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Gas chromatography is a very satisfactory technique to use in conjunction with
a mass spectrometer and a computer, because fractions can be fed directly to the
mass spectrometer for analysis and the data collected directly by the computer
for storage and processing. This technique enables the analysis of submicrogram
quantities of material. A system for fast-scanning, single-focussing mass spectrom
eters records data on magnetic tape for subsequent computer processing.147 More
recently,148 a digital recording technique for low-resolution, fast-scanning mass
spectrometers, employing a medium-sized on-line computer, has become available.
Peak centre and intensity calculations proceed while the spectrum is being scanned,
and the computer controls the scanning rate. Secondary storage on magnetic discs
allows space for a large number of spectra. Results are printed as tables of mass
vs. intensity, and as plots suitable for further processing (such as correcting for
background or searching standard files of spectra). A similar system has been devel
oped for fast-scan, high-resolution mass spectrometry.1l9

Methods of applying computers to process information obtained from a gas
liquid chromatograph-mass spectrometer system have also been considered.149

Suitable techniques were described for use with the ASTM catalogue which lists the
six strongest peaks in the mass spectra of 3200 substances.

Computer methods for the analysis of time-of-flight mass spectra have been
discussed.I50.151 The practical problem of poor resolution can be partly overcome by
calculating a "best" relative abundance for each ion in a sample, using least-squares
methods. The characteristic pulse shapes are approximately Gaussian, and two
methods for resolving the peaks in the presence of noise have been compared.150

CHROMATOGRAPHY AND AMINO-ACID ANALYSIS

Computer techniques have been applied in chromatography both in the treatment
of data obtained from chromatographic separations and in theoretical calculations.

The output from analysis by gas chromatography, column chromatography with
spectrophotometric measurement of eluted fractions,152 or paper chromatography
with suitable scanning to detect the solute spots153 is commonly recorded as a series
of peaks on a strip chart. The area under the peaks is required for the calculation
of the composition of the sample being analysed. This may be estimated from
height-width values, or measured with either a planimeter or an integrator with
subsequent manual calculation of the analysis figures, but the use of a computer
becomes desirable when large sets of data are involved. This problem is frequently
encountered in automatic amino-acid analysis152 and gas-chromatographic process
control,154 and in these applications computers can drastically reduce calculation
time without loss of precision. The computer can also be programmed to control
directly the process being monitored.lM

For amino-acid analysis, programmes have been developed to accept manually
punched data which may be either height-width measurements of the recorded
peaksl55.156 or values of peak areas obtained from an integrator attached to the
analyser.156 Automatic card punching by the integrator is an improvement.156

A more sophisticated approach is the computer analysis of the transmission
readings from the spectrophotometer, and methods have been described which
enable such readings to be recorded directly on to punched cards, magnetic or paper
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ELECTRO ANALYTICAL CHEMISTRY

Three papers in a recent symposium on electroanalytical chemistry were concerned
with systems for the automatic collection of electroanalytical data in a digital form
suitable for computer processing.182-184 Such systems overcome the need to photo
graph and measure oscilloscopic traces and to apply corrections to the data: some
flexibility in technique may be obtained by the use of a patchboard controJ.l84

Breiter185 has described a method for the automatic digital collection of voltam
metric data on paper tape, as well as the main features of three programmes for
subsequent computer processing of the data. The method and programmes have
been extended to galvanostatic and potentiostatic data.186

Because most electroanalytical techniques have much in common, a flexible
system capable of being employed at anyone time in one of several techniques is
feasible and economic. A system has been devised in which a small digital computer
is programmed to initiate an experiment, to acquire and store the data in digital
form, to test for the completion of a run, and to perform functional analysis, such
as least-squares fitting, on the stored data.187.188 It was tested with some chrono
coulometric experiments,187 and examples were given of other possible applications.188

In an experimental procedure for fast-sweep polarography,189 a small digital
computer was used on-line for the resolution of closely spaced reduction waves and
for "ensemble-averaging" which extended the analytical sensitivity by at least an
order of magnitude.189 The effects of background noise on the computer processing
were investigated, and practical examples of the use of the system were outlined.

A programme, POLARGRM, computes the least-squares straight line, the slope
and the half-wave potential, together with the standard deviations of the last two,
for the conventional semi-log (Heyrovsky-Ilkovic) plot of current-potential data
from experimental polarograms.19o Successive formation constants for the cadmium
thiocyanate system have been calculated from polarographic data, using a computer.191

The technique of cyclic chronopotentiometry, in which the applied current is
reversed at each transition, has been described.192 Equations for the successive
transition times for linear diffusion in a single component system were derived and
solved by an iterative method on a digital computer; the necessary programme is
given.

