.
Professor R. Belcher, UK.
Professor C. Duval, France.
Professor L. Erdey, Hungary.
Professor T. Fujinaga, Japan.
Professor D. N. Hume, U.S.A.
Professor H. Kaiser, Germany.
Mr. R. W, Fennell (Secretary),
Materials Department,
Royal Aircraft Establishment,
Farnborough, Hants., U.X.

The bulk of the scientific work of the Division is done by the seven Commissions, whose terms
of reference are the study of topics of international scientific or technical significance requiring
agreement, regularization, standardization or codification within the sphere of their respective
expertise.

PBrief summaries of the work currently being done by these Commissions follow. Requests for
further information or suggestions for future projects should be addressed to the appropriate Com-
mission Secretary or, in case of doubt, to the Division Secretary.

Commission 1. Analytical Reactions and Reagents

Chairman: Professor H. Malissa
Institut fiir Analytische Chemie und Mikrochemie
Technische Hochschule,
Getreidemarkt 9,
A-1060 WIEN, Austria.

At the present time, this Commission is concerned entirely with standardization of analytical
methods required by the European Economic Community with whom IUPAC has a working
agreement,

Commission 2. Microchemical Techniques and Trace Analysis
Chairman: Dr. W, Schoniger (Switzerland)
Secretary: Dr. R. Lévy,
Service central de Microanalyse du CNRS,
2, Rue H.-Dunant,
94 Thiais, France.

Studies are being carried out, on an international basis, on the elemental analysis of organic
materials, in particular: :

(a) carbon and hydrogen, especially in compounds containing heteroelements
(b) fluorine

(c) nitrogen, based on the Dumas method

(d) metals, excluding simple residue procedures.
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In addition, known sources of errors in microanalysis are being collated and studies being made
on the purification of chemicals used for micro and trace analysis and on mass absorption coefficients
used in electron beam microanalysis.

Commission 3. Analytical Nomenclature

Chairman: Professor R. Belcher (U.K.)
Secretary: Professor T. S. West,
Department of Chemistry,
Imperial College,
Kensington,
London, S.W.7, UK.

Internationally acceptable nomenclature, definitions and symbols are being sought in the following
areas of analytical interest—

(a) liquid-liquid distribution (solvent extraction)

(b) automatic analysis

(c) ion exchange

(d) chromatography

(e) scales of working

(f) mass spectrometry

(g) contamination phenomena in analytical precipitation.

The Commission is also compiling a list of trivial names of analytical reagents and examining the
need for primary standards other than acid-base standards. Other projects under consideration
are the concept of a selectivity index and the presentation of analytical methods for publication.

Commission 4. Spectrochemical and Other Optical Procedures

Chairman: Professor H. Kaiser (Germany)
Secretary: Professor V., A. Fassel,
Department of Chemistry,
Towa State University,
Ames, Ia. 50010, U.S.A.

The Commission is concentrating its efforts on nomenclature, symbols and usage in atomic
spectrochemical analysis. The first part of its report, dealing with atomic-emission spectroscopy, is
being completed and work is proceeding to cover:

(a) flame atomic-absorption and atomic-fluorescence spectroscopy

(b) X-ray fluorescence spectroscopy (including X-ray microprobe techniques)
(c) excitation source descriptions and parameters

(d) terms and concepts related to rigorous determination of detection limits.

Pending the standardization of concepts and procedures for establishing detection limits, a project
on the compilation of lists of minimal detectable concentrations is in abeyance.

Commission 5. Electroanalytical Chemistry

Chairman: Professor I. M. Kolthoff (U.S.A.)
Secretary: Dr. P, Zuman,
Department of Chemistry,
University of Birmingham,
P.O. Box 363,
Birmingham 15, U.K.

The purification and purity of solvents and reagents of interest in electroanalytical chemistry
is a continuing project of the Commission. - Other projects include:

(a) the compilation of physico-chemical data in non-aqueous media

(b) the production of polarographic data cards and critical evaluation of polarographic pro-
cedures

(¢) studies on solid electrodes

(d) the revision of tables of oxidation-reduction potentials.
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Commission 6. Equilibrium Data

Chairman: Professor Y. Marcus (Israel)
Secretary: Dr. F. J. C. Rossotti,
Inorganic Chemistry Laboratory,
South Parks Road,
Oxford, U.K,

The Commission is actively engaged on the compilation and revision of data under the following
headings:

(a) stability constants

(b) distribution and solubility constants
(c) ion-exchange equilibrium constants
(d) stability constants of complexes.

Commission 7. Analytical Radiochemistry and Nuclear Materials

Chairman: Dr. G. B. Cook (U.K.)
Secretary: Dr. W. W. Meinke,
National Bureau of Standards,
Chemistry Division,
Washington, DC 20234, U.S.A.

Studies are being made on:

(a) the purity of commercial radioactively labelled preparations

(b) the use of radioactive methods in analytical chemist

{c) naticnal regulations for the use of small quantities of radioisotopes
(d) reference materials for activation analysis.

