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BANKS FASSEL COOK

DALLMANN

by this review along with titanium,
thorium, uranium, and the rare
earths. He and Dr. Banks are
coauthors of a review of the wet
chemical methods for the separa
tion and determination of titanium,
zirconium, hafnium, YanadiuID, nio
bium, tantalum, chromium, molyb
denum, and tungsten for "Progress
in Nuclear Energy, Series IX, Ana
lytical Chemistry" and a chapter
discussing wet chemical methods
for the separation and determina
tion of thorium in "Analysis of Es
sential Nuclear Reactor Materials."
He is a member of the ACS.

Charles V. Banks is Professor of
Chemistry at Iowa State t:"niyersity
and group leader, Senior Chemist,
and Scction Chief with the Ames
Laboratory of the Atomic Energy
Commission. His research inter
est-s include fundamental studies of
the factors responsible for the selec
tivity of organic analytical rea
gents; solution chemistry of metal
ions; and separation techniques.
He is active in the determination of
gases and other trace impurities in
metals and metal salts and in the
general analytical chemistry of
such elements as U, Th, rare earths,
Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and
W. Hc has published well over 100
research papers over the past 20
years. Dr. Banks is a member of
several honorary and scientific so
cieties including the ACS and
AAAS.

Simultaneous
Determination of Oxygen
and Nitrogen in Metals by
Carrier-Gas Fusion
Extraction
Wayne E. Dallmann is a chemist
with the Ames Laboratory of the
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U. S. Atomic Energy Commission,
located at Iowa State University.
He received the B.A. degree in
chemistry from Mankato State
College in 1960, after which he
began his appointment at the Ames
Laboratory. In 1964 he received
the M.S. degree in analytical chem
istry from Iowa State University.
His principal interest is in the de
termination of gases in metals and
metal salts, on which subject he has
coauthored several papers with Dr.
V. A. Fassel. He has been con
cerned primarily with the develop
ment and refinement of high tem
perature fusion-extraction analyti
cal procedures and apparatus, and
for the past several years has been
in charge of the extensive experi
mental facilities at the Ames Labo
ratory for the determination of the
gaseous elements in metals. He is a
member of the Phi Lambda Upsilon
honorary chemical society.

Velmer A. Fassel is Professor of
Chemistry at Iowa State University
and Section Chief with the Ames
Laboratory of the Atomic Energy
Commission. His undergraduate
training was received at Southeast
Missouri State College and he holds
the Ph.D. degree in physical chem
istry from Iowa State University.
His research interests are in the ap
plication of atomic and molecular
emission and absorption spectrosco
py to analytical problems, correla
tion of infrared spectra with molec
ular structure, and high tempera
ture-high vacuum analytical tech
niques. He has published more
than 85 research papers, and served
as coeditor of Specb'ochimica Acta
from 1952 to 1965. He now holds
the office of Secretary of the Com
mission on Spectrochemical and
Other Optical Methods of Analysis

WILLIAMS

of the International Union of Pure
and Applied Chemistry. The an
nual Medal Award of the Society
for Applied Spectroscopy was pre
sented to Professor Fassel in 1964
and he has been elected to Fellow
membership in the Optical Society
of America and the American As
sociation for the Advancement of
Science.

Pesticide Residues
Sidney Williams is Assistant Chief,
Pesticides Branch, Division of Food
Chemistry, U. S. Food and Drug
Administration, Washington, D. C.
Mr. Williams received his B.S. and
M.S. degrees in chemistry from the
University of Massachusetts.
Since joining the Food and Drug
Administration in 1941, he has
served in a number of capacities at
various locations throughout the
United States. Much of this work
was concerned with the analysis of
pesticide residues in many different
food products. For a number of
years he was group leader of a team
analyzing for pesticide residues. In
his present position he assists in the
supervision of the development of
methods of analysis for pesticide
residues and evaluation of data de
veloped from those methods. He is
a member of the American Chemi
cal Society and the American Asso
ciation for Advancement of Science.

J. William Cook is Deputy Direc
tor of the Division of Food Chemis
try, Bureau of Science, Food and
Drug Administration, Washington,
D. C. He received his B.S. degree
in 1935 and his' M.S. degree in 1938
from Oregon State College. He
worked in the field of poultry nutri
tion at Washington Agricultural
Experiment Station before becom-
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THE ARTICLES that comprise this nineteenth Annual Review issue of
AXALYTICAL CHDIISTRY were prepared, upon im·itation of the

Editors, by authorities drawn from the highest ranks of uni\·ersities,
industry, and government. There is no doubt that reviews on timely
subjects are in great demand. Ho\,-ever, both editors and authors are
constantly seeking ways to present meaningful critical re\·iews, espe
cially in those areas of burgeoning research that cause one to question
how any re\·iew at all can be useful, regardless of its criticality or the
care which goes into its preparation. The job of the authors in this
respect is the most difficult: they must h'.,sband their resources, sift
through enormous compi lations for the most notable developments, and
report in the briefest of forms the efforts of their labors. In turn, the
EditOl·s must continue to seek the mo,t appropriate topics for future
presentation, and, more important, for authors with the highest qualifi
cations to prepare the reviews. We hope you will find in this issue, as
in the many that preceded it, that the efforts of the authors ha\·e led to
articles of inestimable value to scientists interested in applied analysis.
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Another investigation showed that in
collecting hydrogen sulfide in cadmium
hydroxide the midget impinger could be
used at 3 liters per minute, and that a
multijet bubbler could be used at 15
liters per minute (276). In this same
work, sulfur dioxide at 33 pphm in
creased the absorbance by 15%, ozone at
24 pphm decreased the absorbance
slightly, and nitrogen dioxide had little
or no effect. A portable hydrogen sul
fide analyzer has been developed which
achieves good sensitivity by use of tetra
acetoxymercurifluorescein as a fluores
cent indicator for hydrogen sulfide (9).
A potentiometric method for low coqcen
trations of hydrogen sulfide that uses
sulfide-sensitive electrodes was reported
(190). Membrane filters impregnated
with lead acetate have been used in
another method for hydrogen sulfide
(196). Sulfur dioxide interference was
eliminated by use of a potassium bicar
bonatEr-impregnated filter; however, ni
trogen dioxide also can interfere above
20 pphm.

Fading of the lead sulfide spots in the
lead acetatEr-impregnated paper-tape
samplers can be caused by oxidation by
air or ozone or by the action of sulfur di
oxide and light (230). o-Phenyl phenol
was an effective antioxidant, but use of
this compound is not recommended for
quantitative determination of hydrogen
sulfide (230). In another investigation
parallel fading characteristics of the lead
sulfide spots also were observed, and a
lack of reliability of lead acetate paper
tapes in automatic samplers was sug
gested (200). A mercuric chloride re
agent for paper-tape sampling was de
veloped which does not fade in light or
under prolonged exposure to 10 ppm of
ozone, nitrogen oxides, and sulfur di
oxide (200).

Nitrogen Oxides. Glass-fiber disks
impregnated with acid dichromate
were evaluated for use in oxidizing
nitric oxide to nitrogen dioxide (121,).
Although this process is 25% more effi
cient than the standard permanganate
bubbler at relative humidities hetween
19 and 46%, the efficiency of the acid di
chromate decreased rapidly as the rela
tive humidity was increased above 46%
(123). A modification of the permanga
nate oxidation involving permanganate
reagent on glass beads was useful at
concentrations up to 4 ppm of nitric
oxide at relative humidities between 10
and 70% (36).

A study of the stoichiometry and of
potential interferences with the reagent
formulated by Saltzman has been re
ported. The investigators disagree
with the 0.72 stoichiometry factor re
ported earlier (229), and find instead 1 .
mole of nitrogen dioxide equivalent to 1
mole of nitrite (266). These workers
found no interference from fluoride,
formaldehyde, or nitric oxide but
claimed some interference from sulfur di-
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oxide, which could he eliminated by ad
dition of sodium tetrachloromercurate.
No significant sulfur dioxide interference
with this type of coupling reaction with
nitrogen dioxide has been found in other
recent investigations (183, 276).

The method based on the Saltzman
type reagent and the Jacobs-Hochheiser
method were compared by analysis of at
mospheric samples for nitric oxide and
nitrogen dioxide (107). A colorimetric
reagent with rapid color development
and with improved intensity and sta
bility has been formulated for nitrogen
dioxide analysis; sodium 2-naphthol
3,6-disulfonate (R-salt) is used as a pro
moter and tartaric acid is substituted for
acetic aci<;l (162). Because it requires
only a few minutes for full color develop
ment this reagent is of special interest
for use in monitoring instrumentation.
In other work, acetic acid was omitted
from the Saltzman reagent formulation
for use in a continuous analyzerj results
were satisfactory, and the reagent is less
toxic, less corrosive, and less expensive
(71).

A more detailed study of various azo
dye reagent formulations resulted in the
use of a reagent containing citric acid,
and sulfanilamide with N-(I-naphthyl)
ethylenediamine in water (182). In
analysis of nitrogen dioxide by an Auto
Analyzer unit the reagent contained
phosphoric acid, sulfanilamide, and N
(l-naphthyl)ethylenediamine in water
(178).

A method was developed for the anal
ysis of both nitric oxide and nitrogen di
oxide in the 100- to 5000-ppm range by
formation of the FeSO.· NO complex and
speetrophotometric measurement at 445
or 580 mIL (136). Another procedure for
nitric oxide and nitrogen dioxide in
volved collecting in alkaline solution,
acidif}~ng, adding hydrogen peroxide,
making basic and evaporating, reacidify
ing, adding hydrogen peroxide, making
basic and evaporating, reacidifying, add
ing o-hydroxybenzoie acid, diluting with
alkali, and reading color intensity (135).

Ozone and Oxidants. A group of
laboratory analytical methods in
cluding the colorimetric potassium
iodide, phenolphthalein, sodium di
phenylamine sulfonate, fluorescein,
and 4,4'-dimethoxystilbene reagents
and the nitrogen dioxide equivalent
and rubber-cracking methods were
evaluated for collection and analysis
of low concentrations of ozone (101).
The nitrogen dioxide equivalent method
was preferred for ozone, but rubber
cracking proved convenient for field sur
vey work.

Another comparison study evaluated
the utility of the colorimetric potas
sium iodide, coulometric, and galvanic
type analyzers, an ultraviolet photom
eter, and rubber cracking in appliea
tion to atmospheric analysis (1,13). Dif
ferences in response to atmospheric

samples were attributed to differences in
response to interferences. In a third
study of various ozone and oxidant
methods, a wide variety of existing and
new methods were considered with re
spect to sensitivity and specificity for
ozone, nitrogen dioxide, hydrogen per
oxide, alkyl hydroperoxides, peroxyacyl
nitrates, acyl peroxides, and peracids
(215). These methods were evaluated
for their effectiveness in differentiating
the various types of oxidant material.

A newly developed spectrophoto
metric method for ozone involves rcac
tion of ozone with 1,2-di-(4-pyridyl)
ethylene in glacial acetic acid and forma
tion of pyridine-4-aldehyde; which is
reacted with 3-methyl-2-benzothiazoli
none hydrazone hydrochloride (3
MBTH) to form an azinc that can be de
termined at 442 mIL (97). Calibration,
precision, and sensitivity, air sampling,
and interferences have been considered.
Sulfur dioxide, nitrogen dioxide, per
oxyacyl nitrate, and otilCr oxidants do
not interfere appreciably (97). How
ever, hydrogen peroxide will interfere
significantly if present in concentrations
comparable to those of ozone (215). A
new method for atmospheric oxidant is
based on the oxidation in ethanol of 9,10
dihydroacridine to the fluorescent acri
dine, acidification with acetic acid, and
measurement at 482 mIL (288). The
sensitivity of the method is high, and the
product is stable within 1 hour after
sampling. Sulfur dioxide and hydrogen
peroxide do not interfere, but nitrogen
dioxide interferes significantly. A
chemiluminescence method for ozone in
volving use of gallic acid with rhodamine
B has been investigated (16). A record
ing potentiometric analyzer for oxidants
using NILFe(C,O.), as a reducing agent
has been reported (re68).

Other Inorganic Gaseous Pollut
ants. Phosgene has been determined
in the part-per-billion range and
higher by electron-capture gas chro
matography (208). Various colori
metric reagents for phosgene were eval
uated ill liquid solution, impregnated on
paper, and on granular solids (151).
Hydrogen cyanide has been determined
electrometrically by bromine titration
with biamperometric indie-ation at con
centrations from 0 to l!'g per liter (1363).

ORGANIC GASES AND VAPORS

Applications of gas chromatography
and infrared spectroscopy to the deter
mination of organic pollutants have bcen
reviewed (88). Portable instruments
have been fabricated and evaluated for
total organics and gas chromatographic
analysis of trace constituents (89).
Preliminary results in evaluating sub
strates for subtractive analysis or reac
tive organics in air have been reported
(19J,) . Combinations of various sub-

































































































































































hydrogen and nitrogen, good results
were claimed (.96) for hydrogen in
steel.

Nitrogen. Several Hwet" chemi
cal and instrumental methods were
dcscribed for nitrogen analysis in
plain carbon and silicon steels (350).

Modifications of the Kjeldahl distilla
tion separation indophenol-blue method
(7, 23), and of the isobutyl alcohol
indophenol-blue solvent extraction were
reported (261, 396). Elcctrochemical
methods wcre based on the conducto
metric determination of nitrogen ab
sorbed as ammonia in sulfuric acid (180)
and on the analysis of the gases liberatcd
during the anodic dissolution of the
sample (.96). This latter method is
also suitable for the simultaneous deter
mination of hydrogen and nitrogen.

Complete extraction of nitrogen from
steel, is still a great problem. Vacuum
fusion and vacuum hot extraction tech
niqucs were critically evaluated and
compared with other methods (193).
Various oxidizing fusion techniques (52),
an iron bath (476), a platinum bath
(149), an addition of nickel-cerium
alloy and emptying the crucible after
each determination (178), and other
small modifications (20, 176, 177, 212,
302) were recommended for the estab
lished vacuum fusion determination
of nitrogen in steeL Oxidation fusion
was also applied to the determination of
ni trogen in slags (98).

Direct current carbon arc excitation
was used prior to the gas chromato
graphic determination of nitrogen (569).
Several modifications were made to im
prove carrier gas fusion method (76,
147, 215, 270, 271, 297, 390) and the
isotopic dilution technique (151, 152,
171, 419).

Oxygen. New standards for
oxygen in steel became available
through the National Bureau of
Standards (371) and the preparation
of standards for oxygen determination
in steel from aluminum isopropoxide
and iron powders was reported (105).

Nephelometric methods were used
when no analyzers were available for the
determination of oxygen in steels (237,
352).

While neutron activation analysis
became a practical approach for the
determination of oxygen in steels (40,68,
82,168,169,307,339,340,375,422,424,
550, 572) and metal powders (409),
various vacuum fusion methods still
play an important role (176, 212, 302,
534), and modifications of the carrier
gas fusion techniques (76,147,215,235,
284, 297, 390, 553) are commonly used
for the routine determination of oxygen
in steeL

In vacuum fusion (20, 176, 318, 514)
and carrier gas fusion (235) techniques,
and in neutron activation analyBis, very
rapid methods were developed requiring
only one to two minutes for each oxygen
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determination. Unfortunately, the sam
pling and sample preparation tech
niques are much slower (1,94,213, 316,
420, 463, 520).

In connection with vacuum fusion
techniques, the effects of aluminum and
manganese (303), the sources of errOr
with aluminum-killed steels (297, 319)

. and the mechanism of the reduction of
oxide inclusions (44) were studied. The
effect of a platinum bath was also crit
icallyevaluated (149).

Most carrier gas fusion methods were
based on the gas chromatographic meas
urement of oxygen, but coulometric
titration (1, 1.90) and conductometric
(464) methods were also used for steels,
and gravimetric methods were used for
the macro determination of oxygen in
metal oxides (230,236) and iron powders
(128). Besides conventional fusion ex
tractions, are-fusion tecbniques (267,
268, 569) were successfully applied to
tbe extraction of oxygen from iron and
steel samples.

Isotope dilution methods were also
recommended for the rapid determina
tion of oxygen in steels (172, 337, 557)
and iron powders (281).

Since sampling techniques are too
slow for modern stcelmaking processes,
metho<ls are being developed for the
direct determination of oxygen in
molten steel by electromotive force
measurements (32, 158-161, 344, 366,
1,61).

HAFNIUM

Variations of the arsenazo III spectro
photometric method were used for the
determination of hafnium in iron and
steel (28, 262) and the method was
shown to be more interference-free and
faster than the xylenol orange method
(28).

LEAD

Prior to spectrophotometric measure
ment as the dithiozanate, lead was ex
tracted with dibenzyldithiocarbamic
acid-chloroform from nickel-chromium
steels (508), and with dithiozone
carbon tetrachloride from steels and cast
iron (157). Pyridylazoresorcinol was
used (instead of dithizone) in the photo
metric determination of lead in steel
(113).

Diffcrential cathode-ray polarography
was employed in the trace determination
of lead in stainless steels (443, 454).
Conventional polarographic techniques
were used for the determination of lead
without preliminary separation (418,
467) and after separation by ion ex
change (210, 398), solvent extraction
(400), or precipitation (2/1,323).

Atomic absorption was employed to
determine lead in steels after solvent
extraction separation of the inter
ferences (111). Lead was concentrated
by coprecipitation with strontium sul-

fate and bismuth was added as the in
ternal standard prior to spectrographic
analysis (116).

MAGNESIUM

No separation was required in the
EDTA titrimetric (535), in the atomic
absorption spectrophotometri~ (185),
and m the flame photometrIc deter
minations of magnesium in steel (438).

:JVlagnesiunl was determined in nodu
lar cast iron after irradiation with 12
Mev deuterons and chemical separa
tion (75).

MANGANESE

Volumetric procedures Were modified
for the determination of manganese
in steel and iron (65), in plain, stainless
or tungsten steels (50), in stainless steels
(45), and in ferromanganese (67).
Manganese was spectrophotometrically
determined as the MnO, - complex
(8, 377) and with formaldoxime 1181).
In the amperometric titration of man
ganese, two indicator electrodes were
used (155). Automatic potentiometric
(46.9) and spectrophotometric (1,71)
methods were also developed for man
ganese determination in steelmaking
alloy" (46.9) and steels (471).

Because atomic absorption spec
trometry is relatively interference-free, it
was widely applied to the determination
of manganese in iron and steel (39, 502)
and iron alloys and alloy steels (521).

Emission spectrographic methods
were investigated for interferences due
to alloying elements (367) and sulfur
(92).

Nondestructive neutron activation
analysis was successfully used for trace
amounts of manganese -in iron (357).

MOLYBDENUM

Various spectrophotometric pro
cedures using thiocyanate continued
to be the main methods for deter
mining molybdenum in steel (35, 57,
67, 118, 308, 346, 351, 358, 4B6).
Other reagents include mercaptoacetic
acid (via solvent extraction) (445), N-2
mercaptopropiony l-p-phene tinidi n e
(86), toluene-3,4.dithiol (273), and·thio
glycollic acid (251).

Molybdenum was determined in
ferromolybdenum by direct titration
(412) and amperometrically in alloy
steels with 8-mercaptoquinoline (51,
517,518). Polarography was used after
the solvent extraction of molybdenum
(523) or after the precipitation separa
tion of interferences (423). Vanadium
and tungsten-bearing stainle'S steels
were analyzed for molybdenum with a
modification of the 8-hydroxyquinoline
gravimetric method (442).

Acetylene-air (391) and acetylene-
nitrous oxide (286) flames were em
ployed for the atomic absorption deter-





(383) or after volatilization (as H, SiF,)
(491); for SiO" after K,SiF, precipita
tion separation (389); and for carbon
after its volatilization as CO, (558).
Eleetrometric methods included a polar
ographic method for copper (559), a
potentiometric method for aluminum
(134), and an amperometric method
for vanadium (513). Oxidative fusion
gave good results in the determination
of nitrogen in slags (98), and methods
were reviewed for the determination
of hydrogen in slags (129).

In ores, photometry was used for
iron (565), oscillography for cadmium
(564) and nickel (563), and polarography
for zinc (282).

The photometric methods for ore and
slag analysis were reviewed (565).

Thermometric methods were used
for rapid determination of basicity and
FeO content of steel slags (392), and
of SiO, in ores and slags (458).

In the atomic absorption spectro
photometric determination of calcium
and magnesium in slags, the inter
ferences were eliminated by the addi
tion of strontium (185).

The emission spectrographic methods
for the analysis of slags included various
solution techniques (196, 202, 541), the
use of rotating disc with adhesive (239),
and pelletization (or briquetting) tech
niques (54, 55, 70, 88, 138, 140, 174,
447).

Pelletization techniques were also
used for the spectrographic analysis of
iron ores (292,447).

The great number of x-ray fluorescent
methods indicates the necessity for fast
and reliable slag (125, 139, 306, 430, 431,
488, 506, 570) and iron ore (184, 218,
452,455,475,485,570) analyses.

Other techniques involved the use of
electron probe microanalyzers for the
analysis of ores and slags (127), radio
isotopc-x-ray fluorescence (566) for the
determination of CaO, iron, and Si02 in
sinters, a radiometric approach (204)
for iron in iron ore, and neutron scatter
ing techniques for moisture determina
tion in iron ore and sinters (326).

SPECTROMETRY

Emission. Progress in this field
continued at a fast rate even though
atomic absorption and x-ray spec
trometry are in many cases in direct
competition. The role and modern
trends of emission spectrometry were
discussed (13,256), and its use as a rapid
control method was described (574).

The vacuum spectrometric technique
was investigated as to source conditions
(347), to the purity of argon (529, 537),
to various gas mixtures (311), and to the
effect of pressure (186). The develop
ment of vacuum spectrometry and the
instruments available' were discussed
(137).

The effects of source parameters and
various metallic counter electrodes were
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studied in argon atmosphere (527), and
the effect of sample mass in various
atmospheres was investigated (79\.

As the instrumental methods improve,
it is becoming more apparent that sam
pling is most important and efforts to
ensure that the sample analyzed is repre
sentative of the whole is increasing.
For increased speed of analysis by
vacuum spectrometry, thin suction
samples were used (374); and for sam
pling molten iron, it was concluded that
the samples should be taken from the
transfer ladle (83). Pressing of lathe
turnings proved very successful (509),
and a comparison was made between
remelting and briquetting of chips
(229).

A number of evaluations of the laser
as a source were reported (6,203, 457),
and the plasma arc was studied for alloy
analysis (394).

Spectrochemical methods for trace
analysis which were proposed included
preconcentration techniques such as
solvent extraction (449), ion-exchange
(33), and mercury-cathode electrolysis
(551). Carrier distillation procedures
were also used for trace analysis (248,
342).

New white cast iron standards were
prepared (378), and an evaluation of
various sampling techniques was made
(269). Methods were proposed for the
analysis of cast irons (24, 363, 365, 492,
494) and pig iron (126,503).

Elimination or minimization of matrix
or interelement effects is described in
methods for the analysis of high alloy
and stainless steels (9, 30, 72, 97, 281,
376, 542). Slag analyses by pelletizing
(53, 70) and powder-dilution (481)
were described. The direct analysis of
inclusions in situ including possibly the
determination of oxygen and nitrogen
was proposed as a method (41).

The use of computers for photographic
and direct reading instrument increased.
One installation was described, includ
ing the mathematics used for calibrating,
calculating, and correcting for matrix
and interelement effects (18). A com
puter was used to give automatic pro
gramming of conditions for the analysis
of pig irons (126).

Flame. A: brief account of the
uses of f1\'me ,photometry in alloy
analysis was given (561), and a review
of the' use of solvent extraction in flame
photometry for metals alll\lysis was
presented (441).

Mass .spectrometry. The advan
tages of the solids-mass spectrometric
method of analyzing iron and steels
were described (108, 468). The si
multaneous determination of carbon,
oxygen, and nitrogen in iron with a limit
of detection better than 0.5 ppm, was
reported (216).

X-Ray and Electron Microprobe.
The use of x-ray spectrographs as
routine laboratory instruments has

increased greatly (58,114,287,486). A
comparison of x-ray and optical emis
sion analyses of alloy steels showed that
the x-ray analysis is more reproducible
(91). X-ray spectrographic methods
were used for the analysis of cast iron
(324), stainless steels (109, 208), alloy
steels (9,349,526,579), and ferrochrome
(170). A special application of x-ray
fluorescence is the determination of coat
ing thickness of tinplate (56).

Methods of sampling and sample
preparation of high alloy steels were
discussed (221), and the analysis of steel
turnings pressed into compact blocks
was described (141).

Matrix and interelement effects in
x-ray spectroscopy are constantly being
investigated. Methods for overcoming
these effects are the dissolution of sam
ples (90), the fusion of samples (110,
507), and the mathematical treatment
of data (3, 205, 226).

New techniques being investigated
are the direct electron excitation of
samples (405, 501, 538), a portable
x-ray instrument using radio-isotope
sources (266), and the use of energy
dispersion rather then wavelength dis
persion for the determination of major
constituents in stainless steels (43).

The use of electron probe microan
alysis has increased greatly and most of
the uses are qualitative or semiquantita
tive (195, 243, 373, 379, 439, 578).
Sensitivity limits of many elements were
studied (47, 334).

SULFUR

A combustion-coulometric method
extended the range of sulfur analysis
in steels to 1 ppm (25). The use of air
in place of oxygen suppressed the forma
tion of the interfering ferric oxide (250).
Coulomotrically generated iodine from
potassium iodide was used as the titrant,
replacing the conventionally used iodine
solution (333). Complexometric and
radiometric methods were successfully
applied t{) pig irons, cast irons, and steels
(497). Neutron activation was used
in the determination of sulfur in steels
(22,59).

TIN

Tin was determined in ferrotungsten
alloys by titration with potassium iodate
after its sulfide precipitation separation
(66). Catechol violet was used for the
spectrophotometric determination of
tin after solvent extraction of tin iodide
into toluene (408) or benzene (530)
Other spectrophotometric methods were
based on the color formation of tin
with stilbazo (1,69) and 8-quinolinol
phel,ly]fluorone (434). Tin was deter
mined polarographically in iron and steel
after precipitation separations (361,515)
and in stainless steel by differential
cathode ray polarography (443). The
effects of various acids (353) and acid
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T HIS IS THE ELEVENTH review on
nonferrous metallurgical analysis

and covers the two-year period from
September 1964 through August 1966 as
documented by Chemical Abstracts and
Analytical Abslracts. Also, the follow
ing journals were surveyed directly for
the same period: ANALYTICAL CHEMIS
TRY, Analytica Chemica Acta, The
Analyst, and Talanta.

This review has been limited to those
analytical methods applied directly to
products of the nonferrous metal in
dustry. Many interesting methods po
tentially applicable to this field have not
been included because of space consid
erations.

Significant progress has been made in
atomic absorption analysis since the
previous review (205). This advance
ment is reflected in increased publication
and in expanded use of atomic absorp
tion throughout the nonferrous industry.
Inorganic gas chromotography, based on
the formation and gas chromatographic
determination of volatile metal chelates
is emerging from infancy. The develop
ment and refinement of ion exchange
separation of metals has been note
worthy, and the application of this tech
nique should increase in the future. A
slow, but obvious, trend toward auto
mation of analysis in the nonferrous in
dustry has been evident, with more in
corporation of automatic analyzers,
digital readout, and computers into
analytical systems.

The determination of gaseous impuri
ties in metals has been a subject of mod
erate interest. Korolev (95) used op
tical emission microanalysis to deter
mine the distribution of gaseous impuri
ties on the surface of titanium, and the
distribution of alloying element.'l in the
oxide layer and within the grains of the
metal. Picklo (14-7) compared spectro
graphic, wet chemical, hot· extraction,
and vacuum melting procedures for de
termining oxygen, hydrogen, and nitro
gen in aluminum and titanium. An 85-
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page review on the determination of
oxygen in metal has been published by
LePape (107).

Among several noteworthy reviews
were those by Snell (172) on colorimetric
analysis and by Fischer (4-4-) on the de
termination of nonmetals in nonferrous
metals.

An outstanding book, "Colorimetric
Determinations of the Elements" by
Charlot (26) has been published. Part I
deals with the theory of colorimetry,
fluorimetry, photometric titrations, sol
vent extraction, ion exchange, chroma
tography, and electrolytic separation.
Part II describes specific methods for
individual elements and cites extensive
and pertinent references for the deter
mination of individual elements in vari
ous rnaterials.

The authors, in preparing this review,
noted a trend [observed 34 years ago by
Lundell (110)J that" ... there is an in
creasing tendency to devote more and
more time to determinations which deal
with the final act of a chemical analysis,
and less time to chemical analysis it
self-in other words, to consider chem
ical analysis dealing with one or two
variables instead of the dozen or more
that are often involved ... "

It is suggested that future effort.'l in
the nonferrous industry might be better
directed toward developing selective
methods which are applicable in the
presence of other matrix constituents or
investigating separations rather than
increasing the catalog of methods for
estimating an isolated metal.

Accompanying tables list methods
referred to in the discussion along with
other methods too numerous to men
tion individually. Table I shows the
light metal materials for which compila
tions of procedures are available for de
termining miscellaneous alloying ele
ment.'l and impurities. In Table II,
arrangement is according to the ele
ments determined.

Aluminum. Tikhonov (187) re-

ported a differential spectrophoto
metric determination of aluminum
with chrome azurol S. (545 m...). The
color was stable at large aluminum con
centrations and methods were suggested
for magnesium and titanium. Florence
(49) used a new reagent 5-sulfo-4'-di
ethylamino-2',2-dihydroxyazo -benzene
(DDB) for the spectrophotometric de
terl)'lination of aluminum in beryllium.
AI: 1 complex was formed and had a
molar absorptivity of 41,000 at 540 m....

Turchinskii and Naiman (192) deter
mined aluminum in magnesium by pre
cipitating Al,(OH),(AsO,). and deter
mining the arsenate iodometrically.

Amos and Thomas (3) used atomic
absorption to determine aluminum in
aluminum bronze and other alloys.
They employed the C,H,-N-O flame
and report a sensitivity of 1.7 ppm }J.
Wheat (203) also used atomic absorption
to determine aluminum, iron, copper,
and nickel in aluminum alloys and oxide.
A double-beam spectrometer was used.
Nikolaev and Aleskovskii (134-) em
ployed atomic absorption for the micro
determination of aluminum in pure
metals and alloys. The sample solution
(0.005 to 0.01 ml) was applied to the tip
of a carbon electrode and arced inside an
argon-filled cell. Modulated radiation
from a discharge tube containing a hol
low aluminum cathode passes through
the vapor and the transmission meas
ured. Iron, nickel, cobalt, chromium,
titanium and copper did not interfere
even when present in 100,000-foldexcess.

Kostitsyna and Skobets (99) reported
that in a solution of Superchrome garnet
Y (C.!. Mordant Red 5) buffered at pH
4.6, the presence of a small amount of
aluminum result.'l in a double polaro
graphic wave. The first was due to the
excess of dye. The second was due to
the aluminum dye complex and was
proportional to the aluminum present.

Antimony. Tumanov, Petukhova,
and Grishin (191) suggested methods for
determining aluminum and antimony in
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I N THIS REVIEW as in the preceding
one of this series (26), an attempt

was made to present a cross section of
the methods available for the determina
tion of the elements under considera
tion. The papers for the most part de
scri,be actual analytical methods which
have been or can be used for the determi
nation of an element. In each section,
also, a few papers are described which
only discuss separation methods and in
which either the actual determination is
not described or only a reference is made
to the use of a standard method. Many
other papers in which a method of deter
mination is described are included even
though the separation is the main con
tribution of the paper. An effort was
made to exclude all papers from this re
view that appeared in the earlier review.
Unfortunately, because of the tremen
dous volume of chemical literature, a
number of very worthwhile papers may
have been overlooked. Also, the papers
describing the research upon which many
new analytical methods will no doubt be
based, but, which in their present form
do not describe a usable analytical
method, were omitted. Analytical
methods are summarized in Tables I to
XVI.

ZIRCONIUM AND HAFNIUM

As in the previous review of this series,
zirconium and hafnium will be consid
ered together because most of the gravi
metric, titrimetric, and spectrophoto
metric methods for zirconium work
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equally well for hafnium. At the end of
this section are included a few methods
published specifically for hafnium. The
chemistry of zirconium and hafnium
allows them to be determined by gravi
metric, titrimetric, and spectrophoto
metric methods and their nuclear char
acteristics allow radiochemical and
activation methods. They also lend
themselves easily to spectrochemical and
x-ray fluorescence methods.

Papers which cannot conveniently be
classified by method of determination,
include a review of many aspect" of the
inorganic chemistry of zirconium by
Clearfield (100), a separation of zir
conium and hafnium by solvent extrac
tion of their thiocyanates by Fischer,
Pohhnann, and Adam (11,5), a review of
methods of solvent extraction by Green
(175), studies of separations by reversed
phase partition chromatography by
O'Laughlin and Banks (377) and Cerrai
and Ghersini (85). Ion exchange sepa
ration studies including zirconium were
published by Strelow, Rethemeyer, and
Bothma (521), Kallmann (229), Hama
guchi et al. (187), Holloway and Nelson
(200) and Danielsson (106).

As might be expected, the methods of
gravimetric determination included ap
plications of the familiar reagents and
introduction of a few new reagents which
react with zirconium, and generally all
other tetravalent and many trivalent
cations. A thermogravimetric study of
the mandelates of zirconium and haf
nium was reported by Adams and Hol
ness (1). Norwitz (375) used mandelic

acid for the determination of zirconium
in zirconium metal. Hydroxypropyl
mandelate was used by Rowe, Gordon,
and Jackson (448) for the precipitation
of zirconium mandelate from homogene
ous solution. Zirconium was precipi
tated by <>-hydroxybenzylphosphonie
acid by Ryabchikov and Dedkov (1,53)
and by Yen, Yung, and Liu (595).
Cupferron was used by Dosch and Con
rad (121) for the determination of zir
conium following a cation exchange sep
aration and by Majumdar and :\1itra
(312) following an anion exchange sepa
ration. Pietsch and Ludwig (1,01)
studied the conditions for the precipita
tion of zirconium with isomers of di
methylphenylarsonic acid and two tri
chlorophenylarsonic .acids (402). Jain
and Singh (212, 211,) used 6,7-di
hydroxy-4-phenylcoumarin and 7,8-di
hydroxy-4-phenylcoumarin for the de
termination of zirconium in the presence
of iron. Additional g/'avimetric rea
gents are 2,5-dihydroxy-l,4-benzoqui
none used by Singhal and Ryan (504);
m-nitrocinnamic acid used by Chang and
Liu (89); iodobenzoic acid used by
Chang (88); 2-hydroxy-3-naphthoicacid
derivatives used by Agarwall and
Mehrotra (2); anazopyrazole derivative
used by Popa et ai. (1,14); phenylacetic
acid used by Pande and Kapoor (386);
a-methoxy phenylacetic acid used by
Liang and Wang (292); N-benzoyl
phenylhydroxylamine used by Luk
yanov and Knyazeva (305); the potas
sium salt of 7-hydroxynaphthalene-l,3
disulfonic acid used by Popa, Baiulescu,



and Moldoveanu (415); purpurogallin
used by Dutt and Singh (126); 5,5'-thio
disalicylic acid used by Good and
Srivastava (170); and sodium phos
phate following a liquid ion exchange
separation used by Green (176).