Other instances in which computers have been used in processing electrochemical
data include the calculation of rate constants of adsorption reactions from voltam
metric current-potential curves or galvanostatic potential-time curves,193 and a
mathematical analysis of the potential-sweep method for a charge-transfer re
action of the type A- -+ A + eo-.194

LIQUID-LIQUID EXTRACTION

In many cases, liquid-liquid extraction provides a simple and convenient method
for separating an element required for analysis from other interfering elements.
It is desirable to be able to predict the experimental conditions required to produce
an effective separation. Although computers provide a ready means for performing
the calculations, efforts in this direction have met with mixed success, probably
because, at present, the theory is largely empirical.

Measured distribution coefficients can be used to calculate the number of stages
required to effect a good separation. Berg and Sanders195 have developed two short
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The apparent or conditional stability constant of the metal-EDTA complex is
represented by9

log K My' = log K My - log IXY<H> (6)

The relationship between log IX and pH is well known,9 and a plot of log IX against
log pH over a range of pH 1,7-12,0 gives a straight line represented by the equation

log pH = 1·02 - (log IX)/20 (7)

Using relationship (6) and approximating the value 1·02 to 1·0 the last equation can be
rearranged as

log KMy' = 20(log pH - 1) + log KMy (8)

On substitution for log KMy' in the expression for pMe , equation (5) takes the form

/
2 { pS - i logj/i }M s M e =---

P P (j + i) 20(10g pH - 1) + log KMy - 10g[MY]
(9)

The pH value at which the precipitation of the metal ion will be prevented can be
calculated, at least approximately, from this final equation.

Since many complexing agents do not give a smooth curve for a plot of pH vs.
log IX, the application of equations such as (7) is limited. However, the approach can
be applied to a number of complexing agents, e.g., for 1,2-diaminocyclohexanetetra
acetic acid (DCTA) the relationship is approximately

log pH = 1·1 - (log IX)/2l
over a pH range 2-12.

EXPERIMENTAL
Reagents

EDTA,0·05M. All other reagents were of analytical grade and O·lM stock solutions were pre
pared.

Apparatus

To avoid providing sites for nucleation, all experiments were carried out in clean unscratched
beakers; pH measurements were made to ±0·05 with a pH meter.

Method

A number of cations were examined to see whether under the conditions of the experiments they
would remain in solution or be precipitated spontaneously from their complexed form by a range of
anions. The metals studied were selected to cover a wide range of stability constants.7

Five ml of stock solution of the metal ion to be precipitated were treated with 10·25 ml of EDTA
solution (representing a 2·5 %excess)* in a 250-ml beaker, then diluted with 80 ml of distilled water.
The pH was then adjusted by addition of nitric acid or sodium hydroxide, or in some cases with
buffer solution, e,g., when sodium sulphide or trisodium phosphate was used to provide the pre
cipitating anion. The precipitating anion was then introduced by addition of 5 ml of a stock solution
of the appropriate sodium salt. A summary of the compounds precipitated and the pH of the solution
.at which the experiment was carried out are given in Table II.

Zusammenfassung-Die Eignung von EDTA-Komplexen zur Fallung
bestimmter Kationen aus homogener Losung unter verschiedenen
Bedingungen kann bei Kenntnis des Loslichkeitsproduktes des zu
fiiIlenden Niederschlages und der Stabilitatskonstanten des Komplexes

* Shown from calculations based on Kelly and Sutton's equation to be negligible (see Table I).

















Grundlagen der Gradient-Diinnschicht-Chromatographie

Es ergaben sich folgende Schicht-pH-Werte

Konz. an NaOH, N 0,1 0,3 0,5
pH-Wert etwa 7,7 8,4 9,0

Konz. an H 2S04 , N 0,1 0,3 0,5
pH der 30 proz. Susp. 2,3 1,5 0,8
pH der Schicht 0,9 0,1 -0,6
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Charakterisierung der pH-Gradient-Schichten. Zur Abschatzung des Gradient
Verlaufs in der Schicht wurden nun an verschieden konzentrierten Suspensionen des
Schichtmaterialsder Gradient-Schichten pH-Messungenvorgenommen. Furden sauren
Bereich wurden den gemessenen Werten wiederum die pH-Werte gegenubergestellt,
die sich mit dem MeBwert fUr die konzentrierteste Suspension als angenommene Basis
unter Beachtung der Verdunnung berechnen lassen. Aus dem Vergleich dieser beiden
Grossen ergibt sich, bis zu welcher Plattenbreite von der sauren Seite her gerechnet die
Beziehung pH = -log [H+] Giiltigkeit hat und, wie der pH-Verlauf der Schicht im
Vergleich zu der Kurve pH = f (Plattenbreite) fiir die konzentrierteste Suspension
(28 %) etwa aussehen muB. 1m Giiltigkeitsbereich der pH-Konzentrations-Beziehung
muE die Kurve der Schicht urn den Logarithmus der Verdunnung der 28 proz.
Suspension gegenuber der Schicht unter der Kurve fUr die Suspension Iiegen. Dort,
wo die Beziehung keine Gultigkeit mehr hat, muB die Schicht-pH-Kurve in entspre
chendem MaBe an die Suspensions-pH-Kurve angenahert werdenund im Neutralpunkt
dann in diese ubergehen. 1m alkalischen Bereich sind beide Kurven aufgrund des
Pufferverhaltens identisch.

