








































Atomic absorption and spectrochemical methods for determining the noble metals-II 3

was amplified and the two signals were separated by a timed reed-switch in phase with the chopper,
and after amplification could be read by difference or transfer to a ratio recorder. Gold chloride and
added palladium dimethylglyoxinate were extracted together into a measured volume of isobutyl
methyl ketone. With a concentration factor of 10, gold concentrations as low as 0·004 ppm could be
determined. For lower concentrations of gold the volume of the ketone could be reduced. Because of
lower sensitivity, the palladium concentration in solution was increased two or three times to obtain
equal absorption signals. Change in air pressure had much less effect on ratio readings than on the
absolute absorption values, and loss of metal to the aqueous phase was compensated for by using
the internal standard method. For samples containing about 0·03 ppm of gold the standard deviation
for the fire assay was ±0'OO34 ppm; for the absorption method, ±0·OO09 ppm.

The determination of 0·01-0·5 ppm of gold in cyanide waste solutions by solvent extraction and
atomic absorption at 2428 A was discussed by Strelow et aU' After suitable treatment' the solution
was extracted with isobutyl methyl ketone. The organic phase was aspirated into the flame of a water­
cooler burner. There were no interferences from the many constituents sometimes present in wastes;
some of these were not co-extracted. The results gave good precision and accuracy, in comparison
with fire assay results.

Skewes1s determined gold in cyanide solutions, the best range being 5-50 ppm, and considered the
method to be more rapid and simple than fire assay or polarography. Both chloride and cyanide
solutions were examined. Optimum operating conditions were established. The effect of impurities
common in gold cyanide mill solutions was examined; it was necessary only to add EDTA at pH 11·0
to complex calcium, to allow free atomization in the spray chamber. There was excellent agreement
between atomic absorption and fire assay results. Recoveries from spiked solutions over the range
3-30 ppm were 100'5 ± 2'5%. The standard deviation was 1·3 ppm.

In limestone. 0lson19 considered four methods of preparing gold solutions for AAS: these were
acid extraction, solvent extraction, cyanide extraction, and fusion, but none was a reasonable adap­
tation of known methods of dissolution for ore analysis. However, Simmons'o later claimed that for
soft sandy ore with a high gold content the error for 0·5 troy oz per ton was 1%; for 0'05-1 oz per
ton it was 2 %. He stated that for different ore types the method of extraction could be appropriately
modified or aqua regia or an organic solvent used, and that "This result surely indicates that the atomic
absorption method is more dependably accurate than fire assay". The conclusion might more pro­
perly read that with the kind of gold ore used and with the techniques used by a particular group of
operators the values obtained by atomic-absorption were more precise. The question of accuracy can­
not be decided from the results in the report.

Ores and concentrates. Tindall" applied AAS to samples of varying types found in the copper
mining industry. Tails, concentrates and heads were assayed for gold and silver and the results com­
pared with those obtained by fire assay. The atomic-absorption method for gold and silver gave closer
agreement between assayed heads and calculated heads from flotation tests than did the fire assay.
However, one test on a concentrate yielded 0'070 oz of gold per ton by fire assay and 0·206 by atomic
absorption. In a second test the respective values were 0'580 and 0·553 oz per ton. Aqua regia
dissolution was followed by extraction of the gold bromide complex into isobutyl methyl ketone.
The extract was aspirated into the flame. The author found that the sensitivity was equal to that ob­
tained by fire assay and the precision was somewhat superior. The method was later modified" to
allow the determination of base metals; addition of hydrobromic acid for gold extraction was
found unnecessary.