The limits of reliability in the analysis of nuclear materials and the results of an intercomparison of
laboratory methods for the determination of uranium are being studied. Multi-lingual nomenclature
and basic reference reports are also being studied.

GERMANY

The German Society of Clinical Chemistry will organize a meeting in Hannover (Germany),
13-14 March 1969 on Automation and Data Processing in Clinical Chemistry.

For further information contact Prof. Dr. I. Trautschold, Medizinische Hochschule Hannover,
Klinische Biochemie, 3000 Hannover, Osterfeldstrae 5, Germany.

INTERNATIONAL CONFEDERATION FOR THERMAL ANALYSIS

At the Second International Conference on Thermal Analysis, held on 18-23 August 1968, an
international association was formally established under the title of International Confederation
for Thermal Analysis (ICTA). The main function of this body will be to keep interested scientists
in touch with developments in this interdisciplinary branch of science through the issue of periodic
news letters at least three a year), to promote international understanding and co-operation in thermal
analysis, and to organize periodic conferences at which problems can be discussed. The next con-
ference will be held in Switzerland in 1971,

Membership is open to all interested individuals, institutions and companies on payment of the
appropriate annual subscription. In return, members will receive the newsletters, circulars, etc., of
ICTA, and will be able to attend, participate, in, and vote at conferences on payment of a reduced
conference fee.

Further information on membership may be had from the Secretary, Mr. J. A. Hill, Xerox
Corporation, P.O. Box 1540, Rochester, N.Y. 14603, U.S.A., or the Treasurer, Dr. R. C. Mackenzie,
The Macaulay Institute, Craigiebuckler, Aberdeen, Scotland.
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ERRATUM

In Fig. 1 of the paper by M. Ashraf, M. A. Siddiqui and M. K. Bhatty, Talanta, 1968, 15, 559,
the diameter of the “N-tube” should be 18 mm and not 28 as shown.
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NOTES FOR AUTHORS

1. General

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

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

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

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

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

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

General

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

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

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

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

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

Ilustrations

Illustrations should be separate from the typescript of the paper. Original line drawings should be
supplied (about twice the final size required) together with one set of copies. If the illustrations require
redrawing, publication of the paper will be delayed. The following standard symbols should be used on line
drawings:

A A O O 0 A 0 @ © ¢

Photographs should be restricted to the very minimum required.

Legends for illustrations should be typed on a separate sheet.

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

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

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

References

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

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

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

3. R. J. Winterton in C. L. Wilson and D. W. Wilson, Comprehensive Analytical Chemistry, Vol. 1B,
p. 238. Elsevier, Amsterdam, 1960,

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

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

Journal-name abbreviations should be those used in Chemical Abstracts (see Chem. Abstr., 1961, et seq.).
Footnotes to pages and to tables, as distinct from literature references, should be indicated by the
following symbols: *,1, %, ¥, beginning anew on each page.

Proofs

Proofs are not set in galley form and will be sent out to authors in page form for correction. It is
emphasized that at this stage alterations to the text or failure to return the corrected proofs promptly may
result in serious delay in publication, and authors will be charged for changes other than printer’s errors.

Authors are particularly requested to check the correctness of their references, which should also, at some
stage, be checked against the original papers.

Miscellaneous

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

Where several authors are involved in a paper, an indication of the author to whom requests for reprints
should be addressed may be given by placing the symbol ® after the name of that author.

Des exemplaires en frangais des Notes aux Auteurs peuvent étre obtenus auprés du Rédacteur en Chef
Deutsche Abdrucke der Anmerkungen fiir Mitarbeiter sind beim Hauptschriftleiter zu erhalten
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SUMMARIES FOR CARD INDEXES

Inorganic analysis in organic solvents-III. Adsorption characteristics
of metal chelate compounds on aluminas and silica gels: M. P. T.
BrADLEY and D. A. PaNTONY, Talanta, 1969, 16, 473 (Department
of Metallurgy, Imperial College, London, S.W.7.)

Summary—The general adsorption characteristics of 8-quinolinol,
aetioporphyrin, §-diketone and 8-quinolinethiol chelates of metals are
described. These, with adsorption isotherm studies, indicate that the
mechanism is of a chemisorption type with, in the case of oxo-chelating
agents, high heats of adsorption. It appears that hydrogen-bonding
to Bronsted sites on the adsorbents is an essential feature of the process,
and that multilayers of adsorbate are readily formed. This observation
is supported by rate studies which show that the adsorption is a two-
stage process with a break at a point corresponding to monolayer
coverage. Both stages are diffusion controlled with relatively low
probability. Infrared and X-ray diffraction studies, although of limited
value, support these conclusions. The requirements of more generally
applicable chelating agents and adsorbents for analytical purposes
are discussed and predicted.

An investigation into the use of platinwm- ware for silicate analysis:
B. G. RusseLL, Jupy D. SPANGENBERG and T. W. SteeLE, Talanta,
1969, 16, 487 (National Institute for Metallurgy, Yale Road, Miiner
Park, Johannesburg, S. Africa.)