Papers describing spectrophotometric
methods for zirconium are largely appli
cations of previously published methods
or use the method following a new sepa
ration method. Ishiwatari (207) deter
mined zirconium along with niobium in
the presence of uranium, thorium, and
iron with xylenol orange. Dixon and
Headridge (117) used xylenol orange
following an anion exchange separation
from titanium, niobium, tantalum,
molybdenum, and tungsten. Elinson
and Nezhnova (132) determined zir
conium in niobium and niobium alloys
with xylenol orange with no separation.
Nee, Chu, and Liang (359) extracted
zirconium with N-phenylbenzohydrox
amic acid then determined it with xyle
nol orange. Arsenazo III was used by
Mel' chakova, Trubetskaya, and Pesh
kova (330) for the determination of zir
conium in the presence of hafnium.
Budesinsky (70) made a study of the
complex formed between zirconium and
Arsenazo III and described the condi
tions of maxinlum sensitivity. Zirco
niu;-" was determined by Arsenazo III
after extractiod by TTA in work re
ported by Onishi and Toita (379).
Arsenazo III was used by Pisarenko and
Bondarenko (405) for the determination
of zirconium in bronzes a.nd copper-base
alloys and by Savvin, Kadaner, and
Ryabova (468) for its determination in
steel and cast iron. Onishi and Nagai
(378) made a detailed study of the zir
conium-arsenazQ complex at several pH
values. Culkin and Riley (101) used
quinalizarinsulfonic acid for the deter
mination of zirconium in silicate rocks
following TBP extraction and a cation
exchange separation. Alizarin red S
was used by Schutte (475) for the deter
mination of zireoniurn in South African
granite and by Stern (518) in copper
zirconium alloys. Khopkar and Dhara
(247) extracted zirconium into mesityl
oxide, back-extracted it into water, and
determined it with alizarin. Wood and
Jones (586,587) used pyrocatechol violet
following a TOPO extraction and Hib
bits, Rosenberg, and Williams (198) used
a cupferron precipitation, then a TOPO
extraction followed by a pyrocatechol
violet determination. Leeb and Hecht
(291) used pyrocatechol violet for zir
conium in steel and Uzumasa, Hayashi,
and Ito (562) used it following a TTA
extraction. Quercetin was used by
Polyak and Bashkirova (413) for the de
termination of zirconium in magnesium
and aluminum alloys and by Vanossi
(563) following a general method of
separating zirconium from other ele
ments. Shakashiro and Freund (480)
preceded the determination with 8-

quinolinol with an anion exchange sepa
ration. Van Santen, Schlewitz, and
Toy (564) described the conditions for
the determination of zirconium using
8-quinolinol, Sugawara (527) separated
zirconium from tungsten, molybdenum,
and titanium by an anion exchange sepa
ration and TTA extraction prior to de
termination with thorin. Biswas, Seth,
and Dey (44) described the conditions
for the determination of zirconium with
chrome azurol S. Picramine Rand
nitrosulfophenol S were compared by
Savvin and Dedkov (467) as reagents for
zirconium and naphthazarin and (3
hydronaphthazarin were studied by
Bottei and Quane (53). Dedkov et al.
(112) determined zirconium in cast iron
using chlorosulfophenol S. A reagent
consisting of fluorotitanic acid and hy
drogen peroxide was used by Fukamau
chi et al. (149). Hahn, Joseph, and Sal
ciccioli (184) used bromanilic acid;
Popa and Costache (419) used 2,6,7-tri
hydroxy-9-methyl fluorone; Popa,
Baiulescu, Paralescu, and Mircea (417)
u,ed nuclear fast red; Pan et al. (385)
used pyrogallolsulfonephthalein, and
Kekedy and Balogh (244) used gallein.
Caletka (82) reviewed the aqueous
chemistry of zirconium and mentioned
complexes suitable for spectropho
tometric determinations. Shigematsu
(490) used morin as the reagent for the
fluorometric determination of zirconium
in sea water following a TTA extraction.

Papers describing titrimetric determi
nations of zirconium deal largely with
EDTA titrations with xylenol orange
being one of the more popular if not the
most popular indicator. Pilkington and
Wilson (404) studied the effect of poly
nuclear zirconium species on the direct
titration with EDTA using xylenol
orange. Pribil and Vesely (425) de
scribed the conditions for the direct ti
tration of zirconium in 0.3 to 0.6M
nitric acid and applied this method
(424) to the determination of zirconium
in the presence of thorium and titanium.
EDTA with xylenol orange was used by
Nazarchuk and Mekhanoshina (354) for
the determination of zirconium in zir
conium-nickel-aluminum alloys, by
Tramm and Pevzner (556) for the analy
sis of zirconium-aluminum alloys, by
Brecnyand Kurcova (61) for the analy
sis of zircon and zirconia and by Ryab
chikov and Bukhtiarov (452) for the de
termination of zirconium in molyb
denum alloys following cation exchange
separation. Back-titrations of the ex
cess EDTA with bismuth to the xylenol
orange end point was used by Fritz and
Frazee (148) to determine both zir
conium and hafnium after separation
from each other by reversed-phase parti
tion chromatography using the thio
cyanates. Kuteinikov and Lysenko
(281) also used a back-titration with
bismuth to determine the sum of the
zirconium and hafnium in a mixture as

did Kozyreva, Kuteinikov, and Zharova
(275) for the analysis of zirconium
metal, carbide, and oxide. A mandelate
separation followed by a baCk-titration
with zinc to the xylenol orange end point
was used by Su (526) for the determina
tion of zirconium in siliceous materials.
Other indicators used for the EDTA ti
tration of zirconium arc pyrocatechol
violet by Baran and Tympl (29); 1
hydroxy- or 3-hydroxy-naphthoic acid
by Sen and Chauhan (477); (3
SNADNS-6 by Datta and Saha (108)
and g,;;llein by Sun (529). Hung and
Chang (204) studied thirteen indicators
for the titration of zirconium with
EDTA. Pribil (423) studied various
complexing agents incll1(ling EDTA for
the determination of zirconium, tho
rium, and titanium separately in mix
tures. Mel'chakova, Stanislavskaya,
and Peshkova (329) used a slightly dif
ferent approach in performing a spectro
photometric titration of zirconium with
arsenazo III as the titrant to determine
zirconium in magnesium and aluminum
alloys. Konkin and Zhikhareva (263)
titrated with Trilon 13 to the xylenol
orange end point. Verdi-Zade (567) and
Verdi-Zade and Elbendov (568) pre
cipitated zirconium periodate, filtered,
and then dissolved the precipitate and
titrated the periodate with thiosulfate.
Shakhtakhtinskii and ,Sarkisyan (483,
484) precipitated zirconium arsenate,
separated the precipitate and deter
mined the arsenic iodimetrically.

Amperometric titrations have also
been used for the determination of zir
conium. Terenteva and Bernatskaya
(550) used a rotating platinum electrode
and tit.rated with EDTA. Popa et al.
(420,421) titrated with flavazine Land
with disodium-2-(3-methyl-5-oxo-1
phcnyl- 2 - pyrazolin-4-ylazo)-6,8-naph
thalenedisulfonate. Sodium molybdate
was used as a titrant for zirconium by
Gupta (180) and neocupferron was used
by Gallai et al. (151).

A few workers have reported polaro
graphic methods for the determination
of zirconium. Zakharov and Strom
berg (602) found useful waves in both
methanolic lithium chloride and aqueous
potassium chloride. Sharipov and Son
gina (486) also reported a polarographic
method for the determination of zir
conium. Kasagi and Banks (236) used
a sine-wave polarograph for the deter
mination of zirconium in the coneentra
tion range of 0.05 to 0.4 rng/ml.

Brooks and Boswell (68) compared
cathode and anode excitation in the
direct current arc for a nunlber of ele
Inents including zirconium. Lachin
(283) proposed a spectrographic proce
dure which is reported applicable to all
solid, liquid, and dissolved substances.
Concentration by extraction of their 8
quinolinolates into chloroform or by
anion exchange prior to spectrographic
determination was proposed by Moro-
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Element
Zirconium and

zirconium
plus hafnium

Hafnium

Vanadium

Table I. Spectrophotometric Methods
Reagent: Material (References)

Xyleno! orange: Ti, Nb, Ta, Mo, W (117); Nb (139, 907); following
extraction (359)

Arsenazo III: Study of complexes (70); following TTA extraction (379);
Hf (330); bronzes and Cu alloys (405); steel and cast iron (468)
Arsenazo: Study of complexes (378)
Quinalizarinsulfonic acid: Silicate rocks (101)
Alizarin red S: Granite (475); Cu (518)
Alizarin: Following extraction (947)
Pyrocatechol violet: Following TOPO extraction (198, 586, 587);

following TTA extraction (562); steel (291)
Quercetin: Study of conditions (563); Mg or Al (41<~)

8-Quinolinol: Mo (480); Study of conditions and interferences (564)
Thorin: W (527)
3" - sulfa - 2",611' - dicWoro - 3,3' ~ dimethyl- 4 - hydroxyfuchon - 5,5'-

dicarboxylic acid: Study of conditions and interferences (44)
Picramine Rand Nitrosulfophenol S: Study of conditions (467)
Naphthazarin and iJ-hydronaphthazarin: Study of complexes (53)
CWorosulfophenol S: Fe (112)
Fluotitanic acid-hr.drogen peroxide: Study of conditions (149)
2,5-Dibromo-3,6-dihydroxyquinone: Study of complex (184)
2,6,7-Trihydroxy-9-methyl f1uorone: Study of conditions (419)
Nuclear fast red: Study of conditions (417)
Pyrogallolsulfonephthalein: Study oI complex (385)
Gallein: Study oI conditions and interferences (944)
Review including reagents suitable for spectrophotometric determina-

tion (82)
Arsenazo III: Iron and steel (232)
Alizarin red S: Study of complex and interlerences (459)
5-Dimethylamino-2-(2-thiazolylazo)phenol: Study of complex (334)
8-Quinolinol: Cr, Mo (971); W (519); water (346)
7-Iodo-8-quinolinol: Study of conditions and interferences (279)
Xylenol orange: Study of conditions and interferences (72, 383)
Alizarin red S; Study of conditions and interferences (531)
Diaminobenzidine: Water, biological materials, rocks (87); ethylene-

propylene rubber solutions (509)
4-(2-pyridylazo)-resorcinol: Study of conditions and interferences

(71,155)
3-Hydroxy-2-methylpyran-4-one: Study of conditions and interferences

(299,923)
5-Hydroxy-2-hydroxymethylpyran-4-one: Study of conditions and

interferences (469, 463)
Tungstovanadophosphate: Study oI interferences (131); petroleum

products (439, 533); P, Si, Mo, W (91)
6-Hydroxy-l,7-phenanthroline: Study of conditions and interferences

(192)
Hydrogen peroxide: Ti (493); alunite (482); silicate rock (590)
NaOH: LICI-KCl eutectic (447)
Oxalic acid: Study of conditions and interferences (278)
Organic acids: Study oI conditions (337)
5-Dimethylamino-2-(2-thiazolylazo)-phenol: Study of complex (334)
Pyridine-2,4,6-tricarboxylic acid: Study of conditions (340)
o-Hydroxyacetophenone oxime: Study of conditions and interferences

(407)
Formaldoxime: Study of conditions and interferences (321, 322); air

and urine (216)
N-methylanabasine-a'-azo-a-naphthol: Study of conditions and inter-

ferences (13)
Formazan: Mo, W (595)
Hexamatoxylin: Petroleum (308)
Acetylacetone: Study of interferences (465)
N-(o-tolyl)-benzohydroxamic acid: Study oI conditions and interferences

(310)
N-(p-cWorophenyl)-benzohydroxamic acid: Study of conditions and

interferences (311)
N-phenylbenzohydroxamic acid: Study of conditions and interferences

(554)
4-Methoxybenzothiohydroxamic acid: Study of conditions and inter-

ferences (507)
2-Naphthohydroxamic acid: Study of conditions and interlerences (32)
l-Naphthylamine: Study of conditions and interferences (8)
Diphenylaminesulfonate: Study oI conditions (353)
Ammonium sulfide: Steel, Fe (607)
Tris-(2-hydroxyalkyl)-amines: Study of conditions (188)
2-Thenoyltrifluoroacetone: Study of conditions and interferences (l09)
Rutin: Study of conditions and interferences (115)
Glyoxal bis-(2-mercaptoanil): Study of conditions and interferences

(93)
Potassium cWorate-aniline: Re (454)
Potassiwn chlorate-benzidine: Study of conditions and interferences

(552)
Potassium bromate-aniline: Water, Re (290)
Ammonium persulfate-gallic acid: Water (146)
Potassium chlorate-potassium bromide: Study oI conditions (49)
Potassium bromate-potassium bromide-ascorbic acid: Study of con-

ditions (50)

shkina and Smimova (31,1). Ko (251,)
used an amine extraction before the spec
trochemical determination of zirconium
in plutonium. Huff (203) used spec
trographic determinations in a study of
the behavior of nineteen elements on a
strong-base ion exchange resin and
applied the method to the determination
of impurities in tantalum. Brooks (65)
used the powder-d.c. arc technique for
the determination of zirconium and
other impurities in niobium metal and
oxide, and he (66) also used the fusion
d.c. arc for the same purpose. Spectro
graphic techniques were used by Pikhtin
(1,03) for the determination of zirconium
in silicon carbide; by Ivanova, Tsyven
kova, and Kovalenko (209) in nickel and
its alloys; by Briere and Kurylenko (61,)
in zircons and by Berdyev, Golovkova,
and Karakhanov (37) in geological
samples.

X-ray fluorescence was used by Taylor
(5J,f) for the determination of micro
gram amounts of zirconium in uranium.
Hakkila, Hurley, and Waterbury (185)
determined 5 to 50% zirconium in mixed
carbides with molybdenum and uranium
by this technique. Erlank and Willis
(136) used x-ray fluorescence for the de
termination of the zirconium-hafnium
ratio in chondrites and Butler and
Thompson (78) determined the zir
conium~hafniumratio in igneous rocks.

Neutron activation has also proved to
be useful lor the determination of zirco
nium and hafnium. Yule (600) in
cluded zirconium and hafnium in a study
in which the thermal neutron activation
analysis sensitivities for 118 reactor ther
mal neutron products were experimen,;.
tally determined. Zirconium and haf
nium were also included in an activation
analysis review by Laverlochere (288)
and Choy, Lukens, and Andersen (91,)
used an activation analysis technique in
conjunction with a solvent extraction for
the determination of small amounts of
zirconium. Neutron activation was
used for the determination of zirconium
and hafnium in meteorites or other
minerals by Merz and Schrage (331),
Setser and Ehmann (1,79), Schmitt,
Bingham, and Chodos (473) and Thomp
son (551); Stary and Ruzicka (517)
used neutron activation and isotope
dilution along with separations using
substoichiometric amounts of reagents
for the determination of zirconium and
other metals.

Radiochemical methods were used in a
number of papers on the determination
of zirconium. Chromatographic sepa
rations preceded the radiochemical de
termination in papers hy Welford and
Chiotis (571,), Welford, Choitis, and
Morse (575) and Breccia and Spalletti
(60). The determination of radio
nuclides including zirconium dissolved in
water was the subject of papers by Wood
and Richards (588), Chakravarti et al.
(86) and Bizollon and Moret (1,5).
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leum stocks. A polarographic method
was used for the determination of vana
dium and thallium in mixtures by
Saxena and Mittal (470). Kennedy
and Jensen (245) studied the catalytic
effect of molybdenum upon the reduction
of vanadium in the presence of EDTA.
Brainina and Roizenblat (58) included
the vanadate ion in a study of the polar
ography of anions. Baumann (34)
found that the height of the second
vanadium wave is increased by the pres
ence of nitrite ion and EDTA may be
used to suppress the interference of some
cations.

A coulometric titration following con-

Element
Zirconium and

zirconium
plus hafnium

Vanadium

Niobium

Niobium and
Tantalum

Chromium

Molybdenum

Tungsten

centration by coprecipitation with iron
(HI) hydroxide was used by Yoshimori
et al. (597) for the determination of
vanadium in common salt. Electrically
generated iron(H) was used by Pyatnit
ski! and Erisov (429) for the coulometric
titration of vanadium in titanium tetra
chloride using an amperometric end
point.

Plasma arc excitation was used by
Heemstra and Foster (J95) for the spec
trographic determination of vanadium
in petroleum fractions. Zotin (613)
studied the intensities of homogeneous
line pairs of vanadium-titanium and
other elements in various mixtures ex-

Table III. Titrimetric Methods
Reagent: Material (References)

EDTA: Study of conditions and complexes (29, 404, 426, 629); Tb,
Ti (424); NJ, AI (364); AI (666); zircon and zrO, (61); Mo (462);
Hf (148); bigb temperature materials (281); Zr + ZrC + ZrO,

(275); siliceous material (526); Th, Al (477); following chromato
graphic separation (108); study of indicators (204); rare earths, Th,
Ti (423) .

Arsenazo IH: Mg, AI (329)
Trilon B: Electrode slag (263)
Periodate-thiosulfate: Study of interferences and conditions (567, 568)
Arsenate-iodide-tbiosulfate: Study of conditions (483); Fe, AI (484)
Iron H-permanganate: Mixed oxidation states of V (338); study of

interferences (461,464); Cr (437); steel, Fe (99), catalysts (622)
Sodium nitrite-permanganate: Steel (352)
Permanganate: Ammonium molybdovanadophosphate (426)
Cerium(IV): Catalysts (167)
Mercury-cerium(IV): Mo-V (116)
Sodium-lead alloy-dicbloromate or permanganate or cerium(IV):

Study of conditions (130)
Iron H-cerium(IV): Mo-V (436)
Potassium dichromate: Ce, Fe (434); Mo, W, Si, P (91)
Ascorbic acid-pota.'lSium iodate: Study of conditions (349)
Iodine monochloride: Study of conditions (97)
Cadmium or lead amalgam-ferricyanide: Mo (191)
Ferrocyanide: Study of reactions (136)
EDTA: Study of reactions (41,324); study of separations (312); steel

(144); silicates (263)
Methr.l orange: Al ores and concentrates (253)
5,7-Dlbromo-8-quinolinol: Study of conditions and interferences (46)
8-Quinolinol: Nb metal, carbides and boridcs (276)
Hydrogen peroxide-potassium permanganate: Study of conditions (21)
Nitrilotriacetic acid-copper: Study of complexes (286)

EDTA: Study of conditions (196, 296, 324, 397); following ion exchange
(312); Al (398, 399); Crore (611); AI, Ca, Mg (169)
!ron(H): Steel (215); silicates (20); Cr ores and refractories (28);
rare eartb alloys (355)

Iron(H)-permanganate: V (437); steel (299); feces (384)
Arsenic(HI )-permanganate: Study of conditions (410)
Permanganate: Chrome plating electrolyte (380); study of reduction

method (130)
Oxalate-cerium(IV): Study of conditions (220)
Iodide: Ferrochrome (19)
4-Pbenylazo-l-naphthol: Study of conditions or interferences (604)
Vanillin azine: Study of conditions (327)
Cerium(IV): Study of indicators (436); V (116, 435); study of reduc-

tion method (130)
lron(IH): Study of conditions (455)
Potassium ferricyanides: Study of conditions (190); V (191)
Iodine monoebloride: Study of conditions (98)
8-Mercaptoquinoline: Steel (51)
EDTA: Study of conditions (277, 295, 456, 590); ferromolybdenum

(134,241,262); catalysts (560)
Trilon B: Ferromolybdenum and M9Si, (365)
Antipyrinylbis-(4-dimethylaminopbenyl)-methanol: Study of conditions

and interferences (605)
Permanganate: Cr, Ta, Fe, Mo (138)
Silver: Study of conditions (496)
EDTA: Fe (261); study of conditions (69)
Lead nitrate: Ferrotungsten (239)

cited with an a.c. arc on copper elec
trodes. The same author (612) also
studied the mutual effects of silicon di
oxide and certain elements including
vanadium. Huff (203) used spectro
graphic analysis of column effluents in a
study of the behavior of 19 elements, in
cluding vanadium, on a strong base ion
exchange column at variable nitric and
hydrofluoric acid concentrations. A
concentration method involving a coun
ter-current extraction with a moving
aqueous phase was used by Brooks (67)
in conjunction with spectrographic de
termination for the determination of
vanadium in sea water. Applications of
spectrographic methods were reported
for the determination of vanadium in
high polymers by Lachin (283); in sili
con carbide by Pikhtin (403); in com
plex chromium-molybdenum-nickel al
loys by Raff (432); in uranium tetra
fluoride by Podobnik and Spenko (409);
in high-purity hafnium by Carpenter
and Lewis (84); in steel and cast iron hy
Nikitina and Ivanova (366) and Louna
maa (301); and in coke by 13uncak (73).
A quantometer was used by Buyanov,
Ivanova, and Sukhova (80) for the deter
mination of a number of elements, includ
ing vanadium, in heat-resistant alloys.

Karttunen et aZ. (235) used tritium
absorbed on zirconium as an excitation
source for the generation of fluorescent
x-rays in elements of atomic number 16
to 35. Dwiggins (128) used x-ray
fluorescence for the determination of
vanadium in petroleum and other or
ganic material.

Mottola (345) studied the precision
obtained in hoth a direct and an indirect
flame photometric method for the deter
mination of vanadium. Winefordner
and Veillon (582) used atomic absorp
tion spectrophotometry for the determi
nation of vanadium in the organic phase
following extraction into methyl isobutyl
ketone.

Guthrie (182) reports the determina
tion of vanadium and 26 to 50 other ele
ments in the mass spectrographic analy
sis of erbium, cerium, and lutetium.

Vanadium was determined gravi
metrically by Poddar (408) using 0

hydroxyacetophenone.
Yule (600) reported. an extensive

study of activation analysis sensitivities
of 118 reactor thermal neutron products
which included vanadium. Neutron
activation analysis was used for the de
termination of vanadium in aluminum
by Kiesl and Hecht (248), in biological
material by Livingston and Smith (298),
and in zirconium hy Mignonsin and
Albert (333). Stary and Ruzicka (517)
used neutron activdtion for the determi
nation of vanadium following extraction
by a substoichiometric amount of 8
quinolinoL

A "radio release" method for the de
termination of vanadium in water was
used by Gillespie and Richter (164) in
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5000 60%. Minczewski and Rozycki
(835, 336) studied the effect of either
aceOOne, ethyl ether, or tributyl phos
phate in the chloroform phase on the ex
traction' and determination of niobium
as the thiocyanate. Dixon and Head
ridge (117) used thiocyanate to deter
mine niohium and crystal violet to deter
mine tantalum in a study involving the
anion exchange separation of these ele
ments along with· titanium, zirconium,
molybdenum, and tungsten from solu
tions of hydrofluoric and hydrochloric

which vanadium displaced radioactive
silver in a column, and the silver was
then determined by usual radiochemical
methods.

NIOBIUM AND TANTALUM

Because of their occurrence together
in natural materials and because of their
similar chemistry, niobium and tan
talum are very frequently considered
OOgether in publications. Therefore, in
order to eliminate a great many repeti
tions, they will be considered together in
this review. A recent comprehensive
book by Moshier (842) on the analytical
chemistry of niobium and tantalum also
includes a discussion of the properties of
the two metals and their compounds and
a list of 550 references. Patrovsky
(894) reviewed the progress in the
analytical chemistry of niobium and
tantalum and included 130 references.
Strelow, Rethemeyer, and Bothma
(521) included niobium and tantalum in
their study of the distribution coeffi
cients of 49 cations between nitric and
sulfuric acid solutions and a sulfonated
polystyrene resin. Holloway and Nel
son (200) described an anion exchange
procedure for separating niobium from
equal amounts of neptunium and larger
amounts of zirconium using hydro
fluoric-hydrochloric acid solutions. A
separation of niobium from tantalum on
an anion exchange column was worked
out by Dragulescu, Kyri, and Oprescu
(128). A chloroform solution of a liquid
anion exchange resin was used by Green
(178) for the extraction of niobium from
a sulfate--oxalate solution. Green (175)
also included four methods for niobium
and three for tantalum in a review of
methods of solvent extraction of various
cations. A detailed study of the extraC
tion of niobium and tantalum 8-quinon
olates was made by Alimarin, Bilima
vich, and Ts'ui (9). '1'rioctylamine was
used by Nevzorov and Bychkov (362)
for the extraction of niobium and tan
talum from tartaric--oxalic acid solu
tions. According to Gibalo, Alimarin,
and Davaadorzh (160, 162) niobium can
be separated from tantalum, zirconium,
titanium, and other elements by extrac
tion into chloroform of the compound
formed with tetramethylenedithiocar
bamate. Niobium and tantalum were
investigated along with various other
cations by O'Laughlin and Banks (377)
in a study of separations using reversed
phase partition chromatography with
neutral organophosphorus compounds.

Much of the recent literature concern
ing niobium and tantalum deals with
spectrophotometric methods. Most of
these are applications of well known
methods either to different material or
in the utilization of new separation proc~

esses. Esson (137) used a radiotracer
technique to study the thiocyanate
ethylacetate extraction determination of
niobium and found recoveries as low as

Element
Zirconiwn and

hafnium

Vanadium

Niobium

Niobium and
tantalum

Tantalum

Chromium

Molybdenum

Tungsten

Table IV. Gravimetric Methods
Reagent: Material (References)

Mandelic acid: Thermogravimetric study (1); Zr metal (876)
Hydroxypropyl mandelate: Homogeneous solution (448)
a-Hydroxybenzylphosphonic acid: Study of conditions and inter-

ferences (453, 696)
Cupferron: Ti, Pb (1i1t): ion exchange study (31i1)
Dimethylphenylan50nic acid, lsumers of: Study of conditions (401)
2,4,5- and 2,4,6-Trichlorophenylarsonic acid: Study of conditions (402)
6,7-Dihydroxy-4-phenylcoumarin: Ti (212)
7,8-Dihydroxy-4-phenylcoumarin: Fe (214)
2,5-Dihydroxy-l,4-benzoquinone: Sc (604)
m-Nitrocinnamic acid: Study of conditions and interferences (89)
Iodobenzoic acid: '1'h (88)
2-Hydroxy-3-naphthoic acid: Th (2)
3 - Methyl - 5 - oxo - 1 - phenyl - 2 - pyrazolin - 4 - ylazo - 2' - (6',8'

naphthalenedisulfonic acid): Study of conditions and interferences
(414) ... f ()Phenylacetic acid: Study of condltlOllS and luter erenees 386

a-Methoxyphenylacetic acid: Study of conditions and interferences
(!!9!!)

N-benzoyl-N-phenylhydroxylamine: Study of interferences (306)
7-Hydroxynaphthalene-l,3-disulfonate: Study of conditions and inter-

ferences (416)
Purpurogallin and derivatives: Study of conditions (126)
S,5'-Thiodisalicylic acid: Study of conditions (170)
Sodium phosphate: Ferrotitanium (176)
o-Hydroxyacetophenone oxime: Study of conditions and interferences

(J,.08)

Boric acid-hydrolysis: Ti, Fe, Mn, Sn (460)
Ammonium hydroxide-EDTA: W (489)
Ammonium tetramethylenedithiocarbamate: Study of conditions (161)
""Hydroxybenzylphosphonic acid: Study of reactions (463)
4-Phenyldaphnetin: Ta, Mo (218)
Cupferron: Ti, Zr (469)
N-phenylbenzohydroxamic acid: Steel (242)
N-benzoyl-N-(o-tolyl)hydroxylamine: Nb from Ta from Ta from

Nb (818)
Hydrogen pe.roxide-nitric acid or ammonium hydroxide: Study of

reaction (103, 104, 202); tantalocolumbites (106)

Cupferron: Carbides (64!!)
Benzenearsonic acid: Sn, Zr, W, Th, rare earths (.'196)
Dimethylphenylarsonic acid, isomers of: Study of conditions (401)
2,4,5- and 2,4,6-TricWorophenylarsonic acid: Study of conditions (402)
Deca-ammine-,.-peroxocobalt(III)-cobalt(II); Study of conditions (441)
Calcium chloride: W (360)
Purpurogallini dibromopurpurogalIin; 3',4'-dihydroxy-a,l3-benzotro-

polone: Study of conditions (126)
I-Nitroso-2-naphthol: Study of interferences (392)
2,2'-Pyridoin: Study of conditions (40)
Sulfide: Study of conditions (266)
Sodium solenide: Study of conditions (643)
Acid dehydration: Molybdenum silicide (231)
Electrolytic separation: Re (164)
8-Quinolinol: Study of conditions (673)
N-Phenylbenzohydroxamic acid: Study of conditions and interferences

(226)
Cinchonine: Re (610)
Cinchonine-tannic acid-antipyrene: Ores and concentrates (400)
Tannin-iJ-naphthoquinoline: Nb (489)
Calcium chloride: Mo (360)
Acid dehydration: Study of coprecipitation (156)
Hydrogen peroxide-acid dehydration: Nb, Ta (106, 20!!)
Thennogravimetry of WO,: (83,127,307,863)

acid. The determination of niobium
and tantalum in chrome-nickel steel was
performed by Munchow (347) by fol
lowing an anion exchange separation
with a thiocyanate determination of
niobium and a pyrogallol determina
tion of tantalum. Nishimura and
Irokawa (372) determined niobium in
tantalum and tantalum oxide by means
of the thiocyanate method following an
ion exchange separation. Yoshida and
Kitamura (5.96) extracted the bulk of the
tantalum with methyl isobutyl ketone
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before determining niobium in tantalum
metal and oxide by the thiocyanate
method. The extraction of the tan
talum with methyl isobutyl ketone prior
to the determination of niobium with
thiocyanate was also used by Luke (303)
for the determination of niobium in tan
talum metal. Beryllium hydroxide was
used as a carrier by Kageyama, Endo,
and Tomori (225) for the precipitation of
niobium as the hydroxide from an
EDTA solution prior to the determina
tion of niobium in steel with thiocyanate.
Shrimal and Yarde (497) separated
niobium from uranium hy dehydration
with perchloric acid using a tantalum
carrier prior to determination as the
thiocyanate. Niobium was determined
in steel with thiocyanate by Dorosh
and Ivanova (120) following separation
as the hydroxide and by White and
Scholes (578) following separation as
the phenylarsonate with zirconium as
the carrier. Thiocyanate is by no
means the only reagent used for the
spectrophotometric determination of
niobium. Ishiwatari (207) used xylenol
orange for the determination of nio
hium and zirconium by first deter
mining the total and then determining
zirconium alone, by changing the order
of addition of the reagents, and obtain
ing the niobium by difference. Xylenol
orange was also used by Sakaki (457)
for the determination of niobium in steel.
Hydrogen peroxide was used by Cheng
(92) for the determination of niobium in
niobium stannide without separation;
by Wood and Adams (585) for the de
termination of niobium in niobium-zir
conium alloys; and by Uvarova and
Sikora (561) for the determination of
niobium in lead niobate and lead nio
bate-barium niobate mixtures. Nord
ling (374) recommends potassium nio
bate dissolved in oxalic acid, with the
concentration determined by the gravi
metric cupferron procedure, as a stand
ard for the hydroquinone spectro
photometric method for niobium. Ka
wahata, Mochizuki, and Misaki (243)
determined niobium, tungsten, and
titanium simultaneously in heat-re
sistant steel by the hydroquinone
method. Hibbits and Kallmann (197)
studied the separation of microgram
amounts of niobium and tantalum from
each other and from ten milligrams each
of 70 different elements by first precipi
tating with cupferron, then using an
anion exchange procedure followed by a
second precipitation with cupferron,
after which the niobium is determined
with hydroqmnone and the tantalum
with pyrogallol. Brhacek and Kurzova
(63) determined niobium in steel with
hydroquinone and tantalum with pyro
gallol following a precipitation separa
tion from an ammoniacal EDTA solu
tion. Pyrogallol was used by Lapin and
Prilutskaya (284) for the determination
of niobium in steel after separation by

118 R • ANALYTICAL CHEMISTRY

precipitation with ammonium hydrox
ide. Belcher, Ramakrishna, and West
(35) studied the conditions and interfer
ence in the determination of niobium
with bromopyrogallol red in an EDTA
tartrate-cyanide solution. The same
authors (36) later reported a further de
tailed study including molar absorp
tivities, composition of the complex
formed, useful range, and interferences
under various conditions. The color
reactions of the peroxy complexes of
niobium and tantalum with nine metal
lochromic indicators including pyrocate
chol violet, PAN, bromopyrogallol red,
4-(2-pyridylazo)-resorcinol, and xylenol
orange as a function of pH were de
scribed by Lassner and Puschel (286,
287). Elinson and Rezova (133) de
scribed the determination of tantalum
with 4-(2-pyridylazo)-resorcinol and re
ported the wavelengths of maximum
absorbance and molar ahsorptivities
under various conditions. Patrovsky
(396) studied 4-(2-thiazolylazo)-resor
cinol as a reagent for niobium. The
complexes that niobium form with arsen
azo I were investigated by Kornilova
and Nazarchuk (269). Babko and
Shtokalo (24) studied the relative sta
bilities of various tantalum complexes by
determining the concentration of added
ligand that was necessary to reduce the
absorbance of the tantalum-arsenazo I
complex to' one half its original value.
The niobium-eriochrome cyanine com
plex was used in the same way by the
same authors (22) to study several nio
bium complexes. Asamov, Dzhiyan
baeva, and Talipov (18) determined nio
bium by measuring the absorbance of
the organic phase after the extraction of
the niobium-pyrocatechol violet-2,3'
bipyridyl complex into chloroform.
Talipov, Dzhiyanbaeva, and Asamov
(544, 545) also used the extraction of the
metal-pyrocatechol-l,2'-bipyridyl com
plex into chloroform for the determina
tion of both niobium and tantalum and
the extraction of the niobium-thiocya
nate-4-(4'-biphenylylazo)-catechol com
plex into chloroform for the determina
tion of niobium. A different approach
to the use of 2,2'-bipyridyl was used by
Bykovskaya (81) who reduced niobium
bium to niobium(III) , used this to re
duce iron(Ill) to iron(ll), and used the
reagent for the determination of the
iron(ll). Kornilova and Nazarchuk
(270) described the use of hematoxylin
for the determination of niobium. Ap
plication of morin and hematoxylin for
the determination of niobium and tan
talum, and of pyrocatechol violet for the
determination of tantalum in the pres
ence of niobium was studied as a func
tion of pH by Babko and Shtokalo (23).
Other reagents used for the determina
tion of niobium and tantalum were
salicylhydroxamic acid by Alimarin and
Borzenkova (10) and tiron by Shimizu
and Hosohara (492). Additional re-

agents used for the determination of nio
bium are N-phenylbenzohydroxamic
acid-thiocyanate by Ni and Liang (364);
derivatives of trihydroxyfluorone by
Nazarenko and Yagnyatins'ka (357);
5-dimethylamino - 2 - (2 - thiazolylazo)
phenol by Minczewski and Kasiura
(334) ; sulfochlorophenol S by Savvin,
Bortsova, and Malkina (466); malachite
green-fluoride by West (576); lumogal
lion by Alimarin and Han (11); gossypol
by Talipov and Khadeeva (546); 4
methoxybenzothiohydroxamic acid by
Skorko-Trybula and Minczewski (507)
and the niobate ion itself in basic solu
tion at 235.4 mIl by Borlera (52). Rea
gents for the determination of tantalum
include crystal violet, malachite green,
and brilliant green used by Makarova
and Alimarin (314); crystal ,iolet
fluoride used by Alimarin and Makarova
(12); rhodamine 6G 11 and butylrho
damine B used by Dorosh (119); and re
duced 12-molybdotantalic acid used by
Guyon (183). Yatsimirskii et al. (593)
described a so-called catalytic method
for tantalum consisting of a turbidimet
ric measurement of barium sulfate
formed from the sulfate resulting from
the oxidation of thiosulfate by hydrogen
peroxide which is catalyzed by tantalum.

The gravimetric methods for the de
termination of tantalum consist largely
of applications of previously described
reagents and frequently in combination
with a modified or improved separation
method. Tada and Horiguchi (542)
used cupferron for the determination of
tantalum in carbides following an anion
exchange separation. An anion ex
change separation was also used by
Sawada and Kato (469) preceding the
determination of niobium and tantalum
in titanium and zirconium alloys with
cupferron. Munchow (347) also used
an anion exchange separation and cup
ferron precipitation for the determina
tion of niobium and tantalum in steel.
Patrovsky (395) precipitated tantalum
with benzene arsonic acid in the presence
of hydrochloric, tartaric, and oxalic
acids, and separated it from niobium and
titanium. The use of a-hydToxybenzyl
phosphonic acid as a precipitant for nio
bium was described by Ryabchikov and
Dedkov (453). Kawahata et al. (242)
determined niobium and tantalum sepa
rately in stainless steel by precipitation
with N-phenylbenzohydroxamic acid.
N-benzoyl-N-(o-tolyl) hydroxyla mine
was used for the separation of nio
bium and tantalum from each other by
Majumdar and Pal (313). Gibalo,
Alimarin, and Davaadorzh (161) studied
the precipitation of niobium with ammo
nium tetramethylenedithiocarbamate.
Niobium was separated from tantalum
and molybdenum and determined by
Jain and Singh (213) using 4-phenyl
daphnetin. Hoste, Adams, and Dams
(202) used radiotracers to study the pre
cipitation of niobium and tantalum by



mination by Rekhkolainen (443), of nio
bium and tantalum in solutions by meas
uring x-ray absorption.