In high-purity gold. The relative efficiences of atomic absorption, spectrochemical and fire assay
methods for determination of the fineness of gold were examined by Finkelstein and Lock.2' They
concluded that the indirect methods, atomic absorption and spectrochemical, by which the purity is
determined by difference from the sum of impurities, are fundamentally sound and capable of deter­
mining fineness of 999'5-999,95. Both spectrochemical and atomic-absorption methods were con­
sidered capable of determining the full range of impurities which occur in South African refined gold,
the former having great speed and the latter higher precision throughout the high-purity region. From
the practical point of view the fire assay was not generally applicable for a gold fineness of 999 and
for the 995 level the indirect techniques could prove to be serious competitors of the fire assay. On
the other hand, consideration of relative accuracies of the methods yielded anomalous results and the
authors concluded that "a good deal of further development work is necessary before the promise of
the indirect assay may be realized and applied to the routine assay of high purity gold." It should be
noted that the determination of the fineness of gold is a special problem. The atomic-absorption
method will not recognize impurities beyond its sensitivity limits and the total of the unrecognized
impurities may sometines be significant; this difficulty applies also, but with lesser force, to emission
spectroscopy, and neutron activation methods may well find use in this problem.

In copper. An atomic-absorption technique which might well be applied profitably to the analysis
of noble metal ores was described by Gatehouse and Walsh.24 The flame was replaced by a sputtering
chamber with a cylinder of sample fitted into its lid. The discharge current could be varied according to









































































































Substituted hydroxylamines 59

cobalt(II), chromium(II), iron(III), manganese(lI), nickel(II) and zinc(II). Vana­
dium yields a mahogany-red precipitate with NBPHA but it is not possible to deter­
mine this element gravimetrically since the complex is colloidal in nature. The
oxidation state of tin in the tin-NBPHA complex has been in doubt for some time.ss

Recently, however, the work ofBlakeley and Ryan74 and Lyle and Shendrikar17 proved
this to be tin(IV) rather than tin(II).

Although NBPHA was synthesized in 1919 and the solubilities of its metal deriva­
tives in organic solvents were noted as early as 1944,53 its application as an extractant
was limited until 1960 to a few elements only.l Today about two-thirds of all elements
are known to be extracted (see Table IV) under suitable conditions, and some novel
separations have been reported.75- 7s Separation factors17.79-82 for some pairs of
elements are given in Table V.

CONCLUSIONS

From Tables II and IV it may be seen that cupferron and NBPHA react under
similar conditions with many elements. Apart from the established stoichiometric
nature of metal derivatives of NBPHA, its stability to mineral acids offers a definite
advantage over cupferron.83 NBPHA precipitates antimony,17 giving a white precipi­
tate from 1M hydrochloric acid solution. The existing literature on antimony indi­
cates a lack of reliable and quick precipitation methods84 and therefore this reaction of
NBPHA merits further investigation. Reaction of magnesium, scandium, chromium
manganese, silver, zinc, cadmium and mercury with NBPHA has not so far been
studied in detail, and such a study might lead to some useful separations. The process
of precipitation could be facilitated by a study involving homogeneous precipitation
from solution. Only niobium has been studied in this way with NBPHA.85 For that
matter not much relevant work has been done with cupferron. So far only a few
elements have been studied by this technique of precipitation from homogeneous
solution86- 88 which has definite advantages over the direct precipitation methods.
Further substitution of the NBPHA molecule has been examined by Ellefsen et al.,89
but only copper has been determined.

The application of NBPHA as a colorimetric reagent is limited to a few ele­
ments.62.90-93 Attempts to use the reagent as an indicator have been recorded94.95

but more work is required in this field. Using paper impregnated with a solution of
NBPHA in 2-octanone, Fritz and Sherma96 have achieved a number of selective
separations by the paper chromatographic technique. NBPHA has been used in the
polarographic determination of tin and antimony.97 These two elements can be deter­
mined simultaneously in 1M hydrochloric acid solution in the presence of NBPHA.
The advantage over cupferron lies in its stability to acid and also in the greater range of
cathode potentials over which it is stable to reduction.97 The use of cupferron in
polarographic determinations is limited98 because the reagent itself is reduced polaro­
graphically relatively easily (£1/2 about -0,4 V). Solvent extraction studies of
lanthanide and actinide group elements with NBPHA are described61.99 and might
give some useful results.

