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Acids: See Fatty acids.
Activation Analysis: Neutron Irradiation and --.

Taylor. (Review). 754.
Adenosine-5-triphosphate: Separation and assay of

-- in multivitamin mixtures. Mosconi and
Lama, 803.

Aflatoxin: Detcng. and detmng. -- in groundnuts
and groundnut materials. III. Classificatiou
of -- B, levels. Coomes, Crowther, Francis
and Shone, 436.

Alcohol: See Ethyl alcohol.
Alcohols: Identifying aliphatic -- by pyrolysis.

Dhont, 71.
Aldridge method and modifications for detmng.

sma)) amounts of cyanide in effluents. Higson
and Bark, 338.

Aldrin: See 1,2,3,4,10,10-Hexachloro-l,4,4a,5,8,8a
hexahydro-exo -1,4 - endo - 5,8 - dimethanonaph
thalene.

Aluminium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, 'vVeldrick and Thomas, 36.

Spectrophotometric detmn. of iron and -- in
leaves of rubber tree (Hevea brasiliensis).
Middleton, 421.

American Association of Clinical Chemists: Stan
dard Methods of Clinical Chemistry. Vol. 4.
Seligson. (Review), 811.

1-(4-Amino-2-n-propyl-5-pyrimidinylmethyl)-2-pico
linium chloride: Detmng. amprolium in animal
feeding stuffs. Society for Analytical Chem
istry, Analytical Methods Committee,Prophy
lactics in Animal Feeds Sub-Committee, 505.

p-Aminosalicylic acid: Interference by -- or its
sodium salt in detmng. vitamin B , by the
thiochrome method. Sen and Sengupta, 558.

Ammonia: Absorptiometric detmn. of -- in
. boiler feed-water. Tetlow and \Vilson, 453.
Ammonium ions: Response properties of electrode

glass sensitive to potassium and --. Mattock
and Uncles, 350.

Amprolium: See 1-(4-Amino-2-n-proPYI-5-pyrimi
dinylmethyl)-2-picolinium chloride.

Analysis: Advances in X-Ray --. Vol. 6.
Mueller and Fay. (Review), 231.

Analytical Chemistry 1962. \Vest, Macdonald
and West. (Review). 301.
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cal --. Nalimov. Translated by Basll.
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Chemistry. Ostroumov. Translated by Pater
son. (Review). 77; Erratum, 156.

Chemical--. Elving and Kolthoff. Vol. XVII.
Electron Probe Microanalysis. Birks. (Re
view). 375.

Controlled-potential --. Rechnitz. (Review),
813.

Differential electrolytic potentiometry. XIV.
Examination of electrode parameters and
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Bishop and Short, 415; XV. Macro- and micro
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ville and Gowenlock. (Review), 809.
Gas -- by Gas Chromatography. Jeffery and
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Organic Functional Group --. Critchfield.
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(Review), 684.
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Siggia. 3rd Edn. (Review), 78.

Radioactivation --. Bowen and Gibbons.
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299.
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Annatto: Thin-layer chromatographic identification
of -- and other food colours. Ramamurthy
and Bhalerao, '740.

Antimony: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Separation of trace metals by manganese dioxide
collection method. I. Behaviour of --,
bismuth and tin: separation of traces of
-- and tin from bismuth. Ogden and
Reynolds, 538 ; Behaviour of lead: detmng.
-- and tin in presence of lead. Reynolds
and Tyler, 579.

Antimony sulphide: Polarographic detmn. of lead
in -- flotation concentrates. Groenewald,
140.

Antioxidants: Detection and Determination of -
in Food. Association of Public Analysts.
(Review), 504.

Apparatus: All-glass dispenser. Leet and Lee, 227.
Anion-exchange separation of titanium, zir

conium, niobium, tantalum, molybdenum and
tungsten, with particular reference to analysis
of alloys (ion-exchange column). Dixon and
Headridge, 185; Erratum, 688.

Application of the Freundlich isotherm to
adsorption of sugars from solution by a column
of charcoal. Walker and Morton, 512.

Automatic colorimetric detmn. of phosphorus,
manganese and silicon in steel (sampling
mechanism]. Scholes and Thulbourne, 466.

Automatic starter for paper chromatography.
Perold, Jacobs and Van Staden, 297.

Casting fused beads for use in X-ray fluorescence
analysis (casting ring). Carr-Brion, 556.

Cathode-ray polarography with the stationary
mercury-drop electrode. Tyler, 775.

Detmng. boron by pyrohydrolysis (pyrohydroly
sis --). Morgan, 621.

Detmng. chlorinated pesticides by electron
capture gas chromatography (glass liner;
electron-capture detector). Maunder, Egan
and Roburn, 157.

Detmng. fat-soluble vitamins in diet supplements
and compound feeding stuffs (-- for preparing
alkaline alumina; chromatographic--; filtra
tion assembly). Society for Analytical Chem
istry, Analytical Methods Committee, Additives
in Animal Feeding Stuffs Sub-Committee,
Vitamins (Fat-soluble) Panel, 7.

Detming. free sulphur dioxide in ciders (absorp
tion --). Burroughs and Sparks, 55.

Detmng. sulphur in plant material (wet-decom
position --). Lachica Garrido, 61.

Detmng. vitamin D in pharmaceutical prepara
tions by thin-layer chromatography. Heays
man and Sawyer, 529.

Detmng. volatile fatty acids by gas chromato
graphy with automatic titration (titrator).
Tilley, Canaway and Terry, 363; Erratum, 504.

Differential electrolytic potentiometry. XV.
Macro- and micro-coulometry of acid - base
reactions. Bishop and Short, 587.

Electrolytic hygrometer for detmng. oxide in
lead (electrolytic detector; flow-controller).
Hibbs and Nation, 49.