Aus den einzelnen Kurven (vg!. Abb. 1) ergeben sich fUr die Gradient-Schichten
der drei Konzentrationen folgende pH-Intervalle:

Konz. an H 2S04 und NaOH, N
Plattenbreite, mm
pH-Werte

0,1
10 190
4,3 7,7

0,3
10 190
0,5 8,3

0,5
10 190

-0,2 8,9

Die Hell-Dunkel-Streifen uber den Kurven in Abb. 1 stellen Ausschnitte aus Photo
graphien dar, die von den mit Kieselgel GF254 hergestellten pH-Gradient-Schichten
der drei verschiedenen Konzentrationen im UV-Durchlicht aufgenommen wurden.
Wie auf Seite 8 gezeigt wird, kann mitteIs eines saureempfindlichen Fluoreszenz
indikators eine Kontrolle der pH-Gradient-Schichten durchgefiihrt werden.

Kontrolle der pH-Gradient-Schichten. Mit Bromphenolblau: Fur einwandfreie
Schichten der verschiedenen Konzentrationen lassen sich foIgende Sollwerte festlegen,
wobei die Farbumschlage bei hoherer Konzentration der Impragnierung erwartungs
gemaB scharfer ausgebildet werden und daher besser wahrzunehmen sind. 1m
FoIgenden sind zur Charakterisierung der Schichten nur die Bereiche angegeben,
in denen die Indikatorfarben dem Auge rein erscheinen. In den Zonen dazwischen
tritt jeweils eine Mischfarbe aus Gelb und Blau auf.

Konz. 0,5N: Bis 68-71 mm yom sauren Rand der Glasplatte Iiegt ein reines
Gelb, von etwa 90-95 mm ab Iiegt reines Blau vor.

Konz. 0,3N: Bis zu 42-47 mm ist reines Gelb, ab 85-90 mm reines Blau zu
erkennen.
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Konz.O,IN: Auf diesen Schichten ist kein reines Geib mehr wahrzunehmen. Als
Kriterium kann dienen, daB ab etwa 80 mm nur noch Blau zu erkennen ist.

Bei Verwendung von Kiese1gel GF254 anhand des Fluoreszenzindikators, der durch
Saure zerstOrt wird, was eine Fluoreszenzloschung, bzw. -minderung zur Folge hat
(vgl. Abb. 1).

Konz.0,5N: Die FluoreszenzlOschung erstreckt sich bis 80-85 mm yom sauren
Plattenrand, was einem pH-Intervall von 4,5-5,0 entspricht.

Konz. O,3N: Bis etwa 45 mm yom sauren Rand tritt Fluoreszenzloschung auf,
bis ca. 70 mm ist die Fluoreszenz dann noch ganz schwach vermindert. Der Abstand
von 70 mm entspricht einem pH-Wert von etwa 5,3.

Konz. 0, IN: Bis etwa 25-30 mm yom sauren Rand zeigt sich eine leichte Fluores
zenzminderung. Dieser Abstand entspricht etwa einem pH von 4,5.

Damit waren nun pH-Gradient-Schichten mit definierter Gradient-Ausbildung
reproduzierbar herstellbar; es konnte also nun jedem Schichtbereich erstmals ein
pH-Wert zugeordnet werden. Es muB allerdings betont werden, daB reproduzierbare
Ergebnisse nur erhalten werden, wenn die Herstellung der Schichten streng nach
der im expo Teil gegebenen Vorschrift erfolgt.

TYPISCHE KURVENFORMEN BEl DER CHROMATOGRAPHIE
1M pH-T-GRADIENT

Mit der Aufstellung der filr die verschiedenen pH-Gradient-Schichten gtiltigen
pH-Orts-Kurven war die Voraussetzung geschaffen, systematische Untersuchungen
tiber das chromatographische Verhalten verschiedener Substanzklassen durchzufiih·
ren. Von Interesse waren alle Verbindungen, die im pH-Intervall der Schichten zu
einer Reaktion mit der Schichtimpragnierung befahigt sind. Zur Erstellung eines
pH-T-Chromatogrammes wird die ProbelOsung in Form einer sich tiber die ganze
Breite einer Schicht erstreckenden strichfOrmigen Startzone aufgegeben. Urn uns ein
miihsames und zeitraubendes manuelles Aufpunkten zu ersparen, entwickelten wir
in Zusammenarbeit mit der Fa. Desaga, den a.a.O.22 •23 beschriebenen "Autoliner",
ein Gerat filr das vollautomatische Auftragen von ProbelOsungen in Band- oder
Strichform zur analytisch-qualitativen, mikropdiparativen und quantitativen DC, PC
und Elektrophorese. Zur Chromatographie wurden vorzugsweise 375 /-lm dick aus
gestrichene Schichten verwandt.