Summary—The amount of platinum dissolved from platinum apparatus
used for dissolving silicate materials to obtain solutions for analysis
has been determined. The study included apparatus made from an
alloy containing 95, platinum and 5% gold. The affinity of iron and
platinum was investigated, together with the problem of removing
ron from platinum after the latter has been contaminated during
fusions. The behaviour of platinum in a classical scheme for the
analysis of silicate materials was investigated and the distribution of
the platinum in various precipitates established. Platinum has been
found to interfere in commonly used methods for the determination of
silica, aluminium, iron, titanium, calcium and magnesium.
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HEOPI'AHUYECKHNIN AHAJIA3 B OPTAHUYECKUX
PACTBOPUTEJAX—III. AJiICOPBIIMOHHLIE
XAPAKTEPUCTHUHKR XEJIIATOB METAJIJIOB HA

ORNCAX AJNIOMNHHNA U CUJINKRATEJIAX:

M. P. T. BrabpLeY and D. A. PaNTONY, Talanta, 1969, 16, 473.

Pesiome—nann obume agcopGIMOHHbIE XapAKTEPUCTURY XeJaToB
METAJI0B 8-OKCHXMHOJMHA, eTuomopdupmHa, pf-AUKeroHA M
8-0KCHXUHHONMHTAONE. OTH RAHHLEIE BMeCTe C MBY4YeHHEM alco-
pOMUOHHBIX MBOTEPM YKASHBAIOT HA MEXAHUBM THIIA XEeMHCO-
pOIME ¢ BEICOKMMH TEINIOTAMA afCOPOINY B CIy4ae OKCOXEIaTo-
obpasyiomux coegusenuit. Haerca uro o6pasoBanue Bomopo-
BHHX cBasell ¢ meHTpamMu BpeHcrema Ha ajcopbeHTax Inpepcra-
BuAeT coboll CymecTBeHHYI0 0C0GeHHOCTE NPOIecca U 4YTO JIErKo
00pasyIoTcs MHOI'OMOIEKYJIAPHEE cllon afcopfara. 9To HabIo-
AeHNe MOAKPENIeHO H3YYeHHEM CKOPOCTH PEeaKIMH M3 KOTOpOro
BHIHO 9T0 aficopbuusa mpefcraBiaser coloit AByxdasHmt mponece
MOKASHBAlOMUH MHEPJIEKCHI0 B TOYKE, COOTBETCTBYIOUIEN MOHO-
MoJeKyaspaoM cioo. O6e $asH KOHTPOJIIMPOBAHH OTHOCH-
TeJbHO HMBKOH BepoATHOoCTBIO. HByuenme Meromamm mH@pa-
KpacHolf cmekrpockommy M AUPPPAKIMA PEHTTEHOBCKUX JIydelt
TOKpPEIIAeT 9TH BHBOJH, XOTA OHM HMMEIOT TOJbKO OrpaHu-
yegnoe sHavenme. O6GCYEeHH ¥ IIpefcKasaHn TpeGoBaHNA
IaA o0IEenpEMEHVMHX XelaToo0pasylomuX areHToB W aficop-
GeHTOB JJIA aHAJMBA.

HCIIOTb30BAHUE HNJIATMHOBBIX COCYOIOB B
AHAJN3E CHINHATOB

B. G. RusseLL, Juny D. SPANGENBERG and T. W. STeeLg, Talanta,
1969, 16, 487.

Pesiome—OnpeeseHO0 KOMMYECTBO INIATHHHL PACTBOPEHHOE H3
INIATHHOBHX COCYAOB MCHOJbB0OBAHHX NJIA DACTBOPEHMA CHUIM-
HATHBEIX MATepHAJIOB ¢ UEJNbI0 HPUrOTOBJIATL PACTBOPHL JJIA
aHagusa. lccremoBanme BKIIOYAET COCYAH M3 CILIABA CONEPIKA-
mero 95 %/ nmaTuaH B-5 %, 8omoTa. MaydeHo cpopcTBo xeies3a u
OJIATHHH BMecCTe ¢ Opo0iaeMoil yCcTpaHeHHs Hese3a OT ILIATHHEL
mocile 3arpAsHeHHA NpH DJaaBieHun. lIsyueHo IoBepeHne
IIATHHH B KUACCHYECKOll CXeMe aHAIM3a CHIMKATHBIX MaTe-
PHAIOB M ONpPENEJeHO pAaCIpefesieHne INIATHHLEL B PABIMYHBIX
ocagkax. Iuatuza BamAer HA OGHIKHOBEHHbIE METONH OIpere-
JIeHUA [BYOKHCH KPEMHHA, aJIOMHHHUA, Kejesa, TUTAHA, Kajb-
UAA ¥ MarHusA.



Summaries for card indexes

Some vicinal dioximes as gravimetric reagents: L. S. BaArRk and D.
BRANDON, Talanta, 1969, 16, 497 (Analytical Chemistry Laboratories,
University of Salford, Salford 5, U.K.)