It is therefore concluded that there is still considerable scope for development of
new methods of analysis with NBPHA and for further investigation of other hydroxyl­
amine derivatives. The furoyl derivative has some interesting properties1which might
repay further investigation. The N-methyl derivativelOO is highly soluble in water,
but not much work has been done with it. Similarly some hydroxytriazenes show









Substituted hydroxylamines 63

46. P. R. Kuehn, O. H. Howard and C. W. Weber, hlib., 1961,33,740.
47. W. M. Wise and W. W. Brandt, ibid., 1955,27, 1392.
48. R. L. Dutta, J. Indian. Che/n. Soc., 1958,35,243.
49. Idem, ibid., 1959,36,285.
50. Idem, ibid., 1960,37,167.
51. Idem, ibid., 1959,36,339.
52. E. Bamberger, Ber., 1919,52,1116.
53. S. C. Shame, Current Sci. (India), 1944, 13, 257.
54. J. Das and S. C. Shome, Anal. Clrim. Acta, 1961,24,37.
55. S. K. Sinha and S. C. Shome, ibid., 1959,21,415.
56. B. Das and S. C. Shome, ibid., 1965, 32, 52.
57. H. R. Das and S. C. Shome, ibid., 1962,27,545.
58. V. R. M. Kaimal and S. C. Shome, ibid., 1962, 27, 298.
59. Idem, ibid., 1964, 31, 268.
60. S. K. Sinha and S. C. Shome, Current Sci. ([//ilia), 1957,26,249.
61. D. Dyrssen, Acta. Chem. Seand., 1956, 10,353.
62. S. C. Shome, Anal. Chem., 1951, 23,1186.
63. Idem, Analyst, 1950,75,27.
64. S. K. Sinha and S. C. Shome, Anal. Clrim. Acta, 1959, 21,459.
65. 1. P. Alimarin and S. A. Hamid, Zh. Analit. Khim., 1963, 18, 1332.
66. F. J. Langmyhr and T. Hongslo, Anal. Chim. Acta, 1960,22,301.
67. A. K. Majumdar and A. K. Mukherjee, NatunvissensciUlfien, 1957,44,491.
68. D. E. Ryan and G. D. Lutwick, Can. J. Chem., 1953,31,9.
69. J. Das and S. C. Shome, Anal. Clrim. Acta, 1962,27,58.
70. D. E. Ryan, Can. J. Chem., 1960,38,2488.
71. 1. P. Alimarin and T. Yung-Schaing, Talanta, 1962,9,9.
72. B. Das and S. C. Shome, Anal. Chim. Acta, 1968,40,338.
73. R. A. Meyer, J. F. Hazel and W. M. McNabb, ibid., 1964,31,419.
74. J. H. Blakeley and D. E. Ryan, Analyst, 1964,89,721.
75. J. Chwastowska and J. Minczewski, Chon. Anal. (Warsaw), 1963. 8, 157.
76. B. F. Myasoedov, E. S. Palshin and P. N. Palei, Zh. Allali!. Kllim., 1964, 19, 105.
77. 1. P. Alimarin and O. M. Petrukhin, Analytical Chemistry, (1962), Eds. P. W. West, A. M. G.

Macdonald and T. S. West, p. 152. Elsevier, Amsterdam, 1963.
78. E. E. Rakovskii and O. M. Petrukhin, Zh. Analit. Khim., 1963, 18, 539.
79. S. J. Lyle and A. D. Shendrikar, Talallta, 1966, 13, 140.
80. Idem, Anal. Chim. Acta, 1965, 32, 575.
81. Idem, Talanta, 1965, 12, 573.
82. Idem, Radiocllimica Acta, 1964, 3, 90.
83. R. Belcher and C. L. Wilson with T. S. West, New !vfctllOds ill Analytical Chemistry, 2nd Ed.,