Eliminating water in gas-chromatographic detmn.
of chloroform in aqueous solutions. Evans, 295.

for detmng. small amounts of alcohol in sour
mi~k and urine. Andrews and Cooper, 27£.

Gas-chromatographic -- for analysis of mine
gases. Lee, Sudworth and Gibson, 103.

Apparatus-continued
High-pressure plasmas as spectroscopic emission

sources. Greenfield, J ones and Berry, 713.
Identifying aliphatic alcohols by pyrolysis (in

jection system and pyrolysis unit). Dhont, 7J.
Infrared spectroscopy in analysis of pesticide

residues (semi-preparative gas chromatograph).
Crosby and Laws, 319..

Ion-exchange column for use with atomic
absorption analysis. David, 747.

Karl Fischer titration unit for routine use.
Hawkins, 432.

Modified burner base for the Unicam SP900
flame photometer. Mackison, 745.

Plastics in the analytical laboratory. Jones, 629.
Rapid detmn. of nitrogen in apple juice and cider

(distillation, titration and digestion --).
Macfarlane and Mears, 428.

Recording radioactivity in eluates. Lloyd-Jones
and Skerrett, 782.

Response properties of electrode glass sensitive
to potassium and ammonium ions. Mattock
and Uncles, 350.

Spectrographic analysis of zinc and cadmium
chloride solutions and solid zinc and cadmium
sulphides by solution - powder method (elec
trode). Beck and Tubb, 205.

Use of sintered polymeric carriers in partition
chromatography and electrophoresis. Picrce
and Peck, 662.

Wedge-layer chromatographic clean-up of dino
seb extracts (-- for preparing wedge-layer
plates). Abbott and Thomson, 613.

Apple juice: Rapid detmn. of nitrogen in -- and
cider. Macfarlane and Mears, 428.

Arsenic: Emission.spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, \\'eldrick and Thomas, 36.

Arylhydroxylamines. IV. Colorimetric detmn.
Boyland and Nery, 95.

Ascorbic acid: Detmng. -- in blackcurrant and
other coloured fruit-juice syrups. Lee and
Leong, 674.

Use of a cation-exchange resin in detmng. urinary
Hughes, 618.

Association of Public Analysts: Detection and
Determination of Antioxidants in Food.
(Review), 504.

Atomic-absorption analysis: Ion-exchange column
for use with --. David, 747.

Atraton: See 6-Ethylamino-4-isopropylamino-
2-methoxy-l,3,5-triazine.

Atrazine : See 2-Chloro-6-ethylamino-4-isopropyl
amino-l,3,5-triazine.

Azinphos-methyl: Detcng. organo-phosphorus pesti
cides on thin-layer chromatograms. Bunvan,
615.

B

Balance: Vacuum Micro-- Techniques. Vol. 3.
Behrndt. (Review), 79.

Beers: Detmng. sulphur dioxide in -- and wines.
Jones, 678.

Beet molasses: Detmng. betaine in vinasses of --.
Gorog and Ezer, 282.

Benzene hexachloride: See Hexachlorocyclohexane.
Benzo[iXlpyrene: Effect of glycerol added to tobacco

on constituents (including --) of cigarette
smoke. Souza and Scherbak, 735.
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Beryllium: Chemistry of --. Everest. (Review), Book reviews-continued
562. Avtokratova. Analytical Chemistry of Ruthen-

Emission-spectrographic detmn. of impurities in ium, 812.
uranium-233 dioxide after pre-concentration of Behrndt. Vacuum Microbalance Techniques.
rare-earth elements by ion exchange. Birks, Vol. 3, 79.
Weldrick and Thomas, 36. Berg. Physical and Chemical Methods of

Betaine: Detmng. -- in vinasses of beet molasses. Separation, 79.
Gorog and Ezer, 282. Bertrand. Methodes Chimiques de Dosage des

BH115: Response properties of electrode glass Oligoelements, a Usages Biologiques, 686.
sensitive to potassium and ammonium ions. Bloemendal. Zone Electrophoresis in Blocks
Mattock and Uncles, 350. and Columns, 437.

BHC: See Hexachlorocyclohexane. Bowen and Gibbons. Radioactivation Analysis,
Biochemistry: Recent Advances in Food Science-3: 80.

-- and Biophysics in Food Research. Leitch Caldin. Fast Reactions in Solution, 683.
and Rhodes. (Review), 372. Cali. Trace Analysis of Semiconductor Materials,

Biophysics: Recent Advances in Food Science-3: 565.
Biochemistry and -- in Food Research. Campbell, Garvey, Cremer and Sussdorf. Methods
Leitch and Rhodes. (Review). 372. in Immunology, 504.

Biphenyl - sodium - dimethoxyethane complex: Copius Peereboom. Chromatographic Sterol
Semi-micro detmn. of fluorine and chlorine in Analysis as Applied to the Investigation of
organic compounds. V. Preparation of --. Milk Fat and Other Oils and Fats, 626.
Chambers, Holmes and Musgrave, 360. Critchfield. Organic Functional Group Analysis,

4,6-Bisethylamino-2-methoxy-l,3,5-triazine: De- 152.
tmng. triazine herbicides by gas - liquid Cross. Introduction to Practical Infra-Red
chromatography with particular reference to Spectroscopy. 2nd Edn., 686.
atraton in soil. Benfield and Chilwell, 475. Crouthamel. Progress in Nuclear Energy.

4,6-Bisethylamino-2-methylthio-l,3,5-triazine: De- Series IX. Analytical Chemistry. Vol. 3.
tmng. triazine herbicides by gas - liquid Parts 4, 5-7, 373.
chromatography with particular reference to Davies. Infra-red Spectroscopy and Molecular
atraton in soil. Benfield and Chilwell, 475. Structure, 372.