1m Laufe unserer Untersuchungen23 fanden wir insgesamt 6 prinzipiell verschiedene
Kurvenformen, die in Abb. 2 a-I schematisch zusammengestellt sind.

Eine detaillierte Besprechung einzelner Anwendungsbeispiele solI in einer
spateren Arbeit vorgenommen werden.

EXPERIMENTELLER TElL
Kieselgel H: Uniform alkalische Schichten

Die Suspensionen wurden aus 30,0 g Kieselgel HF.54 nach Stahl fUr die DC der Firma Merck
AG, Darmstadt, und 62,0 ml der jeweiligen Natriumhydroxid-Losung bereitet.

pH-Messungen. Zu Beginn der pH-Messungen wurde folgender Vergleich durchgefUhrt: (a) Die
Kieselgel-Suspension wurde ca. 3 min mit einem Magnetrtihrer gut durchmischt, das Sorptionsmittel
abzentrifugiert, und die pH-Messung in der abdekantierten tiberstehenden Losung vorgenommen.
(b) Zur pH-Messung wurde unmittelbar die gut durchmischte Suspension verwandt. Da die nach
beiden Methoden ermittelten Werte identisch waren, wurden aIle spateren Messungen direkt in der
Suspensionn vorgenommen.

Zusammensetzung der Suspensionen zur pH-Messung. Man versteht tiblicherweise unter einer
10 proz. Suspension, daJ3 der Anteil des Feststoffes 10% des Gesamtgewichtes der SuspenSion be·
tragt. Zur Durchfiihrung der Messungen wurden kleine Kunststoffbecher verwandt, deren Fassungs'
vermogen einem Suspensionsgewicht von ca. 12 g entsprach. Daher wurde z.B. die konzentrierteste
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(30 proz.) Suspension bei der Messung der uniformen Schichten aus 3,60 g impriigniertem Kieselgel
und 8,40 g (m\) Wasser bereitet. Zur Durchmischung wurde ein Magnetrtihrer benutzt.

Kieselgel H: Uniform saure Schichten

Es wurden auf je 30,0 g Kieselgel HF254 flir die DC 62,0 ml der 0,5N bzw. 0,75N Schwefelsiiure
eingesetzt, wiihrend im Faile der IN Schwefelsiiure 65,0 m1 ge braucht wurden.

Der Wassergehalt wurde nach Karl Fischer bestimmt.

Herstellung von pH-Gradient-Schichten mit Kieselgel GF254

Vorbereitung des Streichvorganges. In zwei 100 ml-Weithals-Erlenmeyer-Kolben gleicher Form
werden gleiche Mengen an Kieselgel GF254 eingewogen. Die GefiiJ3e sollen gleich sein, damit beim
Eingeben der Suspension in die Diagonalteilerriiume bei etwa gleicher Viskositiit gleiche Volumina
aus den Erlenmeyerkolben ausfliel3en. Bei der Ermittlung der Arbeitsvorschriften wurden diese
Volumina durch Eingiel3en in Mel3zylinder bei den verschiedenen Konzentrationen und Schichtdicken
jeweils iiberprtift. Der GM-Streicher wird betriebsbereit auf die Ansatzplatte gelegt. Siiure und
Base werden aus den Biiretten in 2 Gefiil3e gleicher Form, z.B. Mel3zylinderabgemessen. Aufebene eine
Lage der Tragerplatten auf der Arbeitsschablone (Wasserwaage) ist besonderer Wert zu legen, urn
eine Verschiebung im Gradient beim Antrocknen der Schicht zu vermeiden. Es empfiehlt sich daher,
eine geeignete Stelle des Labortisches flir die Arbeitsschablone auszusuchen. Weiterhin ist auf dichten
Sitz des Bodenblechs in den Ftihrungen und des Diagonalteilers im Teilertrog zu achten.

Eigentlicher Streichvorgang. Zu dem in zwei 100-ml-Erlenmeyer-Kolben eingewogenen Sorptions
mittel werden abgemessene Mengen an Schwefelsaure, bzw. Natronlauge gegeben. Die Kolben
werden gut verschlossen und unter Festhalten der Stopfen ca. 10 sek intensiv geschiittelt. (Das
Festhalten der Stopfen ist notwendig, weiI beim Versetzen des Kieselgels mit Siiure und Lauge etwas
Wiirme frei wird.)

Die Suspensionen werden an den Enden des Teilertrogs gleichzeitig eingegeben und dann in den
engen Teilerabschnitten mit einem jeweils sauberen Spatel auf gleiches Niveau gebracht.