Chapman & Hall, London, 1966.
84. P. Morrison, Comprehensive Analytical Chemistry, Vol. I., Eds. C. L. Wilson and D. W. Wilson,

p.252. Elsevier, Amsterdam, 1962.
85. Te-Zhung and Ying Tiang, Acta. Chim. Sillica, 1962,29,332.
86. A. H. A. Heyn and H. G. Dave, Talanta, 1960,5,119.
87. Idem, ibid., 1966,13,27.
88. Idem, ibid., 1966, 13, 33.
89. P. R. Ellefsen, L. Gordon, R. Belcher and W. G. Jackson, ibid., 1963, 10,701.
90. F. Aoki and H. Tomioka, Japan Analyst, 1964, 13, 1024.
91. Nee-Che-Ming and Liang Shu-elman, Sci. Sinica. (Pekill!,'), 1963, 12, 1940.
92. Idem, Acta Chim. Sinica 1963,29,403.
93. D. E. Ryan, Analyst, 1960,85,569.
94. V. R. M. Kaimal and S. C. Shome, Anal. ChillI. Acta, 1962,27,594.
95. H. R. Das and S. C. Shome, i!>id., 1966,35, 256.
96. J. S. Fritz and J. Sherma, J. Chl'Omafl~r:., 1966, 25, 153.
97. A. D. Shendrikar, Ph.D. Thesis, Durham University, England, 1966.
98. P. J. Elving and A. F. Krivis, Anal. Gem., 1957,29,1292.
99. M. K. Chmutova, O. M. Petrukhin and Yu. A. Zolotov, Zh. Analit. Khim. 1963, 18, 588.

100. H. K. L. Gupta and N. C. Sogani, J. Illdian Choll. Soc. 1963,40,15,
101. V. C. Bass and J. H. Yoe, Talanta, 1966, 13, 735.
102. A. R. Fields, B. M. Daye and R. Christian, Jr., ibid., 1966,13,929.

5



Talanta, 1969, Vol. 16, pp. 65 to 73. Pergamon Press. Printed in Northern Ireland

FLUORESCENCE CHARACTERISTICS OF INORGANIC
COMPLEXES IN HYDROCHLORIC ACID MEDIUM

AT LIQUID-NITROGEN TEMPERATURE

G. F. KIRKBRIGHT, C. G. SAW and T. S. WEST
Chemistry Department, Imperial College, London, S.W.7.

(Received 14 May 1%8. Accepted 25 July 1968)

Summary-A study of the low-temperature fiuorescence characteristics
of the ions of 55 elements in concentrated hydrochloric acid is reported.
The spectral characteristics. e1fects of hydrochloric acid concentration
and time, calibration linearity and sensitivity for Sb(II1), Bi, Ce(III),
Pb, Te(IV), TI(I) and Sn(IV) have been investigated. Uranium(VI),
copper(I) and antimony(V) also exhibit fluorescence under these
conditions. The detection limits using a commercial spectrofluorimeter
with modified sample cells are Sb(lII), lO-GM; Bi(III), 1O-8M;
Ce(III), lO-'M; Pb, 1O-8M; Te(IV), lO"M; 1'1(1), 1O-6M; Sn(IV),
lO-<M. The suitability of some inorganic acid solvents for clear glass
formation at -196° is also investigated.

SEVERAL workers have demonstrated that certain metal chelate complexes may show
an increased fluorescence intensity at low temperatures compared to that obtained at
room temperature.1.2 Bozhevol'nov and Solov'ev3 have studied organic chelate
complexes of elements such as magnesium, niobium and gallium and shown, for
example, that a 100-fold increase in the fluorescence intensity at room temperature
of the niobium complex of 2,2' ,4'-trihydroxy-5-chloro-(l-azo-l ')-benzene-3-sulphonic
acid is obtained at -196°. These workers have also described the increase in fluores­
cence intensity which is obtained for lead and thallium in hydrochloric acid medium
at -70° and -196° respectively, compared to that at room temperature,4.5 and also
report that the fluorescence of tin in concentrated sulphuric acid at -70° may be
used for its determination. 6 The available optical geometries for fluorimetric analysis
have been reviewed by Parker.' Much previous workfi in low temperature fluorimetry
of inorganic materials has employed the technique of "frontal illumination", in
which the fluorescent radiation from the surface of the sample is viewed at an acute
angle to the incident radiation. This techniq ue is adopted because clear, rigid glasses
suitable for use with the conventional f1uorimetric "right angle" optical geometry
are difficult to produce in conventional sample cells for aqueous samples.