Summary—A series of 3,3-substituted indane-1,2-dionedioximes has
been synthesized and their reactions with transition metals have been
investigated. From the results obtained it is suggested that the select-
ivity of such dioximes, as gravimetric reagents, is not a function
of the dioxime grouping but is due to metal-metal bonding in the com-
plex.

Separation of metal ions on tin(IV) tunstate and selenite papers: MoHSIN
QuresHl, K. N. MATHUR and A. H. Israni, Talanta, 1969, 16, 503
(Chemical Laboratories, Aligarh Muslim University, Aligarh, U.P.,
India.)

Summary—Papers impregnated with the inorganic ion-exchangers
tin(IV) tungstate and selenite have been shown to be useful for ion-
exchange chromatography of several metal ion mixtures, and suitable
solvent systems have been developed and evaluated. :

Analysis of radioactive metals by spark source mass spectrometry:
A. J. Jounson, A. Kozy and R. N. Morris, Talanta, 1969, 16, 511
(Analytical Development Group, Chemistry-Physics Research and
Development, The Dow Chemical Company, Rocky Flats Division,
P.O. Box 888, Golden, Colorado 80401, U.S.A.)

Summary—A spark source mass spectrograph with photographic
plate recording has been adapted for the analysis of plutonium and
americium metals. Over seventy elements can be determined simult-
aneously in these metals. A comparison has been made between results
obtained by mass spectrography and by conventional methods for
impurity elements. The operations involved in handling radioactive
materials in the mass spectrograph are also discussed.

vii
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HEROTOPBLIE BUIIUHAJIBHBIE ABOKCUMU B
KHAYECTBE I'PABUMETPUYECKNX PEATEHTOB:

L. S. BArRk and D. BraNDON, Talanta, 1969, 16, 497.

Pesome—CnnresupoBaH papg  3,3-3aMelleHHHX  mHaH-1,2-
JMOHAMOKCUMOB M HCCJEAOBAHH HMX DEAKIUM C IepeXOgHBIMU
meramtamn. IlosydenHHe PesylbpTATH MOKASHBAIOT YTO CEJIEK-
TUBHOCTh TAKHX JHOKCHMMOB B KayeCcTBe TIPaBUMETPHYECKUX
PEareHTOB HA 8aBMCUT OT I'DYNNMPOBKH TUOKCHMA HO OT CBS3H
METJII-METaJNl B KOMILIEeKCe .

PA3JIEJEHUE MOHOB METAJIJIOB HA BYMAIAX
IPOIBITAHHBIX BOJb®PAMATOM U
CEJIEHUTOM OJIOBA(IV):

MosusIN QuRresHi, K. N. MATHUR and A. H. IsrAILI, Talanta, 16, 503.

Pesiome— Bymara nponmTanHas HEOPraHMYECKUMI MOHOOGMEH-
HUKaMH BoJbfpamMaToM H cenenuToM o0xa0Ba(IV) OKasBIach
NMOJIE3HOM B KOHOOOMeHHO# XpoMmarorpaduu HEKOTOPHIX CMec
MOHOB MeTaJINI0B; paspaGoTaHH M MCHOEITAHK IOJAXOAAINE
CHCTEMEl PACTBOpHTeNEH,

- AHAJIN3 PAJVOAKTUBHBIX METAJLJIOB
METOJOM MACC-CIIEKTPOMETPUUN C MCHKPOBBLIM
NCTOYHHNHKOM:

A. J. JounsoN, A. Kozy and R. N. Morris, Talanta, 1969, 16, 511.

Pesrome—Mace-CIIeKTPOMOTP: ¢ MCKPOBHIM HCTOYHHKOM I10JIb-
sylomuifcs sanucnBaiMeM HA (dororpadmuecKoil mIACTHHKE
NpuMeHeH B aHAJIWBe METAJJIMYECHKOTO NIYTOHUA N aMePHIUA.
MoKHO OHOBPEMEHHO ONPENENATH CBHILE CEMbJECAT DIIEMEHTOB
B 9TUX MeTAIaX. PesylbTaTe aHAINBA METALIMYECKHX IIPH-
Meceit IOJNy4eHHHE MACC-CIIEKTPOMETPHUYECKUM METOLOM CpPaB-
HeHH ¢ pesyJbTaTaMH aHauM3a OGHIKHOBEHHBIMH MeETOTAMH.
OGcyleHH TaK e OIepalMM MAHNIYJINPOBAHMA PaTHOAKTH-
BHHIX MATepHaJIOB B MaCC-CHEKTPOMeTpe.



Summaries for card indexes

New chromogens of the ferroin type—V. Pyridylpyrimidines, bidiazines,
and other substituted derivatives of diazines: ALFRED A. ScHILT and
WAYNE E. DUNBAR, Talanta, 1969, 16, 519 (Department of Chemistry,
Northern Illinois University, DeKalb, Illinois 60115, U.S.A.)