4,6-Bisisopropylamino-2-methoxy-l,3,5-triazine: Dozinel. Modern Methods of Analysis of Copper
Detmng. triazine herbicides by gas - liquid and Its Alloys. 2nd Edn., 300.
chromatography with particular reference to Duval. Inorganic Thermogravimetric Analysis,
atraton in soil. Benfield and Chilwell, 47;;. 808.

4,6-Bisisopropylamino-2-methylthio-l,3,5-triazine: Eastoe and Courts. Practical Analytical Methods
Detmng. triazine herbicides by gas - liquid for Connective Tissue Proteins, 78.
chromatography with particular reference to Edwards. Inorganic Reaction Mechanisms, 809.
atraton in soil. Benfield and Chilwell, 47;'. Elliott. Advances in Mass Spectrometry. Vol. 2,

Bismuth: Emission-spectrographic detmn. of im- 370.
purities in uranium-233 dioxide after pre- Elving, Kolthoff and Birks. Chemical Analysis.
concentration of rare-earth elements by ion Vol. XVII, 375.
exchange. Birks, Weldrick and Thomas. 36. Erdey. Gravimetric Analysis. Vol. I, 564.

Separation of trace metals by manganese dioxide Erdey. Theorie und Praxis der gravimetrischen
collection method. 1. Behaviour of antimony, Analyse. Part I, 565.
-- and tin: separation of traces of antimony Everest. Chemistry of Beryllium, 562.
and tin from --. Ogden and Reynolds, 538. Ferraro and Ziomek. Developments in Applied

Bis-NNN'N'-tetramethylphosphorodiamidic anhy- Spectroscopy. Vol. 2, 155.
dride: Analysing organo-phosphorus pesticide Finar. Organic Chemistry. Vol. 2. 3rd Edn.,
residues by gas chromatography. Egan, 813.
Hammond and Thomson, 175. Flett. Characteristic Frequencies of Chemical

Detcng. organo-phosphorus pesticides on thin- Groups in the Infra-red, 228.
layer chromatograms. Bunyan, 615. Frankel and Patai. Tables for Identification of

Infrared spectroscopy in analysis of pesticide Organic Compounds. 2nd Edn., 685.
residues. Crosby and Laws, 319. Fresenius, Jander and Grassmann. Handbuch

Blackcurrant syrup: Detmng. ascorbic acid in -- der analytischen Chemie. Part 2. Vol. IVaex,
and other coloured fruit-juice syrups. Lee 688.
and Leong, 674. Friess, Lewis and \Veissberger. Technique of

Blood: Cathode-ray polarography with the station- Organic Chemistry. Vol. VIII. Part II.
ary mercury-drop electrode (detmng. lead in 2nd Edn., 220.
--). Tyler, 775. Garratt, Brealey, Johnson, Smith and Sykes.

Detmng. chromium in biological material by Quantitative Analysis of Drugs. 3rd Edn., 500.
radioactivation. Bowen, 658. Gautier. Mises au Point de Chimie Analytique

Boiler feed-water: Absorptiometric detmn. of Pure et Appliquee et d'Analyse Bromatologique.
ammonia in --. Tetlow and Wilson, 453. Oth and 10th Series, 438.

Absorptiometric detmn. of iron in --. 1. Gautier and Malangeau. Mises au Point de
Detmng. reactive iron. Wilson, 389; II. Dis- Chimie Analytique Organique, Pharmaceutique
solving non-reactive iron, 402; III. Detmng. et Bromatologique. lIth Series, 438.
total iron content, 442. Gunn. Introduction to Fluorimetry, 374.

Bone: Detmng. chromium in biological material Gunther. Residue Reviews. Vol. 3, 154; Vols.
by radioactivation. Bowen, 658. 4 and 5, 751.

Book reviews: Hais and Macek. Handbuch der Papierchromato-
Alimarin and Petrikova. Inorganic Ultramicro- e graphie. Parts I, II and III, 561.

analysis, 566. Herington one Melting of Organic Compounds,
Allen and Cross. Molecular Vib~-~R2o~t~0~r~s~,~7~7~. -~~r---:,-;-·,

V\~~~~~ ~»~~~1~1~~r,
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Hersom and Hulland. Canned Foods: Intro

duction to Their Microbiology. 5th Edn., 564.
Irani and Callis. Particle Size: Measurement,

Interpretation and Application, 151.
Jeffery and Kipping. Gas Analysis by Gas

Chromatography, 814.
Jolly. Inorganic Chemistry of Nitrogen, 625.
Kaiser. Gas Phase Chromatography. Vols. I,

2 and 3, 298.
Kelly. Practical Mathematics for Chemists, 153.
Klotz and Young. Chemical Thermodynamics.

807.
Klotz and Young. Introduction to Chemical

Thermodynamics, 807.
Kodama. Methods of Quantitative Inorganic

Analysis, 562.
Krell. Handbook of Laboratory Distillation, 154.
Lamt>ie. Techniques for the Use of Radio

isotopes in Analysis, 810.
Lederer. Chromatographic Reviews. Vol. 5, 30 I.
Leitch and Rhodes. Recent Advances in Food

Science-3, 372.
Linnett. Electronic Structure of Molecules, 812.
McDowell. Mass Spectrometry, 374.
Mark, McKetta, Othmer and Standen. Kirk

Othmer Encyclopedia of Chemical Technology.
Vol. 2. 2nd Edn., 502; Vol. 3, 752.

Melville and Gowenlock. Experimental Methods
in Gas Reactions, 809.

Milner. Analysis of Petroleum for Trace Ele
ments, 5•.

Moshier. Analytical Chemistry of Niobium and
Tantalum, 624.

Mueller and Fay. Advances in X-Ray Analysis.
Vol. 6, 231.