Die Diagonal-Trennwand wird nun vorsichtig herausgehoben.
Sofort anschliel3end werden die Einzelsuspensionen durch Herausziehen des Bodenblechs in die

Mischerhtilse eingegeben.
Es wird 8-10 sek nur in einer Richtung gemischt, wobei die Mischwelle entgegengesetzt der

Ausstreichrichtung rotiert.
Die Mischerhtilse wird anschliel3end am Hebel so weit gedreht, bis dieser senkrecht steht, und die

Suspension in dieser Stellung ausgestrichen. Bei dieser Hebelstellung kann Luft von oben nachstro
men. Ein Ausstreichen bei waagerechter Stellung des Hebels ist nicht moglich, da durch den Einbau
der Mischwelle durch das bei waagerechter Stellung des Hebels geoffnete Luftloch nur die niichst
gelegene Kammer beliiftet wiirde.

Fiir das Arbeiten mit Kieselgc1 GF", flir die DC wurden folgende Vorschriften ermittelt:

Schichtdicke, Konz. an H 2SO4
Zusammensetzung der Suspension Antrockenzeit,

pm bzw. NaOH, N K-gel,g Siiure bzw. Base, ml min

250 0,1 18,0 36,0 7-8
0,3 18,0 37,0 5-7
0,5 18,0 38,5 3-5

375 0,1 22,0 44,0 7-8
0,3 22,0 45,0 5-7
0,5 22,0 47,0 3-5

Die Schichten wurden bis zum Verschwinden des wiil3rigen Glanzes (Antrockenzeit) auf der
Schablone liegen gelassen, dann im Warmluftstrom solange getrocknet, ca. 15 min bis die Trans
parenz verschwunden ist und die Oberfliiche rein weil3 geworden ist, und anschlieJ3end etwa 40 min
auf 110° erhitzt.

Versuche mit 0,75N Schwefelsiiure bzw. Natronlauge. Es wurden jeweils 22,0 g Kieselgel G mit
49,0 ml Siiure bzw. Base suspendiert.

Kieselgel G: Bereitung der uniformen Schichten

Die bei der Herstellung von Gradient-Schichten eingesetzten Saure-, bzw. Basemengen wurden
auf je 25,0 g Kieselgel G umgerechnet; es wurden also 50,0 ml O,lN, 51,20 ml 0,3N und 53,40 ml
0,5N Saure, bzw. Base verwandt.
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TABLE I.-SEMI-QUANTITATIVE CHEMICAL TESTS

Least amount
Element Treatment Positive detectable, mg/25 ml

V To 10 ml add 0·5 ml of H 2SO. plus 3-4 Brown colour -0·1
drops of HNO•. Heat to appearance
of heavy S03 fumes. Add 3 drops of
30% H 20 2 •

Zr To 10 ml add 4 ml of HCIO. plus 3-4 Red colour -0·1
drops of HN03 • Heat to appearance
of heavy HClO. fumes and fume for
1 min. Transfer to smaIl Pyrex beaker
and fume just to dryness. Add 8 ml of
H 20 and 3 ml of HCl, heat, then add
5 ml of 0·1 % Alizarin Red S solution.

Ti To 5 ml add 1 ml of H 2SO. plus 3-4 YeIlow colour <0·1
drops of HNO•. Heat to appearance
of heavy SO. fumes. Add 9 ml of H 2O
and 3 drops of 30% H 20 2 •

Mo To 5 ml add 4 ml of 25 % SnCl2 Red-brown colour -0·3
solution and 2 ml of 10% NaSCN
solution.

W To 20 ml add 0·5 ml of H 2SO•. Heat Blue precipitate -0·3
to appearance of heavy SO. fumes.
Add 2 ml of H20 and 3 ml of 25 % .
SnCl2 solution.

Nb To 5 ml add 0·5 ml of H 2SO•. Heat to White precipitate -0·3
appearance of heavy SO. fumes. Add
3 ml of H 20 and 3 ml of NH.OH.

TABLE n.-REAGENTS USED IN PHOTOMETRIC QUANTITATIVE TESTS

Element

V
Zr
Ti
Mo
W

Reagent

H 20 2

Xylenol Orange
H 20 2

H 20 2

NaSCN

Medium

20% H 2SO.
0'5% H2SO.
10% H2SO.
10% HClO.-10% H.PO.
50% HCl

The elution behaviour of the elements was determined by analysing these fractions, photometrically
for quantitative results, and by spot-tests with visual comparison for semi-quantitative. The tests
used are listed in Tables I and II.

The tests in Table I were applied as written, to locate the beginning and end of each elution peak;
smaIler portions were taken for other tests. In the case of V and Nb, fuming was omitted for initial
location of the peaks. For fractions where V and Ti might be present together, hydrofluoric acid
was added after the peroxide, to mask the Ti and reveal V.

In the separation studies the amount of Nb taken was generaIly enough to provide a total of 1 g
of mixture. This sample size was selected as convenient for practical analytical applications.

The use of concentrated hydrofluoric acid solutions may be considered by some to present a
problem. AIl ion-exchange work in this laboratory is performed in a chemical hood constructed of
clear plastic. Samples are prepared in an adjacent hood. If appropriate precautions are taken these
methods can be employed with no difficulty.