Summary—Spectrophotometric studies of the reactions of iron(ID),
copper(I) and cobalit(Il) with 33 new compounds have demonstrated
that the chromogenic properties of diazyl groups are inferior to those
of triazyl or pyridyl groups when incorporated into the ferroin chromo-
phore group. The metal complexes of the diazyl derivatives are less
stable than those of the corresponding pyridyl and triazyl derivatives.
Conditional formation constants of the iron(II) chelates of some
representative diazyl derivatives indicate that pyridazyl groups impart
greater stabilities than pyrimidyl or pyrazyl groups. Five of the new
chromogens have structures that suggest they can chelate iron(I)
without steric hindrance, either as bidentate or as terdenate ligands.
Although the terdentate mode would ordinarily be expected, two of
the five were found to act preferably as bidentate ligands.

Infrared determination of cal¢ium or lithium nitrate in acetone solution:
Determination of calcium or lithium in the presence of strontium or
barium: GEORGE NorRwITZ and DAviD E. CHASAN, Talanta, 1969, 16,
522 (Frankford Arsenal, Philadelphia, Pa 19137, U.S.A.)

Summary—A method is proposed for the infrared determination of
calcium or lithium in the presence of strontium or barium. A mixture
of the nitrates is treated with acetone which dissolves only the calcium
or lithium nitrate. The strontium or barium nitrate is filtered off. The
filtrate is evaporated to about 2 ml with a stream of dry air and then
diluted to 5 ml with acetone. The infrared spectrum is scanned from
860 to 800 cm™ and the nitrate peak at 824 cm™ for calcium and 827
cm™ for lithium is measured. The recommended range is 1-80 mg
of calcium or lithium nitrate in the presence of up to about 200 mg of
strontium or barium nitrate.

ix
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HOBHIE XPOMOI'EHbI TUIIA ®EPPOHHA--3.
HNPUANJININPUMUANHBI, BUOWASVHBI 1 TPYI'HE
SAMENIEHHLBIE IIPOU3BOAHBIE JUA3MHOB:

ALFRED A. ScHILT and WAYNE E. DUNBAR, Talanta, 1969, 16, 519.

Pesiome—CnerrpodoroMeTpayecKoe MayUeHNE peaKIHii eesa-
(IT), megn(I) u robanera(ll) ¢ 33 HOBHIMH COEIUHEHNAMHU OKA-
8aJI0 YTO XPOMOTEHHHI® CBONCTBA AUABMIIPYII NIO0XH B CPaB-
HEHUN C TPHASUA-WIM NMUPHAMITDYIIIAMM, KOrJa BIJIIOYEHH B
CTPYKTYPy Xxpomofopmo#f rpynmer ¢eppomua. Hommaexcst
METAJJIOB AMABKMINEDPHBATOB MEHE® yCTOHYMBEIE YeM KOMILIEKCHI
COOTBECTBYIOMMX NHPUANI-MIN TPHASHINEPUBATOB. VY CIOBHEE
KOHCTAHTH 00pasoBaHmA XenaroB xejesa(Il) HEKOTOpHX pen-
Pe3eHTATUBHEIX [HA3HANCPUBATOB IIOKA3BIBAIOT YTO INHPHA-
3WIrPynOe  RaloT crabuiabHOCTL Gonbine dYeM craGnMabHOCTD
NOJyYeHHAA OUPUMEARI-HIN IHMpasmiarpynnamu. CrpyKTypst
IATh U3 HOBHX XPOMOreHOB IO3BOJAIOT 06pasoBaHme XeaaToB
mexesa(IT) Ges mpocTpaHCTBEHHOro B3aTpyAHeHHdA, B QopMme
ABOMHMX MM TPOMHEX JATaHAOB. XOTA HOPMAJIBLHO OMKUAATH
TpoitEylo dopMy, ABA M3 IATH PEArMPOBAIN NPERNOYTUTENHHO
KaK TpPOUHNMe JINIraHIH.

OMNPEJEJIEHNE HUTPATA KAJBIHWA WJIN JUTUA
B AHETOHOBOM PACTBOPE METOJOM HNH®PAK-
PACHOI CIIEKTPOCHONNU: OIIPEJIEJIEHUE
RAJBINA WIN JUTUA B NIPUCYTCTBUN
CTPOHLUSI WUJIN BAPUA:

GeorRGE NorwITZ and DAvID E. CHASAN, Talanta 1969, 16, 522.

Pearome—IIpenosen Merop, UHPPAKPACHON CHEKTPOCKONUM
A onpefelleNnd KaIbUUA MM JUTHA B HPUACYTCTBMU CTPOHIMSA
uam Gapua. CMech HUTPATOB 0GpaGATHBAIOT AlETOHOM KOTOPLIM
PACTBOPHET TOUBKO HUTPAT KaJUbIMA MIM JuTHA. Hurpars
Oapua WM CTPOHOMA YHIAHAKT QuibrpoBamueM. @OumibTpaT
BHIITAPHBAIOT X0 2 MJ ¢ cTpyelt cyxoro Bosnyxa u sarem pasba-
BIAIOT N0 5 MI aneroHoM. CHMMAOT MHPPAKPACHBIA CHEKTD B
obmactr 860 mo 800 cM™ m maMepAIOT HUTPATOBHIA MK npo 824
cM! gaA KasmpnuA u opu 827 cM~! guA auruda. PeKoMMeHIoBaH-
HHit f[uanagor—1-80 Mr HuTpara KaNbIMA MJIM JHTAA B
NpUCYTCTBHH #o 200 MI HATpaTa CTPOHNMA UJn Gapusd.