Yule (600) included niobium and tan
talum in a determination of 'Y-photopeak
yields for 118 reactor thermal neutron
products and the estimation of detection
limits from these data. Laverlochere
(288) discussed neutron activation anal
ysis and included 67 references. Neu
tron activation analysis was used by
Verbeek (566) for the determination of
niobium in steel following an extraction
with methyl isobutyl ketone; by Dugain
and Lavcrlochere (125) for tantalum in
niobium with and without separation;
by Simkova (501) for tantalum in iron
and niobium; by Gleit et at. (168) for
tantalum in filter media and high purity
quartz; by Ricq, Capitant, and Troly
(445) for niobium and tantalum in rocks
and minerals following an extraction
with methy:isobutyl ketone; by Schlitz
and Coquema (472) in rocks and min-

hydrolysis of their hydrogen peroxide
complexes. Dams and Hostc (103) de
scribed a method for the determination
of niobium and tantalum using the hy
drolysis of these hydrogen peroxide com
plexes and attempted to apply the
method to the separation of niobium and
tantalum (104) and to the analysis of
tantalocolumbites (105). Sheskolskaya
(1,89) separated niobium from tantalum
by precipitation of the bydroxide with
ammonia from an EDTA solution.
Pyrogallol was used by Sarma (460) as a
masking agent for titanium, iron, man
ganese, and tin to prevent their precipi
tation along with niobium when the nio
bium was precipitated by hydrolysis.

A number of spectrographic methods
have also been published during the
period covered by this review. Huff
(203) used the spark technique for the
determination of niobium and tantalum
in column effluents in a study of anion
exchange separations using mixtures of
nitric acid and hydrofluoric acid.
Munchow (347) used hydrochloric acid
and hydrofluoric acid with an anion ex
change resin for the separation of nio
bium and tantalum prior to determina
tion in chrome-nickel steel. Malinek
(317) used a d.c. arc for the determina
tion of niobium and tantalum in mixtures
of oxides of the two elements following
chemical separation from a tungsten-tin
concentrate. Tantalum was deter
mined in purified boron by Tarasevich
and Zheleznova (548) following volatili
zation of the boron as the fluoride.
Following the extraction of plutonium
with trioctylamine, Ko (254) determined
tantalum and niobium spectrographi
cally. Brooks (66) used a pyrosulfate
fusion followed by d.c. arc excitation for
the determination of tantalum and other
impurities in niobium. Tantalum was
also determined in niobium by Balenko
and Lifshits (27). Litomisky (297) used
potassium carbonate and silica as a
buffer to delay the distillation of nio
bium and tantalum and thereby increase
the line intensities in the spectrographic
determination of these elements in
cassiterite-wolframite concentrates.
Briere and Kurylenko (64) determined
niobium in J\fadagascar zircons.

X-ray fluorescence is also a useful
technique for the determination of nio
bium and tantalum. Bertin (39) used
x-ray fluorescence ",'ith an intensity
ratio vs. concentration ratio plot of the
data for the determination of niobium
and tin in niobium-tin compounds.
Tantalum and niobium were determined
in tantalite by Nishimura and Kawasaki
(373), in niobiotantalite by Latorre and
Polonio (285) and in minerals by
Kakhana (228). Two methods involv
ing the use of x-ray radiation directly are
the determination by Toussaint and Vos
(555) of tantalum in niobium by making
the sample the target and measuring the
x-ray radiation emitted, and the deter-

Element
Zirconium and

zirconium
plus hafnium

Hafnium
Vanadium

Niobium

Tantalum
Chromium

Molybdenum

Tungsten

Table Y. Electrometric Methods
Method; Reagent: Material (References)

Amperometric; EDTA: Organic compounds (550)
Amperometric; Flavazine L: Study of conditions (421)
Amperometricj Neocupferron: Study of conditions and interferences

(161)
Amperometric; Na2Mo04,: Study of conditions (180) .

Amperometric; Disodium-2-(3-methyl-5-oxo-l-phenyl-2-pyrazolin-4
ylazo)-6,8-naphthalencdisuIfonate: Study of conditions (420)

Polarographic: Study of conditions and interferences (486, 602)
a.c-polarographic: Study of conditions (236)
Amperometric; Tartrazine or Havazine L: Study of conditions (416)
Amperometric; Iron(II): Steel (11,0, 141, 876); refractory alloys (624)
Amperometric; Iron(Il)-permanganate: V(IV)" V(V) (510)
AmperometrlC; Vanadium(Il): Study of condItIOns (152)
Amperometric; Thallium(I): Study of conditions (698)
Amperometric; Silver: Study of conditions (471)
Amperometric; Chloramine T: Study of conditions (114-)
Polarographic: Study of conditions or reactions (34, 58, 163, 245, 470)
Coulometric: NaCI (697); TiCLt (429)
Electroanalytical study: LiCl-KCl eutectic (476)
Amperometric; Pyrocatechol: Study of conditions (260)
Polarographic: !Steel (227), Pb-Ti~Zr ceramics (171)
a.c.-polarographic: Study of condItIOns (286); steel (240)
Polarographic: Study of conditions and interferences (69)
Amperometric; Fe(Il): Steel (140-142); fluoride salts (17)
Amperometric; H 20 2 : Study of conditions and interferences (/592)
Amperometric; CWoramine T: Study 9£ conditions (114)
Polarographic: Cement (206); glass (274); ruby (882, 603); study of

reactions (58, 502)
a.c.-polarographic: RNO, (14) .
Coulometric: Study of condItIOns (95); tInplate (581)
Controlled potential coulometric: Study of conditions (440)
Amperometric; TlNO,: Study of conditions (598)
Amperometric; V(Il): Ferromolybdenum (181)
Amperometric; EDTA: Study of conditions (442)
Amperometric; 8-quinolinol: Study of conditions (320)
Amperometric; 8-mercaptoquinoline: Steel (530)
Amperometric; Bis-(4-dimethylaminophenyl)-methane: Study of con

dItions and interferences (390)
Polarographic: Study of conditions and/or interferences: (58,478,485,

570, 683); In (42); Nb (192, 193); W (258,389, 514); Steel (240,
280, 393, 585)

Oscillopolarographic: Study of conditions (828)
Amperometric; Thallium(I) nitratc: Study of conditions (598)
Amperometric; Lead nitrate: Steel (51)
Amperometric; Lead acetate-EDTA: Minerals (90)
Polarographic: Study of conditions (58, 888, 515); Mo (258, 389, 523);

steel (526)
a.c.-polarographic: Steel (240)
Square-wave polarographic: Re (233)

erals following a separation by paper
chromatography; by Gebauhr and
Martin (157) for tantalum in bigh purity
silicon; by Sza.bo (538) for the determi
nation of tantalum in rocks; and by
Ricq et al. (1,.46) for niobium and tan
talum in rocks and minerals.

Both a.c. and d.c. polarographic tech
niques were studied by Kajiyama and
Kawahata (227) in the development of a
method for the determination of niobium
in steel following separation by dehydra
tion with perchloric acid. A standard
additions method was used by Goode,
Herrington, and Jones (171) for the de
termination of niobium in lead-titanate
zirconate ceramics with a cathode ray
polarograph. Kasagi and Banks (236)
used an a.c. polarograph for the deter
mination of niobium in aqueous solution
and Kawahata et at. (240) separated nio
bium from the components of stainless
steel by dehydration with perchloric acid
and then determined it by an a.c. 1'0-
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larographic technique. Budarin, Rum
yantseva, and Sherina (69) determined
tantalum by means of the catalytic hy
drogen peroxide current in an oxalate
sulfate solution. An amperometric ti
tration using pyrocatechol violet as the
titrant and EDTA to mask interferences
was used by Komolova and Tserkov
nitskaya (260) for the determination of
niobium in steel.

Lassner (286) determined niobium
titrimetrically by adding an excess of
nitrilotriacetic acid or N -(hydroxy
ethyl)-ethylenediamine-N,N' ,N' - triace
tic acid and back-titrating with copper
to the disappearance of the fluorescence
of methylcalcein. Bykovskaya (81) re
duced niobium to niobium(III) then
oxidized it back to niobium(V) with
iron(III) and then titrated the iron(II)
formed with chromium(VI). Kozy
reva, Kuteinikov, and Zharova (276)
precipitated niobium with an excess of
8-quinolinol and titrated the excess
bromatometrically. Babko, Lukianets,
and Nabivanets (21) titrated the com
bined peroxide in tbe niobium" peroxide
complex with permanganate in order to
determine niobium.

Guthrie (182) determined niobium
and tantalum along with 24 to 48 other
elements in erbium, cerium, and lute
tium by a spark source mass spectro
graphic technique.

CHROMIUM

Because of the color of chromium, the
stability of two of its oxidation states,
the ease of changing oxidation states,
and also its wide Use in steels and high
temperature alloys, and the increasing
interest in lasers, chromium has been
determined by most of the common an
alytical techniques.

The occurrence and determination of
chromium in air, foodstuffs, and bio
logical tissue was reviewed by Gandolfo
and Sampaolo (153) and 666 references
were included. Strelow, Rethemeyer,
and Bothma (521) included chromium
in the determination of distribution
coefficients of a number of cations be
tween either nitric or sulfuric acid and a
sulfonated polystyrene resin. Daniels
son (106) studied the adsorption of 26
metal ions including chromium on an
anion exchange resin from sulfuric acid
solution. Korkisch and Hazan (268)
studied the anion exchange behavior of a
number of elements including chromium
in a number of organic solvents contain
ing hYdrochloric acid. Koprda and
Fojtik (264) found that while chromium
and manganese cannot be separated us
ing Dowex-2 and 10.5M hydrochloric
acid at room temperature, the separa
tion is quantitative at temperatures
above 55° C. Green (174) listed four
methods for chromium in a review of
solvent extraction procedures for a
number of elements. Neutral organo-
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phosphorus compounds were used by
O'Laughlin and Banks (377) for the
separation of a number of elements in
cluding chromium.

Chromium can be successfully de
termined by a number of spectrophoto
metric methods. Yablochkin (589)
measured the absorbance of the chro
mium(III)-EDTA complex at 570 mIl.
Zabiyako and Sharapova (601) used
essentially the same method for the de
termination of chromium in chrome
alum solutions. This method was also
applied to the determination of chro
mium in silicate rock by Stolyarov and
Agrest (520). Hashmi et al. (189) used
an equimolar mixture of isonicotinic
acid hydrazide and 2,3,5-triphenyl
tetrazolium chloride as a reagent for the
determination of chromium following
oxidation with silver(II) oxide. The
complex formed by heating cbromium
(III) stearate with 0- or m-toluidine
was used by Malik and Ahmad (316)
for the determination of chromium in
metal soaps. A cation exchange sepa
ration was used by Popa, Radulescu
Grigore, and Basamac (422) prior to
determination of chromium in steel as
chromium(VI) with chromatropic acid.
Sangal (458) studied the properties and
analytical applications of the chro
mium-alizarin red S complex.• Malat
and Hrachovcova (315) made an ex
tensive study of the chromium-chrome
azurol S complex. The spectrophoto
metric determination of chromium us
ing pyridine-2,6-dicarboxylic acid was
studied by den Boef and Poeder (47).
Komatsu and Takahashi (259) de
termined chromium by extracting
the product formed by the oxidation of
I-phenylthiosemicarbazide with chro
mium(VI) into chloroformand measuring
the absorbance at 372 mIl. Chromium
was determined in steel by Aitova (5)
using antipyrinylbis-[p-(4-methylbenzyl
amino)-phenyl]-methanol and extract
ing the complex into benzene. Mter
separation of iron and aluminum, which
are two of the most serious interferences,
by extraction of their 8-quinolinolates
into chloroform, chromium was deter
mined by Uesugi and Katsube (557)
using 2-hydroxy-l-(2-hydroxy-4-sulfo
I-naphthylazo)-naphthalein. Dodd,
Wood, and Barns (118) used a nonde
structive spectrophotometric technique
for the determination of chromium in
ruby in which the absorbance of single
crystals was measured. Kovalenko
and Petrashen (272) studied the com
plex that chromium(VI) forms with 8
diphenylcarbazide. Szczepaniak (541)
synthesized a 8-diphenylcarbazide resin
which he used to study the reaction be
tween chromium(VI) and 8-diphenyl
carbazide. The 8-diphenylcarbazide
method was used hy Appelbaum and
Mashall (16) in a study of the oxidation
of chromium(III) with silver(II) oxide.
Applications of the 8-diphenylcarbazide

method include the determination of
chromium in ores and refractories by
Richards and Boyman (444); in ruby
by Sil'niehenko and Gritsenko (500);
in the presence of manganese in rocks
and minerals by Easton (129); in steel
and high-purity iron by. Scholes and
Smith (474); in rhenium and rhenium
compounds by Ryabchikov, Lazarev,
and Lazareva (454); in sea water by
Chuechas and Riley (96); in canned
food by Molodchenko and Lyubivaya
(339); and in beer by Deschreider and
Meaux (113).

Pavlov and Kuznetsov (397) recom
mended the addition of excess EDTA
and a back-titration of the excess with
zinc to the dithizone end point and
found an error of 0.5% or less for the
titrimetric determination of chromium.
The same authors (398,399) determined
aluminum and chromium in mixtures by
titrating the total in one aliquot and
masking the aluminum with fluoride
and titrating only the chromium in an
other. Sosin and Strzeszewska (511)
used a back-titration of the excess
EDTA with zinc for the determination
of chromium in chromium ore. Golu
bovic and Ljustina (169) used a mixed
indicator consisting of eriochrome black
T I congo red, and eriochronle green B
for the back-titration with zinc in the
determination of chromium in the pres
ence of aluminum, calcium, and mag
nesium. A back-titration with zinc to
the eriochrome black T end point was
used by Majumdar and Mitra (312) for
the determination of chromium follow
ing anion exchange separations of
several metals as the thiocyanate. A
back-titration of the excess EDTA with
copper to a fluorescent end point was
used by Martinez and Barral (324). A
determination of chromium(III) in the
presence of chromium(VI) by Hentrich
and Pfeifer (196) utilized the back
titration of EDTA with lead to the pre
cipitation of lead chromate. Liteanu,
Crisan, and Rencz (296) used thio
cyanate and 8-quinolinol to detect the
end point in the back-titration of EDTA
with cobalt. The qnantitativereduction
of chromium(VI) with iron(II) was
used by Janousek (215) for the determi
nation of chromium and manganese in
steel; by Babachev, Petrova, and Raeva
(20) for the determination of chromium
in silicates; by Balyuk and Zil'berg (28)
for the determination of chromium in
chromite ores and other refractories; by
Nazarchuk et al. (355) for the determi
nation of chromium in the presence of
lanthanum; and by Rao and Devara
(437) for the determination of chromium
and vanadium in mixtures. Edge and
Fowles (130) reduced chromium(III) to
chromium(II), which was oxidized by
iron(III) and the resulting iron(II) was
then titrated with chromium(VI). For
the determination of chromium in steel,
Lounamaa (299) oxidized the chromium



to chromium(VI), added an excess of
iron(II) , and titrated the excess with
permanganate. Paar and Hawkins
(384) also added excess iron but titrated
the excess with dichromate for the .de
termination of chromium in feces.
Polak, den Boef, and de Galan (410)
oxidized chromium to chromium(VI) hy
heating to 60° C. with an excess of
permanganate and then titrated the ex
cess permanganate with arsenic(III),
detecting the end point photometrically.
In order to determine chromium(III) in
a chrome-plating electrolyte Onufrienok,
Borodulina, and Gavryusheva (380)
oxidized all of the chromium to chro
mium(VI), titrated the chromium(VI) to
chromium(III) with standard hydrogen
peroxide, then chromium(III) to chro
mium(VI) with potassium permanga
nate. The chromium(VI) was deter
mined in the same way without the
initial oxidation step, and the chromium
(III) was then determined by difference.
Jungnickel and Klinger (220) added ex
cess oxalate to a chromium(III) solution
forming the dioxalatochromate(III) ion
and then titrated the excess oxalate with
cerium(IV). Chromium in ferrochrome
and other alloys was determined iodi
metrically by Babachev (19). Chro
mium was determined in steel by Zhigal
kina, Lev, and Cherkesov (604) using
the titration of chromium(VI) in 50%
sulfuric acid with 4-phenylazo-l
naphthol. The end point was deter
mined conductometrically by Matyja
(327) in the titration of chromium(III)
with vanillin azine.

The publication of gravimetric meth
ods for the determination of chromium is
quite limited. Pietsch and Ludwig
(401, 402) studied the conditions for
precipitation of chromium with iso-'
mers of dimethylphenylarsonic acid
and trichlorophenylarsonic acid. A so
lution of deca-ammine-,,-peroxocobalt
(III)-cobalt(II) chloride was used for
the quantitative precipitation of chro
mium(VI) by Reibel' (441).

Various spectrographic methods have
found considerable use in the determi
nation of chromium, especially in steel
along with other metals. Runge (451)
used laser excitation for the determina
tion of chromium in steel with a coeffi
cient of variation of 5%. Titanium was
volatilized as the tetrafluoride prior to the
spectrographic determination of chro
mium in titanium in a procedure used by
Fratkin and Shebunin (147). Huff (203)
used spectrographic methods for the
determination of the various elements in
a study of the anion exchange behavior
of 19 elements in solutions containing
various concentrations of nitric and hy
drofluoric acids. Procedures for the
spectrographic determination of cm:o
mium in iron and steel were published by
Ungureanu and Fodor (558), Zhelonkina
et at. (603), Buyanov (79), Javurek
(218), Nikitina and Ivanova (366),

Lounamaa (301), and Baskov and
Palladin (31). An arc or low voltage
spark was used by Buyanov, Ivanova,
and Sukhova (80) for the determina
tion of chromium in heaf,.resistant
alloys. Filimonov et al. (143) stndied
the factors affecting the accuracy of the
determination of chromium in chromium
bronze with a photoelectric spectrom
eter. Zirconium was used as an in
ternal standard in the determination of
chromium in aluminum alloys hy Mal
usecki and Studencki (318). Muzgin
et al. (351) determined chromium in va
nadium pentoxide at the 0.001 to 0.1%
level with an error of ± 10 to 20%.
Tarasevich and Moseli (547) atomized
a solution of the sample into a spark
discharge for the determination of
chromium in titanium alloys. Car
penter and Lewis (84) described the
determination of chromium and other
impurities in high-purity hafnium.
Brooks (66) used a pyrosulfate fusion
prior to arc excitation in order to de
termine the impurities including chro
mium in niobium. Balenko and Lifshits
(27) used a lithium carbonate buffer
and niobium as the internal standard
for the determination of impurities in
niobium. Vasilevskaya et al. (565) and
Pikhtin (403) determined chromium in
silicon carbide. Plsko and Herkelova
(406) determined chromium in silicates,
using a lithium carbonate buffer and
calcium oxide internal standard. Lup
pino (306) used molybdenum as an in
ternal standard for the determination of
various metallic impurities in electro
plating solutions. Zhuravlev and
Ryzhkova (606) used spark excitation
of atomized solutions and photoelectric
recording for the determination of
eight elements including chromium.
Lachin (283) determined chromium
and many other elements in high poly
mers.

Flame photometry was used by Daly
and Anstall (102) for the determination
of chromium in feces. Waggoner (571)
found that preliminary separation is
not necessary for the determination of
chromium and other constituents in
stainless steel by flame photometry.
Chromium was also determined in iron
and steel by Prince, Coglianese, and
Coless (427). Feldman and Purdy
(139) determined chromium using
atomic absorption spectroscopy by ex
tracting chromium(VI) into methyl
isobutyl ketone and aspirating the
organic phase into an air-hydrogen
flame. Barnes (30) used ammonium
chloride to eliminate the suppression
effect of iron when determining chro
mium in low alloy steels by atomic ab
sorption spectroscopy.

X-ray fluorescence was used by
Spielberg and Abowitz (516) for the
determination of nickel and chromium
in thin films. Three techniques were
compared. Sparks and Britton (513)

used x-ray fluorescence for determining
the chromium content of thin oxide
films. The chromium in ferrochrome
was determined by Fukasawa and
Takeuchi (150) with a standard devia
tion of 0.4%. A miniaturized appara
tus using tritium absorbed on zir
conium as an excitation source was
used by Karttunen etal. (235).

The polarographic reduction of
chromium(VI) in sodium or potassium
hydroxide solution was used by Ishii,
Hayashida, and Einaga (206) for the
determination of chromium in cement;
by Kowalski, Narebska, and Zarebski
(274) for the determination of chro
mium in glass; and Miedzinski and
Lukaszewski (332) and Singh (503) for
the determination of chromium in ruby.
Simoncini (502) used the polarographic
reduction of chromium(III) for the
determination of chromium. The con
ditions determining the sensitivity for
the polarographic determination of cer
tain anions in solution were studied by
Brainina and Roizenblat (58). Ani
kina and Kuzub (14) determined chro
mium by oscillopolarography with 1M
sodium hydroxide being used as the
supporting electrolyte and the standard
additions method being used to ascer
tain the concentration.

Chromium in mixed fluoride salts in
the range of 1 to 50 "g was titrated
with iron(II) using an amperometric
end point by Apple and Zittel (17).
Filenko (140) determined chromium
along'with manganese and vanadium in
steel by using various oxidizing condi
tions and an amperometric titration
with iron(II) to obtain the sum of the
three, then the chromium plus vana
dium, and then the vanadium alone.
The same author also used an ampero
metric titration with two indicator
electrodes for the determination of
manganese and chromium (142) and
manganese, chromium, and vanadium
(141) in steel. A rotating platinum
electrode was used with hydrogen per
oxide as the titrant for theampero
metric titration of chromium by Yatru
dakis and Zhdanov (592). The method
used by Deshmukh and Eshwar (114)
consisted of the addition of excess re
ducing agent and titration of the excess
with chloramine T at an applied po
tentialof +300 mY.

A differential controlled-potential
coulometric technique in which the
sample and standard were electrolyzed
simultaneously in identical cells was
used by Rechnitz and Srinivasan (440)
for the determination of chromium.
Christian and Feldman (95) performed
an ultramicrocoulometric titration in
which they determined as little as 0.004
"g of chromium. Wiltshire, Nancar
row, and Ludvig (581) used a coulo
metric titration method for the deter
mination of surface chromium in elec
trolytic tinplate.
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Chromium was included in those
elements for which the neutron activa
tion analysis sensitivities were deter
mined by Yule (600). Girardi, Guzzi,
and Pauly (165) studied a neutron ac
tivation method including direct cal-

Element

Zirconium

Hafnil1m
Vanadium

Niobillffi
Niobium and

tantalum
Tantalum
Chromium

Molybdenum

Tungsten

Element

Zirconium
Hafnillffi
Vanadium
Niobium
Niobium and

tantalum
Tantalum
Chromium

Molybdenum
Tungsten

Element

Zirconium

Hafnium

Vanadium

Niobium
Niobillffiand

tantalum
Tantalllffi
Chromium

Molybdenllffi

Tungsten

eulation of weight from nuclear con
stants for a number of elements and
evaluated accuracy and p~ecision.
Neutron activation was used for the
determination of chromium in aluminum
by Kiesl, Hecht, and Sorantin (241)) and

Table VI. Spectrochemical

Material (References)

Following ion exchange (203); comparison of methods (88); in solutions
(341); Nb (66,66); Ni (209); SiC (403); zircons (64); minerals and
ores (37); rubber polymers (288); Pu (264)

Zircon (672)
Plasma excitation (196); study of electrode processes (618); following

ion exchange (208); following solvent extraction (67); SiO, (612);
SiC (408); Cr-Ni-Mo alloys (482); UF, (409); Hf (84); steel,
Fe (801, 866); coke (78); heat-resistant alloys (80); rubber poly
mers (288); comparison of methods (68)

Zircon (64)
Ores and concentrates (297); Nb,05-T",O, (817); following ion ex

change (208)
Boron (648); Pu (264); Nb (27,66)
Laser excitation <4.61); following ion exchange (203); following removal

of volatile fluorides (147); steel, Fe (81, 79...218, 801, 866, 688, 608);
Cr bronze (148); AI (818); V,O, (861); Ti alloys (547); Nb (27)
(66); Hf (84); heat-resistant alloys (80); SiC (403, 665); silicates
(406); electroplating solutions (306); solutions (606); rubber poly
mers (288); comparison of methods (68)

Following ion exchange (203); comparison of methods (68); Ti (547);
Hf (84); Nb (66, 66); heat-resistant alloys (80); steel (159, 301);
UF, (409); B (548); rocks (208,512); ashes and ores (587); rubber
polymers (283)

Following ion exchange (203); Hf (84); Nb (65, 66); heat-resistant
alloys (80); B (548); Pu (254); rocks (208, 512); aerosols (294);
rubber polymers (283)

Ta'ble VII. X-Roy Fillorescenee

Material (References)

Steel and U (549); U (186); rocks (78, 186)
Zr (411, 488)
With portable source (235); organic materials (128)
Nb,Sn (89)
Minerals and ores (228, 285, 878)

Nb (555)
With a portable source (286); Ni-Cr films (516); Sn plate (518); ferro

chrome (150)
Comparison of methods (298); study of conditions (569); U (185, 391)
Ni (26)

Table VIII. Neutron Activation Analysis

Material (References)

Determination of sensitivities (600); review (288); study of separations
(517); study of conditions (94); meteorites (831,473,479); igneous
rocks (651)

Study of method (165); Zr (333); zrO, (166, 178); Al (249); rocks
(78,688)

Dete~mination of sensitivities (600); study of separations (517); Zr
(888); AI (248)

Steel (666); nuclear materials (288)
Determination of sensitivities (600); rocks and minerals (445, 446)

Nb (126); Fe, Nb (501); Si (157); rocks (472, 538); organic filters (168)
Determination of sensitivities (600); study of separations (617); study

of method (166); AI (:1149, 609); Si (157); hiological material (56)
Determination of sensitivities (600); following extraction (217, 517);

W (177); Si (157); soil (591); hair and wool (194)
Determination of sensitivities (600); steel (881,608); AI (158); Si (157)

by Zmiyewska and Kozminska (60.9);
in biological materials by Bowen (56);
and in high purity silicon by Gebauhr
and Martin (157). Chromium was
included in the work done by Stary and
Ruzicka (517) on neutron activation
determination following extraction with
substoichiomctric amounts of complex
ing agents.

McMillan (309) preceded a radio
chemical determinatioIl of samples from
pressurized water loops with group
separations using both a cation and an
anion exchange resin. Chakravarti el al.
(86) presented methods for the deter
mination of radionuclides in Pacific
waters. Hilton and Reed (199) de
termined activation products in ir
radiated steels by using -y-ray spec
trometry and an anion exchange separa
tion with a precision of 2%. Sipos
(506) used fl-ray reflection for the de
termination of chromium in chrome salt
solutions and spent chrome liquors.

Other methods which have been used
for the determination of chromium are a
mass spectrographic method for chro
mium in erbium, cerium, and lutetium
by Guthrie (182); a direct conductivi ty
measurement of chrome-plating elec
trolyte by N eustroeva and Sudakova
(361); a paper chromatographic method
on paper impregnated with s-diphenyl
carbazide resin in which the size of the
chromium spot is measured and com
pared with standards by Szczepaniak
(539, 540); and a gas chromatographic
study of chromium acetylacetonate and
trifluoroacetylacetonate in which the
accuracy and precision of electron
capture and hydrogen flame detectors
were evaluated by Albert (7).

MOLYBDENUM

Like chromium, molybdenum is of
interest as a constituent of both steel
and high-temperature alloys and it may
be determined by a great variety of
methods, but a large majority of the
papers are concerned with spectrophoto
metric methods. Busev (75) authored
a book dealing with the analytical
chemistry of molybdenum in which he
discussed methods of separation and
determination and included 1580 refer
ences.

Separation of molybdenum by the
use of a cation exchange resin from
nitric and sulfuric acid solutions was
studied by Strelow, Rethemeyer, and
Bothma (521). Adsorption on an anion
resin from sulfuric acid was studied
by Danielsson (106). Kallmann (229)
found that molybdenum, niobium, and
tantalum could be separated from each
other and from tungsten by pll.'3sing
ethanol or methanol through the column
before eluting the cation. Molyb
denum was separated from tungsten by
Darbinyan and Danielyan (107) using
an anion exchange resin in 4 to aM
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reagent was studied by Agrinskaya and
Petrashen' (4). It was used for the
determination of molybdenum in tung
sten following an anion exchange separa
tion by Sugawara (527); following the
separation from rhenium using an anion
exchange procedure by Hamaguchi,
Kawabuchi, and Kuroda (186); in
copper by Zopatti and Pollock (611);
in geocheMcal samples by Marshall
(323); and in biological materials by
Bingley (43).

The stability constant of molybde
num-8-quinolinolate complex in 50%
acetone was measured by Berge and
Kreutzmann (38). Motojima e! al.
(344) used 8-qwnolinol for the deterM·
nation of molybdenum in uranium.
The reaction of molybdenum with 8
mercaptoquinoline was studied by
Agrinskaya and Petrashen' . (3). Mar
tinez and Mourino (325,326) studied the
conditions for the determination of
molybdenum with thiomalic acid and
applied the method to the determination
of molybdenum in the presence of iron.
Tellurium was separated by precipita
tion prior to the determination of molyb
denum as the peroxide complex by
Shakhova and Ku (481). Charreton e!
al. (91) determined molybdenum as the

sodium hydroxide. The hydrogen per
oxide complexes of titanium and molyb
denum were separated by Shiskov and
Shishkova (494) by absorbing the
titanium complex on a cation exchange
.column which does not retain the molyb
denum. In an extensive review of
solvent extraction methods, Green (175)
listed several methods for molybdenum
including acetylacetone, thiocyanate,
and toluene-3,4-dithiol. Prosad and

.Yatirajam (428) separated molybdenum
from rhenium by extracting molyb
denum(III) from hydrochloric acid
solution into amylacetate. Organo
phosphorus compounds were studied by
O'Laughlin and Banks (377) as station
ary phases for the reversed-phase parti
tion chromatographic separation of a
number of elements including molybde
num. Of the many reagents suitable for
the spectrophotometric determination of
molybdenum, the thiocyanate method
was by far the most frequently discussed
during the past two or three years.
Kolling (257) studied the complex in an
effort to ascertain its formula and con
cluded that it is oxypentathiocyanato
molybdate(V). Wilson and McFar
land (580) oxidized the excess tin(II)
and added the. thiocyanate form of
"tricaprylmethylammonium" chloride
to ensure stable theoretical absorp
tivities for the oxypentathiocyanato
molybdate(V). Malyutine, Dobkina,
and Pisareva (319) used thiourea as a
reducing agent rather than the more
frequently used tin (II) chloride. Hib
bits and Kallmann (197) used the
thiocyanate method in a test of the
suitability of methods in the presence.
of 70 other elements. Nishida (368)
studied the thiocyanate method and
found more satisfactory results were ob
tained when the tin (II) chloride concen
tration was reduced. The same author
(367, 371) separated molybdenum by
adsorption on metastannic acid prior
to deterrnjnation as the thiocyanate and
studied the effect of diverse ions on the
method. Elbeih, Elbakry, and Aly
(131) separated molybdenum by paper
chromatography prior to deterMnation
with thiocyanate. Applications of the
thiocyanate method include the de
terMnation of molybdenum in steel
foli~wing an extraction with thenoyltri
fluoroacetone by De and Raharnan (110)
and in steel or ferrous alloys by Kora
bel'nik (265); Boulin and Jaudon (54);
Luke (304); Lounamaa (300); Bauer
(33) ; and Studenskaya o! al. (525).
Additional applications include the de
termination in copper ores and concen~

trates by Duczyminska, Kunz, and
Ostachowska (124), in lead by Ustimov
and GIadyshev (559) in ores by Nishida
(369), and in soil by Korenman and
Glazunova (266). Another frequently
used reagent for the determination of
molybdenum is toluene-3,4-dithiol.
The reaction of molybdenum with this

Element

Zirconium

Vanadium
Chromium
Molybdenum

Element

Vanadium
Niobium
Niobium and

tantalum
ChroMum

Molyhdenum

Tungsten

Element

Zirconium
Niobium and

tantalum
Chromium
Molybdenum

Table IX. Radiachemical Analysis

Material (References)

After separation from Nb (224, 282, 430, 450, 491); in the presence of
Nb (179, 256); following chromatographic separation (60, 575);
following solvent extraction (62, 532); air (574); water (45, 86, 588);
whale (382)

Displacement of Ag-IlO (164)
Steel (199, 309); biological materials (86)
Study of separation (431); iron meteorites (577)

Table X. Miscellaneous Methods

Method: Material (References)

Mass spectrographic: Er, Ce, Lu (182)
X-Ray absorption: Nb-Ta mixtures (443)
Mass spectrographic: Er, Ce, Lu (182)

Mass spectrographic: Er, Ce Lu (182)
J3-Ray reflection: Chrome salt solutions (506)
Conductivity: Chrome-plating electrolyte (361)
Paper chromatographic-measurement of spot: Study of interferences

(539); steel (540)
Gas chromatographic: Comparison of detectors (7)
X-Ray absorption: Ores (246); Be (234)
Mass spectrographic: Er, Ce, Lu (182)
J3-Ray back-scattering: Steel (74, 172)

Mass spectrographic: Er, Ce, Lu (182)

Table XI. Compilation of Methods and Reviews

Review

Inorganic chemistry (82, 100)
Review of analytical chemistry (342, 394)

Determination and toxicology (153)
Review of separation and determination methods (76)

vanadophosphate when present in MX
tures . containing phosphorus, silicon,
vanadium, molybdenum, and tungsten.
Measurement of the absorbance of the
compound formed between ammonium
molybdate and sodium sulfide was used
by YatsiMrskii and Zakharova (5.94) for
the determination of molybdenum.
Kiss (251, 252) separated molybdenum
by extraction with dibutyl hydrogen
phosphate and determined it using
morin. The blue product formed by the
reduction of molybdate with thiourea
was used by Murty (34S) for the deter
mination of molybdenum. Molyb
denum can also be reduced with hydrox
ylammonium sulfate to give a species
which can be measured spectrophoto
metrically as was done by Yuasa (599).
Jogdeo and Mahajan (219) separated
molybdenum from uranium by extrac
tion into amylacetate prior to deterM
nation with thiogylcollic acid. Bozsai
(57) studied the conditions and proposed
a reaction mechanism for the formation
of the molybdenum-phenylhydrazine
complex. Tiron was used by Busev and
Rudzit (77) for the deterImnaton of 5 to
80 p.g of molybdenum. The same
authors (76) also used the diphenyl
guamdinium salt of the anionic molyb-
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denum complex with mercaptoacetic
acid for the determination of 10 to 200
I'g of molybdenum. Kalnin (230) used
pyrocatechol for molybdenum in solid
lubricant", Sinha and Dey (505) UBed
alizarin red Sand Katyal and Singh
(231) studied the molybdenum-galangin
complex. Molybdenum in steel was de
termined by Skorokhod, Tishchenko,
and Shedov (508) using tetrahydr0-4
hydroxy - 2 - (a - piperidino) - isopropyl
furan-3-one. Jungnickel and Klinger
(221) determined molybdenum in the
range 10 to 200 I'g per ml using 3
hydroxy-2-methylpyran-4-one. Jain
and Singh (211) studied the complexes
that molybdenum forms with 4·methyl
and 4-phenyl-o-dihydroxycoumarin and
determined the stability constants, opti
mum pH, and interferences. Horak and
Okac (201) used 2,3,4-trihydroxyben
zene sulfonic acid for the determination
of molybdate in up to a 600-fold excess
of tungstate. Ch'i, Chang, and Hsu
(93) described the synthesis and ana
lytical reactions of glyoxal bis-(2
mercaptoanil). Kirkbright and Yoe
(250) were able to determine molyb
denum in steel using 2-amino-4-chloro
benzene--thiolhydrochloride by masking
the iron with EDTA. Shustova and
Nazarenko (499) studied 13 derivatives
of 2,6,7-trihydroxyfluorone and selected
the 9-o-nitrophenyl derivative as the
most sensitive and easiest to prepare.
Nazarenko and Shustova (356) used (0
nitrophenyl)-fluorone for the determi
nation of molybdenum in refractory
metals following a diethyldithiocarbamic
acid extraction and Shustova (498) used
2,6,7 - trihydroxy - 9 - (2 - nitrophenyl)
fluorone in the same way and also
studied the molybdenum-diethyldithio
carbamic acid complex. The stability
constants and interferences of the nico
tinohydroxamic acid-molybdenum com
plex were studied by Rowland and
Meloan (449) and Skorko-Trybula and
Minczewski (501) stndied 4-methoxy
benzothiohydroxamic acid. Other re
agents used for the determination of
molybdenum are 2',3'4'-trihydroxyace
tophenone by Popa et al. (418) and 2,2'
bipyridyl by Lazarev (289). The
change in the angle of rotation of the
plane of polarization for a solution of
(+)-tartaric acid caUBcd by different
concentrations of ammonium molybdate
was used by Kovalenko and Zakharova
(213).