Separation ofvanadium

In the original method! 13M hydrofluoric acid was used for the initial separation of V from Zr or
Ti. Approximately 700 ml of eluent are required to remove V completely from a 200-mm column.
Under these conditions V and Zr are just barely separated. At higher acid concentrations the distri
bution coefficients of these two elements become closer and with 20M hydrofluoric acid the elution
peaks almost coincide. At lower acid concentrations, the distribution coefficient of Zr increases
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REACTION OF GALLIUM AND INDIUM WITH
4-(2-THIAZOLYLAZO) RESORCINOL

M. LANGOYA-HNILICKOYA and L. SOMMER
Department of Analytical Chemistry, The University, Brno, Czechoslovakia
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Summary-Gallium is shown to react with TAR to form 1:1 and 1:2
Ga :TAR species, elucidation of the nature of which is complicated by
hydrolysis. The species GaR+ and GaHR(OH)+, where HsR is the
free reagent, occur at pH 2·7-4·8 for solutions that are equimolar or
contain excess of metal ion; GaHRH occurs at pH 2·\3-2·86 with
excess of metal ion. AI: 2 complex, probably GaRs-, exists in 30 %
aqueous ethanol medium at pH ---5 if excess of ligand is present. The
utility of the reaction for analysis is severely limited by the large
number of interfering elements. Indium reacts similarly, forming a
InRHH complex which is converted into the 1:2 complex by excess of
reagent at pH 4·6.

AZQ-DIHYDROXY dyes, especially those derived from pyridine, are sensitive chromo
genic reagents for gallium and indium. 1-(2-Pyridylazo)-2-naphthol1- a and 4-(2
pyridylazo)resorcinol (PAR)4-9 have both been used despite the fact that various
complexes (MHR2+, MR+ and MR2-, where H2R is the reagent) may be formed
under very similar conditions. This paper describes the reaction of gallium and
indium with the thiazolyl analogue of PAR3 4-(2-thiazolylazo) resorcinol (TAR).

EXPERIMENTAL

Reagents

Gallium perchlorate solution. "Specpure" gallium oxide (Johnson and Matthe}) was fused with
potassium pyrosulphate, and the cooled melt dissolved in dilute sulphuric acid. Gallium hydroxide
was precipitated by addition of ammonia, separated, and dissolved in perchloric acid (1 + 1). The
solution was diluted to about IN acidity and standardized gravimetrically via gallium oxide.

Indium perchlorate solution. "Specpure" indium oxide (Johnson and Matthey) was treated by
repeated addition and evaporation of 35 %vlv perchloric acid, being finally dissolved in 2Mperchloric
acid and standardized gravimetrically.

TAR solutions. A purified sample was twice recrystallized from hot ethanol, and its purity checked
by elemental analysis, water and ash determination, titration with chromium(II) chloride1o and
descending chromatography with butanol-acetic acid-water (2: 1: 1). Solutions were prepared in
sodium hydroxide, pH 11-12, or in ethanol.

Buffers. The pH was generally adjusted with perchloric acid, ammonia and sodium hydroxide.
Buffers were used only in the practical procedures, and were 1M acetic acid adjusted to pH 4'2,
4·6 or 5·0 with sodium hydroxide, or were 0·5M pyridine adjusted to pH 4,2,5'0 or 5·5 with perchloric
acid. The ionic strength was kept constant at 0·1 by addition of sodium perchlorate. The pH values
for 30 %vIv ethanol solutions are uncorrected.

Physical constants for TAR

The following values were used,u

pKal (NH+) 0'98; pKas (p-OH) 6·23; pKa• (o-OH) 9·44

500nm
530nm

cH.R+
2·90 X 104

1·18 X 104

cHsR
3·46 X 10'
3·40 X lOs

681

cRH
2·04 X 104

6'01 X 10'

cRs
3·31 X 104

3'07 X 104
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FIG.8.-Plots of apparent molar absorptivity vs. ligand concentration in 30% v/v

ethanol at 530 nm, for indium.
pH: 1-4·130 2-4'60; 3-5'07; 4-5-13; 5-6·07.

accessible pH values and concentrations for the reagent. At Amax for the complexes the
reagent in excess has a relatively high absorbance, so a wavelength of 525-535 nm was
selected for measurements. The absorbance of the reagent strongly increases as the pH
rises above 5'0, a further reason for choosing pH 5,0-5,2 for the method. Acetate and
some other buffers (0'1M) do not influence the absorbance at pH 5·05 but considerably
decrease it at lower pH values. Some buffers that do not affect the absorbance do not
have adequate buffer capacity at pH 5. A pyridinium perchlorate buffer (0'05-O'1M)
does not affect the absorbance at pH 4,15-5,60 and is therefore preferred. The selec
tivity can be increased by working at lower pH but the concentration of reagent must
then be increased. Decreasing the pH below 4·6 is not recommended since the necessary
excess of the reagent cannot be added because of the limited solubility of the reagent;
the absorbance of the reagent even at 525-530 nm has also to be taken into account.
There is some freedom in choice of pH and reagent concentration, but strictly the
same conditions must be used for the samples and standards. The Lambert-Beer law
is obeyed at 525-530 nm for 0,15-1,6 pg of gallium per ml at pH 4,1-5·6 in solutions
containing 30% v/v ethanol and 0'05M pyridine buffer, with constant reagent con
centration in the range 7·24-3·50 X 10-4M, and up to 2·4 pg/ml for indium at
pH 5,1-6,0 for CR 7·24-4·20 X 10-4M. The apparent molar absorptivities are as
follows.