Nalimov. Application of Mathematical Statistics
to Chemical Analysis, 152.

Ostroumov. Application of Organic Bases in
Analytical Chemistry, 77; Erratum, 156.

Paech, Tracey and Linskens. Modern Methods
of Plant Analysis. Vol. VI, 228.

Parrish and Mack. Data for X-Ray Analysis.
Vols. I, II and Ill. 2nd Edn., 685.

Phillips and Nachod. Organic Electronic Spec
tral Data. Vol. IV: 1958-1959, 374.

Potts. Chemical Infrared Spectroscopy. Vol. I,
503.

Pfibil. Komplexometrie. Part I, 688.
Rechnitz. Controlled-potential Analysis, 813.
Samuelson. Ion Exchange Separations in

Analytical Chemistry, 230.
Schmidt and Stackelberg. Modern Polarographic

Methods, 156.
Schwarz. Physical Methods in Organic Chemis

try, 684.
Seligson. Standard Methods of Clinical Chemis

try. Vol. 4, 811.
Siggia. Quantitative Organic Analysis via

Functional Groups. 3rd Edn., 78.
Stephen and Stephen. Solubilities of Inorganic

and Organic Compounds. Vol. I. Parts
I and 2, 561.

Stewart. Oxidation Mechanisms, 683.
Stock and Rice. Chromatographic Methods, 438.
Stolman. Progress in Chemical Toxicology.

Vol. I, 563.
Strohecker and Henning. Vitamin-Bestimmun

gen: Erprobte Methoden, 375.
Szy.manski. IR Theory and Practice of Infrared

Spectroscopy, 753. '
Szymanski. Lectures on Gas Chromatography

1962,371.
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Taylor. Neutron Irradiation and Activation

Analysis, 754.
Triebold and Aurand. Food Composition and

Analysis, 439.
Trifonov. Rare-Earth Elements, 687.
Varley and Gowenlock. West-European Sym

posia on Clinical Chemistry. Vol. 2, 151.
Waser. Quantitative Chemistry. Revised Edn.,

687.
Waters. Mechanisms of Oxidation of Organic

Compounds, 626.
Welcher. Standard Methods of Chemical Analy

sis. Vol. II. Parts A and B. 6th Edn., 299.
West, Macdonald and West. Analytical Chemis

try 1962, 301.
Whistler, Wolfrom and BeMiller. Methods in

Carbohydrate Chemistry. Vol. II, 149.
Whistler, Wolfrom, BeMiller and Shafizadeh.

Methods in Carbohydrate Chemistry. Vol. I,
149.

\VilIemsens. Organolead Chemistry, 684.
\/Viistenfeld and Haeseler. Trinkbranntweine

und Likore. 4th Edn., 625.
Zuman. Organic Polarographic Analysis, 683.
Zweig. Analytical Methods for Pesticides, Plant

Growth Regulators, and Food Additives.
Vol. I, 230.

British Pharmaceutical Codex, 1963, 150.
British Pharmacopoeia 1963, 80; Erratum, 302.
Chromatographie Symposium II: 1962, 232.
Detection and Determination of Antioxidants in

Food,504.
Education in Chemistry. Vol. I, No. I, January,

1964, 559.
Food Chemicals Codex. Part I, 504.
International Encyclopedia of Chemical Science,

624.
Second Report of the Toxicity Sub-Committee

of the Main Technical Committee of the British
Plastics Federation, with Methods of Analysis
of Representative Extractants, 501.

Standard Methods of the Oils and Fats Division
of the T.U.P.A.C. 5th Edn., 560.

Tables of Spectrophotometric Absorption Data
of Compounds Used for the Colorimetric
Determination of Elements, 439.

Boron: Detmng. -- by pyrohydrolysis. Morgan,
621.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration
of rare-earth elements by ion exchange. Birks,
\~reldrick and Thomas, 36.

Modified curcumin method for detmng. --, for
possihle application to continuous analysis of
aqueous solutions. Crawley, 749.

Bread: Detcn. and approximate detmn. of stearyl
tartrate in --. Williams, 289; Erratum, 376.

Brilliant green: Detmng. gold in soil with --.
Stanton and McDonald, 767.

British Plastics Federation: Second Report of the
Toxicity Sub-Committee of the Main Technical
Committee of ·the --, with Methods of
Analysis of Representative Extractants. (Re
view), 501.

Bromite: Detmng. hypobromite and -- with
tartrazine as indicator. Hashmi and Ayaz, 147.

N-Bromosuccinimide: Micro-detmn. of hydrazine
salts and derivatives (reaction with --).
Egginton and Graham, 226.

Butanol: Identifying aliphatic alcohols by pyrolysis.
Dhont, 71.
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Butter: Clean-up of animal fats and dairy products ,B-Carotene-continued
for analysmg chlorinated pesticide residues. Thin-layer chromatographic identification of
Maunder. Egan, Godly, Hammond. Roburn annatto and other food colours. Ramamurthy
and Thomson. 168. and Bhalerao. 740.

Thin-layer chromatographic identification of Cerium-141: See Radiocerium.
:~~a~~~~~a~:h;~loodcolours. Ramamurthy Cerium-l44: See Radiocerium.

Chemistry: Education in --. Vol. I. No. I.
January, 1964. Gibbs. (Review). 559.

Electronic Structure of Molecules: New Approach.
Linnett. (Review). 812.

Fast Reactions in Solution. Caldin. (Review).
683.

Kirk-Othmer Encyclopedia of Chemical Tech
nology. Vol. 2. Mark. McKetta, Othmer and
Standen. 2nd Edn. (Review). 502; Vol. 3.
752.

Inorganic Reaction Mechanisms: Introduction.
Edwards. (Review). 809.

International Encyclopedia of Chemical Science.
(Review). 624.