The fact that certain oxidation-reduc
tion reactions are catalyzed by molyb
denum and that the reaction rate is pro
portional to the amount of molybdenum
present has been used by some investi
gators for the determination of molyb
denum. Svehla and Erdey (534) and
Anokhina et al. (15) both used the catal
ysis of the reaction between hydrogen
peroxide and iodide with Svehla and
Erdey measuring the time of appearance
of the violet color from the reaction be-
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tween iodine and variamine blue and
Anokhina measuring the absorbance of
the reaction between starch and iodine
after a certain period of time. Wilson
(519) used the reaction between perbo
rate and iodide and designed automatic
apparatus for the comparison of two ab
sorbance measurements made on the
solution with a short intervening time.
Bognar (48)used the catalysis of the re
action between methylene blue and hy
drazine sulfate at 100°C and measured
the absorbance at 3.2 and 45 minutes af
ter mixing. The catalytic oxidation of
dithio-oxamide by hydrogen peroxide
was followed by Pantaler (381) by
measuring the absorbance at one-minute
intervals for ten minutes.

Gravimetric methods for the determi
nation of molybdenum include a com
bination method by Nemirovskaya,
Keremedzhidi, and Yashina (360) in
which they precipitate calcium molyb
date and calcium tungstate, then dis
solve the precipitate, reprecipitate the
tungsten as tungstic oxide from boiling
nitric acid, and titrate the calcium with
EDTA. Tbe molybdenum is then de
termined by the difference between the
precipitation and titration results.
Dutt and Singh (126) studied the precip
itation of molybdenum with purpuro
gallin and three related compounds and
found them to be suitable for the deter
mination of molybdenum. The inter
ference of iron, vanadium, and titanium
was prevented by masking with EDTA
in the method for the precipitation of
molybdenum with ,,-nitroso-Il-naphthol
used by Patil (392). The precipitation
of molybdenum with 2,2'-pyridoin was
studied by Bhat and Jain (40). Koch
and Brockmann (255) used a weighed
amount of magnesium oxide to prevent
the loss of molybdenum through vola
tility while converting molybdenum to
the oxide after precipitation as the sul
fide. Taimni and Rakshpal (543) de
termined molybdenum by precipitation
as the selenide. An electrolytic separa
tion from rhenium was used by Gavrilko,
Kovalenko, and Bagdasarov (154) fol
lowed by dissolution of the molybdenum,
evaporation of the solution to dryness,
and ignition to molybdenum trioxide
for weighing. For the determination of
molybdenum in molybdenum silicide,
Kamenar and Herceg (231) dissolved
the sample in hydrofluoric acid, vola
tilized the silica, evaporated the molyb
denum to dryness with sulfuric acid, and
then ignited and weighed the molyb
denum trioxide.

Molybdenum can be determined by
both oxidation-reduction and complexo
metric titration methods. Rao (436)
titrated molybdenum(V) with cerium
(IV) using methyl orange as the indi
cator in hydrochloric acid and methyl
red in sulfuric acid. Dikshitulu and
Rao (116) titrated molybdenum(V) with
cerium(IV) in 4 to 8M sulfuric acid or in

1.51'11 sulfuric acid plus 10% phosphoric
acid in the presence of vanadiumlIV)
which did not interfere. They then
titrated the total in 0.75 to 1.251'11
sulfuric acid plus 2 to 3% phosphoric
acid. Rao (435) used essentially the
same procedure or titrated the vana
dium(V) with iron(lI) and Edge and
Fowles (130) reduced molybdenum with
a sodium-lead alloy to molybdenum
(Ill), then added iron(lII) and titrated
the iron(lI) formed with chromium(VI),
cerium(IV), or manganese (VII). Sagi
and Rao (455) titrated molybdenum(V)
with iron(Ill) in a hydrochloric acid
solution in the presence of citric or tar~

taric aoid at 98 to 100°C. in a carbon di
oxide atmosphere. Potassium fcrri
cyanide was used by Hayashi (190) for
the titration of molybdenum after reduc
tion to molybdenum(IlI) by zinc
amalgam in the presence of EDTA and
tartrate. The same author (191) used
this same reaction along with reduction
with cadmium or lead amalgam in a
stream of hydrogen for the detcrmina
tion of molybdenum and vanadium in
mixtures. Cihalik and Sevcik (98) re
duced molybdenum with meroury and
then titrated it potentiometrically with
iodine monochloride. Bogovina,
Novak, and Maltsev (51) redllced
molybdcnum by the addition of excess
iron (II) and then titrated potentio
metrically with 8-mercaptoquinoline.
Kula (217) studied the 1: 1 and 2: 1 com
plex formed between molybdenum(VI)
and EDTA and suggested the possibility
of titrimetric determination. Sajo
(456) titrated molybdenum(VI) directly
with EDTA using a diphenylcarbazone-
methylene blue-vanadium(V) system
for determining the end point.' Yaguchi
and Kajiwara (590) found a 2:1 molyb
denum to EDTA complex when hydra
zine sulfate was used as the redueing
agcnt and a 1: 1 complex when hydroxyl
aminc was used. These workers deter
mined molybdenum by back-titration of
the EDTA with bismuth to the xylenol
orange end point or with oopper to the
PAN end point. Endo and Higashi
mon (134) determined molybdenum in
ferromolybdenum by using an excess of
EDTA and back-titrating with lead
nitrate. Konkin and Zhikhareva (1362)
determined molybdenum in permalloy
and ferromolybdenum by titrating the
excess EDTA with zino or by precipitat
ing lead molybdate with a known excess
of lead and titrating the excess lead with
EDTA. Iron was used by Liteanu,
Crisan, and Gheorghe (295) for the back
titration of the excess EDTA. Kawa
hata et al. (241) UBed a system for the
determination of molybdenum in ferro
molybdenum in which he added all ex
ccss of EDTA, then an excess of copper
molybdenum in which he added an ex
cess of EDTA, then an excess of copper
and titrated the excess copper with
EDTA. Uvarova and Rik (560) used



the same method for the determination
of molvbdenum in cobaltr-molybdenum
alum;';um catalysts. Other reagents
used for the titration of molybdenum are
Trilon B by Nikitina and Adrianova
(365) and antipyrinylbis-(4-dimethyl
aminophenyl)-methanol by Zhivopistsev
and Chelnokova (605).

Amperometric titrations have also
been used for the determination of
molybdenum. Thallium(I) nitrate as
the titrant and a dropping mercury elec
trode were used by Yoshimura, Uno, and
Noguchi (598). Molybdenum in ferro
molybdenium was determined by Gusev
and Nikolaeva (181) using vanadium(II)
and a dropping mercury electrode in
sulfuric acid as an electrolyte. A rotat
ing platinum electrode with a potassium
nitrate and hydrochloric acid mixture as
a supporting electrolyte was used by
Reishakhrit, Pustoshkina, and Tik
honova (442) for the amperometric titra
tion of molybdenum with EDTA.
Manok and Kovacs (320) used a drop
ping mercury electrode and an acetic
acid-sodium acetate supporting elec
trolyte for the titration of molybdenum
with 8·quinolinol. Suprunovich and
Usatenko (580) used 8-mercaptoquino
line for the titration of molybdenum in
steel. Bis-(4-dimethylaminophenyl)
methane was used by Papafil and
Furnica (890). The liberation of iodine
by the molybdenum-catalyzed hydrogen
peroxide oxidation of iodide was fol
lowed in an amperometric cell using a
rotating platinum electrode and an
applied potential of 0.4 volt V8. a mer
cury iodide electrode by Sharipov and
Songina (485).

A number of papers describing polaro
graphic methods for the determination of
molybdenum have recently appeared in
the literature. Wittick and Rechnitz
(588) studied the polarographic reduc
tion of molybdenum in dilute hydro
chloric acid and determined which
species werc the cause of the various
waves. Sen and Chatterjee (478)
studied the further reduction of reduced
silicomolybdate and presented methods
for the determination of molybdenum
using just the first wave for concentra
tions from 5 to 5000 parts per million
and the sum of the four waves for con
centrations from 0.1 to 100 parts per
million. A method for the determina
tion of molybdenum based on the en
hancement by tungsten of the molyb
denum wave in perchlorate solution was
proposed by Kolthoff and Hodara (258).
Bikbulatova and Sinyakova (42) deter
mined molybdenum .in high-purity in
dium using a mixture of sulfuric acid and
potassium nitrate as a supporting elec
trolyte: Violanda and Cooke (570) de
scribed methods for thc separation and
concentration of molybdenum when
present as a trace impurity and also de
scribed the polarographic determination
using nitrate as the supporting elec-

trolyte. Molybdenum was determined
in zirconium, titanium, and niobium
alloys with sulfuric and hydrofluoric
acids as a supporting electrolyte by
Hcadridge and Hubbard (198). The
same authors (192) also determined
molybdenum in niobium by using citric
acid as the supporting electrolyte. The
use of pyrophosphate as the supporting
electrolyte allowed the determination of
both molybdenum and tungsten in mix
tures by Pantani and Migliorini (389).
Speranskaya and Kozlovskii (514) at
tribute the wave obtained with hydro
chloric acid as the supporting elcctrolyte
to the reduction of molybdenum(VI) to
molybdenum(III) rather than to the re
duction of mercury(I1). Kurobe, Te
rada, and Tajima (280) applied the sul
furic-perchloric acid method to the de
termination of molybdenum in steel and
Kawabata et al. (240) used a phosphoric
perchloric acid mixture. Sverak (535)
used citric acid as the supporting elec
trolyte following extraction with a-ben
zoinoxime for the determination of
molybdenum in steel. A citrate-phos
phate-chloride electrolyte was used by
Patriarche, Gerbaux, and Mollc (393)
for molybdenum in steel after separation
of iron by precipitation as the hydroxide.
Brainina and Roizenblat (58) studied
the polarographic concentration of vari
ous anions including molybdate. Oscil
lopolarography with an o-diphenol such
as pyrocatechol present in an ammoniwn
nitratc-ammonium hydroxide solution
was used for the determination of molyb
denum by Matysik (328).

Spectrographic methods are also suit
able for the determination of molyb
denum. In his study of the behavior of
19 elements on a strong base anion ex
change resin at various nitric and hydro
fluoric acid concentrations, Huff (203)
dctermined the elements in the column
effluents by a spectrographic method.
Brooks and Boswell (68) included
molybdenum in their comparative study
of cathode and anode excitation in the
d.c. arc. .Molybdenum was determined
in titanium by Tarasevich and Moseli
(547) who atomized the sample solution
into the spark discharge. Carpenter
and Lewis (84) included molybdenum in
the list of elements which they deter
mined in high-purity hafnium. Brooks
(65, 66) determined impurities in nio
bium metal either by mixing the
powdered sample with graphite or fusing
it with potassium pyrosulfate before ex
citation. Molybdenum was determined
in heat-resistant alloys by Buyanov,
Ivanova, and Sukhova (80). Gerasi
mova (159) and Launamaa (301) deter
mined molybdenum in steel. Podobnik
(409) used germanium as an internal
standard and alumina to prevent the
volatilization of uranium in the determi
nation of molybdenum in uranium tetra
fluoride. Tarasevich and Zheleznova
(548) removed the boron by vOlatiliza-

tion as the fluoride from solution in order
to determine several impurities in puri
fied boron. Molybdenum was deter
mined in rocks by Spackova (51f1) who
used a lithium fluoride buffer and by
Ivanova (fl08); by Swaine (587) in coal
ashes and ores and by Lachin (fl88) in
rubber polymers.

In the determination of molybdenum
in ferrous alloys by atomic absorption
spcctrophotometry, Mostyn and Cun
ningham (348) found that the addition
of ammonium chloride would reduce the
interference from manganese and iron
but not from aluminum and nitrate
combined.

A comparison of the direct-compari
son and dilution x-ray fluorescence
methods with the phenylhydrazine spec
trophotomctric method was made by
Lingard and Willigman (293) who found
that the direct-comparison method
yielded lower resul ts than the dilution or
spectrophotometric methods for samples
containing greater than 0.2% molybde
num and that the dilution x-ray fluores
cence technique was much faster than
the spectrophotometric method. Ver
khovodov and Gorbatenko (569) used
scattered radiation to compensate for
variations in x-ray tube voltage and
sample composition in the x-ray fluores
cence method for molybdenum. Hak
kila, Hurley, and Waterbury (185) used
x-ray fluorescence for the determination
of molybdenum in mixed carbides of
uranium, zirconium, and molybdenum
without prior chemical separation.
Uranium and molybdenum in mixtures
were determined by Parthey (391). The
difference in absorption of radiations
which have energies slightly less than
and slightly greater than the K absorp
tion edge energy of molybdenum was
used by Khan and Abdulin (fl46) for the
determination of molybdenum. X-ray
absorption was used by Karev and
Matyushenko (234) for the determina
tion of molybdenum in beryllium.

A spark source mass spectrograph was
used by Guthrie (18f1) for the determina
tion of 26 to 50 impurity elements in
erbium, cerium, and lutetium.

Yule (600) included molybdenum in
his determination of detection limits for
118 reactor thermal neutron products.
Jaskolska, Wodkiewicz, and Minczewski
(217) combined solvent extraction sepa
rations with the neutron activation tech
nique for the determination of trace im
purities including molybdenum. N eu
tron activation was used by Grosse
Ruyken and Doege (177) for the deter
mination of molybdenum in tungsten, by
Gebaubr and Martin (157) for molyb
denum in silicon, by Yamada (591) for
molybdenum in soil, and by Healy and
Bate (194) for molybdenum in hair and
wool. Stary and Ruzicka (517) sepa
rated the elements being determined
by extraction with substoichiometric
amoun ts of reagent before determination
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by neutron activation. Wetherill (577)
used isotope dilution for the determina
tion of molybdenum in iron meterorites
and Qaim and Butement (431) sepa
rated molybdenum from irradiated ma
terials by the precipitation of molybdo
phosphate with nitron.

TUNGSTEN

From the number of papers appearing
in the literature, it would seem that
there is considerably less interest in the
determination of tungsten than in the
other elements included in this review.

Several papers will be included which
describe methods of separating tungsten
from other elements. Dixon and Head
ridge (117) included tungsten in a study
of the anion exchange separation of sev
eral refractory metals in hydrofluoric
hydrochloric acid solution. Kawabuchi
(e38) separated tungsten from rhenium
by anion exchange using ammonium
thiocyanate followed by a mixture of
sodium chloride and sodium hydroxide.
Tungsten was separated from molyb
denum, vanadium, and rhenium on an
anion exchange column by Darbinyan
and Danielyan (107) and from titanium
on an anion exchange column by Shish
kov and Shishkova (495). Several re
agents for the solvent extraction for
tungsten were included in a review
of solvent extraction methods by Green
(175). Nee, Chu, and Liang (358)
studied the extraction of tungsten by
N -phenylbenzohydroxamic acid in
chloroform and listed the elements
which do and do not extract under
similar conditions. Titov (553) ex
tracted tungsten into aniline from
1.5M hydrochloric acid, determined
which elements were similarly extracted,
and recommended ascorbic acid as a
masking agent.

Several reagents have been used for
the spectrophotometric determination of
tungsten. Thiocyanate was used by
Shcherbakov and I vannikova (488) who
compared titanium(III) chloride and
tin(II) chloride as reducing agents.
Nishida (370) separated tungsten by co
precipitation with metastannic acid and
then determined it using thiocyanate.
Akiyama and Kobayashi (6) used the
thiocyanate method for the determina
tion of tungsten in tantalum and
tantalum oxide. Wohlmann (584) re
duced the tungsten in a cadmium re
ductor in order to determine it in the
presence of molybdenum by the thio
cyanate method. Shcherbakov (487)
separated tungsten from molybdenum
by coprecipitation with iron(III) hy
droxide prior to determination as the
thiocyanate. An anion exchange sepa
ration was used by Studenskaya et ol.
(525) to separate tungsten from vana
dium and molybdenum before determin
ing it by the thiocyanate method.
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Tungsten in steel was determined using
the thiocyanate method by De and
Rahaman (110, 111) following thenoyl
trifluoroacetone extraction and tributyl
phosphate extraction and by Luke (302)
after separation of the other constituents
by methyl isobutyl ketone and cupfcrron
extractions. Peterson, Anderson, and
Howcroft (400) applied the thiocyanate
method to the determination of tungsten
in ores and concentrates. Toluene-3,4
dithiol was used by Zopatti and Pollock
(611) for the determination of tungsten
in copper after removal of the copper by
electrodeposition and extraction with
neocuproin. The determination of free
tungsten in tungsten silicide was per
formed by Sugawara (528) using tolu
ene-3,4-dithiol following a hydrogen
peroxide leach. Bowden (55) used
toluene-3,4-dithiol in a field method for
the determination of tungsten in soils
and stream sediments. Kawahata,
Mochizuki, and Misaki (243) used hy
droquinone for the simultaneous deter
mination of niobium and tungsten in
steel by measuring the absorbance at
two wavelengths. Sverak (536) sepa
rated tungsten from nickel by extraction
with a-benzoinoxime and then deter
mined it with hydroquinone after de
struction of the organic material.
Stolyarov (519) determined tungsten by
measuring the absorbance of the organic
phase after extraction of the tungsten-S
quinolinol complex into chloroform from
an EDTA solution. The method used
by Raspi and Ciantelli (438) was to
measure the absorbance. of a hydro
chloric acid-acetic acid-hydrogen perox
ide-methyl salicylate solution of tung
sten. Ishibashi and Kohara (205)
studied the conditions for the determina
tion of tungsten with morin in an
aqueous solution containing dimethyl
sulfoxide. Poluektova and Nazarenko
(41:e) compared 19 derivatives of 2,3,7
trihydroxy-6-f1uorone and recommended
the 9-(2'-hydroxyphenyl)- and 9-(9'
anthracenyl) derivatives for the deter
mination of tungsten. Tungstate in the
presence of molybdate was determined
by Horak and Okac (201) using 2,3,4
trihydroxybenzenesulfonic acid. Char
reton et ol. (91) used tungstovanado
phosphate for the determination of tung
sten in the presence of vanadium and
phosphorus. A catalytic method was
used by Pantaler (387) for the determi
nation of 0.01 to 0.1 "g of tungsten in
which he followed the tungsten cata
lyzed oxidation of dithio-oxamide by
hydrogen peroxide by measuring the ab
sorbance at one minute intervals for ten
minutes.

Kovalenko and Zakharova (273) used
the effect of ammonium paratungstate
on the angle of rotation of the plane of
polarization for (+)-tartaric acid solu
tions for the determination of tungsten.
The interferences in this method of
determination were studied by Musil and

Faber (350) who determined the maxi
mum permissible amount of nitrate,
sulfate, and fluoride. Jacobsohn and
Azevedo (210) studied ( - )-malic acid as
well as (+)-tartaric acid.

Watanabe (573) studied the precipita
tion of tungsten with 8-quinolinol and
found the order of adding the reagent
and adjusting the pH to be important.
The precipitate may be dried at 115° C
and weighed or ignited to the oxide at
900° C in the gravimetric determination
of tungsten with N-phenylbenzohy
droxamic acid as described by Kaimal
and Shome (226). Zolotukhin et al.
(610) used cinchonine for the determina
tion of tungsten without prior separation
in tungsten-rhenium alloys with an error
of 0.23%. Tungsten was determined in
the filtrate from the precipitation of
niobium in a method used by Sheskol
skaya (489) who used tannin and 13
naphthoquinoline for the precipitation.
Bhat and Jain (40) studied the precipi
tation of tungsten from a solution of
sodium tungstate with 2,2/-pyridoin.
Gebauhr (1,56) used radiotracers to
study the coprecipitation of various ele
ments with tungstic acid in acid media
and found little coprecipitation in 6M
hydrochloric acid. Hoste, Adams, and
Dams (202) used radioactive tungsten to
study the precipitation of tungsten from
homogeneous solution using a nitric
acid-hydrogen peroxide media. Dams
and Hoste (105) then applied the
method to the determination of tungsten
in tantalocolumbites. Duval (127)
studied the thermal stability of a silico
tungstate and recommended heating to
greater than 470° C. Carey, Raby, and
Banks (83) and Newkirk and Simons
(363) studied the thermogravimetry of
tungsten trioxide. The tungsten in
alkali metal tungsten bronzes was deter
mined by Lutz and Conroy (307) using
the technique of volatilizing the tung
sten trioxide by passing a stream of hy
drochloric acid gas over the sample and
weighing the remaining alkali chloride.
In a combination method for the deter
mination of tungsten and molybdenum
by Nemirovskaya, Keremedzhidi, and
Yashina (360), calcium molybdate and
calcium tungstate were first precipi
tated, then the precipitate was dissolved,
and the tungsten was precipitated from
a nitric acid-hydrochloric acid solution
and weighed as tungsten(VI) oxide after
which the calcium was titrated with
EDTA.

A titrimetric method for the determi
nation of tungsten in alloys with chro
mium, tantalum, iron, and molybdenum
was used by Fedorov (138) in which
tungsten was reduced to a mixture of
tungsten(III) and tungsten(IV) and
then titrated potentiometrically with
permanganate. Kawahata et ol. (239)
titrated tungsten dropwise with a solu
tion of lead nitrate at pH 6 to 6.5 to the
end point indicated by 4-(2-pyridylazo)-



electrode was used by Yoshimura, Uno,
and Noguchi (598) for the determina
tion of tungsten. Chang, Tsao, and
Shu (90) precipitated lead tungstate,
dissolved the precipitate, and titrated
the lead with EDTA to an ampero
metric end point in an ammonium
hydroxide-ammonium chloride solution.
Lead nitrate was used for the ampero
metric ti tration of tungsten using a ro
tating platinum electrode by Bogovina,
Novak, and Maltsev (51) for the deter
mination of tungsten in steel following a
separation by hydrochloric acid dehy
dration.

resorcinol in order to determine tungsten
in ferrotungsten. Konkin and Zhik
bareva (261) precipitated lead tungstate
with a measured excess of lead and then
titrated the excess lead with EDTA to
the xylenol orange end point in order to
determine tungsten in ferrous alloys
and ferrotungsten. Shivahare (1,96) ti
trated tungsten with silver and followed
the titration potentiometrically using a
silver electrode. A somewhat different
approach to the titration of tungsten was
used by Braun (59) who precipitated
calcium tungstate, dissolved the precipi
tate, and titrated the calcium with
EDTA using as a method of end point
detection the increase in radioactivity of
the solution caused by the dissolution of
silver iodide, containing radioactive
silver, by the excess EDTA.

Speranskaya and Mambeeva (515)
studied the polarography of tungsten in
hydrochloric acid solution with respect
to electrode reactions and response to
changing hydrochloric acid concentra
tion. The polarographic behavior of
tungsten in the presence of tartaric,
citric, and oxalic acid was studied by
Pantani (388) who found two cathodic
waves in hydrochloric acid containing
citric or tartaric acid and one wave in
the presence of oxalic acid. Studen
skaya et al. (525) separated tungsten
from vanadium and molybdenum by
anion exchange and then determined it
polarographically with 10M hydro
chloric acid as the supporting elec
trolyte. Studenskaya and Emasheva
(523) also determined tungsten polaro
graphically in a potassium citrato
hydrochloric acid solution after separa
tion from other elements by anion ex
change or by precipitation from hydro
chloric acid solution. Pantani and
Migliorini (389) determined tungsten
and molybdenum individually when
both were present using a sulfuric acid
sodium pyrophosphate supporting elec
trolyte by measuring the total height of
the two molybdenum waves and sepa
rately the tungsten wave. The effect of
tungsten on the molybdenum-catalyzed
reduction wave of perchlorate· was used
by Kolthoff and Hodara (258) for the
determination of tungsten by holding
the molybdenum concentration con
stant. Brainina and Roizenblat (58)
included tungsten along with other ele
ments in a study of the sensitivity of the
determination of anions. Square-wave
polarography in 6M hydrochloric acid
was used by Kaplan and Sorokovskaya
(233) for the determination of tungsten
in ammonium perrhenate following vola
tilization of the rhenium. Kawahata et
al. (21,0) separated tungsten along ·with
niobium from stainless steel by acid de
hydration, then determined them by
a.c. polarography in a hydrochloric acid
solution containing ethylene glycol.
Amperometric titration with thallium(!)
nitrate using a tungsten-lead amalgam

Element
Zirconium

Vanadium

Niobium and
Tantalum

Chromium

MolybdenUlll

Tungsten

Table XII. Separations
Method; Reagent: Material (fulferences)

Solvent extraction; Thiocyanate: Zr-Hf mixtures (145)
Solvent extraction: fulview (175)
Reversed-phase partition chromatography; Organophosphorus com

pounds: Study of conditions (377)
Reversed-phase partition chroma.tography; Tricaprylylmonomethyl-

ammoniwn chloride: U, Fe, Ni, Co (85)
Ion exchange; Cation exchange resin, HNOa-H2SO,: Study of 49 cations

Io;;:~~hange; Anion exchange resin, RCI-HF: Zr, Ti, Mo, W (fifi9)
Ion exchange; Anion exchange resin! (NH4)2S0ol-1I2S04: Se, Y, rare

earths, Th, Zr, U (187)
Ion exchange; Anion exchange resin, HCI-HF: Zr, _.Np, Nb (200)
Ion exchange; Anion exchange resin. H 2S04: Study of 26 ions (106)
Ion exchange; Anion exchange resin, HNOa-HF: Study of 19 ions (203)
Solvent extraction: Review (175)
Reversed-phase partition chromatography; Organophosphorus com

pounds: Study of conditions (377)
Ion exchange; Cation exchange resin, H 2S04-HNOa: Study of 49 cations

(521)
Ion exchange; Anion exchange resin, H 2S04 : Study of 26 cations (106)
Ion exchange; Anion exchange resin, Methanol-HNOa: from U (267)
Solvent extraction: Review (175)
Solvent extraction; S-:'Quinolinol: Study of conditions (9)
Solvent extraction; Trioctylamine-CHCla: Fe, Mn, V, AI, Si, Ti (36~)
Solvent extraction; Tetramethylenedithiocarhamate-CHCI,: Nh from

Til., Ti (162), from Til., Ti, Zr, W, Be (160)
Reversed-phase partition chromatography; organophosphorus com

pounds: Study of conditions (337)
Ion exchange; Cation exchange resin, HNOa-H2SO,: Study of 49 cations

(521)
Ion exchange; Anion exchange resin, RCI: Zr, Np (200)
Ion exchange; Anion exchange resin, oxalic acid-Hel: Nb from Ta (123)
Ion exchange; Anion exchange resin, oxalic acid-H2S04 : U (178)
Solvent extraction: Review (174)
Ion exchange; Cation exchange resin, HNOa-H2S04 : Study of 49 cations

(521)
Ion exchange; Anion exchange resin, H 2S04 : Study of 26 cations (106)
Ion exchangei Anion exchange resin, HOI + organic solvent: V, Th,

rare earths (268)
Ion exchange; Anion exchange resin, HOI: Mn (264)
Reversed-phase partition chromatography; organophosphorus com-

pounds: Study of conditions (377)
Solvent extraction: Review (175)
Solvent extraction; Isoamyl acetate: Mo from Re (428)
Solvent extraction; Dibutylhydrogen phosphate: Study of elements

extracted (251)
Revensed-phase partition chromato~aphy; Organophosphorus com

pounds: Study of conditions (377)
Ion exchange; Cation exchange resin, HNOr H 2So.,: Study of 49

cations (521)
Ion exchange; Anion exchange resin, H 2S04 : Study of 26 cations (106)
Ion exchange; Anion exchange resin, Hel or NaOH: Mo from W (107)
Ion exchange; Anion exchange resin, HCI-ethanol: Mo from W, Ti,

Zr (229)
Ion exchange; Anion exchange resin, H 20 2: Mo from Ti (494)
Solvent extraction: Review (175)
Solvent extraction; N-Phenylbenzohydroxamic acid: Study of method

(358)
Solvent extraction: Aniline, Study of method (553)
Ion exchange; Anion exchange resin, HCI-HF: Study of conditions (117)
Ion exchange; Anion exchange resin, NaCI-NaOH: Re (fi38); Mo

(107); Ti (495)

Spectrographic analysis of column
effluents was used by Huff (203) in his
study of 19 elements in a strong base ion
exchange resin using mixed nitric and
hydrofluoric acid solutions. Ko (25J,)
determined tungsten in the aqueous
phase spectrographically after extract
ing the matrix material, plutonium, into
tri-n-octylamine in xylene. In order to
determine tungsten in aerosols, Liplavk
and Chernousova (291,) collected the
sample by passing 30 to 50 liters of air
through a filter paper, ashed the paper,
and mixed the ash with carbon powder
before spectrographic excitation. Car-
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penter and Lewis (84) used a spectro
graphic method for the determination of
tungsten in high-purity hafnium.
Tungsten was determined in niobium
metal and oxide by Brooks (65, 66) who
used both the powder-d.c. arc technique
in which he mixed the sample with an
equal weight of silver chloride and the
fusion-d.c. arc technique in which the
sample is fused with potassium pyrosul
fate. Buyanov, Ivanova, and Sukhova
(80) used either an arc or low voltage
spark for the determination of tungsten
in heat-resistant alloys with a quantom
eter. The tungsten in high purity boron
was determined by Tarasevich and
Zheleznova (548) following removal of
the boron by volatilization as the fluo
ride. Ivanova (f08) studied the effect
of adding polytetrafluoroethylene and
copper chloride to the sample in order to
increase the sensitivity in the determina
tion of tungsten in granite-type rocks.
Spackova (51 f) added lithium fluoride in
order to determine tungsten in silicate
and sulfide rocks. Lachin (283) deter
mined tungsten in rubber making com
pounds.

Tungsten was determined in nickel in
the range of 0.5 to 3% by Babusci (25)
using x-ray fluorescence.

The proper sample treatment and
conditions for the determination of tung
sten in steel by (3-ray back scattering
were studied by Bunus, Popcscu, and
Stanciu (74) and Gorski and Lubecki
(17f).

Yule (600) included tungsten in his
experimental determination of detection
limits for some 118 reactor thermal neu
tron products. Zitnansky and Sebes
tian (608) used neutron activation fol
lowing electrolytic dissolution for the
determination of tungsten as combined
tungsten carbide in steel. The same
method was applied to chromium-nickel
steel alloyed with titanium and tungsten
by Opravil, Zitnansky, and Sebestian
(381). Neutron activation was used by
Gelli, Malvano, and Sacchetti (158) for
the determination of tungsten in alumi
num and Gebauhr and Martin (157) for
the determination of tungsten in high
purity silicon.

Tungsten was determined in erbium,
cerium, and lutetium metals by Guthrie
(182) using a mass spectrographic
method.

LITERATURE CiTED

(1) Adams, R. W., Holness, H., Analyst
89, 603 (1964).

(2) Agarwal~ R. P., Mehrotra, R. C.,
Indian J. Chem. 2,138 (1964).

(3) Agrinskaya, N. A., Petrashen', V. 1.,
Tr. N ovocherk. Politekhn. I nst. 143, 27
(1963).

(4) Ibid., p 35.
(5) Aitova, V. Rh., Uch. Zap., Permsk.

G08. Univ. 25,117 (1963).
(6) Akiyama, K., Kohayashi, Y., Bunseki

Kagaku 14, 292 (1965).
(7) Albert, D. K., ANAL. CHEM. 36,

2034 (1964).

128 R • ANALYTICAL CHEMISTRY

(8) Albert, F. M., Stoia, M., Z. Anal.
Chem. 202, 420 (1964).

(9) Alimarin, 1. P., Bilimovich, G. N.,
Ts'ui, H., Zh. Neorgan. Khim. 7, 2725
(1962).

(10) Alimarin, 1. P., Borzenkova, N. P.,
Vestn. Mosk, Univ., Ser. II Khim. 18,
65 (1963).

(11) Alimarin, 1. P., Han, H., Ibid.,
19,65 (1964).

(12) Alimarin, 1. P., Makarova, S. V.,
Zh. Analit. Khim. 19,90 (1964).

(13) Amirkhanova, T. B., Podgornova,
V. S., Shchesterova, 1. P., Nauchn. Tr.,
Tashkentsk. Gos. Univ. 263, 81 (1964).

(14) Anikina, N. S., Kuzub, V. S.,
Zh. Analit. Khim. 18, 1502 (1963).

(15) Anokhina, L. G., Sopin, Yu. A.,
Agrinskaya, N. A., Tr. Novocherk.
Politekhn. Inst. 143,63 (1963).

(16) Appelbaum, J., Mashall, J., Anal.
Chim. Acta 35,409 (1966).

(17) Apple, R. F., Zittel, H. E., ANAL.
CHEM. 36, 983 (1964).

(18) Asamov, K. A., Dzhiyanbaeva, R.
Kh., Talillov, Sh. T., Dokl. Akad.
Nauk Uz SSR (1963), p. 29.

(19) Babachev, G. N., Khim. Ind. (Sofia)
36,145 (1964).

(20) Babachev, G. N., Petrova, M.,
Raeva, L., Nauclm. Soobshch. Go•.
Vs... Nauchn-Issled. Ins/. Tsernentn.
Prom. 1964, p. 60.

(21) Babko, A. K., Lukianets, 1. G.,
Nabivanets, B. 1., Zh. Analit. Khim.
20,72(1965).

(22) Babko, A. K., Shtokalo, M. 1.,
Ukr. Khim. Zh. 29,1079 (1963).

(23) Ibid., 30,220 (1964).
(24) Ibid., p. 972.
(25) Babusci, D., Anal. Chim. Acta 32,

175 (1965).
(26) Bachman, R Z., Banks, C. V.,

ANAL. CHEM. 37, 103R (1965).
(27) Balenko, E. P., Litshits, E. V.,

Zavodsk. Lab. 31, 690 (1965).
(28) Balyuk, S. T., Zil'berg, E. S.,

Ogneupory 28, 378 (1963).
(29) Baran, V., Tympl, M., Collection

Czech. Chern. Commun. 29, 2250 (1964).
(30) Barnes, L., Jr., ANAL. CHEM. 38,

1033 (1966).
(31) Baskov, V. S., Palladin, M. N.,

Zavod.k. Lab. 30, 1464 (1964).
(32) Bass, V. C., Yoe, J. H., Anal. Chim.

Acta 35, 337 (1966).
(33) Bauer, G. A., ANAL. CHEM. 37,

155 (1965).
(34) Baumann, F., J. Electroanal. Chern.

6,245 (1963).
(35) Belcher, R., Ramakrishna, T. V.,

West, T. S., Chem. Ind. 1963, p. 531.
(36) Belcher, R., Ramakrishna, T. V.,

West, T. S., Tatanta 12,681 (1965).
(37) Berdyev, A. A., Golovkova, L. 1.,

Karakhanov, Ys, Tr. Fiz.~Tekhn. [nst.,
Akad. Nauk Turkm., SSR 8,15 (1962).

(38) Berge, H., Kreutzmann, H. L.,
Z. Anal. Chem. 210,81 (1965).

(39) Bertin, E. P., ANAL. CHEM. 36,
826 (1964).

(40) Bhat, A. N., Jain, B. D., Z. Anal.
Chem. 195,424 (1963).

(41) Bhattacharya, P. K., J. I1Uiian
Chem. Soc. 40, 797 (1963).

(42) Bikbulatova, R U., Sinyakova, S. T.,
Zh. AnaZit. Khim. 19,1434 (1964).

(43) Bingley, J. B., J. Agr. Food Chem.
11,130 (1963).

(44) Biswas, S. D., Seth, R. L., Dey,
A. K., Talama 12, 119 (1965).

(45) Bizollon, Cb. A., Moret, R., Chim.
Anal. (Paris) 46, 273 (1964).

(46) Bobtelsky, M., Gancz, M., Israel
J. Chem. 3, 29 (1965).

(47) Boef, G. den, Poeder, B. C., Z.
Anal. Chem. 199, 348 (1963).

(48) Bognar, J., Magy. Kem. Folyoirat 69,
320 (1963).

(49) Bognar, J., Jellinek, 0., Mikrochim.
Ichnoanal. Acta 1964, p 317.

(50) Ibid., p. 1129.
(51) Bogovina, V. 1., Novak, V. P.,

Maltsev, V. F., Zh. Analit. Khim.
20,951 (1965).

(52) Borlera, M. L., Ann. Chim. (Rome)
53,1166 (1963).

(53) Bottei, R S., Quane, D., J. Inorg.
Nucl. Chem. 26, 537 (1964).

(54) Boulin, R, Jaudon, E., Chim. Anal.
(Paris) 47,290 (1965).