5'00 5.25 5'55
~(---3'51 x 10-4__--+)
18 18 18

5·68 X 10'

5·06 5·25 5'57 6·04
~(----4'20x 10-4 ~

5·02x 10' 5·25X 10' 5'21 X 10'4'47X 10'

5'78 X 10'

Gallium
pH 4-18 4'35 4·60
CR, M ~(---7'24X 10-4'----+)
CR/C~[ 28 32 32
e(525 nm)

5·09xI04 5'65x104 5'72 X 104 5'90xI0'
Sensitivity: 0'014-0,012 mg/cm2 for A = 0'01

Indium
pH 4·23 4'60 4·72 4'85
CR, M -( 7·24 X10-' )
e(530nm)

3·08xI0· 3·50xI0· 3·9IxI0· 4·40xI0·
Sensitivity: 0,037-0,022 mg/cm2 for A = 0·01



Reaction of gallium and indium with 4-(2-thiazolylazo)resorcinol 689

Procedure

To 4-10 ml of slightly acid sample (,-..,(J·lN hydrochloric or sulphuric acid) in a 50-ml volumetric
flask add 5 ml of 0·003 % Pentamethoxyl Red in 96 % ethanol and neutralize by dropwise addition
of O·lM ammonia (do not let pH rise above 3·5 or indium will hydrolyse). Add 10 ml of 0·04 % (for
gallium, 0'047% for indium) wjv solution of TAR in ethanol and 2·5 ml of 1M pyridine buffer
(pH 5·D-5·2 for Ga, 5·2-5·3 for In) and dilute to the mark with water. Check that the pH of the solu
tion is the same as that used for the calibration curve. Measure the absorbance after 15 min at
525 or 530 nm against water.

Precision

The standard deviation19 was measured for 10 readings at each of three gallium
concentrations and found to be 0,006, 0·005 and 0·007 flgjml for concentrations of
0,270, 0·674 and 1·078 flgjml respectively.

Interferences

The concentrations of some interfering species causing relative errors of ±5 %in
determination of 0·67 flg of gallium (CR = 5'74 X 1O-4M) or 1'53 flg of indium
(CR = 6·16 X 1O-4M) per ml at pH 5,0-5,1 and 520 urn are summarized in Table II.

TABLE II.-INTERFERENCE LEVELS

Ion
Tolerance, p,gjml

Ion,
Tolerance, p,g/ml

Ga In Ga In

BiH 0·19 0·20 F- 11·8 10·0
SO,·- 13-6

FeH 0·05 0'58 PO.'- 183 4·3
S.O.'- 2·5

Zn'+ 0·36 0·24 MoO.'- 11·1 15·9
N02- 2·9

CdH 2·51 1·65 WO.2- 3·5 1·8
AsO"- 7·9

PbH 0·42 0·33 citrate 0·14 0·11
ascorbinate * 42-4

ScH 0·03 0·03 oxalate 0·06 0·09
InH 0·07 tartrate 2·4 0·86
GaH 0·03 borate *
UO.'+ 0·24 0·19 sulphosalicylate 85·0 46·9
ZrH 0·04 0·04 phthalate 0·57
ThH 0·35 0·47 hypophosphite * 98·7

hydrazine 124'5
Cu'+ 0·14 0·12 yH 0·51 0'23
V5+ 0·07 0·06 Mn'+ 48·6 43·5
ErH 0·18 0·12 Be2+ 8·1 23-4

AlH 56·7

*No interference by large excess.

The large number of interfering ions severely limits the usefulness of the reagent,
but Mg2+, Ca2+, Sr2+, Ba2+, Cl-, Be, 1-, NOa-, S042-, SCN-, and hydroxylamine
hydrochloride in large excess do not interfere. The interference of Cu2+ up to 40 flgjml
can be removed by adding 3 ml of 20 %wjv sodium thiosulphate solution before
the final dilution. Reduction of Fe3+ to Fe2+ is without effect since Fe2+ also interferes
strongly.

Acknowledgements-Thanks are due to Miss N. Moukova for her experimental assistance.
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dichromate may be readily extracted from aqueous solution. The reagent shows a
tendency to decompose.