Although many solvents which form suitable glasses at low temperature have been
described,8.9 these are almost all organic liquids at room temperature. This paper
describes some inorganic acid solvents which form clear glasses at liquid-nitrogen
temperatures, and their use in a simple sample cell which may be used with the
conventional fluorimetric "right angle" geometry with the low-temperature attach­
ment of a commercial spectrofluorimeter. In this paper are described the fluorescence
emission characteristics of the ions of 55 clements in hydrochloric acid medium
at -196°, under which conditions antimony(lIl), antimony(V), bismuth, cerium(III),
copper(I), lead, tellurium(IV), thallium(l), tin(lV) and uranium(VI) exhibit charac­
teristic fluorescence. The spectral characteristics, effect of hydrochloric acid concen­
tration, stability of fluorescence emission and limits of detection for seven of these
elements have been studied.
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SPECTROPHOTOMETRIC DETERMINATION OF THALLIUM
WITH 4-(2-PYRIDYLAZO)RESORCINOL AND

4-(2-THIAZOLYLAZO)RESORCINOL

M. HNILICKOVA and L. SOMMER
Department of Analytical Chemistry, J. E. Purkyne-University,

Brno, Czechoslovakia

(Received 8 March 1968. Accepted 21 May 1968)

Summary-ThaIlium(III) gives sensitive reactions with PAR and TAR
(e = 2 X 104 at 520 nm), forming 1: 1 complexes at pH ,...,1-2, and a
mixture of 1:1 and 1:2 complexes at higher pH values; hydrolysis sets

, in above pH ,...,3. The stability constants are evaluated.

THALLIUM(III) gives very sensitive analytical reactions with heterocyclic azo dyes of
the pyridine and thiazole types in rather acidic medium, forming stable complexes
with this group of dyes. 1-(2-Pyridylazo)-2-naphthol (PAN) and 4-(2-pyridylazo)­
resorcinol (PAR) were earlier recommended as indicators for the EDTA titration or
spectrophotometric determination of thallium.1- 3 A number of heterocyclic azo dyes
such as PAR, PAN, 4-(2-thiazolylazo)resorcinol (TAR), 1-(2-thiazolylazo)-2-naph­
thol (TAN), 1-(2-thiazolylazo)-2-naphthol-3,6-disulphonic acid, 2-(2-thiazolylazo)-4­
phenol, 7-(2-pyridylazo)-8-hydroxyquinoline, 2-(2-thiazolylazo)chromotropic acid,
2-(2-thiazolylazo)-5-aminophenol and 2-(2-thiazolylazo)-5-dimethylaminophenoI4 •5

as well as 2-(2-thiazolylazo)-4-methoxyphenol (TAMH) and 2-(2-thiazolylazo)-5­
methoxyphenol (TAMR)6 were found suitable as indicators for chelometric titrations
of small amounts of thallium(III); 4-(2-N-methylanabasinoazo)resorcinol,7 5-(2­
pyridylazo)-2-monoethylamino-p-cresol and its 5-bromo and 3,5-dibromo derivatives8

have also been used.
Because of the need to define the working conditions closely when PAR was used

as reagent for thallium(III) the reaction has been re-examined in detail and compared
with the analogous reaction with TAR.

EXPERIMENTAL
Reagents

The purity of the PAR and TAR used was checked (a) by the mineral ash content found by
treatment with concentrated sulphuric acid and ignition at 800°, (b) by drying at 120° to constant
weight, (c) elemental analysis, (d) potentiometric titration with dichromate,· (e) descending paper
chromatography with n-butanol-2M acetic acid-methanol (3: 1:1) or n-butanol-2M ammonia­
ethanol (3: 1: 1).

The PAR content can also be determined by spectrophotometric titration with copper sulphate at
pH 3·1 in the presence of formate. Thallium(lII) perchlorate standard solution was prepared by
dissolving carefully washed thallium(III) hydroxide in perchloric acid (l + 1), filtering the solution
through a sintered-glass crucible and standardizing by EDTA titration with PAN as indicator. ' The
thallium(III) hydroxide was prepared by addition of 2M sodium hydroxide dropwise to 0'06M
thallium(l)-sulphate that had been oxidized with 3% hydrogen peroxide solution. ThaIlium(III)
perchlorate solutions (0'07M) in I-2M perchloric acid were stable for up to 5 months.