(55) Bowden, P., Analyst 89, 771 (1964).
(56) Bowen, H. J. M., Analyst 89, 658

(1964).
(57) Bozsai, 1., Talanta 10, 543 (1963).
(58) Brainina, Kh.Z., Roizenblat, E. M.,

Zh. Analit. Khim. 19,1442 (1964).
(59) Braun, T., Acta Chim. Acad. Sci.

Hung. 41,199 (1964).
(60) Breccia, A., Spalletti, F., Nature

198,756 (1963).
(61) Brecny, B., Kurcova, A., Hutnicke

Listy 18, 204 (1963).
(62) Brezhneva, N. E., Levin, V. 1.,

Korpusov, G. V., Bogacheva, E. K.,
Man'ko, N. M., At. Energ., USSR IS,
23 (1963).

(63) Brhacek, L., Kurzovs, K., Hutnicke
Listy 18, 594 (1963).

(64) Briere, Y., Kurylenko, C., Cahiers
Phys. 165, 215 (1964).

(65) Brooks, L. S., Spectrochim. Acta 21,
1023 (1965).

(66) Ibid., p. 1029.
(67) Brooks, R. R, l'alanta 12, 511

(1965).
(68) Brooks, R R, Boswell, C. R.,

Anal. Chim. Acta 32, 339 (1965).
(69) BUdarin, L. 1., Rumyantseva, T. I.,

Sherina, G. G., Zh. Analit. Khim. 19,
470 (1964).

(70) Budesinsky, B., Z. Anal. Chem.
206,401 (1964).

(71) Budevski, 0., Dzhonova, L., Talanta
12,291 (1965).

(72) BUdevski, 0., Prihil, R., Ibid., 11,
1313 (1964).

(73) Buncak, P., Ropa Uhlie 5, 144
(1963).

(74) Bunus, F., Popescu, M" Stanciu, S.,
Rev. Chim. (Bucharest) 14, 290 (1963).

(75) Busev, A. 1., "Analytical Chemistry
of Elements" Series: IIAnalytical Chem
istry of Molybdenum," Daniel Davey
and eo., Inc., New York, 1964.

(76) Busev, A. 1., Rudzit, G. P., Zh.
Analit. Khim. 18,840 (1963).

(77) lind., 19,569 (1964).
(78) Butler, J. R., Thompson, A. J.,

Geochim. Cosmochim. Acta 29, 167
(1965).

(79) Buyanov, N. V., Sb. Tr. Tsentr.
Nauchn.-Issled. Inst. Chern i Met. 31,
67 (1963).

(80) Buyanov, N. Vo, Ivanova, L. A.,
Sukhova, N. P., Ibid., p. 29.

(81) Bykovskaya, Yu. I., Zh. Analit.
Khim. 20, 178 (1965).

(82) Caletka, R., Chem. Listy 58, 349
(1964).

(83) Carey, M. A., Raby, B. A., Banks,
C. V., ANAL. CHEM. 36, 1166 (1964).

(84) Carpenter, L., Lewis, R. W., U.S.
BUTo Mines, Rept. Invest. No. 6384
(1964).

(85) Cerrai, E., Ghersini, G., Encruz.°a
Nucl. (Milan) 11,441 (1964).

(86) Chakravarti, D., Lewis, G. B.,
Palumbo, R. F., Seymour, A. H.,
Nature 203, 571 (1964).

(87) Chan, K. M., Riley, J. P., Anal.
Chim. Acta 34, 337 (1966).

(88) Chang, K., K'o Hsueh T'ung Pao
1964, p. 164.

(89) Chang, K., Lui, T., Ibid., 1963,
p.59.

(90) Chang, T., Tsao, F., Shu, S., Hua
Hsueh Hsueh Pao 30, 230 (1964).

(91) Charreton) B., Chauveau, F., Bertho.



G., Courtin, P., Chim. Anal. (Parm) 47,
17 (1965).

(92) Cheng, K L., Chemist-Analyst 52,
115 (1963).

(93) Ch'i, W., Chang, S., Hsu, M.,
HuaHsuehHsuehPao31,179 (1965).

(94) Choy, T. K, Lukens, H. R., Ander
sen, G. H'J Trans. Am. Nucl. Soc. 7,
332 (1964).

(95) Christian, G. D., Feldman, F. J.,
Anal. Chim. Acta 34,115 (1966).

(96) Chuechas, L., Riley, J. P., Ibid.,
35,240 (1966).

(97) Cihalik, J., Pluhar, J., Collectilm
Czech. Chem. Commun. 30, 1473 (1965).

(98) Cihalik, J., Sevcik, J.,Ibid., p. 1480.
(99) Claassen, A., Bastings, L., Z. Anal.

Chem. 202, 241 (1964).
(100) Clearfield, A., Rev. Pure Appl. Chern.

14,91 (1964).
(101) Culkin, F., Riley, J. P., Anal. Chim.

Acta32,197 (1965).
(102) Daly, J. R., Anstall, H. B., Clin.

Chim. Acta 9,576 (1964).
(103) Dams, R, Hoste, J., Talanta 11,

1497 (1964).
(104) Ibid., p. 1599.
(105) Ibid., p. 1605.
(106) Danielsson, L., Acta Chem. Scand.

19,670 (1965).
(107) Darbinyan, M. V., Danielyan, A.

A., lzv. Akad. Nauk Arm. SSR, Khim.
Nauki 17,495 (1964).

(108) Datta, S. K, Saha, S. N., Z. Anal.
Chem. 202, 332 (1964).

(109) De, A. K, Rahaman, M. S.,
ANAL. CHEM. 35,1095 (1963).

(110) Ibid.,36 685 (1964).
(111) De, A. R., Rahaman, M. S., Talanta

11,601 (1964).
(112) Dedkov, Yu. ;VI., Kadaner, D. S.,

Pisarenko, N. D., Ryabova, A. S.)
Savvin, S. B., Zavotkk. Lab. 30, 654
(1964).

(113) Deschreider, A. R., Meaux, R,
Rev. Ferment. Ind. Aliment. 17, 73
(1962).

(114) Deshmukh, G. S., Eshwar, M. C.,
Bull. Chem. Soc. Japan 36, 1599
(1963).

(115) Dev, B., Jain, B. D., Proc. Indian
Acad. Sci. A 57, 142 (1963).

(116) Dikshitulu, L. S. A., Rao, G. G.,
Z. Anal. Chem. 202, 344 (1964).

(117) Dixon, E. J., Headridge, J. B.,
Analyst 89,185 (1964).

(118) Dodd, D. M., Wood, D. L., Barns,
R. L., J. Appl. Phys. 35,1183 (1964).

(119) Dorosh, V. M., Zh. Analit. Khim.
18,961 (1963).

(120) DOJ;osh, V. M" Ivanova, N. A.,
Ibid., 20, 259 (1965).

(121) Dosch, R. G., Conrad, F. J.,
ANAL. CHEM. 36, 2306 (1964).

(122) Dougher~y, J. A., Mellon, M. G.,
Ibid., 37,1096 (1965).

(123) Dragulescu, C., Kyri, 1., Oprescu,
M" Acad. Rep. Populare Romine Baza
Cercetari Stiint. Timisoara, Studii Cerce
tari Stiinte Chim. 10, 55 (1963).

(124) Duczyminska, E., Kunz, K., Osta
chowska, J., Rudy Metale Niezelazne
10,28 (1965).

(125) Dugain, F., Laverlochere, J., ANAL.
CHEM. 37,998 (1965).

(126) Dutt, Y., Singh, R. P., Indian J.
Appl. Chem. 26, 77 (1963).

(127) Duval, C., Mikrochim. Ichnoanal.
Acta 1963, p. 348.

(128) Dwiggins, C. W., ANAL. CHEM.
36,1.'577 (1964).

(129) Easton, A. J., Anal. Chim. Acta
31, 189 (1964).

(130) Edge, R. A., Fowles, G. W. A.,
Ibid., 32,191 (1965).

(131) Elbeih, I. 1. M., Elbakry, A., Aly,
M. M., Chemmt-Analyst 54, 39 (1965).

(132) Elill8on, S. V., Nezhnova, T. 1.,
Zavodsk. Lab. 30, 396 (1964). -

(133) Elinson, S. V., Rezova, A. T.,

Zh. AnalU. Khim. 19, 1078 (1964).
(134) Endo, Y., Higashimori, T., BU'Meki

Kagaku 11, 1310 (1962).
(135) Epik, P. A., Perchik, F. 1., lzv.

Vysshykh Uchem. Zavedenii, Khim.
i Khim. Tekhnol. 5, 703 (1962).

(136) Erlank, A. J., Willis, J. P., Geochim.
Cosmochim. Acta 28, 1715 (1964).

(137) Esson, J., Analyst 90,488 (196,'».
(138) Fedorov, A. A., Sb. Tr. Tsentr.

Nauchn.-Issled. Inst. Chern Met., 37,
33 (1964).

(139) Feldman, F. J., Purdy, W. C.,
Anal. Chim. Acta 33, 273 (1965).

(140) Filenko, A. 1., Zavodsk. Lab. 29,
1423 (1963).

(141) Filenko, A. 1., Zh. Analit. Khim. 19,
709 (1964).

(142) Filenko, A. 1., Ukr. Khim. Zh. 31,
225 (1965).

(143) Filimonov, L. N., Chertkova, E. S.,
Asonov, S. M., Bespalova, M., Litske
vich, L., Spektral' i Khim. Metody
Analiza Materialov, Sb. Metodik 1964,
p.22.

(144) Filipov, D., Kirtcheva, N., Compt.
Rend. Acad. Bulgare Sci. 17,467 (1964).

(145) Fischer, W., Pohlmann, H., Adam,
K, Z. Anorg. Allgem. Chem. 328,
252 (1964).

(146) Fishman, M. J., Skougstad, M. W.,
ANAL. CHEM. 36, 1643 (1964).

(147) Fratkin, Z. G., Shebunin, V. 8.,
Tr. Komis. po Analit. Khim. Akad.
Nauk SSSR, Inst. Geokhim. i Analit.
Khim. IS, 127 (1965).

(148) Fritz, J. S., Frazee, R. T., A.."lAL.
CHEM. 37,1358 (1965).

(149) Fukamauc~~ H., Ideno, R., Mat~
subara, C., Kagawa, IV!., Bunsekt
Kagaku 12, 745 (1963).

(150) Fukasawa, T., Takeuchi, T., Kogyo
Kagaku Z(Ujshi 67,1839 (1964).

(151) Gallai, Z. A., Alimarin, I. P.,
Sheina, N. IV!., Morozova, L. A.,
Zh. AnalU. Khim. 19, 1464 (1964).

(152) Gallai, Z. A., Mar'yanovskaya, T.
Ya., Zh. Analit. Khim. 18, 924 (1963).

(153) Gandolfo, N., Sampaolo, A., Rend.
1st. Super. Sanita 26, 947 (1963).

(154) Gavrilko, U. M., Kovalenko, P. N.,
Bagdasarov, K. N., Zh. Analit. Khim.
19,1478 (1964).

(155) Geary, W. J., Larsson, C. N., Proc.
SAC (Soc. Anal. Chern.) Conf., Not
tingharn, Eng. 1965, p. 455.

(156) Gebauhr, W., Z. Anal. Chern. 197,
212 (1963).

(157) Gebauhr, W., Martin, J., Ibid.,
200,266 (19M).

(158) Gelli, D., IVlalvano, R., Sacchetti,
N., Alluminio 32, 481 (1963).

(159) Gerasimova, S. 1., Tr. Vses. Nauchn.
-Issled. i KcmstT'/lkt.Inst. Khim. Mashin
ostr. 1963, p.155.

(160) Gihalo, .I. M., Alimarin, I. P.,
Davaadorzh, P., Dokl. Akad. Na/lk
SSSR, 149, 1:126 (1963).

(161) Gibalo, 1. M., Alimarin, 1. P.,
Davaadorzh, P., Zh. Analit. Khim. 18,
835 (1963).

(162) Ibid., 19,467 (1964).
(163) Gilbert, D. D., ANAL. CHEM. 37,

1102 (1965).
(164) Gillespie, A. S., Jr., Richter, H. G.,

Ibid., 36, 2473 (1964).
(165) Girardi, F., Guzzi, G., Pauly, J.,

Ibid., p. 1588.
(166) GIrardi, F., Guzzi, G., Pauly, J.,

Radiochim. Acta4,109 (1965).
(167) Giuffre, L., Cassani, F., Chim. Ind.

(Milan) 46,179 (1964).
(168) Gleit, C. E., Benson, P. A., Holland,

W. D., Russell, I. J., ANAL. CHEM. 36,
2067 (1964).

(169) Golubovic, V. B., Ljustina, M. J.,
Glasnik Hem. Drustva, Beograd. 27,
383 (1962).

(170) Good, M. L., Srivastava, S. C.,
Talanta 12,181 (1965).

(171) Goode, G. C., Herrington, J.,
Jones, W. T., Anal. Chim. Acta 35,
91 (1966).

(172) Gorski, L., Lubecki, A., Chem.
Anal. (Warsaw) 10, 191 (1965).

(173) Green, H., Metallurgia 68, 143
(1963).

(174) Ibid., 70,201 (1964).
(175) Ibid., p. 299.
(176) Ibid., 71, 243 (1965).
(177) Grosse-Ruyken, H., Doege, H. G.,

Talanta 12, 73 (1965).
(178) Grothe, K. H., Reinhardt, K.,

Z. Anal. Chem. 204, 176 (1964).
(179) Guillon, A., Colonomos, M., Sau

vagnac, R., Radiochem. Acta 2, 213
(1964).

(180) Gupta, C. M., Z. Anal. Chem. 204,
181 (1964).

(181) Gusev, S. I., Niko1aeva, E. M.,
Zh. Analit. Khim.19, 715 (1964).

(182) Guthrie, J. W., J. Less-Commlm
Metals 7,420 (1964).

(183) Guyon, J. C., Anal. Chim. Acta 30,
395 (1964). .

(184) Hahn, R. B., Joseph, P. T., Salcie
cioli, G. G., Talanta 11,1073 (1964).

(185) Hakkila, E. A., Hurley, 1l. G.,
Waterbury, G. R., ANAL. CHEM. 36,
2094 (1964).

(186) Hamaguchi, H., Kawabuchi, K.,
Kuroda, R., Ibid., p. 1654.

(187) Hamaguchi, H., Ohuchi, A., Shimizu,
T., Onuma, N., Kuroda, R., Ibid., p.
2304.

(188) Hartkamp, II., Z. Anal. Chem.
202,13 (1964).

(189) Hashmi, M. H., Rashid, A.,
Ahmad, H., Ayaz, A. A., Azam, F.,
ANAL. CHEM. 37,1027 (1965).

(190) Hayashi, S., Bunseki Kagak/l 11,
438 (1962).

(191) Ibid., p. 951.
(192) Headridge, J. B., Hubbard, D. P.,

Anal. Chim. Acta 35, 8.')(1966).
(193) Headridge, J. B., Hubbard, D. P.,

Analyst 90, 173 (1965).
(194) Healy, W. B., Bate, L. C., Anal.

Chim. Acta 33, 443 (1965).
(195) Heemstra, R J., Foster, N. G.,

ANAL. CHEM. 38, 492 (1966).
(196) Hentrich, K, Pfeifer, S., Pharmazie

19,630 (1964).
(197) Hibbits, J. 0., Kallmann, S.,

Talanta 11, 1443 (1964).
(198) Hibbits, J. 0., Rosenherg, A. F.,

Williams, R. T., Ibid:). p. 1509.
(199) Hilton, D. A.,tteed, D., Analyst

90, M1 (196.'»).
(200) Holloway, J. II., Nelson, F., J.

Chromatog. 14,255 (1964).
(201) Horak, ~ J., Okac, A., Collecti<m

Czech. Chem. Commun. 29, 188 (1964).
(202) Hoste, J.,. Adams, F., Dams, n.,

Chern. Weekblad 60,35 (1964).
(203) Huff, E. A., ANAL. CHEM. 36,

1921 (1964).
(204) Hung, S., Chang, II., Hua Hsueh

Hsueh Pao 30, 492 (1964).
(205) Ishibashi, N., Kohara, H., Bunseki

Kagaku 13, 239 (1964).
(206) Ishii, H., Hayashida, H., Einaga,

H., Ibid., p. 614.
(207) Isbiwatari, N., Ibid., 11, 1283

(1962).
(208) Ivanova, G. F., Zh. Analit. Khim.

20,82 (1965).
(209) Ivanova, Z. 1., Tsyvenkova, T. V.,

Kovalenko, P. N., Ukr. Khim. Zh. 29,
755 (1963).

(210) Jacobsohn, K, Azevedo, M. D.,
Z. Anal. Chem. 202, 417 (1964).

(211) Jain, B. D., Singh, H. B., Indian
J. Chem. 1,369 (1963).

(212) Ibid., 2, 246 (1964).
(213) Jain, B. D., Singh, H. B., J. L""8

Commlm Metats 7,464 (1964).
(214) Jain, B. D., Singh, H. B., Proc.

Indian Acad. Sci., Sect. A 59, 362
(1964).

VOL 39, NO.5, APRIL 1967 • 129 R







(458) Sangal, S. P., Chim. Anal. (Paris)
46,492 (1964).

(459) Sangal, S. P., J. Prakt. Chem. 27,
113 (1965).

(460) Sarma, B., Indian. J. Technol. 1,
331 (1963).

(461) Satyanarayana, D., Kurmaiah, N.,
Rao,V. P. R., Chemist-Analyst 53,
78 (1964).

(462) Ibid., 54,4 (1965).
(463) Satyanarayana, D., Kurmaiah, N.,

Rao, V. P. R., Current Sci. 33, 109
(1964).

(464) Satyanarayana, D., Rao, V. P. R.,
IndianJ. Chem. 3, 40, (1965).

(465) Satyanarayana, D., Rae, V. P. R.,
IndianJ.1'echnol. 2, 163 (1964).

(466) Savvin, S. B., BortsQva, V. A.,
lVlalkina, E. N., Zh. Analit. Khim. 20,
947 (1965).

(467) Savvin, S. B., Dedkov, Yu. M.,
Zavodsk. Lab. 30, 645 (1964).

(468) Savviu, S. n., Kadaner, D. S.,
R.yabova, A. S., Zh. Analit. Khim. 19,
561 (1964).

(469) Sawada, T., Kato, S., Nippon
Kinzoku Gakkaishi 28,180 (1964).

(470) Saxena, R. S., NIittal, M. L.,
J. Indian Chem. Soc. 41, 680 (1964).

(471) Saxena, R. S., Sharma, O. P.,
Indian J. Chem. 2, 502 (1964).

(472) Schlitz, J. C., Coquema, C., Bull.
Soc. Franc. Mineral. Cr'isl. 87, 156
(1964).

(473) Schmitt, R. A., Bingham, E.,
Chodos, A. A., Geochim. Cosmochim.
Acta 28, 1961 (1964).

(474) Scholes, P. R., Smith, D. V.,
M etallurgia 67,153 (1963).

(475) Schutte, C. E. G., J. S. African
Chem.lnst.18, 13 (1965).

(476) Scrosati, B., Laitinen, H. A.,
ANAL. CREM. 38,1894 (1966).

(477) Sen, A. B., Chauhan, V. B. S.,
Z. Anal. Chern. 195, 25.5 (1963).

(478) Sen, B. P., Chatterjee, S. N.,
ANAL. CUEM. 38, 536 (1966).

(479) Setser, J. L., Ehmann, W. D.,
Geochim. Cosmochim. Acta 28, 769
(1964).

(480) Shakashiro, M., Freund, R., Anal.
Chim. Acta 33,597 (1965).

(481) Shakhova, Z. F., Ku, T., Vestn.
Mask. Univ., Ser. II Chim. 19,72 (1964).

(482) Shakhtakhtinskii, G. B., Gusein
zade, S. 11., Khalitov, Rh. S., Azerb.
Khirn. Zh., 1963, p. 87.

(483) Shakhtakhtinskii, G. B., Sarkisyan,
A. S., Dokl. Akad. Nauk, Azerb. SSR
18,31 (1962).

(484) Shakhtakhtinskii, G. B., Sarkisyan,
A. S., Uch. Zap. Azerb. Gos. Univ.,
Ser. F~·z. Mat. i Khim. Nauk. 1963,
p.73.

(485) Sharipov, R. K., Songina, O. A.,
Zavodsk. Lab. 29,1293 (1963).

(486) Sharipov, R. K., Songina, O. A.,
Zh. Analit. Khim. 19, 1322 (1964).

(487) Shcherbakov, V. G., Sb. T·r. Vses.
Nauchn.-Issled. Inst. Tverd. Splavov,
1964, p. 274-

(488) Shcherbakov, V. G., Ivannikova,
Z. M., Sb. 1'r. Vses. l·lauchn.-Issled.
Inst.1'verd. Splavov, 1964, p. 289.

(489) Sheskolskaya, A. Y., Zh. Analit.
Khim. 20, 1250 (1965).

(490) Shigematsu, T., Nishikawa, Y.,
Hiraki, K., Nakagawa, H., Nippon
Kagaku Zasshi 85, 490 (1964).

(491) Shigematsu, T., Tabushi, NI.,
l\Ilatsui, M., Bull. Inst. Chem. Res.
Kyoto Univ. 41,212 (1963).

(492) Shimizu, T., Hosohara, K., Bunseki
Kagaku 13, 1000 (1964).

(493) Shishkov, D., Shishkova, L., Compt.
Rend. Acad. Bulgare Sci. 16,833 (1963).

(494) Ibid., 17,137 (1964).
(495) Ibid., p. 243.
(496) Shivahare, G. C., Naturwissenschaf

ten 52,157 (1965).

132 R • ANALYTICAL CHEMISTRY

(497) Shrimal, S. K., Yarde, M. S.,
Anal. Chim. Acta 33, 683 (1965).

(498) Shustova, M. B., Tr. Komis. po
Analit. Khim., Akad. Nauk. SSSR
I n8t. Geokh~·m. i Analit. Khim. 15,
111 (1965).

(499) Shustova, M. B., Nazarenko, V. A.,
Zh. Analit. Khim. 18,964 (1963).

(500) Sil'nichenko, V. G., Gritsenko,
M. M., Zavodsk. Lab. 31, 657 (1965).

(501) Simkova, )\1., Hutnicke Lisly 18,
357 (In63).

(502) Simoncini, A., Cuoio, Pelli, Mat.
Concianti 39,280 (1964).

(503) Singh, S. S., ANAL. CHEM. 38,
1933 (1966).

(504) Singhal, S. P., Ryan, D. E., Anal.
Chim. Acta 35,195 (1966),

(505) Sinha, S: N., Dey, A. K., Z. Anal.
Chem. 195,416 (1963).

(506) Sipos, D., Koloriszt. Ertesito 5, 209
(1963).

(507) Skorko-Trybula, Z., Minczewski,
J., Chern. Anal. (Warsaw) 9, 397
(1964).

(508) Skorokhod, O. R., Tishehenko, 1. G.,
Shedov, N. V., Tr. Komis. po Analit.
Khim., Akad. Nauk SSSR Inst. Geo
khim. Analit. Khirn. 14,292 (1963).

(509) Smith, A. J., ANAL. CRE". 36,
944 (1964).

(510) Songina, O. A., Savitskaya, 1. S.,
Zavodsk. Lab. 29, 401 (1963).

(511) Basin, Z., Strzeszewska, I., Chem.
Anal. (Warsaw) 9, 425 (1964).

(512) Spackova, A., Collection Czech.
Chern. Commun. 30,1255 (1965).

(513) Sparks, J., Britton, S. C., Sheet
Metal Ind. 41, 477 (1964).

(514) Speranskaya, E. F., Ko7Jovskii,
M. T., Zavodsk. Lab. 30, 403 (J964).

(515) Speranskaya, E. F., Mambceva,
D. B., Zh. Fiz. Khim. 39, 1837 (1965).

(516) Spielberg, N., Abowitz, G., ANAL.
CHEM. 38,201 (1966).

(517) Stary, J., Ruzicka, J., 1'alanta 11,
697 (1964).

(518) Stern, D. G., Metallurgia 71, 51
(1965).

(519) Stolyarov, K. P., Vestn. Leningr.
Univ. SeT. Fiz. iKhim., 1963, p.140.

(520) Stolyal'ov, K. P., Agl'est, F. B.,
Zh. Analit.Khim.19,457 (1964).

(521) Strelow, F. W. E., Retherneyer, R.,
Bothma, C. J. C., ANAL. CHEM. 37,
106 (1965).

(522) Strusieviei, C., Acad. Rep. Populare
Romine, Filiala Cluj, Studii Cercetari
Chim.13, 121 (1962).

(523) Studenskaya, L. S., Emasheva,
G. N., 1'r. Vses. Nauchn.-Issled Inst.
Standartn. Obraztsovi Spektral'n Etalonov
1,18 (Jn64).

(524) Studenskaya, L. S., Makogonova,
L. N., Ibid., p. 12.

(525) Studcnskaya, T. S., Fedorova, N.
D., Stepin, V. V" Zolotavin, V. L.,
Ibid., p. 22.

(526) Su, Y., ANAL. CHEM. 37, 1067
(1965).

(527) Sugawara, K F., Ibid., 36, 1373
(1964).

(528) Sugawara, K. F., Anal. Chim. A.cta
35,127 (1966).

(529) Sun, P., J. CMnese Chern. Soc.
(Taiwan) 7,143 (1960).

(530) Supnmovich, V. I., Usatenko, Yu.
1., Zavodsk. Lab. 31, 262 (1965).

(531) Sinha, S. N., Dey, A. K, J. Prakt.
Chem. 20, 225 (1963).

(532) Susic, ]\1. V., :~Vlaksimovic, Z. B.,
Bull. Inst. Nucl. Sci. Boris Kidrich
(Belgrade) 14, 13.5 (1963).

(533) Svajgl, 0., Chern. Prumysl 14,
133 (1964).

(534) Svehla, G., Erdey, L., Microchem.
J. 7, 221 (1963).

(535) Sverak, J., Z. Anal. Chem. 201, 9
(1964).

(536) Ibid., p. 12.

(537) Swaine, D. J., Spectrockim. Acta
19,841 (In63).

(538) Szaho, E., Antal, E., Oerdoegh,
M., Upor, K, Magy. Tud. Akad. Kozp.
Fiz. K·ut. Int. Kozlemen 12, 335
(1964).

(539) Szczepaniak, W., Chem. Anal. (War-
saw) 9, 481 (1964).

(540) Ibid., p. 761.
(541) Ibid., p. 1115.
(542) Tada, K., Horiguchi, R., Bunseki

Kagaku 12, 799 (1963).
(543) Taimni, 1. K., Rakshpal, R.., J.

Prakt. Chem. 23, 188 (1964).
(544) Talipov, Sh. '1'., Dzhiyanbaeva,

R. Kh., Asamov, K. A., UzbekJk. Khim.
Zh. 1963, p. 26.

(545) Talipov, Sh. T., Dzhiyanbaeva,
R. Kh., Asamov, R. A., Gor',kovaya,
G. P., Ibid., p. 18.

(.';46) Talipov, Sh. T., Khadeeva, L. A.,
Zh. Analil. Khirn. 19, 1471 (1964).

(547) Tarasevich, N. 1., Mascli, M.,
Ibid., 20,98 (1965).

(548) Tarasevich, N. 1., Zheleznova, A.
A., Ibid., 18, 1345 (1963).

(549) Taylor, B. L., Proc. SAC (Soe.
Anal. Chem.) Conj., Nottingham, Engl.
1965, p. 81.

(550) Terenteva, E. A' J BernatskayaJ

1\1. V., Zh. Analit. KMm. 19,876 (1964).
(551) Thompson, A. J., Geochim. C08mo~

chirn. Acta 29,172 (1965).
(552) Tien, L., Chang, W., Hua lIsueh

HsuehPao, 30, 101 (1964).
(553) Titov, P. D., Izv. Sibir3k. Otd.

Akad. Nauk SSSR, Ser. KMm. Nauk,
1964, p. 94.

(554) Tomioka, H., BUMeki Kagaku 12,
271 (196:3).

(555) Toussaint, C. J., Vos, G., Anal.
Chim. Acta 33,279 (1965).

(556) Tramm, R. S., Pevzner, K. S.,
Zavodsk. Lab. 31, 163 (1965).

(557) Uesugi, K., Katsube, Y., Bull.
Chem. Soc. Japan 38, 2010 (1965).

(558) Ungureanu, C., Fodor, E., Rev.
Chim. (Bucharest) 14,467 (1963).

(559) Ustimov, A..M., Gladyshev) V. P.,
1'r. Komis. po Analit. Khim., Akad.
lVauk. SSSR, 1nst. Geokh'l·m. i ..t1nalit.
Khim. 15,27.5 (1965).

(560) Uvarova, E. 1., Hik, V. M., Khirn.
i 1'ekhnol. 1'apliv i M asel9, 67 (1964).

(561) Uvarova, K A., Sikora, K. P.,
Zavodsk. Lab. 30,1443 (1\)64).

(562) Uzumasa, Y., Hayashi, K., Ito, S.,
Bunseki Kagaku 12, 252 (1963).

(563) Vanossi, R., Anale.s Soc. Cienti.
A,·g.177,3 (1964).

(564) Van Santen, R. T., Schlewitz, J. H.,
Toy, C. IT., Anal. Chirn. Acta 33, 593
(1965).

(565) Vasilevskaya, L. S., Kondrashina,
A. I., Makarova, G. A., Panarina, N. A.,
Zavodsk. Lab. 31, 561 (1965).

(566) Verbeek, A. A., Anal. Chim. Acta
33,131 (1965).

(567) Verdi-Zade, A. A., Uch. Zap. Azerb.
Gas. Univ. Ser. Kh~·m. Nauk 1964, p.
31.

(568) Verdi-Zade, A. A., Elbendov, E. A.,
Azerb. Khirn. Zh. 1963, p. 149.

(569) Verkhovodov, P. A., Gorbatenko,
L. S., Zavodsk. Lab. 30, 691 (1964).

(570) Violanda, A. T., Cooke, W. D.,
ANAL. CREM. 36, 2287 (1964).

(571) Waggoner, C. A., Can. Spectr. 10,
51 (1965).

(572) Waring, C. L., U. S. Geol. Surv.
Profess. Papers 501,146 (1964).

(573) Watanabe, R., Bunseki Kagaku 12,
1196 (1963).

(574) "-Telford, G. A., ehiotis} E. L.,
Anal. Chim. Acta 31, 376 (1964).

(575) Welford, G. A., Chiotis, E. L.,
lVlorse, R. S., ANAL. CHEM 36, 2350
(1964).

(576) West, T. S., Ind. Chemist 39, 379
(1963).



(577) Wetherill, G. W., J. Geophys. Res.
69,4403 (1964).

(578) White, G., Scholes, P. H., Metallur
gia 70,197 (1964).

(579) Wilson, A. M., ANAL. CHEM. 38,
1784 (1966).

(580) Wilson, A. M., McFarland, O. K.
Ibid., 36, 2488 (1964).

(581) Wiltshire, N. D., Nancarrow, P. C.,
Ludvig, I., B.H.P. Tech. Bull. 8, 34
(1964).

(582) Winefordner, J. D., Veillon, C.,
ANAL. CHEM. 36, 943 (1964).

(583) Wittick, J. J., Rechnitz, G. A.,
Ibid., 37,816 (1965).

(584) WoWmann, E., Geologie 13, 845
(1964).

(585) Wood, D. F., Adams, M. R.,
Anal. Chim. Acta 31,153 (1964).

(586) Wood, D. F., Jones, J. T., Analyst
90, 125 (1965).

(587) Ibid., p. 638.
(588) Wood, R., Richards, L. A., Ibid.,

p.606.
(589) Yahlochkin, V. D., Sudebno-Med.

Ekspertiza, Min. Zdravookhr SSSR 6,
45 (1963).

(590) Yaguchi, H., Kajiwara, T., Bunseki
Kagaku 14, 785 (1965).

(591) Yamada, Y., Radioisotopes (Tokyo)
13,32 (1964).

(592) Yatrudakis, S. M., Zhdanov, A. K.,
Uzbeksk. Khim. Zh. 8 23 (1964).

(593) Yatsimirskii, K. B., l\1orozovR,
R. P., VoronovR, T. A., Gershkovich,
R . .M., Zh. Analit. Khim, 19,705 (1964).

(594) Yatsimirskii, K. B., Zakharova,
L. A., Neorgan. Khim. 8, 96 (1963).

(595) Yen, J., Yung, C., Liu, H., Hua
Hsueh Hsueh Pao 30, 562 (1964).

(596 ) Yoshida, M., Kitamura., N", Bunseki
Kagaku 14,323 (1965).

(597) Yoshimori, T., Miwa T., Take
mura, T., Ito, N., Takeuchi, T., Ibid.,
11,1243 (1962).

(598) Yoshimura, C., Uno, S., Noguchi,
H., Ibid., 12,42 (1963).

(599) Yuasa, T., Ibid., 11,449 (1962).
(600) Yule, H. P., ANAL. CHEM. 37, 129

(1965).
(601) Zabiyako, V. 1., Sharapova, G. N.,

Tr. Ural'sk. Nauchn.-Issled. Khim.
Inst.ll, 14 (1964).

(602) Zakharov, M. S., Stromberg, A. G.,
Izv. Tomsk .. Politekhn. Inst. 112, 143
(1963).

(603) Zhelonkina, I.., Zheenbaev, Zh.,
Karikh, F. G., Polovikov, A. 1.,
Engel'sht, V. S., hv. Akad. Nauk Kirg

SSR, SeT. Estestv. i Tekhn. Nauk 5,
99 (1963).

(604) Zhigalkina, T. S., Lev, R. S.,
Cherkesov, A. 1., Tr. Astrakhansk.
Tekhn. Inst. Rybn. Prom. i Khoz. 8,
123 (1962).

(605) Zhivopistsev, V. P., Chelnokova,
.M. N., Uch. Zap. Permsk. Gos. Univ.
Ill, 162 (1964).

(606) Zhuravlev, G. 1., Ryzhkova, L.1.,
Zh. AnaW. Khim.18, 930 (1963).

(607) Zindel, E., Zeiher, Ro, Z. Anal.
Chem. 195,27 (1963).

(608) Zitnansky, B., Sebestian, 1., Hut
nicke Listy 18,274 (1963).

(609) Zmijewska, W., Kozminska, D.,
Chem. Anal. (Warsaw) 9, 469 (1964).

(610) Zolotukhin, V. K., Gavrilyuk, A. 1.,
Galanets', Z. G., Pasichnik, O. :M.,
Yisn. T/vivs'k. Derzh. Univ., Ser. Khim.
1963, p. 73.

(611) Zopatti, L. P., Pollock, E. N.,
Anal. Chim. Acta 32, 178 (1965).

(612) Zotin, M. A., Uch. Zap., Permsk.
G08. Univ. 25, 53 (1963).

(613) Ibid., 111,82 (1964).

WORK performed in the Ames Laboratory
of the U.S. Atomic Energy Commission.

$ nm MUt Cal rme«II []l]S [Q)<e'lt<e lJ" IJm)nlril talitn«II lril «II'lf @ j{ygeIJU

(EllrncrlJ INn'ltlr«IIgerm Ulril lRfileittalDs lIDy CCallJ"lJ"UelJ"..@talS
lfMSBOIJU ~j{ 'ltlJ"talcc'ltu«IIrm
Wayne E. Dol/mann and Ve/mer A. Fassel, Insfitute for Atomic Research and Department of Chemistry, Iowa State University,
Ames, Iowa

~ A platinum-tin reaction medium
has been applied successfully to the
carrier-gas fusion determination of
both the oxygen and nitrogen con
tents of 19 different base-metals. The
composition of the reaction medium
ranged from 80 (Pth20 (5n) at ex
traction temperatures in the region
1725-1950°C, to 95 (Pt):5 (5n) for
extraction temperatures greater than
1950°C. Quantitative accuracy was
demonstrated by concordance of car
rier-gas fusion results with values ob~

tained by other analytical techniques
such as Kjeldahl chemical, caustic
fusion, isotope dilution, vacuum fusion,
and hydrogen reduction; the theo
retical oxygen contents of synthetic
metal-oxygen standards; and values
certified by the Nationa I Bureau of
Standards or developed in coopera
tive A5TM analytical programs. A
detailed description of the carrier
gas fusion, gas chromatographic
analytical facility employed in this
study is given, In this apparatus,
a pyrolytic boron nitride thimble is
employed to keep the operating
blanks within tolerable limits.

OXYGEN AND NITROGEN impurities
are commonly present in trace

amounts in metals, occurring either as

solid solutions in the interstices of the
metal lattice, as oxide and nitride in
clusions, or in soine cases, as trapped
molecular gases. The presence of ox
ygen and nitrogen as interstitial impuri
ties normally results in profound effects
on the physical, mechanical, and elec
trical properties of the host metal.
For production control and metallurgi
cal evaluation of such effects, accurate
and precise analytical determinations
on these impurity contents in metals
and alloys are required.