Summaries for card indexes

Liquid-liquid extraction of tungsten(VI) with mesityl oxide-—Application
to an alloy steel: V. M. SHINDE and S. M. KHOPKAR, Talanta, 1969,
16, 525 (Department of Chemistry, Indian Institute of Technology,
Bombay-76, India).

Summary—A new and simple method has been developed for the
rapid extraction of tungsten(VI) with mesityl oxide. Quantitative
extraction occurs from solutions 1M in hydrochloric acid and 12M in
lithium chloride (as the salting-out agent) with 759 mesityl oxide in
isobutyl methyl ketone. Tungsten is finally determined photo-
metrically as the thiocyanate complex in the aqueous phase. Tungsten-
(VI) can be extracted and determined satisfactorily in the presence of
several elements. The method is shown to be applicable to an alloy
steel.

Glass electrode measurements of sodium in albumin solutions: T. Y.
ToriBARA and LARrYsa KovaL, Talanta, 1969, 16, 529 (Department
of Radiation Biology and Biophysics, University of Rochester School
of Medicine and Dentistry, Rochester, New York 14620, U.S.A.)

Summary—Measurements of the sodium level of albumin solutions
and their ultrafiltrates were made with commercially available sodium-
sensitive glass electrodes. The potential of the electrode was found
to vary considerably with the depth of immersion. The potentials of
albumin solutions which were allowed to remain at room temperature
or higher for any length of time were found to increase, and in time
gave unrealistic’ levels of sodium®activity. An albumin solution
stored in a refrigerator for a month did not show this effect. The
sodium levels of albumin solutions as determined by the electrode were
lower than the flame photometric values for the same solutions.

Determination of hydrazine by gas evolution: C. P. LLoyD and W, F.
PICKERING, Talanta, 1969, 16, 532 (Department of Chemistry,
University of Newcastle, New South Wales, Australia.)

Summary—A method is proposed for the determination of mg amounts
of hydrazine based on the measurement of the volume of nitrogen
evolved after oxidation with silver(I) oxide.
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SHUITKOPASHAA DHCTPAKIMA BOJLOPAMA(VI) C
ME3SUTUJIOKCHUAOM—IIPUMEHEHUE METOJA HA
JET’MPOBAHHYIO CTAJb:

V. M. SHINDE and S. M. KHOPKAR, Talanta, 1969, 16, 525.

Pesiome—PaspaGoTaH HOBEH HECIHOMHHIT MeTOX GLICTPOro
usBneueHuna BodpPpaMa(VI) ¢ mesurmiorcupom. Hoaunuecr-
BeHHOE HMBBJIEYEHME NOJNYYaeTCA M3 pacrBopoB 1M B couaHOl
Kuciore ¥ 12M B JUTHRXJOpPHUAE (B KayecTBE BLICAJIMBAIOIIEIO
arenTa) ¢ 759, HHM DACTBOPOM MEBHMTHIOKCHAA B WM300yTHI-
mernakerpHe . Boapdppam(VI) koHeuHO ompemenswor (oToMeTe
PHYECKIM MeTOo[0M B opMe pPOTAHULOBOr0 KOMILIEKCA B BOTHOIM
¢paze. Boandpam(VI) MOKHO M3BIEKATH YAOBIETBOPUTEIHLHO B
OPUCYTCTBUM DAZA BIEMEHTOB. METOOM MOMKHO M0Jb30BAThCHA
JUIA aHAJNU3a JETMPOBAHHON CcTaN.

OIIPEJIEJIEHUE HATPUA B PACTBOPAX
AJIbBYMHHA CTERJAHHBIM 3JIEKTPOJIOM:

T. Y. ToriBARA and Larysa KovaL, Talanta, 1969, 16, 529.

Pesiome—Omnpeneena KOHLEHTpANUs HATPUA B pacTBopax
ansfyMuna M WX yabTpadUABTPATAX C NCHONL3OBAHUEM KOM-
MepUYeCKUX HATPUHYYBCTBHTENBHBIX CTEKIAHHHX JEKTPOTOB.
Hanpsmenne 3/eKTPofa B SHAYNTENHLHON Mepe M3MEHANOCH B
8aBHCHMOCTH OT INIyOMHH MOTpyeHNA. Hanpsxenue pacrBopos
anp0yMHHA JepAHHHEX 4epe3 NAHHEIE [EPHOAL BPEMEHH IIpH
KOMHATHO! MM NOBLIIIEHHON TeMmeparypax NOBLILIAJIOCH, U
TOCTEe OMpeJlesIeHHOr0 BPEMEHH HOJYYeHHl HEpeaJbHble yPOBHH
axkrusHocTM HarpudA. J[lepxammnuit B pedpumeparope B TedeHue
OHOTO MeCANLA PacTBOp aiNLOyMuHA He INOKA3HBAJ 9TOT sPdexr.
PesyapTaTHl ompefiesieHNss HATPUA B pAacTBOpax ajn0yMuHa C
HCIOJILBOBAHUEM 3JIEKTPONA OBLIM HUKEe YeM BEJMYMHBL MOJY-
YeHHHE INIAMEHHO-(OTOMETPIYECKNM METOIOM B TEX e PACTBO-
pax.