Buffers used were 1M monochloroacetic and formic acids adjusted to pH 2·4-3'1 with sodium
hydroxide, or 0·25M potassium hydrogen phthalate.

Ionic strength was adjusted to O' I by addition of IM sodium perchlorate. PAR was used in aqueous
solution and TAR in solution in O'OIM sodium hydroxide.
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124 Short communications

Zusammenfassung-Perchlorat in Chloratlosungen wird nach ZerstO­
rung des Chlorats durch Zugabe von Salzsaure gravimetrisch als
Tetraphenylphosphoniumperchlorat bestimmt. Die StOrung durch
Eisen(III) und Chrom(IIl) wird durch Komplexbildung mit Weinsaure
verhindert. Mehrfachanalysen einer Natriumchloratlosung, die
NaCIOa, NaC!, Na2Cr20, und 390 ppm NaCIO. enthielt, ergaben
405 ppm NaCIO. (Standardabweichung 19 ppm, 12 Ergebnisse).

Resume-On dose gravimetriquement Ie perchlorate present dans les
solutions de chlorate al'etat de perchlorate de tetraphenylphosphonium
apres destruction du chlorate par addition d'acide chlorhydrique. On
evite les interferences de Fe(III) et Cr(III) par complexation avec l'acide
tartrique. Des analyses repetees d'une solution de chlorate de sodium
contenant NaCIOa, NaCI, Na2Cr20, et 390 p.p.m de NaCIO. ont
donne 405 ppm de NaCIO. (ecart type 19 ppm, 12 resultats).
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Extraction of vanadium into isobutyl methyl ketone*

(Received 30 April 1968. Accepted 25 July 1968)

THE increase in sensitivity gained in atomic-absorption spectroscopy by use of organic solvents,
especially water-immiscible ones to concentrate a metal chelate in the organic phase, is well known.'

Determination of metals which form refractory oxides is possible only in a high-temperature,
fuel-rich, reducing flame. Sachdev et al.2 extracted vanadium as the cupferronate into a mixture of
isobutyl methyl ketone (IBMK) and fatty acids (4: 1 vfv) and used the solution for atomic-absorption
work. The effect of chloroform, ethyl acetate, IBMK, and n-butanol on the absorption signal for
standard vanadium solutions indicated that IBMK gave the greatest signal. Clearly, extraction of
vanadium into IBMK would be the best choice for an atomic-absorption method. The present paper
describes such an extraction.

* Publication authorized by the Director, U.S. Geological Survey.
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NOTICE OF MEETINGS

GORDON RESEARCH CONFERENCES

Santa Barbara, California

20-31 January 1969

The Winter Gordon Research Conferences will be held on Electrochemistry, and Polymers.
Requests for membership in the Conferences or for additional information should be addressed to
Dr. Alexander M. Cruickshank, Director, Gordon Research Conferences, University of Rhode
Island, Kingston, Rhode Island, 02881, U.S.A.

THIRD TORONTO SYMPOSIUM ON THERMAL ANALYSIS

Sponsored by The Toronto Section, Chemical Institute of Canada

"The Inn on the Park", Toronto

25-26 February 1969

The Symposium will feature three half-day sessions on Frontiers in Thermoanalytical Techniques,
Quantitative Thermal Analysis, and Frontiers in Thermoanalytical Applications, and a half-day
session of short reports on new methods. At the Symposium Banquet, the second Mettler Award
in Thermal Analysis will be presented. The North American Society for Thermal Analysis (NATAS)
will present its constitution and programme for 1969, and elect the new executive. All major suppliers
of thermoanalytical instrumentation will exhibit their latest equipment.

For details and registration forms contact Dr. H. G. McAdie, Ontario Research Foundation
Sheridan Park, Ontario, Canada.
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