The nitrogen impurity content is
normally determined by classical chemi
cal dissolution procedures (184, 518),
usually with acceptable accuracy and
precision. In some cases, notably sili
con steels and many of the recently de
veloped corrosion-resistant alloys, the
chemical technique frequently fails to
provide quantitative results on the
nitrogen content. Whether the low
nitrogen recoveries are due to incom
plete sample dissolution or to non
quantitative conversion of the nitrogen
to ammonium salts has not been clearly
established. In view of these uncer
tainties, it is appropriate to refine
existing analytical techniques or develop
new ones which may be generally ap
plicable to the nitrogen determination.

The possibility of utilizing high-tem-

perature fusion extraction techniques
for determining the nitrogen content
of metals along with the oxygen im
purity has been previously considered
by many investigators. The classical
vacuum fusion (56) and the carrier-gas
fusion (47, 49) techniques both involve
high-temperature fusion of the metal
specimen in a graphite crucible, so that
carbon reduction and thermal decom
position reactions may occur as follows:

[MxO'JM + MiNi + c- yeO + J/,jN,
MmH.

+ '/2nH, + MC + M (1)

There is now general agreement that
quantitative formation and extraction
of carbon monoxide from most refrac
tory metals can be achieved if optimal
environmental conditions are provided
in the fusion crucible. Usually, molec
ular nitrogen is also evolved under the
same experimental conditions. How
ever, the validities of nitrogen results
obtained in this way, especially for the
refractory metals, have been clouded for
many years by inadequate knowledge on
the quantitative release and recovery
of the molecular gas from the melt.
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Table I. Summary of Prior Investigations on Fusion Extraction Determination of
Nitrogen

Temperature
Fusion conditionsMetal (0 C) Reference

Ti 1800 Iron bath, vacuum fusion 48
Zircalloy 1900 Pt bath, Pt flux, vacuum fusion 20
Zr 1900 Pt bath, I5-mg samples, vacuum 10

fusion
Zr, Steels, UN 1950 Pt bath, carrier-gas fusion 25
Steels 1850 Pt bath, vacuum fusion 50
Steels 1850 Pt bath, Pt flux, vacuum fusion 14
Nb 1900 Pt bath, Pt flux, vacuum fusion 35
Nb, Ta 2300 Pt bath, carrier-gas fusion 16
Mo 1950-2050 Pt bath, vacuum fusion 42
Steels 1900 No bath, single sample per cru- 31,33

cible, carrier-gas fusion
Steels 1900 No bath, carrier-gas fusion 5
Steels 1600 No bath, single sample per cru- 17

cible, vacuum fusion

SIMULTANEOUS DETERMINATION OF
OXYGEN AND NITROGEN BY FUSION

EXTRACTION

For the quantitative determination
of both nitrogen and oxygen by fusion
extraction techniques, it is essential
that:

1. A reaction medium is employed
which accomplishes quantitative
formation of carbon monoxide and
quantitative dissociation of metal
nitrogen bonds.

2. The terminal or equilibrium solu
bility of carbon monoxide and ni
trogen in the reaction medium is a
negligible fraction of the total.

3. Quantitative transfer of the
evolved gases to the analytical
system is effected without signifi
cant bulk or dispersal gettering
losses.

4. Requirements 1, 2, and 3 are
achieved under tolerable blank
conditions.

With reference to requirement 1, there
is ample theoretical evidence in the
literature (2, 20, 48) that even the most
stable metal-nitrogen bonds should be
decomposable at standard fusion extrac
tion temperatures, especially those ob
tained under carrier-gas fusion con
ditions. There is also ample experi
mental evidence to support these con
clusions. The summary in Table I
shows some of the experimental condi
tions under which previou8 investigators
have reported quantitative nitrogen
recoveries. In spite of these studies,
the authors of recent critical reviews on
this subject have written as follows:

"In general, vacuum fusion nitrogen
values for metals other than steels
amount to no more than numbers ob
tained incidental to oxygen deter
minations. .. No concentrated effort
has been made to determine conditions
required for quantitative recovery of
nitrogen from refractory metals by
vacuum fusion." (40)
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"Nitrogen values obtained by vacuum
fusion are still, however, regarded with
suspicion. This is particularly true
for the reactive metals (Ti, Zr, Hf),
and to a lesser extent, the refractory
metals (V, Nb, Ta, Cr, Mo, W)." (20)

The views expressed by these authors
accurately reflect the experiences of
many analysts who have not found it
possible to achieve quantitative nitrogen
recoveries, even under the recommended
environmental conditions. This sug
gests that one or more of the other re
quirements were not completely ful
filled.

With reference to requirement 2 listed
above, Goward's (20) detailed theoreti
cal treatment of vacuum fusion and
extraction processes for the determina~

tion of nitrogen strongly suggests that
the root of the problem is the difficulty
of extracting nitrogen down to its
equilibrium concentration in the melt.
Goward's conclusions are supported by
Imda's observation (27) that 30 to 40
ppm of nitrogen remain unextracted
from iron baths at 18500 C. According
to Ihida's calculations, this residual
nitrogen corresponds to an equilibrium
nitrogen pressure of 7.6 mm at 16000 C,
decreasing to 6.3 mm at 19000 C.
Kraus' (32) theoretical deductions and
experimentally determined mass trans
fer coefficients showed that the trans
port of dissolved gases from the interior
of the melt to and through the melt-gas
phase boundary indeed was the rate
limiting step. Using a 20-minute ex
traction period as a criterion for a useful
analytical method, Goward (20) also
concluded that the transfer of nitrogen
from the melt to the gas phase could be
rate limiting. In harmony with these
conclusions was the observation of
Somiya et al. (60), that nitrogen re
covery on steels was not quantitative
unless the vacuum extraction time was
extended considerably beyond that re
quired for complete oxygen recovery.
Because the thermodynamic environ
ment (composition and temperature of
fusion media), can influence the rate of

gas transfer, it is not surprISIng that
almost all reported instances of im
proved or quantitative recovery of
nitrogen have involved trial and error
modifications of bath compositions
(8,14,15,17,31,33,42,44), and tem
peratures (14, 16, 19, 40, 43), until
maximal extraction was achieved.
Thus, Peterson and Beerntsen (44)
found that nitrogen in lanthanum could
be quantitatively extracted with a
nickel bath at 16000 C, while recovery
with an iron bath was low even at
18500 C. Muramatsu (42) found that
recovery of nitrogen in molybdenum
was complete when a platinum bath
was used, but was incomplete when
nickel, nickel-tin, and platinum-nickel
baths were employed. Lemm (33)
demonstrated that quantitative re
covery of nitrogen in steel was possible
when a new, small graphite crucible was
used for each sample extraction under
a carrier-gas atmosphere. Koch and
Lemm (31) later showed that nitrogen
recovery progressively decreased when
several steel samples were extracted in
the same carrier-gas fusion - crucible.
However, recovery on a large number of
alloyed and unalloyed specimens was
quantitative when the crucible was
changed after each extraction. Ger
hardt, Kraus, and Frohberg (17) found
that quantitative extraction of nitrogen
from steels was very rapidly acmeved
when each sample was fluxed with a
Ni-Ce-C alloy which contained ap
proximately 1% cerium. According
to Gerhardt et al., the cerium caused
precipitation of.. spheroidal graphite,
which affected the viscosity of the melt
considerably less than the normally
precipitated flake graphite. An in
teresting feature of the furnace em
ployed by Gerhardt et al. (17) was the
"spinning crucible." After each sample
extraction, the crucible was emptied by
spinning it at a speed high enough to
eiect the melt by centrifugal force.
The ejected melt was deposited on a
graphite shield which surrounded the
crucible. Fischer and Steinriicken (16)
showed that nitrogen recovery on
zirconium and titanium, and on their
nitrides, was only 50% complete when
a platinum reaction medium was used.
They attributed the low results to an
insufficient supply of carbon in the
melt. Recovery was increased sub
stantially when they employed a nickel
bath, but results were still low and
tended to further decrease with each
successive sample extraction. This ef
fect was attributed to the dissolution of
an excessive amount of carbon in the
nickel melt, which resulted in the rapid
formation of grapmte flakes at the melt
surface. Fischer and Steinriicken (16)
found that a composite platinum-nickel
reaction medium provided the highest
nitrogen recovery, although quantita
tiveness still was not demonstrated, as













Table V. Analytical Results an Determination of Oxygen and Nitrogen in Metals (Continued)
Nitrogen (wt. %)

Oxygen (wt. %) Chemical
Helium Vacuum Other Helium dissolu· Vacuum Other

Metal fusion fusion results fusion tion fusion results Remarks
Niobium 1 0.0055 0.0058 0.011 0.011 0.011 Average Cooperative Program oxygen value

2 0.014 0.014 0.015 0.0083 0.0077 0.0070 reported for sample 2 (39)'
3 0.021 0.020 0.080 0.080 0.080
4 0.070 0.071 0.033 0.032 0.031
5 0.072 0.072 0.042 0.044 0.045

Chromium 1 0.0016 0.0016 Vacuum fusion nitrogen data with the Pt: Sn
2 0.016 0.016 bath at ........, 1650° C were consistently low;
3 0.095 0.099 the vacuum fusion nitroten data were
4 0.27 0.27

0.'0'085
obtained with the Pt bat I Pt flux pro-

S 0.0086 0.0074 cedure at .--.1950° C; oxygen results ob-
6 0.026 0.028 0.025 tained under these latter conditions were
7 0.093 0.093 0.094 not reproducible
8 0.23 0.23 0.22

Zirconium 1 0.066 0.064 0.062 0.0009 0.0008 0.0012 Average Cooperative Program oxygen
2 0.079 0.077 0.0012 0.0015 0.0010 values reported for samples 1 (29)' and
3 0.084 0.085 0.0010 0.0011 0.0008 5 (45)'
4 0.095 0.095 0.0049 0.0053 0.0044
5 0.22 0.22 0.21 0.0048 0.0047 0.0041
6 0.41 0.42 0.011 0.012 0.012

Thorium 1 0.023 0.021 0.020 0.0054 0.0054 0.0053 Theoretical oxygen contents reported for
2 0.12 0.12 0.12 0.0051 0.0048 samples 1 and 2, which are synthetic
3 0.032 0.033 0.011 0.012 0.009 thorium-oxygen standards (12)'
4 0.033 0.033 0.15 0.14 0.14
5 0.12 0.11 0.016 0.016 0.013
6 0.13 0.13 0.0096 0.0092 0.0062
7 0.15 0.15 0.36 0.35 0.34

Hafnium 1 0.023 0.024 0.0009 0.0006 Average Cooperative Program oxygen value
2 0.028 0.034 0.014 0.013 0.012 reported for sample 4 (28)'
3 0.031 0.037 0.016 0.015 0.014
4 0.032 0.032 0.028 0.0035 0.0041 0.0026
5 0.033 0.035 0.015 0.017 0.013

Yttrium 1 0.20 0.20 0.20 0.0015 0.0007 Theoretical oxygen contents reported for
2 0.48 0.48 0.48 0.0034 0.0008 samples 1 and 2, which are synthetic
3 0.037 0.036 0.0034 0.0034 00028 yttrium-oxygen standards (12)'
4 0.27 0.26 0.019 0.018 0.019
5 0.29 0.30 0.034 0.037 0.032

Scandium 1 0.038 0.037 0.0023 0.0021 0.0016
2 0.070 0.071 0.0067 0.0078 0.0049
3 0.36 0.36 0.0040 0.0038 0.0043

Gadolinium 1 0.081 0.081 0.0072 0.0063 0.0055
2 0.087 0.087 0.017 0.017 0.014

Terbium 1 0.22 0.22 0.044 0.045 0.042
2 0.34 0.34 0.072 0.074 0.072
3 0.43 0.43 0.057 0.055 0.054

Dysprosium 1 0.0042 0.0042
2 0.0071 0.0078
3 0.015 0.016 0.011 0.010 0.009
4 0.11 0.11 0.0033 0.0026 0.0027

Hohnium 1 0.17 0.17 0.044 0.040 0.037
2 0.23 0.21 0.052 0.051 0.046
3 0.24 0.24 0.0090 0.0090 0.0090

Erbium 1 0.017 0.017 0.016 0.014 0.014
2 0.026 0.026 0.10 0.096 0.098
3 0.12 0.12 0.0025 0.0028 0.0024

Lutetium 1 0.22 0.22 0.0027 0.0035 0.0031
2 0.23 0.23 0.084 0.083 0.083
3 0.46 0.43 0.0092 0.0094 0.0060
4 1.13 1.10 0.025 0.024 0.019

Titanium 1 0.12 0.12 f" 0.014 0.014 0.008 6AI:4 V
0.12

2 0.13 0.13 0.087 0.034 0.030 0.025 8Mn0.11

3 0.15 0.13 0.14 0.0083 0.0093 0.0069 Unalloyed
0.14

4 0.16 0.16 0.018 0.020 0.011 0.020 3.87 AI:4.02 Mn
5 0.21 0.20 0.017 0.017 0.012 5.16 AI: 1.3 Fe: 1.4 Cr: 1.4 Mo
6 0.22 0.23 0.10 0.10 0.082 0.11 2.25 Cr:2.15 Fe
7 0.23 0.22 0.037 0.041 0.027 0.040 3.02 Al:5.83 Mn
8 0.30 0.31 0.13 0.13 0.11 0.13 4.32 Cr:1.56 Fe

Average Cooperative Program o~gen
values reported for samples 1-3, for oth
vacuum fusion (371 and inert-gas fusion
(38)c techniques; average Cooperative
Program nitrogen values reported for
samples 4 and 6-8 (54).'

a Hydrogen reduction values. • NBS certified values. e Numbers in parentheses refer to bibliography.
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on the thermionic detector, all of which
gave strong support to the validity of
the detector. Beckman and Gauer
(26) reviewed the literature and develop
ment of the sodium thermionic detec
tor. They described the construction
and operation of a detector based on
Giuffrida's design. Hartmann (145)
reported a thermionic detector for
phosphorus in which cesium bromide
was used as the alkali metal source.
The cesium bromide plus a suitable
filler was pressed under high pressure to
form a ceramic-like pellet which was
then shaped to serve as the tip of the
burner. Ooahran (71) described a
modified detector in which a ceramic
tube filled with granular anhydrous
N a,SO. was ·placed around the jet.

Giuffrida and Ives (123) used dual
detectors in an investigation of cleanup
procedures for organophosphorus pesti
cide residues. The effluent from the
GLO column was passed through a
stream splitter and into two detectors.
The response of a regular flame ioniza
tion detector was indicative of the
amount of plant extractives present
and thus of the cleanup efficiency.
The response of the thermionic detector
showed the amount of pesticides re
covered.

Giuffrida, Ives, and Bostwick (124-)
described and explained the operating
parameters for electron capture and the
thermionic detectors. Specific details
were given on how to adjust each
detector and GLO system for most
suitable operation for residue analyses.
This paper should be required reading for
residue analysts using gas chroma
tography.

Karmen (173) described a stacked
flame ionization detector for phos
phorus and chlorine. He indicated
that the detector worked because phos
phorus and halides increased the vapor
pressure of the alkali metal and thus
made more of it available for ionization.
Abel, Lanneau, and Stevens (5) re
ported a modified stacked flame detector,
claiming a controlled specificity for
phosphates and halides in the order of
100,000-200,000 to lover other organic
species.

Burchfield et al. (54-) discussed various
types of GLO detectors, pointing out
the advantages of each. Burchfield
and Wheeler (57) described the use of
the microcoulometric detector in both
the oxidative and reductive modes.
Burchfield et al. (56) also reported the
use of the microcoulometric detector
for the determination of phosphorus,
sulfur, and chlorine. The effluent from
the GLO was carried through a reducing
oven with H" forming PH" HoS, and
HOI. All three products were meas
ured by a microcoulometric titration
cell with silver electrodes. By insert
ing subtraction columns before the
cell, HOI (by silica gel) or both H,S
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and HOI (by Al,O,) could be removed,
thus giving the system a high specificity.

The electron capture detector con
tinues in wide use but only a few papers
suggested modifications. Yauger et al.
(287) reported the use of Ni" as the
radioactivity source, the big advantage
being that such a detector can be
operated at temperatures up to 3000 O.
Abbott and de Faubert Maunder (3)
described a simple electron capture
detector that could be constructed from
a standard 75-0hm co-axial cable plug
and a strip of tritiated copper foil at a
total cost of material of less than $W.

Gas chromatography has become so
accepted in pesticide residue analysis
that its use in procedures is now taken
for granted much like the analytical
balance or a spectrophotometer. How
ever, several papers have appeared
which treat gas chromatography as a
general topic. Gudzinowicz (125) com
piled a vast amount of data on the
u.~e of electron capture gas chroma
tography in pesticide residue analysis.
He listed the R f and sensitivities for a
large number of the pesticides on a
variety of columns. Burke and Hol
swade (58) tested 17 liquid phases in
the search for. a GLO column which
would elute the common pesticides in a
different order than the widely used
DO-200 column. They recommended
a column prepared by mixing equal
portions of Gas Ohrom Q coated with
15% QF-l and Gas Ohrom Q coated
with 10% DO-200. They listed reten
tion times and response data on the
column for over 85 pesticide chemicals
using both the electron capture and the
microcoulometric detector.

Berck (29) listed retention times,
both absolute and relative to n-pentane,
for 34 fumigants on a column packed
with 10% SE-30 on Diatoport-S.
Kanazawa (171) evaluated and com
pared columns with two liquid phases,
5% Dow Silicone 11 and 2% polyethyl
ene glycol, for the separation of chlorin
ated and phosphorus pesticides and
herbicides. Linear ranges, sensitivities,
and separation efficiencies are reported.
Gaul (114-) compared five methods of
measuring GLO peaks and discussed the
problems with toxaphene, chlordane,
and BHO. She suggested ways of meas
uring the peak areas when the pesticides
were separate and in mhture. It was
also pointedout that in determining BHO
the analyst should bear in mind that
the electron capture response to the
tJ-isomer is about 50% of the response
to the other isomers.

Giuffrida (121) described a GLO sys
tem for the collection of fractions for
infrared analysis. The fractions were
collected individually directly on KBr
and then pressed into micro disks.
About 10 mg of KBr was used and good
spectra were obtained with as little as
31'g of pesticide.

CHLORINATED PESTICIDES

General Procedures. Chlorinated
pesticides continue to be the most
widely used group and it is natural
that methodology for these com
pounds received a great deal of atten
tion. Beynon and Elgar (36) prepared
an excellent review of work published
up to May 1965. They list 324
references and cover all aspect.> of
residue analysis from the collection and
storage of samples through extraction
and cleanup to the numerous means of
quantitation and identification.

Mumma and coworkers (218) in
vestigated the effectiveness of a com
monly used extraction procedure in
removing pesticide residues which had
been picked up by growing crops.
Using crops grown in soil containing
dieldrin, they found that the widely
used hexane-isopropanol (2: 1) extrac
tion procedure removed only about
64% of the dieldrin present. When this
was followed by a 12-hourextmction
with a 1: 1 mhture of chloroform and
methanol complete extraction of the
dieldrin was obtained.

In the past t~o years, several col
laborative studies were made of widely
used analytical procedures. Johnson
(167) reported on a study of the Mills'
procedure involving the determination
of heptachlor epoxide and dieldrin in
evaporated milk and in butterfat.
The results for 20 laboratories showed a
standard deviation of ±0.039 ppm for
heptachlor epoxide at the O.29-ppm
level and a standard deviation of
±0.052 ppm for dieldrin at the
0.26-ppm level. Several collaborative
studies of the Mills, Onley, Gaither
procedure were also reported. Krause
(187) studied the recovery of aldrin,
DDE, and methoxychlor from potatoes.
Gaul (115) investigated the recovery of
lindane, heptachlor, and TDE from
endive and cauliflower, and Davidson
(87) reported on the determination of
BRO, p,p'-DDT and endrin in apricots
and strawberries. Each study demon
strated the validity of the procedure.

A large number of articles describe
general procedures for the determination
of chlorinated pesticide residues. Many
of these are modifications of previously
reported methods. Gunther and Bark
ley (134-) modified amicrocoulometeric
gas chromatograph so that, when de
sired, the GLC column could be by
passed with the sample going directly
to the combustion furnace. This per
mitted easy determination of "total
chlorides." Advantages of the arrange
ment include a more accurate measure
ment of toxaphene since the entire
residue registered as one peak.

Robertson and Tyo (24-6) determined
chlorinated pesticides in oysters using a
continuous perforated basket centrifuge
for extraction of sample with aceto-











trichlorfon and chloral hydrate were
injected into the GLC with trichlorfon

.breaking down and both compounds
registering as chloral. To determine
the trichlorethanol, a separate aliquot
was acetylated to form trichloroethyl
acetate and then chromatographed.
Mustafa et al. (220) used a colorimetric
procedure for determining trichlorfon.
The sample was spotted on a filter paper
impregnated with 3,5-dintrobenzoic acid
and heated at 70°C. for 2 minutes.
Trichlorfon gave a blue spot, which was
measured in a densitometer with a 550
mIL filter. The reaction, based on the
cleavage of the P - C bond and reaction
of the phosphite esters with the 3,5-di
nitrobenzoic acid, distinguished between
trichlorfon and DDVP, which did not
react. Szyszko (1398) reported an oscil
lopolarographic metbod for trichlorfon
in which lindane and DDT did not
interfere. However, maneb and zineb
did interfere. Szyszko (1397) also re
ported an oscillopolarographic method
for demeton-S-methyl in foods where
maneb and zineb did not interfere.
Giang and Schechter (119) described a
method for the determination of de
meton and its metabolites in fruits and
vegetables. After extraction and clean
up, the parent compounds and me
tabolites were all cooverted to the sul
fones by oxidation with m-chloroperben
zoic acid. After additional cleanup on
a cellulose column, the residue was dis
solved in CS> and read in a 5-mm in
frared cavity cell using 5X scale
expansion. The absorption at 7.55
microns was used for calculation.
Recoveries at 0.6 ppm levels ranged
from 76 to 102%.

Gilmore and Cortes (120) used dual
band TLC as cleanup for the determina
tion of diazinon. By means of a
divider in the applicator, the plates wcre
coated with a mixture of Darco G60 and
Solka-Floc on the lower 4 em and with
silica gel H on the remaining 16 em.
The crude extract along with a standard
werc applicd to the cbarcoal-cellulose
band, and after development, tbe sample
spots, located by comparison with the
standard R/s, were removed for analy
sis. Fifty grams of spinach was puri
fied by the above procedure and re
coveries as followed by S" labcled
diazinon, averaged 95%. Abbott and
coworkers (2) reported the use of
multiband chromatoplates for the TLC
determination of dimethoate. They
prepared plates having 3 bands of
different adsorbents and spotted cleaned
up sample extracts. Development
separated the dimethoate from the re
maining plant materials and most
other organophosphorus compounds.
The dimethoate spots were made
visible by spraying with Brilliant green
and exposure to bromine vapor. The
square root of the spot areas plotted
against the 109. of amount of di-

methoate gave a straight line. Re
coveries from fruits and vegetables at
0.1-0.5 ppm levels ranged from 80
to 108%. George et at. (116) described
a colorimetric method for dimethoate in
plants and milk. After extraction and
cleanup, the residue was treated with
methanolic NaOH and 1-chloro-2,4-di
nitrobenzene to form a color which was
read at 505 ffiI'. Although the oxygen
analog would react, it did not come
through the cleanup. The authors
tested 33 insecticides, 3 herbicides, and
1 fungicide and found that they did not
interfere with the analysis. Smart
(259) compared three eolorimetric pro
cedures for the determination of di
methoate in fruits and vegetables, and
reported that the procedure of Chilwell
and Beecham worked best. Bache and
Lisk (15) reported the use of GLC with
the emission spectra detector (204) for
the determination of dimethoate and
phorate in soil.

Blinn and Boyd (40) reported a
colorimetric as well as a thin layer proce
dure for the determination of the dithio
lane insecticides, 2-diethoxyphosphino
thioylimino-1,3-dithiolane, and its oxy
gen analog. After extraction and clean
up, the insecticides eould be determined
on TLC plates made with equal parts
of silica gel-G and silica gel-HF.
Under ultraviolet light, the compounds
appeared as dark areas on a fluorescent
background. In the colorimetric proce
dure, the cleaned up residue was
treated first with acid and then with
alkali to form thiocyanate which was
eonverted to cyanogen bromide and
reacted with benzidine in pyridine to
form an intense red solution with an
absorption maximum at 530 mIL.

Adams and Anderson (8) reported a
spectrophotofluoromctric procedure for
the determination of Guthion [0,0
dimethyl - S - 4 - oxo - 1,2,3 - benzo
triazin-3(4H)-ylmethyl phosphorodi
thioate1 in milk and meat. After ex
traction and cleanup by liquid-liquid
partitioning and the use of an alumina
column, the pesticide was hydrolyzed to
anthranilic acid, and divided into 2
equal aliquots; standard hydrolyzed Gu
thion was added to one. The fluores
cence of both solutions was measured at
400 mIL using an activation wavelength
of 340 mIL. The oxygen analog was
measured as well as the parent com
pound. Sensitivity of the procedure
was reported as 0.005 ppm in milk,
0.02 ppm in tissue, and 0.03 ppm in fat.

Anderson and coworkers (11) used a
somewhat similar procedure for the
determination of the anthelmintic, N
hydroxynaphthalimide diethyl phos
phate. Based on the procedure of P.
A. Giang [J. Agr. Food Chem. 9, 42
(1961)] for the sulfur analog, Bayer
22,408, the fluorescence was measured
at 480 mIL using an activation wave
length of 372 mIL.

Szyszko (296) used oscillographic
polarography for the determination of
Guthion. A most characteristic curve
was obtained using a pH 4.0 acetate
buffer as electrolyte.

Bowman and Beroza (44) reported
two procedures for the determination
of Imidan [O,O-dimethyl-S-phthalimi
domethyl phosphorodithioate] in milk
and corn plants. After extraction and
cleanup, electron capture GLC was used
for the determination step using a
column which was preconditioned by
injection of Imidan just prior to use.
A colorimetric method, based on the
hydrolytic cleavage to liberate formal
dehyde which was then reacted with
chromotropic acid, was also described
although it was not so good as the GLC
procedure.

Gutenmann and coworkers (138)
also used electron capture GLC for the
determination of Imidan. They re
ported that Imidan, its oxygen analog,
folpet, and phthalic acid all had the
same retention time. It was therefore
believed that all broke down to phthalic
anhydride on GLC.

Gudzinowicz (126) described some of
the GLC properties of fenthion (0,0
dimethyl- 0 - [4 - (methylthio)-m-tolyl]
phosphorothioate) also known as Lebay
cid. He used both electron capture and
flame ionization detectors and reported
that as little as 22 ng was easily detected.

Koivistoinen et at. (182) studied
procedures for the extraction of mala
thion from fruits using a colorimetric
procedure for the determinative step.
They reported that for samples ana
lyzed 2-3 days after pesticide applica
tion, tumbling the unmacerated fruit
witb benzene gave the highest values.
However, for samples with longer
periods between application and anal
ysis, procedures which called for blend
ing of sample with polar or mixed
solvents gave higher valucs. Mestres
and Chave(13lO) described a procedure
for the determination of malathion in
flour which involved extraction with
acetonitrile and petroleum ether and
Florisil column cleanup. Determina
tion was by GLC using paired therm
ionic and flame ionization detectors.
Sensitivity was reported as 0.1 ppm.

A number of workers reported pro
cedures for the determination of para
thion. Lodi (1.9.5) used electron capture
GLC for its determination in wine and
biological materials. With wine, a
preliminary cleanup by paper or thin
layer chromatography was needed.
Ott et at. (1334) described a rapid thin
layer procedure having a sensitivity of
0.5 ppm by which tbey were able to
obtain qualitative and scmiquantitative
results on canned peaches in one hour.
Szyszko (295) used oscillopolarography
in which zineb did not interfere but
maneb did. Beckman and coworkers
(25) analyzed for parathion in cole crops,
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since dangerous amounts of inhibitor
may be detected no matter of what
nature. Beynon and Stoydin (37)
reported such a rapid screening test for
cholinesterase inhibition making use of
agar-agar plates. As little as 0.001
I'g of DDVP and othcr inhibitors could
be detected.

Ortloff and Franz (230) conducted
the test for detection of <lrgano
phosphorus pesticides on TLC plates,
using either 2-azobenzene-1-naphthyl
acetate (yielding white spots on a
red background) or indoxyl acetate
(white spots on blue) as substrate.
Ackermann (6) used silica gel TLC
plates for the semiquantitative estima
tion of organophosphorus and carbamate
pesticides. Beam and Hankinson (23)
reported a procedure for the determina
tion of organophosphorus compounds
and carbaryl in milk based on cholin
esterase inhibition.

Several workers described the auto
mation of cholinesterase inhibition
determinations using the- Technicon
A utoAnalyzer. Among these are Voss
(283) and Ott and Gunther (231)
whose procedures required prior extrac
tion and cleanup. In a later publica
tion, Ott and Gunther (232) used the
spots scraped off a TLC plate as input
sample for the AutoAnalyzer.

Guilhault and Kramer (128) re
ported 2 ne"" fluorogenic substrates,
resorufin hutyrate and indoxyl acetate.
Both are nonfluorescent compounds
which are hydrolyzed by cholinesterase
to highly fluorescent materials. As
little as 0.0003 units/ml of horse serum
cholinesterase could be determined.
However, in addition to cholinesterase,
such enzynles as acylase, acid phos
phatase, and chymotrypsin also hydro
lyzed the substrates to varying degrees.
Bauman et al. (21) reported an immo
bilized enzyme system which could be
used for continuous Inonitoring of
substrate concentration and thus for
the detcction of cholinesterase inhibi
tors. A urethane foam pad was
impregnated with starch-immobilized
cholinesterase and a solution of the
substrate, butyrylthiocholine, passed
through it. Any inhibition acting on
the enzyme reduced the hydrolysis to
easily oxidized thiocholine iodide. This
caused a change in current flowing
through 2 platinum electrodes placed
on opposite sides of the pad and thus
signaled the presence of an inhibitor.
Guilbault and Kramer (131) used a
similar imlnobilized enzyme pad in a
continuous fluorometric system for
determining anticholinesterase com
pounds in air and water. The sub
strates, the acetyl and butyl esters of
1- and 2-naphthol, which do not
fluoresce, were continuously passed
through the pad and were hydrolyzed
to the fluorescent phenols. Upon inhi
bition, the fluorescence dropped.

HERBICIDES

Faust and Hunter (104) have reviewed
the chemical methods for the detection
of aquatic herbicides including diquat,
paraquat, and the phenoxy alkyl acids.
They discussed various cleanup and
determinative procedures. Henkel
(148) reported On the TLC behavior of
the phenoxyalkyl acid herbicides. Ad
sorbents and pretreatment, liquid
phases, Rr's and reagents for detection
were discussed. Hosogai and Kawashiro
(156) separated 16 herbicides in mixtures
by TLC, using various nonpolar and
polar solvents. Johnson (168) described
a colorimetric method for the determi
nation of N-1-naphthylphthalamic acid
in cabbage, asparagus, and alfalfa meal.
The sample was heated with zinc and
NaOH and the released I-naphthylamine
steam distilled. After cleanup, the 1
naphthylamine was coupled with diazo
tized sulfanilic acid and the absorbance
read at 535 mI'.

Olney and coworkers (228) used a
modified procedure for the electron
capture GLC determination of amiben
in vegetables. The sample was digested
with alkali to release amiben from any
complexes. After extraction and clean
up, it was methylated and further
cleaned up on a Florisil eolumn before
being injected into the GLC. Sensitiv
ity of 0.01 ppm was reported.

Hilton and Uyehara (152) modified
the colorimetric procedure of Storherr
and Burke [JAOAC 44, 196 (1961) J to
determine amitrole in sugar cane. Re
coveries ranged from 71 to 125% at
levels of 0.0025 to 0.5 ppm. Pease
(240) used temperature programmed,
microcoulometric GLC for the determi
nation of bromacil in tissue, plants, and
soil. Recoveries averaged 98% at levels
of 0.04 to 5.6 ppm.

A number of methods have been
reported for the determination of 2,4-D
and other chlorophenoxy alkyl acid
herbicides. Hagin and Linscott (141)
described a procedure for the determina
tion of 2,4-D and 2,4-DB in forage plants
which made use of quick freezing and
blanching of the plant material before
extraction. Determination was by elec
tron capture GLC after esterification
with diazomethane.

Meagher (205) reported a procedure
for 2,4-D and 2,4,5-1' in citrus. The
peel was extracted by blending with hot
acetone, and the bound, the free acid,
and the ester forms were separated, and
each was hydrolyzed to the free acid.
The free acids were esterified with 2
butoxyethanol saturated with HCI gas
and cleaned up on a Florisil column
before determination by electron cap
ture GLC. Chromatographing the com
pounds as their butoxyethyl esters had
the advantage that the long retention
times separated the peaks from inter
ferences present near the solvent front.

Recoveries ranged from 89 to 93% at
0.0002-D.4 ppm levels. Crosby and
Bowers (81) reported a method for the
determination of 2,4-D in milk and other
high protein samples where the 2,4-D
may be bound to the sample. They
refluxed the sample with NaOH and
methanol to release the 2,4-D which was
methylated for electron capture GLC
determination. Yip (288) used pro
grammed temperature microcoulometric
GLC to determining a number of the
chlorinated herbicides in oils. Recov
eries ranged from 87 to 113% at 0.02
0.08 ppm levels. Yip and Ney (289)
determined free 2,4-D and its esters in
milk and forage. After extraction,
cleanup, and methylation, determina
tion was made by both microcoulo
metric GLC and paper chromatography.

Flanagan et al. (108) reported a paper
chromatographic procedure for dalapon,
using AgN03 and phenoxyethanol as
chromogenic reagent. Smith and co
workers (261) described a method for
dicamba in milk and a number of crops,
using electron capture GLC after meth
ylation. Meulemans and Upton (211)
determined dichlobenil and its metab
olite 2,6-dichlorobenzoic acid in fruits,
soil, water, and fish. The two were
separated and determined by electron
capture GLC after cleanup. The di
chlobenil was chromatographed as such
but the metabolite was first methylated.
Beynon and coworkers (35) reported an
electron capture GLC method for the
determination of dichlobenil and Chlor
thiamid (2,6-dichlorothiobenzamide) in
crops, soils, and water. Several extrac
tion and cleanup procedures and 3 GLC
columns arc described. Recoveries
ranged from 80 to 100% at levels of
0.03-5.0 ppm. Boyack et al. (48) used
GLC with.a flame ionization detector to
determine diphenamid in vegetables and
peanuts, with a sensitivity of 0.05 ppm.

Engelhardt and McKinley (98)
studied the polarographic behavior of
diquat. Using previously published ex
traction and cleanup procedures, they
were able to determine diquat polaro
graphically at levels as low as 0.01 ppm
with recoveries of 84-97%.

Calderbank and Yuen (61) described
an iTIlprOved ultraviolet method for
diquat in potatoes. After extraction
and cleanup on a cation exchange col
umn, the diquat was reduced to a free
radical with sodium dithionite and its
absorbance read at 379 mI'. Earlier,
they had reported a similar meLhod for
paraquat (60). Katz (175) reported
both colorimetric and TLC procedures
for five substituted urea herhicides in
water. After extraction with chloro
forlil, diuron, monuron, linuron, neb
uran, and fenuTon were hydrolyzed7

diazotized, and coupled with N-(I
naphthyl)ethylenediamine dihydrochlo
ride to form magenta dyes which were
extracted with n-butanol and read at

VOL 39, NO.5, APRIL 1967 • 151 R



555 mI'. TLC with ninhydrin spray
reagent was used for identification of the
specific herbicide.