Organic --. Vol. 2. Stereochemistry and the
-- of Natural Products. Finar. 3rd Edn.
(Review). 813.

Oxidation Mechanisms: Applications to Organic
Stewart. (Review). 683.

Physical Methods in Organic --. Schwarz.
(Review), 684.

Practical Mathematics for Chemists.
(Review), 153.

Standard Methods of Clinical --. Vol. 4.
Seligson. (Review). 811.

Technique of Organic --. Vol. yUI. Part II.
Friess, Lewis and Weissberger. 2nd Edn.
(Review). 229.

West-European Symposia on Clinical--. Vol. 2.
Clinical -- of Monoamines. Varley and
Gowenlock. (Review). 151.

Chicory: Spectrophotometric detmn. of caffeine
in coffee - -- mixtures: removal of hydroxy
methylfurfural by bisulphite. Conacher and
Rees. 806.

CWoral hydrate: Detcng. trichloro sedatives in
urine. Moss and Kenyon. 802.

CWorbutol: See 1.1,l-TricWoro-t-butanol.
CWoretone: See l,l.l-TricWoro-t-butanol.
CWorine: Semi-micro detmn. of fluorine and

in organic compounds. V. Preparation of
biphenyl - sodium - dimethoxyethane complex.
Chambers, Holmes and Musgrave, 369.

2-CWoro-4,6-bisethylamino-1.3.5-triazine: Detmng.
triazine herbicides by gas - liquid chromato
graphy with particular reference to atraton
in soil. Benfield and Chilwell. 475. .

2-CWoro-4-diethylamino-6-ethylamino-l,3.5-triazine :
Detmng. triazine herbicides by gas - liquid
chromatography with particular reference to
atraton in soil. Benfield and Chilwell, 475.

2-CWoro-2-diethylcarbamoyl-1-methylvinyl di-
methyl phosphate: Analysing organophosphorus
pesticide residues by gas chromatography.
Egan. Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws. 319.

2-CWoro-6-ethylamino-4- isopropylamino -1,3,5 - tri 
azine: Detmng. triazine herbicides by gas
liquid chromatography with particular reference
to atraton in soil. Benfield and Chilwell, 475.

CWbroform: Eliminating water in gas-chromato
graphic detmn. of -- in aqueous solutions.
Evans. 295.

Cadmium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentratIOn of rare-earth elements by ion
exchange. Birks. Weldrick and Thomas 36.

Cadmium. cWoride: Spectrographic analysis of zinc
chlonne and -- solutions and solid zinc and
cadmium sulphides by solution - powder
method. Beck and Tubb, 205.

Cadmium sulphide: Spectrographic analysis of zinc
and cadmium chloride solutions and solid zinc
sulphide and -- by solution - powder method.
Beck and Tubb, 205.

Caesium-137: See Radiocaesium.
Caffeine: Spectrophotometric detmn. of

Smith. 146.
Spectrophotometric detmn. of -- in coffee

chicory mixtures: removal of hydroxymethyl
furfural by bisulphite. Conacher and Rees 806

Calcium: Constant-potential amperometric 'tech~
nique for successive complexometric detmn.
of -- and magnesium. Sethu Rao. Sudheen
dranath. Krishna Rao, Bhimascna Rao and
.\nantakrishnan. 608.

Detmng .. -- and '!'agnesium in biological
matenal by rad.oactlvatlOn analysis. Bowen,
Cawse and Daglish. 266; Erratum. 376.

Flame-photometric detmn. of -- in industrial
phosphoric acid. Johnston and Stow. 290.

Flame-photometry for detmng. phosphate (and
--). Ratner and Scheiner. 136.

Calibration curves: Subtracting the blank value.
Higgins. 211.

Capsaicin: Recommended methods of assay of
crude drugs. Detmng. -- content of cap
sIcum and its preparations. Pharmaceutical
Society and Society for Analytical Chemistry
377. .

Capsicum: Recommended methods of assay of crude
drugs. Detmng. capsaicin content of -- and
its preparations. Pharmaceutical Society and
SocIety for Analytical Chemistry. 377.

Carbamates, hydroxy-: Colorimetric detmn. of
N-hydroxyurethane and related compounds.
Boyland and Nery. 1)20; Erratum. 626.

Carbohydrate(s): Methods in -- Chemistry.
Vol. I. Whistler, Wolfrom. BeMiller and
Shafizadeh. Vol. II. Whistler. Wolfrom and
BeMiller. (Review). 149.

l-Carbomethoxy-l-propen-2-yl dimethyl phosphate:
Analysmg organo-phosphorus pesticide residues
by gas chromatography. Egan. Hammond and
Thomson. 175.

Carbon: Diffusion-controlled oxidation of -- in
nickel and other metals as basis of analysis.
Rickard. 235.

N-(2-Carboxyphenyl)-hydroxylamine. Arylhydroxyl
ammes. IV. Colorimetric detmn. Boyland
and Nery, 95.

p-Carotene: Detmng. fat-soluble vitamins in diet
supplements and compound feeding stuffs.
SocIety for Analytical Chemistry. Analytical
~Iethods CommIttee. Additives in Animal
Feeding Stuffs Sub-Committee. Vitamins (Fat
soluble) Panel. 7.



xx INDEX TO VOLUME 89

4-Chloro-2-methylphenoxyacetic acid: Chromato
graphic detcn. and detmn. of organo-chlorine
herbicides. in soil and water. Abbott, Egan,
Hammond and Thomson, 480.

4-(4-Chloro-2-methylphenoxy)butyric acid: Chroma
tographic detcn. and detmn. of organo-chlorine
herbicides in soil and water. Abbott, Egan,
Hammond and Thomson, 480.