Triphenylselenonium cation. This was examined first as a reagent for bismuth and
cobalt by Potratz and Rosen.24 Ziegler and Pohl95 show that the ion is suitable for the
detection of 5 flg of perchlorate in the presence of a 100-fold excess of chlorate.
Further, the conditions are described for the estimation of chromium in cast iron and
steels containing manganese, vanadium and molybdenum. Good agreement with
specifications was obtained for determination in standard steels. The precipitation of
triphenylselenonium ion with tetraphenylborate anion was shown to be quantitative.
Ziegler and Riedel96 show that 10-200 flg of mercury(II) can be extracted as the
chioro-complex into methylene chloride, and afterwards can be estimated at 310 nm
as colloidal mercury(II) sulphide in the methylene chloride phase. Shinagawa et
al.97 ,98 show that the amperometric titration of bismuth as either tetraiodobismuthate
or tetrachlorobismuthate with triphenylselenonium chloride in 0'2-0'3M hydro
chloric acid allows determinations to within ± 1·0%to be made.

Triphenyltelluronium cation. This was first examined as a reagent by Potratz
and Rosen24 who described spot tests for cobalt and bismuth based on precipitation of
the thiocyanate and iodo-complexes respectively. Shinagawa et al.99 have studied the
bismuth reaction and have shown that it is sensitive to a few tenths flg and may be
followed polarographically.

COMPARISON OF METHODS

In general the reactions of the onium ions are very similar. Any advantage which
one onium ion has in a particular determination arises from a slightly more favourable
solubility product or extractability of the ion-association complex formed with the ion
to be determined. The availability or ease of preparation of salts of the onium ion
must also be taken into account in selecting a suitable onium reagent.

Analytical methods in which onium compounds are used compare very favourably
with other methods, and in many cases have distinct advantages. Thiocyanato
extraction methods for iron,56 cobalt39 and tungsten,44 for example, are improved if
the tetraphenylarsonium salt rather than the free acid is extracted. The pH of the
aqueous phase is less critical and the colour of each extract is much more stable.
Similarly, the extraction of bis(dithio-oxalato)nickelate(II) as its triphenylmethyl
arsonium salt stabilizes the complex anion, and provides one of the most sensitive
and satisfactory colorimetric methods for nicke1.60

The solvent extraction procedures developed for rhenium,7-n, technetium17,18
and boron27- 29 with tetraphenylarsonium chloride have improved greatly the selec
tivity, sensitivity and scope of methods of determining these elements. The method for
gold23 is extremely simple and rapid; that for manganese13 is reported to be highly
selective and more accurate, reliable and sensitive than any other permanganate
colorimetric method.

Tetraphenylphosphonium salts are reported to be generally more soluble than the
corresponding tetraphenylarsonium salts.66 The reactions of these two ions are very
similar, and there appears to be no analytical advantage in using the tetraphenyl
phosphonium ion. The latter is more easily synthesized66 but the cost of their com
mercially available chlorides is similar. The solubility oftetraphenylstibonium chloride
is so low66 that it is not a useful reagent except possibly for the extraction of fluoride.8o.81
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FIG. 4.-Continuous variations plot for the mercury(II)-Xylenol Orange chelate in
2·9M HMTA, pH 7. Reference solutions were 2·9M in HMTA and contained Xylenol

Orange where necessary.
l:1 630 nm, 8. 550 nm, 0 595 nm, • 580 nm, EB 585 nm, ~ 590 nm

The effect of hexamine concentration on the cadmium-Xylenol Orange-hexamine system was
noted by Otom04 who reported that the absorbance of the system increases with the buffer concen
tration. Similarly for the mercury(II) system the hexamine concentration should be as high as possible
to yield a linear relationship between mercury(II) concentration and absorbance. Even with 2·9M
hexamine, negative deviations from Beer's law were observed for solutions containing a large molar
excess of Xylenol Orange. This suggests that a single absorbing species is produced with increasing
hexamine concentration when Xylenol Orange is in excess. Xylenol Orange is an EDTA analogue
and therefore might be expected to form analogous metal chelates. Dwyer5 considers that mercury(!O
may not form a typical EDTA chelate in which the acetate groups are utilized. A paper by
Pi'ibil6 suggests that for steric reasons Xylenol Orange does not form EDTA type chelates but instead
forms 2: 2 binuclear chelates. Thus, the nature of the synergistic effect of hexamine on the formation
of the mercury(II)-Xylenol Orange chelate is not clear. It may actually enter into the chelate or
perhaps exert an ionic or stereochemical influence. Certainly excess of Xylenol Orange alters the
absorbing species considerably at low hexamine concentrations, but not at high, and the effect does
not occur appreciably when mercury(II) is in excess.

Department of Chemistry
Temple University
Philadelphia, Pennsylvania, U.S.A.

H.H. WALKER
J. A. POOLE

Summary-The reaction between mercury(II) and Xylenol Orange has
been studied in aqueous hexamine medium. The chelate is 1:1 and has
an apparent stability constant of 2·4 (±0.6) X 106 at pH 7 (2·9M
hexamine). Beer's law is obeyed over the concentration range 0·5
2'0 X 1O-5M mercury(I1) when the hexamine concentration is 2·9M.
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