Gutenmann and Lisk (140) used elec
tron capture GLC to determine DNOC,
DNOSBP, ioxynil, and bromoxynil in
milk, apples, and grains. They noted
that reacting the phenolic pesticides
with diazomethane to form the methyl
ethers eliminated trailing on the GLC.
Boggs (42) also reported the superior
chromatographic behavior of the methyl
ethers of the dinitrophenols. Bache
and Lisk (14) reported a similar GLC
procedure for ioxynil but used the emis
sion spectrometric detector of Mc
Cormack, Tong, and Cooke (204) to
measure the atomic iodine line at 2062
A. Ford and coworkers (109) described
a colorimetric procedure for the deter
mination of norea (Herban) in vege
tables, grains, and oil seeds with a
sensitivity of 0.1 ppm. The herbicide
was hydrolyzed by caustic to dimethyl
amine and the primary bicyclic amine
which were both steam distilled. After
reaction with 1-fluoro-2,4-dinitroben
zene, the complex with the bicyclic
amine was separated out on an alumina
column and the absorbance in alkaline
dimethylformamide read at 443 mI'.
Koivistoinen and Karinpaa (181) re
ported a modified procedure for IPC
and CIPC on fruits and vegetables.
Samples were extracted by tumbling
with benzene and the herbicides hydro
lyzed. The amines were steam distilled,
diazotized, and coupled with N-(l-naph
thyl)ethylenediamine; the absorbance
was read at 555 mI'. Recoveries from
spinach, cabbage, tomatoes, and straw
berries ranged from 86 to 113% at
0.5--200 ppm levels.

Pease (242) described a gas chroma
tographic method for the determination
of the herbicide 3-cyclohexyl-5,6-tri
methyleneuracil in sugar beets and soil.
Using the flame ionization detector, crop
blanks ran as high as 0.04 ppm. Merkle
et al. (207) used electron capture GLC
after methylation to determine picloram
(4-amino-3,5,6-trichloropicolinic acid) in
soil. They noted that the acidity of
the extracting solvent (acidified acetone)
was very important. It had to be acid
enough to convert the picloram to the
free acid but not so acid as to convert the
amino group to a quaternary salt.

Kerr and Olney (176) determined
trifluralin in vegetables by electron
capture GLC and prometryne by hy
drolysis to hydroxypropazine which was
measured spectrophotometrically. Dres
cher (92) described 2 methods for deter
mining pyrazon. In one procedure
which can be used for detection on paper
or thin layer chromatograms, the pyra
zon was diazotized, losing its chlorine
atom, and was then coupled with 2
naphthol to form a dye. In the second
procedure, pyrazon was treated with
NaOH-methanol to split off aniline
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which was steam distilled, diazotized
and coupled with N-(l-naphthyl)ethyl
enediamine. The absorbance, measured
at 530 ml', permitted detection as low as
0.05 ppm.

Several workers have reported meth
ods for the determination of the s
triazines. Mattson et al. (201) described
a procedure for the determination of
both chloro and methylmercaptyl s-tri
azines, using microcoulometric GLC
with the chlorine and sulfur cells, respec
tively. A sensitivity of 0.05 ppm was
attainable for most crops and recoveries
ranged from 75 to 107%. Abbott and
coworkers (1) used thin layer chroma
tography to determine 8 s-triazines in
soil and water. Using silica gel G as the
adsorbent the developed chromatograms
were sprayed with an 0.5% solution of
Brilliant green and exposed to Br2 fumes.
The triazines appeared as deep green
spots on an off white background and
were immediately marked in outline.
For quantitation, the square root of the
area of the spots plotted against the log
of weight triazine gave a straight line.
Manner (197) also used TLC to detect 8
s-triazines on siliea gel GF254. Ninety
one mobile solvent systems and R/s for
each are listed. Plates were examined
under ultraviolet light (254 m,,) with the
.-triazines appearing as dark brown
spots on a yellowish green, fluorescing
background. The spots could be eluted
for additional determinations. Radke
et al. (244) evaluated the pyridine-alkali
colorimetric method for the determina
tion of atrazine. They showed that the
color intensity increased with acidity
of the system and that 20° ± 2° C was a
suitable temperature for color develop
ment. Chiba and Morley (66) reported
a microcoulometric GLC method for tri
chloroacetic acid in wheat sensitive to
0.1 ppm. Compounds such as Kelthane,
which could break down to give CRCI"
interfered.

FUNGICIDES

Gunther and Ott (187) described a
fully automated procedure for the deter
mination of biphenyl in citrus fruit rind.
The sample was automatically homog
enized and steam distilled; waxes and
oils were removed from distillate and the
biphenyl in cyclohexane was fed through
a cell of a recording ultraviolet spectro
photometer. Chioffi (61) used TLC on
silica gel to determine biphenyl and
o-phenylphenol in lemons. Norman and
coworkers (226) used TLC for cleanup
in the determination of biphenyl in citrus
fruit and wrappers. Sample extracts
were spotted on Eastman silica gel
chromagrams and, after development,
the spots were located under ultraviolet
light. The spots were then cut out,
extracted with ethanol, and the absorb
ance of the biphenyl was measured at
248 m". Sensitivity was reported as

5 ppm in citrus fruit and 5 mg/wrapper.
McCarthy and Winefordner (202) com
bined a TLC cleanup with phosphori
metric determination for biphenyl in
oranges. For the phosphorimetry they
used an excitation wavelength of 275 IlljJ.

and emission of 470 IlljJ.. Vogel and
Deshusses (281) reported a GLC proce
dure for biphenyl in citrus fruit and
wrappers. The biphenyl was distilled
and absorbed in cyclohexane, which was
injected into a GLC with an ionization
detector. Sensitivity was reported as
0.5 ppm. Viel (279) reported a colori
metric method for the determination of
captan and folpet in grapes and straw
berries. After extraction and cleanup,
the dried residue was treated with
pyridine and then with KOR and the
absorbance read at 435 IlljJ.. Fishbein
et al. (106) used thin layer chromatog
raphy on silica gel for the determination
of captan and Captax (2-mercaptobenzo
thiazole). As chromogenic reagents,
they used resorcinol in glacial acetic acid
for captan and cupric chloride-hydrox
ylamine for Captex. Cheng and Kilgore
(64) described an electron capture GLC
method for the determination of Botran
(2,6-dichloro-4-nitroaniline) in stored
fruits. A sensitivity of 0.01 ppm was
attained by tumbling the macerated
sample with benzene, drying the benzene
with Ka,SO" filtering, and injecting
into the GLC. Vogel and Deshu,"es
(280) reported a polarographic proce
dure for 2,6-dichloro-4-nitroaniline
which had an accuracy of ±3% at levels
of 2-7 ppm.

Roffman and coworkers (154) re
ported both a colorimetrie and thin layer
method for the determination of dichlone
in tobacco. For the colorimetric deter
mination, the residues were extracted by
blending with benzene, cleaned up on a
Florisil column, evaporated, dissolved in
absolute alcohol, triethylamine added,
and absorbance read at 640 IlljJ.. In the
TLC method, the developed plates were
sprayed with diethylamine and the spots
compared with standards. Miller (212)
investigated 4 colorimetric methods for
dichlone and combined parts of 2 for
collaborative study. The sample was
stripped with benzene and cleaned up on
a Florisil column, and color was developed
with dimethylamine for reading at 495
m". Ten collaborators analyzed sam
ples containing 0.5--4.0 ppm dichlone
and obtained recoveries with an overall
ran~e of 78-112%. Sensitivity of the
method was 0.25 ppm.

Thornton and Anderson (273) used
electron capture GLC for the determina
tion of Chemagro 2635, a mixture of
1,2,4-trichloro-3,5-dinitrobenzene and
1,2,3-trich10r0-4,6-dinitrobenzene. The
sensitivity of the method was 0.1 ppm
and recoveries from cucumbers, pota
toes, spinach, cottonseed, etc. were over
85%. Lyalikov and Solonar (196) de
scribed the polarographic determination















and Gravel (85C) arranged a positive
msplacement gas metering device in
series with an orifice flowmeter to serve
as a rapid, simple molecular weight
monitor and on-stream gas analyzer for
a process stream. The compressibility
indexes of natural gases of various com-<
positions are reported by Herning and
Wolowski (46C) and compared with
U. S. published data. Makogon (65C)
mscusses the moisture capacity of nat
ural gas. A table of water contents
from _40 0 to 800 C and 1 to 500 atmo
spheres is given for natural gas with a
density of 0.6 gram/cubic meter. A
correction curve is provided for gases of
other densities. Olund (78C) describes
the application of the Rayleigh equation
for calculating variability in composition
of both residual and vaporized odorant
added to natural gas. Andreen,
Kniebes, and Tarman (lC) have de
veloped a two-stage gas chromatograph
for determining odorant sulfur com
pounds in natural gas. Twelve C, to C.
mercaptans and sulfides were separated
from interfering hydrocarbons and from
each other. Mitrofanov and Makarov
(70C) modified the MI-1305 mass spec
trometer to allow the determination of
helium and argon in natural gases with
an accuracy of ±0.75 and ±0.05%, re
spectively. A gas chromatographic
method is used for the simultaneous
component analysis and BTU value of
natural gas by Thompson and Cavenah
(106G). Woelk (l16G) has derived a
formula for the calculation of calorific
value of town gases,natural gases, etc.
Experimental stumes by Koecker (58G)
indicate that errors in the detennination
of combustion heats of hydrocarbons
and liquid and solid fuels are caused by
incomplete combustion. These errors
can be significantly reduced by an in-

creaSe in the free combustion surface of
the compound and by an increase in oxy
gen pressure from 30 to 45 atmospheres.
Gas chromatography is used for compre
hensive analysis of fuel gas by Blake
more and Hillman (9G). Razumov
skaya and Kurenkov (87C) detennine
the composition of gas from butylenes
dehydrogenation by means of gas chro
mat<lgraphy.

Gas chromatography continues to be a
popular method for the analysis of com
bustible gases. Aranda and Flaquer
(2C) mscuss the Janak method and
compare it with the Orsat method.
Roberts and Ward (90C) present a new
gas chromatographic method with the
density balance as the detector for per
manent gases. The density balanoo
detector has become commercially avail
able only recently. For hydrocarbons,
the argon ionization detector is used.
Hofmann (49G) describes rapid test
methods fOr checking the quality of
LPG shipments when. laboratory facili
ties are not available. A sturdy densi
tometer has been developed fOr use at an

unloading station or LPG plant reports
the same author (48C). The determi
nation of density and pressure of lique
fied (C, to C,) hydrocarbon mixtures
from chromatographic analytical data
is reported by Thomas and Zander
(l05C). Gas chromatographic data are
also used to calculate vapor pressure of
LPG at elevated temperatures by Ham
merich and Schmitz (43C). Baxter (6C)
discusses knock rating of gaseous fuels.
The standardized apparatus and tech
nique used in the proposed ASTM
Motor Method for LPG are described.
A rapid color test for mercaptan odorant
in LPG has been designed by Peurifoy,
O'Neal, and Dvoretzky (82G). This
technique can be used without labora
tory facilities.

Solbrig, Saffert, and Schuberth (101 C)
make a quantitative analysis of flue
gases by programmed gas chromatog
raphy. Rueb (93C) describes instru
ments which automatically determine
carbon dioxide and carbon monoxide
plus hydrogen in stack gases, thus per
mitting direct control of the combustion
process. Rate of conductivity buildup
and peak rate temperature are better
indicators of the corrosiveness of flue gas
than is the actual dew point report Clark
and Childs (22G). Engineer (26G) de
scribes a portable apparatus for measur
ing carbon in flue gas. Weber (114G)
describes a new device for the continuous
measurement of the solids content of flue
gases.

Freund and Zalai (32C) present a
summary of the testing and properties of
motor fuels. Aviation turbine fuels can
mffer in their ability to cause sulfide cOr
rosion of silver. Thompson, Hills,
Brown, and Lewis (lO'(G) have devised a
simple laboratory test for detennining
silver corrosion and correlated it with
full-scale laboratory pump rig tests
under similated operating conmtions
and with practical aircraft operating ex
periences. The Coordinating Research
Council (23G) has made a study of the
test for assessing the water separation
characteristics of fuels containing SUr
factants. The Journal of the Institute of
Petroleum (54C) describes a method of
fuel sampling for the determination of
particulate matter. This method has
been proposed by IP to ensure a common
basis for discussion of contaminant
levels. Ismailov (52C) evaluates the
filterability of airplane gasoline by
means of a special apparatus. Plogsties
and Eckardt (84C) have established an
empirical equation for predicting the
luminometer number from a single meas
urement. They also have correlated
luminometer number with chemical
structure and with carbon deposition.
Laboratory expressions for motor fuel
volatility and their significance in terms
of performance are the subjects of a
paper prepared by Morrison, Ebersole,
and Elder (74c). Morrison, Ebersole,

and Tooke (75C) have momfied the Reid
vapor pressure test so that it predicts
precisely the vapor lock tendencies of
gasolines and other hot fuel handling
difficulties. The change in pressure of a
mixture of vapor(s) and air is detennined
by Neumann (77G) over the surfaoo of
the tested liquid fuel in a closed vessel
immersed in a heated bath. Shikhov
and Sitnikov (98G) describe an appara
tus which may be used for measuring the
density of electrostatic charges on the
surface of flammable liquids, on the
carbon-coated walls of vessels, pipes, Or
tanks, and on the portions of electrical
conduits insulated from the ground. A
portable instrument for measuring elec
trical conductivity of aviation fuel at air
fields is described by Foster and Marsh
(31G). Using this electrostatic moni
tm, Marsh and Hawks (67G) have col
lected measurements of the generation of
static electricity during the routine fuel
ing of aircraft. These data show that,
although significant amounts of static
electricity are frequently generated
during fueling, it seems to be a negligible
hazard.

Finnigan and Pfeifer (30C) have made
a review of current methods for the
evaluation of fuel and lubricant prop
erties. A computer is used by Walker
(112G) to calculate the effect of varying
the compression ratio, combustion pe
riod, and spark angle on CFR engines.
The development of methods for dis
playing knock signals from a car gaso
line engine accelerated under Modified
Uniontown conditions is described by
Brockhaus (13C). The Journal of the
Institute of Petroleum (53G) reports the
results of an experimental study on the
effect of engine operating conmtion
tolerances on the accuracy of Motor,
extended Motor, and Research Knock
ratings. Robinson and Wagner (91C)
have modified the Coordinating Re
search Council, Inc.'s vapor-lock proce
dure which employs full-throttle ac
celeration. They found that par1r
throttle acceleration provides a more
realistic comparison with actual driving
conditions. Road octane equations can
be established by the regression analysis
of the results of CFR bench engine
experiments, report Brockhaus and
Fischer (14C). Bauer and Callat (6C)
describe the progress in the development
of the distribution octane number
(DON). The petroleum industry can
realize savings through improvements in
the precision of laboratory knock test
methods and improvements in the
ability of the methods to predict road
octane number. Morris and Hoffman
(73G) list some of the means for im
proving the precision and significance of
these methods.

Mechanical Engineering (69G) reports
the development of an engine test rig for
conducting comprehensive performance
trials and analyses on diesel fuel or

VOL 39. NO.5, APRIL 1967 • 159 R





termine the amount of ester polymer ad
ditives in distillate fuel oils.

A large number of abstracts pertain to
the determination of lead in gasolines.
Five of the references eited make use of
the chelatometric titration. Cipriano
(21 C) extracts the lead as directed in
ASTM D 526, then titrates with ethyl
enediaminetetraacetic aeid (EDTA)
usinK Erioehrome black T indicator.
Eseolar and Castro (27C) treat the
sample with a solution of chlorine in
carbon tetrachloride, extract lead with
water, then titrate chelatometrically.
Koyama, Taguchi, and Eguchi (5BC)
have devised a procedure in whieh TEL
is decomposed with a solution of bromine
in carbon tetrachloride, the lead ex
tracted with nitric acid, and titrated
with EDTA. Riquelme (SSC) extracts
the lead from the gasoline by refluxing
with concentrated hydrochloric acid,
adds nitrilotriacetic acid to chelate the
lead, and titrates the excess acid with
sodium hydroxide. Zall (llBC) em
ploys electrolysis in two stages to remove
the lead from the gasoline, then deter
mines the lead content by one of three
procedures: by weighing the anode;
by stripping the anode and titrating with
EDTA; or by stripping the anode and
determining lead photometrically with
diphenylcarbazone. A cooperative test
ing program was carried out by labora
tories in six member countries of ISO on
ASTM D 526-61, the Gost 63-52 modi
fied by the Russians, and Gost 63-52
further modified by the Americans.
The results are discussed by Siniramed
and Renzanigo (JOOC). Farkas and
Fodor (28C) determine TEL in gasoline
by means of absorption of tritium brems
strahlung. Dagnall and West (24c)
have examined the effects of extraneous
ions, solvents, and flame height on the
determination of lead by atomic absorp
tion spectroscopy. Three sources have
used x-ray fluorescence spectroscopy for
the determination of lead. Szeiman
(JOSC) determines small amounts of lead
in 3 to 4 minutes. Gunn (S8C) uses an
iron rod as an internal intensity refer
ence to compensate for the effects of
differences in absorption between sam
ples. Hasegawa, Kajikawa, and Oka~

moto (45C) take advantage of the con
stant mole ratio between lead and halo
gens in commercial gasoline to deter
mine Loth lead and bromine by measur
ing the intensity of lead alone. The
possibility of determining tetramethyl
lead and tetraethyllead with eoulometrie
bromination and mercurization at con
stant eurrent with amperometrie end
point is reported by Pilloni and Plaz
zogna (8SC). A gas chromatographic
method for the analysis of lead alkyls has
been developed by J3arrall and Ballinger
(4C). Two electron-affinity detectors
were studied; one having parallel plates
and the other, cireular plates.

Pedinelli and Randi (8iC) have in-

vestigated the Shell method for the rapid
determination of halogens in gasoline.
This method is dependent upon the reac
tion of the halogen compound with so
dium amalgam. Stabilized plasma arc
excitation is used by Vigler and Failoni
(J11C) to determine boron in gasoline.
Ishii and Kambara (51 C) determine free
sulfur in gasoline by means of the alter
nating current polarograph. The alter
nating current polarograph is uscd also
for the determination of manganese in
gasoline by Musha and Ishii (76C).
Shtifman, Kuryakova, Lastovich, and
Lerner (BBC) propose a polarographic
method for the determination of manga
nese in gasoline and in engine deposits
containing cyclopentadienylmanganese
tricarboIiyl. Kapitaniak (56C) deter
mines the sodium content in ashed liquid
fuels by flame photometry. Mashireva,
Orlova, and Sorokina (68C) describe a
speetrographie procedure for tbe deter
mination of sodium in petroleum prod
uets without preliminary ashing. The
method is also applieable to additives, to
oils eontaining additives, to engine filter
deposits, and to deposits on eatalysts.
Boettner and Dallos (JIC) have in
vestigated the eomparative sensitivity of
the eleetron eapture detector to ehlori
nated and lead substituted compounds.
The Dumas determination for nitrogen
has been combined with gas chromatog
raphy by Hachenberg and Gutberlet
(4fJC). The semimicro method is used
because it yields enough nitrogen for the
chromatographic determination of im
purities.

Schwoegler, Putscher, et al. (B6C)
have developed a kit for the rapid analy
sis of 5 to 400 ppm sodium, calcium,
magnesium, and vanadium and for sul
fur above 0.01% in residual fuel oils.
The sulfur is determined by oxygen
bomb eombustion followed by flame
photometric or colorimetric analysis.
Combustion of fuel oil in a calorimetrie
bomb is used in the determination of
sodium and vanadium by Rayner (86C).
Brogan (J5C) also uses bomb eombus
tion to prepare a fuel oil sample for the
determination of vanadium. The bomb
method is more rapid than the wet oxi
dation method. Neutron activation
analysis for the determination of sodium
in heavy fuel oils is described by Cad
dock and DeterdinK (J7C). Chertkov,
Marinchenko, and Zrelov (20C) describe
a procedure for tbe analysis of microim
purities and deposits in fuels of the
medium boiling range.

Geniesse (S5C) describes the operation
of a stream analyzer used to measure the
temperature at whieh a haze or cloud
forms in a liquid as it is eooled. The
analyzer was developed to determine the
moisture haze point of furnace oil.
ChfMical Week (J9C) reports the devel
opment of a I~Microb Monitor" for de
tection of microorganisms in distillate
fuel oils.

RIiIineraU Oils and
Grease

F. M. Roberts, Texaco, Inc.,
Beacon, N. Y.

I N THE PERIOD covered by this re
view a large number of papers have

appeared which deal with methods of
evaluating oils for various types of serv
ice. These papers cover a wide scope of
procedures including chemical and phys
ical examinations, laboratory mechani
cal tests, and engine tests. Groszek
(49D) used heat of adsorption measure
ments to study interactions between
solute and solid surfaces pertinent to
detergency, antiwear aetion, and metal
corrosion. Kuenzli (8SD) used a vari
ety of oxidation tests and chemical
analyses to evaluate new transformer
oils. The quality of lubricants was de
termined by Zaslavskii et al. (J54D)
using a rapid analytical method involv
ing radiation supplied from an external
source and back scattered from the
sample, or radiation derived from labeled
carbon black introduced into the sam
ple. A technique for evaluating the
dispersant activity of high detergent ad
ditives was developed by Milowsky et al.
(B8D) in which the degree of dispersion
is determined from sedimentation veloci
ties. Brunner (22D) presented a critical
review of conventional physical and
ehemical laboratory tests used in evalu
ating motor oils. Vamos and Kantor
(J44D) described a new technique for
evaluating dewaxed and deasphalted oils
by determining viscosity index, pour
point, and distillation yields. The
chemical and mechanical characteristics
of a deep-dewaxed mineral oil hydraulic
fluid were determined in two pump stand
tests by Hopkins et al. (58D). Kahsnitz
(70D) discussed the analysis of used oils
for evaluating engine fouling, corrosion
tendency, and other lubricating oil prop
erties. An anonymous article in Pe
troleum Management (J08D) discussed a
portable test kit for in-service evaluation
of oils. Zaslavskii et 01. (J55D) pre
sented a brief review of test methods for
oil additives and the properties they
measure. Kishi et al. (78D) used the
panel eoking test to evaluate lubricating
oil additives. Barcroft (J1 D) used a
hot wire method to study reactions be
tween EP additives and metal surfaces.
Goto et 01. (44D) used factorial statistical
analyses to determine relative sensi
tivity of test methods for film-type rust
preventive oils. Pino and Furby
(JIID) discussed the recent trends in
hydraulic fluid test requirements with
respect to particulate contamination,
safety factors, thermal stability, hydro
lytic stability, and compatibility with
seals and the extent to which these re
flect actual use.
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from capillary column retention data
along with data generated by oxidative
cleavage followed by recbromatography.

Spectroscopic methods continue to
play an important role in the character
ization and analysis of petroleum hydro
carbons. Infrared spectroscopy was
used by Nel'son and Stepanova (96Il) to
analyze the C, fraction resulting from
the dehydrogenation of isopentane to iso
prene. 1,3-Pentadiene haa to be deter
mined colorimetrically or chemically
using a separate aliquot of sample. The
infrared absorbances of the other olefins
were then eorrected for its presence.
An accuraey of ±5% is claimed.
Ishida, Uemura, and Kamijo (59Il) re
port the use of an infrared method to
determine the I-olefin content of mix
tures of octadecenes. The infrared
spectra from 5 to 15 microns of 20 cyclo
pentane and 15 naphthalene derivatives
have been recorded by Petrov and
Osityanskaya (10iH). The spectra
were used for the partial characteriza
tion of various fraetions isolated from a
cracking oil. Pliev and coworkers
(105Il) provide details of an infrared
method for the determination of total
aromatics in products from the catalytic
dehydrocracking of paraffins. The
method is based upon measurement of
the intensity of the eharacteristic ab
sorption band at 1600 cm-'. Infrared
spectroscopy has been used successfully
by Cornu, Bousquet, and Mantegazza
(S211) to determine the concentra tion of
2,6-dimethylnaphthalene in admixture
with other dimethylnaphthalenes. The
method depends upon measurement of
the intensity of the deformation band at
29.4 microns in the cesium bromide re
gion. The presenee of other dimethyl
naphthalenes, hexamethylhenzene, or
diphenylmethane does not interfere with
the analysis. The infrared spectra of a
number of C" alkyl-aromatic hydrocar
bons have been deseribed in detail by
Teterina and Petrov (1S9H). They re
gard these compounds, whieh are struc
tural analogs of eyclano-aromatics, as
models for the hydrocarbons present in
the viscous fractions of petroleum.
Berthold (1J,1I) has described an infrared
method for the determination of naph
thenic carbon atoms in petroleum prod
ucts. It is based upon an empirical
logarithmic relationship between the ex
tinction coefficient of the band at 970
em-, and the naphthenic carbon con
tent. It can be applied to products of
both high and low aromatic eontent and
gives results in good agreement ~ with
values obtained by the n-d-M method.
Berthold and Roesner (l5Il) also report
the derivation of an equation and nomo
gram that permit the calculation of the
number of naphthenic rings, the number
of aromatic rings, and the number of
chain carbons from infrared data. The
results agree well with similar data de
rived from physical properties when the
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average number of aromatic rings ex
ceeds one. When the average number
of aromatic rings is less than one, the
agreement is not satisfactory. In this
situation, the authors recommend the
application of an empirical equation de
signed to bring the data calculated from
infrared spectroscopy into line with
those calculated from physical proper
ties. A microinfrared technique has
been used by Estep and Karr (I,2H) to
determine the total amounts of 1V

alkanes, 2-methylalkanes, l-olefins, 2
methyl-l-01efins and/or trans-internal
olefins in aliphatic neutral oil fractions
separated from a low-temperature bitu
minous coal tar.

Ultraviolet spectroscopy has been
used by Sadykhov, 7.:hirova, and Vavil
ova (118H) to determine the concentra
tion of butadiene in gaseous products
from the dehydrogenation of butene.
The method involves a measurement of
the intensity of the absorption bands at
225-235 mil and is simple, rapid, and
adaptable to the construction of a proc
ess analyzer. Neimark, Kogan, and
Bragilevskaya (95Il) describe an ultra
violet method for the analysis of mix
tures of naphthalene, 1- and 2-methyl
naphthalene, and benzothiophene.

The use of fluorescence spectroscopy
for the analysis of condensed-ring aro
matics seems to be gaining in popularity.
Aladekomo and Birks (2H) report on a
study of the fluorescence spectra of solu
tions of naphthalene and 14 of its alkyl
derivatives. Birks and Christophorou
(l6H) also have recorded the fluores
cence spectra of solutions of various
alkyl derivatives of 1,2-benzanthracene
and of dibenzanthracene, perylene, 1,12
benzoperylene, and anthanthrene. A
sensitive fluorescence method for the
determination of traces of naphthacene
in anthracene has been described by
Kreps, Druin, and Czorny (nH). Less
than 1 ppm of naphthacene is easily dc
tected. Fedonin et al. (J,SIl) have used
fluorescence spectroscopy to detect and
estimate traces of polycyclic aromatics
in reagent grade analytical solvents such
as n-hexane, n-heptane, and n-octane.
The suitability of fluorescence for the
quantitative determination of small con
centrations of peryJene and 1,12-benzo
perylene in complex mixtures has been
discussed by Personov and Teplitskaya
(100Il). The fluorescence speetra of
high molecular weight aromatic frac
tions isolated from a Noriisk crude oil
have been studied by Chakrviani and
Usharauli (26H). They conelude that
the spectra of some of the fractions indi
cate the presence of anthracene, 1,2
benzanthracene, 1,2,5,6-dibenzanthra
cene, 1,2,3,4,5,6-tribenzanthracene and
hydrocarbons of similar structure. Van
Duuren and Bardi (S8H) demonstrated
that measurement of the fluorescence
spectra of aromatics dispersed in KBr
pellets is feasible. For some polycyclics

the spectra are identical with those ob
tained using solutions; for others the
maxima are shifted to longer wave
lengths. T he quenching action of pyri
dine and quinoline on the fluorescence of
naphthalene derivatives has been stud
ied by Miwa and Koizumi (92Il).
Schenk and Radke (123Il) report the
results of a similar investigation of the
quenching behavior of tetracyanoethyl
ene, trifluorenone and other pi-accept
ors. Sawicki, Stanley, and Elbert
(l f!f!ll) take advantage of the quenching
effect to detect the presence of hydro
carbons containing the fluoranthenie
ring.

Nuclear magnetic resonanee spectros
copy h"" been used by Bartz and Cham
berlain (l1 Il) to determine the structure
of branched paraffins and/or the repeat
ing units in predominantly saturated
polymers. Charts and figures are given
that correlate chemical shifts with chain
structure and speetral pattern varia
tions with ehain length and structure.
Martin (BOll) has studied the NMR
spectra of polycyclic aromatics contain
ing three ortho-fused benzene rings. He
introduces a nomenclature to describe
the various types of protons that ac
count for the resonanees observed.

Mass spectrometer methods for the
analysis of light hydrocarbons, mixtures
of light hydrocarbons and inert gases,
mixtures of inert gases and reactive
gases, and of gasolines have been de
tailed by Zimina, Polyakova and
Khmel'nitskii (l57Il). Saalfeld (117H)
has devised a very simple mass spec
trometer technique for determining the
aromatic eontent of hydrocarbon mix
tures of the type recovered from acti
vated carbon absorhers. A method for
the analysis of petroleum paraffins using
standardized mass spectrometer coeffi
cients has been proposed by Polyakova,
Khmel'nitskii, and Medvedev (109Il).
It permits the determination of the
carbon number distribution of n-paraf
fins, branched paraffins, and monocyclo
paraffins. These authors also report
(110H) a mass speetrometer method for
the determination of paraffins and
mono- through hexacycloparaffins in
saturated hydrocarbon fractions of dis
tillate oils. The application of mass
spectrometry for the determination of
the composition of saturated fractions
isolated from Russian low-sulfur, low
paraffin crudes and bigh-sulfur paraffinic
crudes has been described by Mikhailov
et al. (91H). King and Basila (66ll)
have developed a mass spectrometer
method that allows determination of the
isomer distribution of mixtures of Cu.
C" phenyl-n-alkanes. The data show
good agreement with the results of anal
ysis by g"" chromatography. A new set
of low voltage sensitivities for aromatic
hydrocarbons has been compiled by
Lumpkin and Aczel (88H). Compound
types from alkylbenzenes to chrysenes















Physical Properties. The measure
ment of surface area of catalysts
utilizing the gas chromatographic tech
nique continues to ·be reported as by
Chu (6L) , Kuge and Yoshikawa (16L),
and Liu et aI. (17L). as does the x-ray
diffraction technique by Keely (15L).
Rapid methods using a simple calorim
eter has· been studied hy Taylor (22L)
and the Haul and Deumbgen apparatus
for surface area has been studied by
Grundke and Frenzel (11L).

Determination of the total metallic
area of supported catalysts using chemi
sorption of hydrogen and carbon monox
ide also received further attention by
Germain et al. (9L). In similar type
studies, Weigel et al. (25L) compared the
BET and small-angle x-ray scattering
techniques for absolute values and other
information that could be derived from
the data.

A rapid, continuous flow method for
the pore size distribution of catalysts
has been described by Cahen and Fripiat
(4£). And Harris (12L) discussed the
source of error in the calculation of pore
size data from nitrogen isotherms.

The density of porous solids by immer
sion in mercury in a pycnometer has
been published by Cartan (5L) and a
mathematical treatment was developed
by Princon (19L) for coincidence correc
tions necessary in determining particle
size distribution of catalysts using the
Coulter counter.

Miscellaneous. A study of the dis
tribution of coke on catalyst beads as
a function of the radius of the beads
has been reported by Galimov et al. (8L);
two different techniques for measuring
the coke were evaluated.

Physical !Properties
R. C. Vollmar, Standard Oil Co. of
California, Richmond, Calif.

lr ANGTON AND VAUGHAN (29M) studied
D flow time measurements in Ostwald
viscometers tilted out of tbe vertical;
they found variations can be explained
as a function of the geometry of the
viscometer. An empirical formula de
veloped by Bondarenko (10M) corre
lated rate of slipping of a drop of liquid
along a vertical filament with the vis
cosity of the liquid. Results compared
favorably with measured data in an
Ostwald viscometer.

Kinoshita and Onoyama (27M) pos
tulated that surface active material from
solvent refined oil adsorbed onto capil
lary walls, resulting in reduced effective
bore size of the tube for subsequent
tests. Flow raW changed gradually with
repeated measurements on the same oil.
A two-way capillary viscometer measur
ing bulk viscosity at shear rates from less
than 0.1 to over 1,000,000 per second
and pressure drop up to 1000 psi was

described byTzentis (55M). After cali
bration with Newtonian oils it was also
applied to non-Newtonian salt solutions
of polyacronitrile.

Lim and Johnson (30M) made precise
measurements electronically of the time
required for commercially available solid
steel balls to flow through a known dis
tance in liquid samples. Seibert, John
son, and Stross (51M) adapted falling
ball viscometry for more rapid routine
use. They found good agreement with
capillary viscometry with precision
largely determined by the weight range
of the balls.

A new constant rate of flow viscometer
described by Bianchi, Patrone, and
Babini (7M) permitted statie measure
ments of dilute polymer solutions over a
wide velocity gradient range even at
high temperatures and under pressure.

Use of the falling cylinder for non
Newtonian fluids was evaluated by
Ashare, Bird, and Lescarboura (4M).
The non-Newtonian viscosity is esti
mated by treating the velocity-of-fall
measurements by a differentiation pro
cedure.

Billington (8M) developed a coaxial
cylinder viscometer for use under oscil
latory and transient conditions as well
as steady-state conditions. The time
dependent solutions to the shear stress
v•. shear rate relationships were con
firmed on a series of Newtonian lubricat
ing oils.

Ramarkrishna (46M) made measure
ments of absolute viscosity by three
computational methods based on the
rotation of a cylinder susllended in
the liquid by a wire. Equations for the
velocity distribution and couple when a
sphere is rotated in an inelastic non
Newtonian fluid were presented by
Bourne (11M). He covered their appli
cation to the measurement of fluid
parameters at low shear rates. .Taffe and
Ruysschaert (21M) described a record
ing rotational viscometer with glass
laden Teflon cylinders; accuracy and
precision are discussed both for water
and benzene.

An extension to power-law fluid of
Lewis' theory for rolling ball viscometers
was presented by Bryd and Turian
(12M). They found a correlation of the
speed of the rolling ball with fluid den
sity and with physical and geometrical
parameters when applied to non-New
tonian flow. A rolling ball viscometer
for use at temperatures to 400° C under
pressures to 5 kilobar was developed by
Harrison and Grosser (I8M) . Pressure
medium is compressed argon and data
covers glycerol at 75° C.

Marcelin (36M) designed a micro
viscometer consisting of a collar centered
around a conical wedge of a very small
conical angle where the thickness of the
oil film depends on the depth of the
wedge in the collar. His data showed
viscosity coefficient to vary with film

thickness. He suggested (37M) the
Inbricant films consist of monomolecular
layers on the·solid surfaces, dense strati
fied layers, then diffuse stratified layers
separating the dense layers and the bulk
liquid. The effect of the structural
changes under varying lubrication con
ditions is discussed.

A series of equations covering the
relationship of pressure and viscosity
were developed by Amirbekov (3M).

The viscosity of oil emulsions was
reported by Muratova and Korobkova
(41 M) ; they used a rheoviscometer in
the form of a balance. The shear stress
of oil emulsions was compared with their
viscosity by adding weights to a tray
attached to the balance arm of the vis
cometer. At above 40° C, the viscosity
did not depend on shear stress and the
liquids were Newtonian.

Porter, Klaver, and Johnson (44M)
developed a recording high-shear vis
cometer for measurements near a million
reciprocal seconds. Accurate measure
ments were made at shear rates of 500 to
2 million per second within an extended
temperature range of _20° to 150° C.
Viscosity range varies inversely with the
shear rate selected for measurement.
The shear-rate range is greater and its
upper limit higher than previously re
ported. A simple flexible viscometer
for testing pseudoplastic liquids at pres
sures as high as 1500 psi was described
by Ram and Tamir (451\1). Equations
and nomographs are given for designing
viscometers or for selecting operating
conditions with an existing one. Freund,
Csikos, and Mozes (I6M) studied
anomalous flow behavior of lubricating
oils and slack wax at low temperatures.
No clear-cut relationship could be ob
tained between instantaneous shear
stress values or shear rates and the cor
responding rheological conditions.

A comparison of the (U.K.) National
Physical Laboratory and the (U.S.)
National Bureau of Standards viscosity
scales reported by Daborn (14ivf) ,
showed results agreed with NBS values
by 0% to +0.5%. A lO-year test for
stability of viscosity of petroleum refer
ence oils was carried out by Weber
(56M). Samples exposed to daylight
showed more viscosity increases than
those kept in the dark; little effect re
sulted from subjecting another series of
samples to temperature variations.

An improved equation for converting
Engler to Kinematic viscosity was re
ported by Martens (38M). It is recom
mended particnlarly for Engler values
below 2.5. A circular slide rule which
can be used to convert viscosity units
between Kinematic, Engler, Redwood,
and Saybolt was reported in Science
Lubrkation (52M). This nomogram
developed by Angleroth may also be
used for determining viscosity index and
SAE classifications. Nagypal (42MJ re
ported a linear relation between the cube
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were removed prior to color develop
ment. A unique method for the meas
urement of small amount of sulfates and
hydrogen sulfide was described by Ne
dorost and Paralova (J9R).