S-(p-Chlorophenylthiomethyl) OO-diethyl phos
phorothiolothionate: Analysing organo-phos
phorus pesticide residues by gas chromato
graphy. Egan, Hammond and Thomson, 175.

Chlorthion: Analysing organo-phosphorus pesticide
residues by gas chromatography. Egan,
Hammond and Thomson, 175.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Chocolate: Detmng. sorbitol in -- for dia])etics.
Turner, 115; Erratum, 302.

. Chromatograph: Gas-chromatographic apparatus
for analysing mine gases. Lee, Sudworth and
Gibson, 103.

Infrared spectroscopy in analysis of pesticide
residues (semi-preparative gas --). Crosby
and Laws, 319.

Chromatography: Application of the Freundlich
isotherm to adsorption of sugars from solution
by a column of charcoal. Walker and Morton,
512.

Automatic starter for paper --. Perold,
Jacobs and Van Staden, 297.

Chromatographic Methods. Stock and Rice.
(Review), 438.

Chromatographic Reviews: Progress in --,
Electrophoresis and Related Methods. Vol. 5.
Lederer. (Review), 301.

Chromatographie Symposium II: 1962. (Review).
232.

Comparison of hypodermic and pipette injection
systems in gas - liquid Grant and
Knott, 801.

Gas Analysis by Gas --. Jeffery and I<ipping.
(Review). 814.

Gas Phase --. Vols. I, 2 and 3. Kaiser.
Translated by Scott. (Review), 298.

Handbuch der Papierchromatographie. Parts I,
II and III. Hais and Macek. (Review),:>6\.

Lectures on Gas -- 1962. Szymanski. (Re
view), 371.

Measuring elution peaks in gas -liquid --.
Scott and Grant, 179.

Recording radioactivity in eluates. Lloyd-Jones
and Skerrett, 782.

Use of sintered polymeric carriers in partition
-- and electrophoresis. Pierce and Peck, 662.

Chromium: Detmng. -- in biological material by
radioactivation. Bowen, 658.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Cider: Detmng. free sulphur dioxide content of --.
Burroughs and Sparks, 55.

Rapid detmn. of nitrogen in apple juice and --.
Macfarlane and Mears, 428.

Cigarette-smoke: Detmng. steam-volatile phenols
present in -- condensate. I. Colorimetric
detmn. of total steam-volatile phenols. Smith
and King, 305; II. Detmng. phenol, cresols
~nd guaiacol by thin-layer chromatography,
312.

Effect of glycerol added to tobacco on constituents
of --. Souza and Scherbak, 735.

Citronellol: Detmng. -- in presence of geraniol
and Iinalol: method based on reactions with
p-toluenesulphonic acid. Holness, 763.

Clinical Chemistry: Standard Methods of --.
Vol. 4. Seligson. (Review). 811.

"Vest-European Symposia on --. Vol. 2.
of Monoamines. Varley and Gowenlock.
(Review). 151.

Cobalt: Emission-spectrographic detmn. of impuri
ties in uranium-233 dioxide after pre-concen
tration of rare-earth elements by ion exchange.
Birks, Weldrick and Thomas, 36.

Cocoa: Detmng. parathion and related insecticides
by gas - liquid chromatography, with special
reference to fenitrothion residues in --.
Dawson, Donegan and Thain, 495.

Coffee: Spectrophotometric detmn. of caffeine in
-- - chicory mixtures: removal of hydroxy
methylfurfural by bisulphite. Conacher and
Rees, 806.

Colorimetry: See Analysis.
Colouring matters: See Dyes.
Columbium: See Niobium.
Connective Tissue: Practical Analytical Methods

for -- Proteins. Eastoe and Courts. (Re
view), 78.

Copper: Detmng. traces of iron and lead in -
metal and cupric salts. Hair and Newman, 42.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Modern Methods of Analysis of -- and its
Alloys. Dozinel. 2nd Edn. (Review), 300.

Coulometry: See Analysis.
Cresols: Detmng. steam-volatile phenols present in

cigarette-smoke condensate. II. Detmng.
phenol, and guaiacol by thin-layer
chromatography. Smith and Sullivan, 312.

Crops: See Plants.
Curcumin: Modified -- method for detmng.

boron, for possible application to continuous
analysis of aqueous solutions. Crawley, 749.

Thin-layer chromatographic identification of
annatto and other food dyes. Ramamurthy
and Bhalerao, 740.

Cyanide: Aldridge method and modifications for
detmng. small amounts of -- in effluents.
Higson and Bark, 338.

Detmng. --- in cyanophoric plants. Kriede
man, 145.

plating solutions: Detmng. indium in cyanide
indium plating solutions. Metcalfe and
Knowles, 293.

Cyanocobalamin: Detmng. water-soluble vitamins
in compound feeding stuffs. Society for
Analytical Chemistry, Analytical Methods
Committee, Additives in Animal Feeding
Stuffs Sub-Committee, Vitamins (\Vater
soluble) Panel, 1; Erratum, 232.

Cystamine: Separating and detmng. oxidation
products of cysteamine. Jayson, Owen and
Wilbraham, 788.

Cysteamine: Separating and detmng. oxidation
products of --. Jayson, Owen and Wilbra
ham, 788.

Cysteine: Detmng. -- and its N-acid derivatives
in presence of each other. "Vronski, 800.

D

2,4-D: See 2,4-Dichlorophenoxyacetic acid.
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Dairy products: Clean-up of animal fats and -
for analysing chlorinated pesticide residues.
Maunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

Dalapon: See 2,2-Dichloropropionic acid.
2,4-DB: See 4-(2,4-Dichlorophenoxy) butyric acid.
pp'-DDE: Extraction of organo-chlorine pesticides

from animal tissue. Taylor, Rea and Kirby,
497.