ONPEJIEJIEHUE TUAPA3BUHA HA OCHOBE
BBIJAEJIEHUA I'A3A:

C. P. Lroyp and W. F. PicKERING, Talanta, 1969, 16, 532.
Pesome—IIpenmmosen MeTOX oONpeNeTeHAA MUIIMIPAMMOBLIX

KOJMYECTB I'MAPAsuHA, OCHOBHIBAIOINMICA HA NBMepeHUn o6neMa
230Ta BHIJIEJIEHHOT0 IOCTIe OKMCJICHNA OKUCKI0 cepebpa(l).
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Thermometric titrimetry. Studies of the cerium(IV) oxidation of «-
mercaptocarboxylic acids: W. A. ALEXANDER, C. J. MasH and A.
McAuLey, Talanta, 1969, 16, 535 (Department of Chemistry,
University of Strathclyde, Glasgow, C.1, Scotland.)

Summary—The cerium(IV) oxidation of thioglycollic, thiolactic and thi-
omalic acids has been examined by thermometric titration. The titration
curves indicate stoichiometries of more than 1 mole of cerium(IV)
per mole of «-thiol, suggesting possible side-reactions. In the presence
of methyl acrylate, however, the expected ratio is observed. The
overall heat of each reaction has been derived. Only with a titration
method of this kind where allowance can be made for side-reactions
can the heats of reaction for these systems be measured.

Logarithmic converter for atomic-absorption spectrometry: MICHAEL D,
Morris and JaMmes B. ORENBERG, Talanta, 1969, 16, 539 (Department
of Chemistry, Pennsylvania State University, University Park, Pennsyl-
vania 16802, U.S.A))

Summary—A logarithmic converter using a silicon transistor in the
feed-back loop of an operational amplifier circuit, and suitable for
use with a double-beam atomic-absorption spectrometer, is described.

6-Methyl-2-pyridinecarboxamide oxime, a reagent for copper: JouN R.
PEMBERTON and HARVEY DienL, Talanta, 1969, 16, 542 (Department
of Chemistry, Iowa State University, Ames, Iowa 50010, U.S.A.)

Summary—6-Methyl-2-pyridinecarboxamide oxime (R) forms a
yellow compound with copper(I), the molar absorptivity being 7-2 x
10* at the wavelength of maximum absorption, 405 nm. The copper
compound, CuR,, forms completely over the pH range 4-5-7 and is
easily extracted into isoamyl alcohol. R is highly specific for copper,
the methyl group neighbouring the ring nitrogen atom preventing
reaction with iron and other metals.
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N3VYEHNE OKMNCJIEHHUA «-MEPHAIITOHKAPLGO-
HOBBIX KHCJIOT HEPUEM(IV) METOJOM
TEPMOMETPUYECKON TUTPAILINU:

W. A. ALEXANDER, C. J. MAsH and A. MCcAULEY, Talanta, 1969, 16,
535.

Pesiome—OXRNCIEHNe TUOTINUKOJECBON, THOMOJOYHON u THOAD-
JlouHO#t KuciIoT ¢ KepueM(IV) uaydeHO METOIOM TepMOMET-
puueckolt TuTpanuu. HpuBue THTPOBAHUA HOKA3BHLIBAIOT CTEXHO-
MeTpHYeCcKoe OTHoueHue (OJbIIe YeM OFHOro MOus mepus(IV)
HA MOJP «o-THOJIA, YKASHBAIOIIee HA BO3MOMKHLIE 0GOYHLIE
peaknuu. Mesxay TeM B OpMCYTCTBHM MeTHIAKpUJATA MOJIY-
YaeTcA OMMIAHHOE OTHOImeEHMe. PaccuuTaHa oO0WAa TeIsoTa
Kakpolt pearnuu. TONBKO MeTO THTPOBAHUA BHTOrO THIA,
HKOTODHI NIPHHAMAET B PAcYéT MOGOYHBIE peaKINU, MO3BOJAET
ONpeNeSIATh TeIIOTH. PeaKIUM 9TUX CUCTEM.

JIOTAPMOMUYECKNN KOHBEPTEP HJIA
ATOMHO-ABCOPBHMOHHOII CIIEKTPOMETPIN:

MicHAEL D. Morris and JAMES B. ORENBERG, Talanta, 1969, 16, 539,

Pesome—Onucan JorapndMuuecKuit KOHBepTep NMEIOINi KpeM-
HeBHIl TpaHsuCTOp B BOSBpamaomeit mnerae meicTBylomelt
IelH YCHINTENA, KOTOPHI MOKeT OBHITh MPUMEHEH ¢ BY XJIYYHBIM
aroMHO—a0cOopONMOHHEIM CIIEKTPOMETPOM.