Furfural. Furfural is sometimes
used as an odorant for domestic
liquefied petroleum gas: To determine
its concentration, Marchetti and Sar
acco (J7R) described a procoedure based
on the furfural-aniline reaction in acetic
acid with the formation of a red Schiff
base. The determination was a colori
metric one; the most critical part of the
analysis was that of sampling.

In the furfural extraction of lubricat
ing oils, the important analysis is the
furfural content of the raflinate. For
high concentrations encountered in col
umn operation, Kyazimov et al. (J6R)
found the measurement of the refractive
index to be adequate; the variation of
this index was linear with temperature
between 15° and 30° C. For the fin
ished product, Palframan and Rose
(20R) extended a previously published
chromatographic method (UR) down to
2 ppm. The sample was extracted with
sodium bisulfite, the bisulfite washed
with legroine, and then ethylene oxide;
the latter is injected into a column con
taining glass beads on which a thin film
of 2,2'-iminodipropionitrile was de
posited. Ratovskaya and Kuz'menko
(22R) describe a photometric method
applicable over the same range as the
previous authors; it is based on the
reaction of phloroglucinol in the presence
of ammonia to give 5-aminoresorcinol
which forms an orange-yellow com
pound with furfural.. The sample is
dissolved in a large amount of ethyl
alcohol in which the reaction takes place;
the absorption maximum was at 410 m".
To control loss of furfural in plant wash
water, Jacquemain and Rcmy (f2R)
described a photometric process appli
cable in the range of 5 to 3 ml(/1000 cc;
the reaction in a neutral saline solution
was with a mixture of aniline and acetic
acid, the maximum absorption being at
490 mil.

Sulfonate.. In refining petroleum
fractions with sulfuric acid to obtain
neutral oils, sulfonates are formed.
In a procedure developed by Vamos and
Simon (26R) the samples were diluted
with benzene and chromat{)graphed
through silica gel with large pore and
gain size. Elution was made with ben
zene then acetone, in which the neutral
oil was found, and then with ethyl alco-

• hoI, which contained the sulfonates.
Halogens. For a simple rapid esti

mation of chlorides in marine lubri
cating oils, McKeon and O'Hara (J8R),
precipitated silver chromate on silica gel
which was then packed in a naTrOW

transparent tube. The oil was shaken
with buffered water and the tip of the
packed tube touched to the surface of
the water solution; the length of dis-

coloration correlated with the chloride
content. High frequency conducto
metric titration of chloride in petroleum
oils dissolved a benzene-methyl alcohol
media with an alcoholic solution of silver
nitrate was described by Stuhec (2J,R).
Kainz (f3R) described a combination
element analysis procedure in which
natural gas, petroleum distillates, and
solid organic materials are burned in a
jet. The combusted gases were passed
over silver wool at 650° C and then
through absorber solutions; it is claimed
that trace amounts of chlorine, bromine,
iodine, phosphorus, and sulfur may be
determined together in this manner.

Rubber Extender Oils. Procedures
were described by Ford (7R) for extend
ing the clay-gel chromatographic to
oils containing more than 20% polar
compounds and to permit its use to
classifv the aromatic fraction. .
Tra~e Oils. Krummel (J5R), and

Radler and Grnearevic (21 R) describe
extraction methods for determination
of small amounts of paraffin on raisins,
previously dressed with the oil to pre
vent stickiness. Krieger (lJ,R) uses thin
layer chromatography to determine
small amounts of mineral oil products in
soil. Giebler, Koppe, and Kempf (9R)
describe a gravimetric procedure for
separating oily material from soils or
water and then by thin layer chroma
tography (JOR) of separating mineral
oils from vegetable and animal oils and
determining this amount. Fletcher
(6R) described the determination of
mould release oils on concrete surfaces.

Coke. Procedures for the deter
mination of 13 elements (AI, B, Ca,
Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni,
Ti, V) in petroleum coke in ppp
amounts were described by Chu and
Chen (3R); special ashing procedures
were used to produce solutions for
colorimetric analysis.
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Compound or
class Method or subject

Incompatibility, pH
lVlixtures, complex; review

of analyRis
Physicochemical methods,

review
Polarographic, review
Heview
Spectrophotometric

Volumetric, acid-base

Reference
(127)
(1921)
(1674)

(1567)
(1611)
(1712)
(1684, 17913)
(1778)

(94,690)
(861, 11363,

1264,1327
1887,135113)

(94,1778,
135113)

(1887)
(1472)
(2460)
(1217)
(1684, 17913)
(583,17913)

(690,1157)
(644, 861,

1157, 11363,
11364, 1327,
1887)

(61,-0,1778,
135113)

(1887)
(13460)
(690)

(690)
(861)
(690)

(865)
(13135)

(1858)
(13444)
(13088)
(13289, 1331313)
(1374, 21371,

131372, 133213)
(9313, 1876)
(1374)
(1313713)
(13007)

(1331313)
(1,~74, 131371,

13273)
(1135, 1789,

1876)
(1384,1557,

1876,13271,
21373)

(1336,613,
1789)

(1675, 231313)
(5138)
(33,1384)

(11,19£1,
13068)

(1, 240, 1028)

(7413, 751,
1274,17133,
1859)

(1866B , 19139,
2281,-)

(2170)
(19131)
(11373B , 1567,

1674)
(Continued)

Method or subject
Colorimetric
Electrophoretic, paper
Extractive; spectrophoto-

metric
Extractive; volumetric
Identity
Nuclear magnetic resonance
Chromatographic, adsorption
Chromatographic, ion exw

change
Chromatographic, paper
Chromatographic, thio layer

Colorimetric

Fluorometric
Identity, flame test
Spectrophotometric, infrared
Stability
Chromatographic, adsorption
Chromatographic, ion ex-

change
Chromatographic, paper
Chromatographic, thin layer

Colorimetric

Fluorometric
Spectrophotometric, infrared
Spectrophotometric, ultra-

violet

Chromatographic, thin layer
Electrophoretic
Fluorometric
Spectrophotometric, ultra-

violet
Chromatographic, adsorption
Chromatographic, paper

Chromatographic, thio layer

Colorimetric

Extractive

Chromatographic, ion
exchange

Chromatographic, thin layer

Colorimetric

Identity
Polarographic
Spectrophotometric,

ultraviolet
Chromatographic, paper

Complexometric
Electrophoretic
Extractive

Ergotamine

Ergot alkaloids

Hydrogenated
ergot alka
loids

Rauwolfia
alkaloids

Chromatographic, paper
Chromatographic, thin layer
Spectrophotometric, ultra-

violet
Indoles, general Phosphorimetric
Physostigmine Chromatographic, paper j

stability
Colorimetric
Phosphorimetric
Volumetric
Chromatographic, adsorption
Chromatographic, paper

Reserpine

Strychnine

Table I. Alkaloids (Continued)
Compound or

Reference class
(1900)
(13111)

(1373)

(1915)
(305)
(1143,1373,

1700, 1913)
(1566, 1760,

1884, 1885,
19713, 1973,
13087, 13110,
13409)

(1734)
(835)
(1337)

(1657)
(1756)

(1373)

(387)
(15, 1858)
(15, 387, 489)
(1536)
(8813)

(771)

(418,961)
(534)

(118B )

(884)
(131384)
(1143)

(13018)
(13375)
(13383)
(1433)
(1636)

(2481)
(1699)

(1793)
(118B )

(534)
(13481)
(1130)
(1383)
(1143)

(13481)
(551)
(14313)
(1849)
(13481)
(21134)

(1376)
(280,579,

1857,13057,
2506)

(13481)
(3136)
(131337)

(2006)
(699)
(1858)
(1921 )
(1723, 1866B ,

19135)

Chromatographic; colori-
metric

Chromatographic, thin layer
Chromatographic, adsorption

Spectrophotometric, ultra-
violet

Amperometric
Chromatographic, thin layer
Extractive; spectrophoto-

metric
Identity
Chromatographic, paper
Colorimetric
Identity
Chromatographic, adsorption

Identity
Spectrophotometric
Volumetric, mercurometric

Chromatographic, thin layer
Colorimetric

Colorimetric
Volumetric, acid-base
Chromatographic, adsorption
Chromatographic, paper
Chromatographic, thin layer

Anabasine
Aristolochic

acid
Catharanthus

roseus

Chenopodium
botrys

Cissampelos

Coptis
Dionine

Harmine;
derivatives

Heroin

Galanthamine

Promedol

Identity
Spectrophotometric, ultra

violet
Leguminosae Chromatographic, thin layer
N-Methylhaya- Spectrophotometric, ultra-

tinium iodide violet .
Pachycarpine Chromatographic, adsorption

Identity
Activation analysis
Volmnetric
Extractive; spectrophotow

metric
Identity
Extractive; pH effect
Colorimetric; extractive
Polarimetric
Identity
Chromatographic, thin layer

Pethidioe

Sarracine
Securinine

Volumetric, amperometric
Volumetric, complexolnetric
Volwneti'ic, with tungsto-

silicic acid
Vohnneti'ic, two-phase
Water methods, comparative

study
X-ray

Alkaloids,
miscellaneous

Aconitum Chromatographic, thin layer
Aconitine Chromatographic, adsorption

Chromatographic, thin layer
Identity
Polarographic

Brucine

Indole Alkaloids
Ajmaline

Spherophysine
Tilia

Glyoxaline
Alkaloids

Pilocarpine
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Table I. Alkaloids (Continued)
Compound or Compound or

Method or subjectclass Method or subject Reference class Reference
Nalorphine Chromatographic, ion (1663) Salsolidine Chromatographic, ion (1096)

exchange exchange
Chromatographic, paper (2377) Chromatographic, thin .layer (228,0
Polarographic (604) Distribution, liquid-liquid (1145)
Volumetric, acid-base (504,1758) Identity (2481,2486)

Narceine Chromatographic, thin layer (1242) Spectrophotometric, ultra- (1699)
Spectrophotometric, ultra- (1242,1699) violet

violet Volumetric, acid-base (1495)
Narcotine Chromatographic, adsorption (301) Volumetric, mercurometric (2237)

Chromatographic, ion (486) Salsoline Chromatographic, ion (1096)
exchange exchange

Chromatographic, paper (456,966, Identity. (1667, 9481)
11134) Spectrophotometric, ultra- (1699)

Chromatographic, thin layer (196, 371, 663, violet
1719, 1720, Volumetric, acid-base (1495)
1729) Volumetric, roercurometric (9937)

Extractive (993,695, Tecodine Spectrophotometric, ultra- (1003)
1837) violet

Identity (2018, fi019) Thebaine Chromatographic, absorption (301)
Spectrophotometric, infrared (696) and partition
Spectrophotometric, ultra- (1699) Chromatographic, ion (486)

violet exchange
Normorphine Chromatographic, paper (9377) Chromatographic, paper (455,956)

Chromatographic, thin layer (196, 371, 663,
Opium 1456, 1719,

alkaloids,
Colorimetric

1799,9939)
general (1838,1894)

Chromatographic, adsorption (301) Extractive (li93,696,
Chromatographic, gas (li79)

Spectrophotometric, infrared
1838)

Chromatographic, paper (li79,455, (695)
1134) Spectrophotometric, ultra- (455,1699)

Chromatographic, partition (301,956) violet
column Isoquinoline,

Chromatographic, thin layer (126, 187, li79, bis-benzyl,
371, 663, alkaloids
1242, 1456, Cephaeline Chromatographic, paper (1394, 9117)
1719, 1720, Curare Review (1561)
1799, 1790, Emetine Chromatographic, paper (1394, 2117)
2203,2939) Chromatographic, thin layer (2203)

Extractive (293) Colorimetric (2386)
Identity (1134, 1681, Extractive (1145)

2018) Identity (1881)
M ass s~ctrometric (478,9924) Spectrophotometric, infrared (fi30)
Optica rotatory dispersion (191 ) Spectrophotometric, ultra- (1699)
Spectrophotometric, infrared (695) violet
Spectrophotometric, u1tra- (455,1003, Stability (fi30, 13fi4)

violet 1249, 1699) General Chromatographic, thin layer (137)
Volumetric, acid-base (li93) Optical rotatory dispersion (121)

Papaverine Chromatographic, adsorption (301) Ipecacuanha Chromatographic, adsorption (1782)
Chromatographic, gas (56) alkaloids Chromatographic, paper (9117)
Chromatographic, paper (455,956, Extractive (2087)

1134, 23M) Stability (9117)Chromatographic, thin layer (106, 371, 461, Volumetric, acid-base (178fi, 2087)663, 1949, Tubocurarine Fluorometric (408B
)1466, 1719, Spectrophotometric, ultra- (9429)

1720, 1792, violet
19fi2, 1936,
fifi03, 91J84) L(jinane Alkaloids

Colorimetric (483,1144, eneral Chromatographic, paper (2078)
1911 ) Polarographic (1156)

Complexometric (2498) Sparteine Chromatographic, paper (2078)
Extractive (116,189,293, Colorimetric (483, fi130)

695, 1144, Polarographic (1156)
1li11 ) Spectrophotometric, infrared; (930)

Identity, flame tests (1134, 1472)
Sparteine beta

stability
(1731)Spectrophotometric, infrared (696) Volumetnc

Spectrophotometric, ultra- (956,1003, camphor-
violet 1242, 1699, sulfonate

1703) Pyridine Alkaloids
Volumetric, acid-base (189, 995, 376, Lobelia Chromatographic, thin layer (fi37,1623)

377, 1495, alkaloids Polarographic (1693)
1670,2342) Lobeline Chromatographic; colori- (473)

Volumetric, mercurometric (9fi37) metric
Papaverine Chromatographic, thin layer (461) Chromatographic, thin layer (237,1623)

alkaloids Colorimetric; extractive (880B )
Porphyroxine Chromatographic, adsorp- (695) Extractive (1145, 1li19B )tion; colorimetric

(694) Polarographic; stability (1623)
Chromatographic, in opium Thermopsis Extractive i voLumetric (474)

Pseudo- Chromatographic, paper (1336) alkaloids
morphine Polarographic (604)

Spectrophotometric, infrared (1936)

(Cuntinued)
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Tobie I. Alkoloids (Continued)
Compound or Compound or

Re.ferenceclass Method or subject Reference class Method or subject
Gravimetric (2255) Scopolamine Chromatographic (2509)
Phosphorimetric (2444) Chromatographic, g... (2357)
Review of methods (2255) Chromatographic; ion (1355)
Spectrophotometric, ultra- (1004) exchange, paper

violet Chromatographic, paper (85, 86, 114,
Stability (482,788, 128,805,

1338) 306,875,
Volumetric, acid-base (482,1757,

Chromatographic, partition
1043)

2445B ) (115)
Volumetric, mercurometric (2237) column

Ecgonine Chromatographic, paper (138,1339, Chromatographic, thin layer (305, 306, 807,
2255) 1002,1803,

Chromatographic, thin layer (788) 2203,2510)
Extractive; Kjeldahl (2f!55) Colorimetric (85, 88, 875,

nitrogen 1858, 2129,
Homatropine Adsorption, on antacids (204) 2510)

Chromatographic, paper (128,875) Complexometric (2170)
Chromatographic, thin layer (1002) Identity (1002, 2350)
Colorimetric (875) ~ectrophotometric (2491)
Identity (2350) olumetric, acid-base (114,1565,
Volumetric, acid-base (1585) 1757) ~g~) 2088,Homatropine Chromatographic, ion (1626

methyl- exchange PRher Volumetric, mercurometric (2237)
broDllde Chromatograp ic, paper (128, 1628) Tropane, Chromatographic, gas (887)

Spectrophotometric, ultra- (349) genera.! Chromatographic, ion (1261)
violet exchange paper

Volumetric, acid-base (1585, 1757) Chromatographic, paper (874,875,
Hyoscyamine Chromatographic, absorption (748) 1043,1261,

Chromatographic, paper (114, 306, 473,
Chromatographic, thin layer

1685)
875,1048) (305,1002,

Chromatographic, partition (133)
Colorimetric

1602,1803)
column (1885)

Chromatographic, thin layer (305, 306, 307) Volumetric, acid-base (1757)
Colorimetric (133,875) Tropic acid Spectrophotometric, ultra- (585)
Extractive (116) violet
Volumetric, acid-base (114,748) Tropine Chromatographic, paver (1043)

Methyl Identity (11350) Chromatographic, thm layer (305,1002,
homatropine

Luminescent
1528,1803)

Pseudotropine Chromatographic, gas (2873) (2020)
Chromatographic, thin layer (15118 Review (824)

Tropinone Chromatographic, thin layer (1528)
Reineckate method, (184)

evaluation

TobIe II. Antibiotics
Compound or Compound or

Method or subject Referenceclass Method or subject Reference class

Actinomycin Chromatographic, paper (533) Refractometric (2415)
Chromatographic, thin layer (334) Review, feed additives (715)
Stability (435) Stability (2418)

Aureomycin Spectrophotometric, ultra- (763) Volumetric, acid-base (149)
violet Volumetric, ox.-red. (1707, 2169)

Bacitracin Chromatograpbic, thin layer (1560) Colimycin Chromatographic, ion (1223,1783)
Cey,haloridine Review, methods (1372) exchange
Ch oramphenicol Chromatograpbic, paper (1558, 1852, Stability (1223)

2002) Colistin Identification (11437)
Chromatographic, thin layer (1229, 1278, Cranomycin Stability (1137)

1888) Cycloheximide Stability (681,882)
Colorimetric (231, 810, 936, Cycloserine Colorimetric (1050) 1159)

1428,2058) Polarographic (2180
Microbiological (2501) Stability (1159, 1347,
Polarographic (1867, 1869, 2312)

1870,1871, Dactinomycin Review, official methods (594)
2161) Desertomycin Chromatographic, paper (2198)

Spectrophotometric, ultra- (620,1555, Colorimetric (2198)
violet 2371) Identification (2198)

Stability (404) Erythromycin Chromatographic, thin layer (45,1883)
Volumetric, Dx.-red. (1001, 1993) Spectrophotometric, ultra- (1147)
Volumetric, precipitation (608,623, violet

1485,2100) Stability (387,2034,
Chlortetracy.,line Chromatographic, column (881) 28(2)

Chromatographic, pa'per (1342) Volumetric, acid-base (619)
Chromatographic, thfu layer (1037, 2096) Furacillin Colorimetric (2297)
Colorimetric (9111, 1086, Identification (2274)

g~~) 1344, Volumetric, ox.-red. (2166)
Furadonin Identification (2274 )Identification (1709) Furazolidone Identification (2274

Microscopic (1045)
(Continued)Polarographic (328,582)
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heating affects the structure of the
plastic mass and the resulting coke.

Speranskaya and Emtsev (16E) have
determined the effect of temperature on
the formation of the plastic mass. The
physical and chemical processes were
examined by determining the changes in
density of coal heated under pressure.
At 427° to 433°, the properties of the
plastic mass and the resulting coke were
optimal.

The composition of coal affects the
sintering process. Taits and Sen (19E)
used coals of different ranks to show
the effect of composition on sintering.
Particle size also has a decided effect.

The Audibert-Arnu dilatometer was
evaluated by Schreiber (14E}). He pre
sented the principle, development, and
application of the apparatus. Effects
of particle size, weight, moisture con
tent, volume, specific gravity, and com
pression are discussed.

Lazarov and Angelova (9E) deter
mined the dilatation of a number of
coals with the Audibert-Arnu apparatus.
They report that the dilatation de
pended on permeability and rate of gas
evolution. The dilatation of two- and
three-component mixtures was lower
than that expected from an additive
law.

UCementation coefficient" is a new
parameter proposed for the evaluation
of coking coal. Kunstmann and Kerka
vius (SE) have developed a new test
similar to agglutinating tests of yester
year. The binding capacity of a
coking coal is determined by heating at
850° with an excess of powdered coke,
so that only small conglomerates are
formed. After cooling, the residue is
sieved, with light knocking of the sieve,
until a constant amount passes a
0.03-mm sieve. Cementation coeffi
cient ~ [(g residue + last fraction of
passedmaterial)/gcoalapplied] X 10.

CARBONIZATION. A review of the
technology of coal carbonization by
Russell (13E) includes a history, de
scription of processes, coal used, coke
ovens, chemical recovery, economics,
and low-temperature carbonization.

The relationships among the coal
properties, conditions of coking, and
quality of coke have been studied in
detail by Beck, Echterhoff, and Simonis
(3E).

The use of the 400-kg test oven to
predict coke quality, production capac
ity, heat required, pressure of coking,
product yield for industrial-scale ovens
is described by Loison and Foch (1DE).

Porter and Ellman (12E) describe the
laboratory carbonization of lignite at
atmospheric pressure in controlled at
mospheres of N, recycle carbonization
gas, or steam. Different methods are
used to determine the activity of the
char.

A procedure is given by Taits et at.
(1SE) to produce solid metallurgical

coke or smokeless fuel from gas coals
mixed with long flame or slightly coked
coals. The material is first briquetted
with a binder and then heat-treated.

Laboratory apparatus using electri
cally heated sand in place of glowing
semicoke was used in the rapid car
bonization of coal at 400° to 600° by
Novak, Ludvik, and Nadenik (l1E).
This procedure gave lower tar and CO,
yield, but a higher H content in the
gas.

Zhurovski and Karaneshev (24E)
produced experimental results that show
that expansion pressure is increased by a
faster coking rate; also harder coke is
produced with the higher expansion
pressure.

The strength of lump coke was
determined by the impact method at
elevated temperatures by Suzuki and
Otsuki (17E). The strength of ordinary
coke (50 to 100 mm) is 97 at 500° and
93 at 1000°.

A correlation of ASTM and Micum
coke testing procedures was determined
by Walters, Birge, and Wolfson (22E) ,
based on the results of 18 cokes tested
by both methods. Equations were
developed to convert the results by one
method to those of the other method.

A small14-kg capacity laboratory test
oven for the determination of the coking
properties of coals was constructed by
Sen Gupta and Das Gupta (15E). The
coke produced was tested in two small
scale Micum drums, one circular and the
other hexagonal. The circular design
was more satisfactory and the results
could be related with those from full
scale equipment.

Agroskin and Goncharov (1 E) de
veloped a procedure for determining the
specific heat of coals during carboniza
tion up to 1000°. The method of test is
hased on the principle of diathermal
casings.

Radioactive isotopes were used by
Haberski (6E) to study the processes in
volved in the plastic and carbonization
stages.

Standard Methods. NATIONAL
STANDARDS. The United States of
America Standards Institute, form
erly known as American Standards
Association, usually represents the
United States of America at inter
national standardization meetings.
There is very close cooperation be
tween this organization and the
American Society for Testing Ma
terials. The ASTM through voluntary
working groups consisting of producers,
consumers, and general interest develop
standards and specifications for coal and
coke (1F). ASTM Committee D-5 has
the responsibility of reviewing and keep
ing current all standards and specifica
tions concerned with coal and coke.

INTERNATIONAL STANDARDS. Tech
nical Committee 'l:7 on Solid Mineral
Fuels of ISO has been very active in the

development of standards for interna
tional trade in solid fuels. Most stand
ards required for the evaluation of hard
coals have reached the ISO Recommen
dation or Draft ISO Recommendation
stage. Some standards special for
brown coal and lignite are still in the
development stage. Table I gives the
status of the work for hard coals through
1965.

Miscellaneous. Three methods
were compared by Allen et al. (10) for
the determination of CO, in coal. The
gravimetric method was accurate but re
quired considerable time, the mano
metric method was rapid but unsatis
factory for the range of coals tested, and
the titrometric was rapid and accu
rate.

Cudmore (100) states the unmodified
B.S. manometric method unsatisfactory.
He recommends the Burns modification
for Australian bituminous coals.

The grindability of coal was deter
mined in a special hammer mill by Kisel
gof, Chelishchev, and Lifshits (190).
The results compared favorably with
those by the ball mill and Hardgrove
methods.

Neuroth (24(1) described a special
test mill for measuring mechanical and
thermal stresses. The loading of the
drying gas can be varied independently.

A rapid method for the determination
of moisture-holding capacity of coals,
proposed by Hinz (140), is reported to
overcome certain objections to the rapid
forced air method.

The free-swelling index determination
as used in the U.S.A. is described by
Young and Zawadzki (360). They
enumerate factors that affect the test
and give means for eliminating errors.

The determination of pyrite or the
iron sulfide in coal has received consider
able attention. Consequently, a num
ber of modifications of existing standard
methods have been proposed. Belcher
and Callcott (5G) have indicated serious
errors in the B.S. method. Brown et 01.
(6G) have pointed out techniques to
overcome the indicated deficiencies.
Mayland (230) is critical of most
standard methods and gives a procedure
to measure the inability of the HNO, to
penetrate the coal particle. Volokhova
(33G) proposed a rapid method for
pyrite in lignite, and Masciantonio
(210) describes a method of removing
pyrite from coal with molten caustic. A
method for the determination of the
forms of sulfur including the HCI-soluble
sulfides was proposed by Strnad (31 G).

The physical properties of coals are
being studied as changes in utilization
occur. English and Hiorns (120) have
devised a method for measuring the en
ergy of breaking, expressed as the energy
required to produce a unit of new sur
face. Cooling (90) reviewed the vari
ous methods of test for hardness of solids
and studied the hardness of coal macer-
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analysis from flow systems that contain
components that condense at room tem
perature is described by Sze'kely and
Traply (4P).

Orsat Analysis. Andress (1 Q)
claims that quiet, explosion-free com
bustion of the H, CO, and CH, re
maining after technical absorption
gas analysis can be achieved by first
admitting oxygen to a loop-shaped
combustion chamber and preheating
the Pt wire. The gas is then slowly
leaked in the rapid oxygen stream
caused by thermal convection.

Jobahazi (2Q) evaluated CO absorb
ents used in classical gas analyses and
coneludes that a two-pipet system, con
sisting of a H 2SO,-CU20 suspension and
an ammoniacal CU+ solution is the most
quantitative.

Physical Properties. The change
with temperature of such properties
as vapor pressure, heat of vaporiza
tion, liquid and vapor heat capacities,
liquid density, viscosity, and surface
tension in the temperature range
- 2000 to 1600 C for methane,
ethane, propane, and butane are
presented by Gallant (lR). The same
properties are presented for the C, to C,
monoolefins (2R) , C, to C, alkynes
(3R) , and C, to C, diolefins (4R).
Vapor heat capacity for the mono
olefins, diolefins, and alkynes are given
for the temperature range from 00 to
10000 C.

Green (5R) reviewed the structure,
physical and thermodynamic properties,
flammability and explosibility, chemical
properties and reactions, manufacture,
analysis, toxicity, and uses of CO.

Automatic Analyzers. Boreham
and Armstrong (28) describe some of
the techniques for determination of a
wide range of elements and compounds
encountered in the gas and petroleum in
dustries.

Various instruments have been pat
ented for determining concentrations of
a specific compound or element in gas
streams: low concentrations of oxygen
(18,48,58), CO" SO" SO" and mois
ture (98), hydrogen (38,68), and 0, and
SO, (108).

Kohli (88) discusses automatic gas
analyzers with diagrams, analysis of gas
mixtures by thermal conductivity and
infrared absorption, and 0 by paramag
netic and electrochemical methods.
Teske (118) discusses the apparatus and
electrochemical basis for the continuous
measurement of SO" H,8, N,H" 0, 0"
and H in flue gas, natural gas, sewage,
and in the atmosphere, and compares
this type of analysis with other methods.
Janda and Hrudka (78) describe an in
strument for the continuous polaro-

• graphic determination of H,S in gases
that utilizes an axially bored carbon
electrode. Holes in the periphery of the
electrode allow passage of the gas to the
electrolyte, which has a pH of <6.

Standards. The 1966 book of
ASTM standards, part 19, for Gase
ous Fuels, Coal and Coke (2T) lists
several methods of analysis approved
as standards or tentative standards.

Standards approved in 1965 were
Analysis of Commercial Butane-Butyl
ene Mixtures by Gas Chromatograph (D
1717-65) and Analysis of Liquefied
Petroleum (LP) Gases and Propylene
Concentrates by Gas Chromatography
(D 2163-65). Tentative status is ac
corded Test for Hydrogen Sulfide and
Mercaptan Sulfur in Natural Gas (Cad
mium Sulfate-Iodometric Titration
Method) (D 2385-65'1') and Test for
Hydrogen Sulfide in Liquefied Petro
leum (LP) Gases (Lead Acetate Method)
(D 2420-65'1'). A proposed method of
determining Moisture in Liquefied Pe
troleum Gases by the Valve Freeze
Method is also included.

Part 18, of the 1966 ASTM Standards,
Petroleum (1 T), lists an approved
method for determining Residues in
Liquefied Petroleum (LP) Gases (D
2158-65) and a tentative method for the
Interconversion of the Analysis of C,
and Lighter Hydrocarbons to Gas
Volume, Liquid Volume, or Weight
Basis (D 2421-65'1').

Miscellaneous. Epsztein and Za-
kowski (2U) determined naphthalene in
town gas by adsorption in HCONMe2
and .. polarographic determination in a
solution of Bu.NH in HCONME,. To
determine C,H" PhMe, and xylenes in
the gas, the gas is passed through con
centrated H"qO, (to remove olefins) and
the aromatic hydrocarbons are absorbed
in nitrating acid. The resultant dinitro
compounds are diluted with H 20 and
polarographed.

Spaggiari and Turtura (5U) compare
the conventional picric acid method
with infrared analysis of naphthalene in
town gas.

Vlckova and Base (6U) describe a
colorimetric procedure for the determi
nation of phenol in fuel gas. Phenol
was absorbed in O.1N K,CO" treated
with 4-aminoactipyrine in the presence
of K,Fe(CN). at pH 10.0. The K,CO.
solution was decomposed with 25%
H,PO, and distilled, the color reaction
carried out, and color density deter
mined with a photocolorimeter with a
blue filter.

Dempsey (1 U) has devised a com
puter program to determine dry natural
gas viscosity as a function of pressure,
density, and temperature. Larson
(4U) developed a computer program to
convert gas analysis data from units of
volume-per cent to molar quantities.
Landwehr, Boesch, and Wolverton
(3U) cover the wide range of factors to
be considered when data from gas stream
analyzers are integrated into a computer
system and stress that analyzer data are
important factors in computer control of
processes.
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Water Ana~YS8S
M. J. Fishman, 8. P. Robinson, and M. R. Midgett, U. S. Geological Survey, Denver, Colo.

T HIS TWELFTH REVIEW of the litera
ture of analytical chemistry applied

to water analysis covers a period from
October 1964 through September 1966.
The present review follows the plan of
the previous reviews, the last of which
appeared in ANALYTICAL CHEMISTRY for
April 1965 (20).

A review of the literature on water
pollution control which includes a sec
tion on analytical methods is published
alillually by a Research Committee of
the Water Pollution Control Federation.
The 1964 review of the literature (18) in
cludes 118 references to analytical meth
ods for determining organic carbon, pes
ticides, phenolic materials, general or
ganics, cations and anions, various forms
of nitrogen, and dissolved oxygen.
Ninety-three references are included in
their 1965 review (7) and cover topics
like dissolved gases, organic acids, phe
nols, total carbon, isolation-concentra
tion, and others.

Other reviews on water analysis have
been published during the past two
years. Kitano and Nasu (13) prepared
a review with 495 references. A review
on various methods of water analysis
was published by Mitchell (16). The
review contained 51 references. A re
view of 80 references for de'termining
chlorinity (salinity) in sea water was
prepared by Bruevich (2). Coutinet (8)
published a review, with appropriate de
tails, of methods for determining potas
sium, sodium, calcium, magnesium, car
bonate, bicarbonate, chloride, and sul
fate in water.

A handbook of analytical procedures
for water analysis was prepared by Bush
and Higgins (3). The handbook also
contained sections on radiochemical
analysis, determination of uranimn in
various media, and procedures for de
termining major and minor constituents
of silica rocks and ores. Ceausescu (>I)
proposed the use of a number of ana
lytical methods, which were taken from
standard methods of various countries,
for the control of water quality in supply
centers. Twenty-eight references are
given. Detailed analytical methods as
applied to the analysis of hydrothermal
fluids were described by Ritchie (19).

Husmann and Malz (12) discussed the
use of photometry, gas chromatography,
polarography, and paramagnetic oxygen
measurements as applied to new meth
ods of analvsis of water and waste
water. New or improved methods for
determining silica, phosphate, oxygen,
chloride, and organic compounds in
boiler feed and condel1sate waters were

described by Dzysyuk et al. (10).
Ballezo (1) discussed, in general, ana
lytical methods used in water analysis
and then proposed new methods for de
termining chloride, bicarbonate, hard
ness, iron, and fluoride. Instrumental
methods of analysis for determining mi
crogram and submicrogranl quantities of
various elements in water were reported
by Monnier (11). A review on the use
of spectrophotometry in water analysis
was prepared by Weber (21). Eight
references are listed. Ceausescu (5)
discussed the use of ion exchange in
water analysis in a review of 97 ref
erences covering the period from 1927
to 1962.

Automated procedures, using an Auto
Analyzer for routine analysis of water
samples, were reported by Henrik
sen and Samdal (11). Semiautomated
methods for determining free chlorine,
silicic acid, phosphoric acid, and hard
ness in water have been described by
Leithe (15).

The advantages of neutron activation
as applied to the analysis of water are
discussed by Cerrai (6). Landstrom
and Wenner (1)1) described procedures
for determining a number of elements in
ground water by neutron activation.

A review of procedures for determin
ing the alkali metals and uranium in
sea water by stable isotope dilution
analysis was prepared by Dabkowski
(9).

ALKALI METALS

Flame photometry is still used as the
principal means of determining the
alkali metals in water, Rozanova
(16A) checked the applicability of flame
photometry for determining sodium
and potassium in mineral waters. The
sample was introduced into the flame
in the form of an aerosol. No prob
lems occurred for samples low in total
mineral content and containing sodium
and potassium concentrations less than
20 mg per liter. Dilutions were used for
samples containing high concentrations
of minerals. Potassium in brines was
also determined by the cobalt nitrite
method, but results were 9 to 20%
higher than results by flame pho
tometry.

A portable flame photometer was
used by Zatsepa (iOA) for determining
sodium and potassium in various types
of natural water. A sensitivity of 0.5
mg per liter was obtained for potassium
between 1 and 20 mg per liter, and for
sodium between 1 and 12 mg per liter.

The maximum relative error was 7%
for sodium and 15.4% for potassium.

A direct flame photometric analysis
of sodium and potassium in aqueous ex
tracts was recommended by Azovtsev
(1A), instead of a calculation based on
the gravimetric determination of sul
fates.

Hosokawa et al. (6A) determined so
dium and potassium in sea water with a
filter-type flame photometer using lith
ium as an internal standard. Lithium
is added to a diluted sea water sample,
the sample aspirated, and the trans
mittance adjusted to 100% using a
lithium interference filter. The filter is
then replaced with a potassium inter
ference filter and the transmittance of
the sample measured. Sodium is de
termined in a similar manner.

A flame photometric method for de
termining lithium in the parts per bil
lion range after concentration by evap
oration was reported by Joensson
(7A). The intensity of the lithium
emission was increased by adding a 20%
mixture of acetone-amyl alcohol (4: 1)
to the samples. A special absorption
filter was used to eliminate interference
by stray light from sodium. Alu
minum was used to suppress inter
ferences from alkaline earth oxides. Ion
exchange followed by flame photometry
was used by Sulcek, Povondra, and
Stangl (18A) for determining lithium
in mineral waters. A 'sample of water
containing between 5 and 1000 !'g of
lithium and less than 10 mcq total
cations was acidified with hydrochloric
acid. The carbon dioxide formed was
then removed either by heating or by
passing a stream of nitrogen through the
sample. The sample was then passed
through a strong acid cation-exchange
resin, the lithium eluted with a mixture
of 0.5111 hydrochloric acid in 80%
methanol, and lithium determined by
flame photometry.

Collins (>lA) described a method for
detecting less than 0.01 mg of rubidium
or cesium per liter in oil-field waters.
Samples which contain very low concen
tration of rubidium and cesium are first
concentrated by either evaporation or
ion exchange. The samples are then
transferred to separatory funnels, vol
umes adj usted to 100 ml with water,
sodium tetraphenylboron is added, and
cesium and rubidium tetraphenylbo
rates are extracted with nitroethane.
The cesium and rubidium are then de
termined by flame photometry.

Podobnik, Dular, and Korosin (14A)
described a flame photometric method
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