DDT: See 1,1,I-Trichloro-2,2-di(4-chlorophenyl)
ethane.

Delnav: See 2,3-p-Dioxandithiol bis-(OO-diethyl
phosphorothiolothionate) .

Demeton-O: See Diethyl 2-(ethylthio) ethyl phos
phorothionate.

Demeton-S: See Diethyl S-[2-ethylthio)ethyl] phos
phorothiolate.

Desmetryne: See 6-isoPropylamino-4-methylamino
2-methylthio-l,3,5-triazine.

Detergents: See Surface-active agents.
Diazinon: See Diethyl 2-isopropyl-6-methyl-4-pyri

midinyl phosphorothionate.
1,I-Dichloro-2,2-bis(p-chlorophenyl)-ethane: Clean

up of animal fats and dairy products for
analysing chlorinated pesticide residues. Maun
der, Egan, Godly, Hammond, Roburn and
Thomson, 168.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Roburn, 157.

2,4-Dichlorophenoxyacetic acid: Chromatographic
detcn. and detmn. of organo-chlorine herbicides
in soil and water. Abbott, Egan, Hammond
and Thompson, 480.

4-(2,4-Dichlorophenoxy) butyric acid: Chromato
graphic detcn. and detmn. of organo-chlorine
herbicides in soil and water. Abbott, Egan,
Hammond and Thomson, 480.

S-(2,5-Dichlorophenylthiomethyl) diethyl phosphoro
thiolothionate: Analysing organo-phosphorus
pesticide residues by gas chromatography.
Egan, Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 61;3.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

2,2-Dichloropropionic acid: Chromatographic detcn.
and detmn. of organo-chlorine herbicides in
soil and water. Abbott, Egan, Hammond and
Thomson, 480.

Dieldrin: See 1,2,3,4,10,10-Hexachloro-6,7-epoxy
1,4,4a,5,6,7,8,8a -octahydro-exo-l,4-endo - 5,8
dimethanonaphthalene.

S-[I,2-Di(ethoxycarbonyl)ethyl] dimethyl phosphoro
thiolothionate: Analysing organo-phosphorus
pesticide residues by gas chromatography.
Egan, Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Interference by extractives in detmng. -
residues in rice bran. Bates and Rowlands, 286.

Recovery of -- from stored products. Bates
and Rowlands, 288.

Recovery of -- residues from pimento. Row
lands, 498.

Diethyl S-[2-(ethylthio) ethyl] phosphorothiolate: De
tcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Diethyl 2-(ethylthio) ethyl phosphorothionate:
Detcng. organo-phosphorus pesticides on
thin-layer chromatograms. Bunyan, 615.

DiethyIS-(ethylthiomethyl) phosphorothiolothionate:
Analysing organo-phosphorus pesticide residues
by gas chromatography. Egan, Hammond and
Thomson, 175.

Detcng. organa-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Diethyl 2-isopropyl-6-methyl-4-pyrimidinyl phos
phorothionate: Analysing organa-phosphorus
pesticide residues by gas chromatography.
Egan, Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Diethyl 4-nitrophenyl phosphorothionate: Analysing
organo-phosphorus pesticide residues by gas
chromatography. Egan, Hammond and Thom
son, 175.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Raburn, 157.

Detmng. -- and related insecticides by gas
liquid chromatography, with special reference
to fenitrothion residues in cocoa. Dawson,
Donegan and Thain, 495.

I nfrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Dimethoate: See Dimethyl S-(N-methylcarbamoyl
methyl) phosphorothiolothionate.

Dimethyl S-(N-methylcarbamoylmethyl) phosphoro
thiolothionate: Analysing organo-phosphorus
pesticide residues by gas chromatography.
Egan, Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

O,O-Dimethyl S-2-(I-methylcarbamoylethylthio)
ethyl phosphorothiolate: Detcng. organo-phos
phorus pesticides on thin-layer chromatograms.
Bunyan, 615.

Dimethy13-methyl-4-nitrophenyl phosphorothionate:
Detmng. parathion and related insecticides by
gas - liquid chromatography, with special refer
ance to fenitrothion residues in cocoa. Dawson,
Donegan and Thain, 491;.

Dimethyl S-(morpholinocarbonylmethyl) phosphoro
thiolothionate: Analysing organo-phosphorus
pesticide residues by gas chromatography.
Egan, Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Dimethyl 4-nitrophenyl phosphorothionate: Analys
ing organo-phosphorus pesticide residues by
gas chromatography. Egan, Hammond and
Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 61;'.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

N-(3,4-Dimethylphenyl)-hydroxylamine: Aryl-
hydroxylamines. IV. Colorimetric detmn.
Boyland and Nery, 95.

Dimethyl 2,4,5-trichlorophenyl phosphorothionate:
Analysing organo-phosphorus pesticide residues
by gas chromatography. Egan, Hammond
and Thomson, 175.

Detcng. organa-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Raburn, 157.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.
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Dinoseb: See 2-(1-Methyl-n-propyl)-4,6-dinitro
phenol.

2,3-p-Dioxandithiol bis( OO-diethyl phosphorothiolo
thionate: Analysing organo-phosphorus pesti
cide residues by gas chromatography. Egan,
Hammond and Thomson, 175.

Dispenser: All-glass --. Leet and Lee, 227.
Dispersing agents for tin - dithiol complex. Board

and Elbourne, 555.
Distillation: Handbook of Laboratory --. Krell.

Translated by Verver. Edited by Lumb.
(Review). 154.

Disulphoton: Analysing organo-phosphorus pesti
cide residues by gas chromatography. Egan,
Hammond and Thomson, 175.

Dithiol: Dispersing agents for tin - -- complex.
Board and Elbourne, 555.

Drinks: Trinkbranntweine und Likore. Wiistenfeld
and Haeseler. 4th Edn. (Review), 625.