6-METHJ-2-TTUPNIANHKAP BOKCAMUTOKCIIM—
PEAKTUB JJIA MEU:

JounN R. PEMBERTON and HARVEY DIEHL, Talanta, 1969, 16, 542.

Peaome—6-Merun-2-mupunuurap6oxcaMunorcum (R) oGpasyer
ReNToe coeguHenue ¢ Meb1o(1), KoToporo MoIApHOE CBETONOTIO-
mienne 7,2 X 10° np# IJIMHB BOJIHH MAKCHMAIBHOTO HOTJIONMEHNA
405 BM. Coepuuenme Mmean CuR, momHocTRIO 0Gpasyerca B
ob6nacru pH 4,5-7 u JNerxo N3BIeKAaeTCA UB0aMUIOBLIM CIIIPTOM.
R saBIAeTcA BHCOKOM30GHMpATENBHHIM pEAKTHBOM JJIS MenH,
METHJIOBAA TPYIHA, CMEKHAA aTOMY a30Ta B KoJblle Npegynpe-
HIAA PEAKIUI0 C 3Helle30M M JPYTHMU MeTalIaMHU.



Summaries for card indexes

Polarography of uranium(VI) and lead(I) complexes with L-glutamine:
Tsal-TEH Lar and MoN-CHAO CHEN, Talanta, 1969, 16, 544 (Chem-
ical Engineering Department, Cheng Kung University, Tainan,
Taiwan, China.)

Summary—The complexes of uranium(VI) and lead(Il) with L-
glutamine were investigated polarographically. For uranium(VI),
the complexes UQ;G+2, UO,G,+? and UO(OH)G,* were identified
at pH < 2'5, pH 2-5-4-1 and pH 4-1-5-2 respectively. With lead(Il),
complexes PbG*2, Pb(OH)G+ and Pb(OH)G,* were formed at pH
2-0-5-0, pH 5:0~7-0, and pH 7-0-8-5, respectively. The concentration
dissociation constant of Pb(OH)G,+ was found to be pK, = 10-16 1
0-04 at ionic strength 0-6.

Sur une colorimétrie des alcoylamines, guanidines et ammoniums
quaternaires par la réaction de Janovsky: J. BArros, Talanta, 1969,
16, 551 (Centre de Recherches Roussel-Uclaf, 93-Romainville,
France.)

Summary—In the presence of an alkylamine, a guanidine or a quater-
nary ammonium hydroxide, liberated from their salts by the action
of silver oxide, nitromethane reacts with 1,3,5-trinitrobenzene, yielding
a red compound which allows the colorimetric determination of the
nitrogenous base.
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AnBoTranum crateii

I/IBV‘IEHI/IE KOMIIJIEKCOB YPAHA(VI) U
CBHHIIA(II) C L-TVIYTAMIHOM
NOJAPOTPAQPUIECKUM METOIOM:

Tsal-Ted LAt and MoN-CHAO CHEN, Talanta, 1969, 16, 544.

Pesiome—lIsydeHH TOMAPOrpadUIECKUM METONOM KOMILIEKCH
ypaua(VI) n ceunna(Il) ¢ L-rayramunom. I{ns ypauna oGHapy-
skeHsl kommekcesl U0G+2, U02G, 12 u UO,(OH)G,+ npn pH <
2,5, pH 2,6-4,1 w pH 4,1-5,2 coorBercrBento. Csunen(II)
o6pasoBaa Kommiekcw PbG+:, Pb(OH)G+ n Pb(OH)G,* mpu
pH 2,050, pH 5,0-7,0 u pH 7,0-8,5 C0O0TBeTCTBEHHO.
OnpenesieHa KOHCTaHTA pmucconmanuum Pb(OH)G.+ pK, =
10,16 + 0,04 mpn moHHOi cuie 0,6.

HOJOPUMETPUYECKOE OIIPE[NEJEHUE
AJTHOWJIAMHUHOB, TVAHUJIUHOB 1
YETBEPTUYHBIX AMMOHUEBUX COEIUHEHUN C
HCIOJIBOBAHNEM PEAKIIAY HOBCKOTO:

J. Bartos, Talanta, 1969, 16, 551.

Pesome—B npucyTerBEM aTKOMIAMUHA, IYQHALUHA HIH YeTBEp-
TUYHOTO AMMOHMEBOr0 OCHOBAHHA, BLIJEJEHHBIX U3 HX cojeit
HeHCTBHEM OKuCH cepebpa, HUTpOMeTaH pearupyer ¢ 1,3,5-
TpUHUTPOGeHB0IOM 00pasyd KPaCHOE COEAMHEHNE II03BOJIAIOILEE
KOJIOPMMETPHUYECKOEe ONpEeNelIeHNe a30THOIO OCHOBAHUA.
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