Drugs: Quantitative Analysis of --. Garratt,
assisted by Brealey, Johnson, Smith and Sykes.
3rd Edn. (Review). 500.

Recommended methods of assay of crude --.
Detmng. capsaicin content of capsicum and
its preparations. Pharmaceutical Society and
Society for Analytical Chemistry, 377.

Drying agents for essential oils. Society for
Analytical Chemistry, Analytical Methods
Committee, Essential Oils Sub-Committee,
233; Erratum, 688.

Dyes: Detcng. Orange RN and Orange II in meat.
Dutt, 142.

Thin-layer chromatographic identification of
annatto and other food colours. Ramamurthy
and Bhalerao, 740.

Dysprosium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

E

Editorials: 441, 629.
Education in Chemistry. Vol. I, No.1, January,

1964. Gibbs. (Review), 559.
Effluents: Aldridge method and modifications for

detmng. small amounts of cyanide in --.
Higson and Bark, 338.

Eggs: Clean-up of animal fats and dairy products
for analysing chlorinated pesticide residues.
YIaunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

Electrode: Differential electrolytic potentiometry.
XIV. Examination of -- parameters and
-- systems in acid - base titrimetry. Bishop
and Short, 415.

glass: Response properties of -- sensitive to
potassium and ammonium ions. Mattock and
Uncles, 350.

Electrolysis: Differential electrolytic potentiometry.
XIV. Examination of electrode parameters
and electrode systems in acid - base titrimetry.
Bishop and Short, 415; XV. Macro- and micro
coulometry of acid - base reactions, 587.

Electron Probe Microanalysis: Chemical Analysis.
Elving and Kolthoff. Vol. XVII.
Birks. (Review), 375.

Electrophoresis: Chromatographic Reviews: Pro
gress in Chromatography, -- and Related
Methods. Vol. 5. Lederer. (Review), 301.

Use of sintered polymeric carriers in pattition
chromatography and Pierce and Peck,
662.

Electrophoresis-conti nued
Zone -- in Blocks and Columns. Bloemendal.

(Review), 437.
Encyclopedia: International of Chemical

Science. (Review), 624.
Kirk-Othmer -- of Chemical Technology.

Vol. 2. Mark, McKetta, Othmer and Standen.
2nd Edn. (Review). 502; Vol. 3, 752.

Endrin: See l,2,3,4,lO,lo-Hexachloro-6,7-epoxy
l,4,4a,5,6,7,8,8a-octahYdro-exo-l,4-exo-5,8-di
methanonaphthalene.

Erbium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, \Veldrick and Thomas, 36.

Essential oils: Detmng. ci tronellol in presence of
geraniol and Iinalol: method based on reactions
with p-toluenesulphonic acid. Holness, 763.

Detmng. Iinalol in --: amendment. Society
for Analytical Chemistry, Analytical Methods
Committee, Essential Oils Sub-Committee, 510.

Drying agents for --. Society for Analytical
Chemistry, Analytical Methods Committee,
Essential Oils Sub-Committee, 233; Erratum,
688.

Ethanol: See Ethyl alcohol.
Ethion: See Tetraethyl SS'-methylene bis(phos

phorothiolothionate).
Ethyl alcohol: Apparatus for detmng. small amounts

of -- in sour milk and urine. Andrews and
Cooper, 272.

6-Ethylamino -4- isopropylamino - 2 - methoxy-l,3,5
triazine: Detmng. triazine herbicides by gas
liquid chromatography with particular refer
ence to atraton in soi\. Benfield and Chilwell,
475.

Ethyl bixin: Thin-layer chromatographic identifica
tion of annatto and other food colours. Rama
murthy and Bhalerao, 740.

S-[2-(Ethylthio)ethyll dimethyl phosphorothiolothio
nate: Analysing organo-phosphorus pesticide
residues by gas chromatography. Egan,
Hammond and Thomson, li5.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Europium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide aftcr pre
concentration of rare-earth elements by ion
exchange. Birks, vVeldrick and Thomas, 36.

F

Faraday effect, magnetic rotatory dispersion and
magnetic circular dichroism: review. Dawber,
755.

Fats: Chromatographic Sterol Analysis as Applied
to the Investigation of Milk -- and Other
Oils and --. Copius Peereboom. (Review),
626.

Clean-up of animal -- and dairy products for
analysing chlorinated pesticide residues. Maun
der, Egan, Godly, Hammond, Roburn and
Thomson, 168.

Method for quantitatively isolating hydrolysate
lipids from biological materials, and its use
as reference method for detmng. -- in foods.
Wren and Wojtczak, 122.

Standard Methods of the Oils and -- Division
of the I.U.P.A.C. 5th Edn. (Review), 560.

Fatty acids: Detmng. volatile -- by gas chromato-
graphy with automatic titration. Tilley,
Canaway and Terry, 363; Erratum, 504.
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Feeding stulls additive: Application of paper and
thin-layer chromatography to identification of
thyroxine in --. Patterson and Clements,
328.

Colorimetric detmn. of total nitrogen in --.
Williams, 276; Erratum, 814.

Detmng. amprolium in animal --. Society
for Analytical Chemistry, Analytical Methods
Committee, Prophylactics in Animal Feeds
Sub-Committee, 505.

Detmng. fat-soluble vitamins in diet supplements
and compound --. Society for Analytical
Chemistry, Analytical Methods Committee,
Additives in Animal Feeding Stuffs Sub
Committee, Vitamins (Fat-soluble) Panel, 7.

Detmng. water-soluble vitamins in compound
Society for Analytical Chemistry,

Analytical Methods Committee, Additives in
Animal Feeding Stuffs Sub-Committee, Vita
mins (\'1ater-soluble) Panel, I; Erratum, 232.

Residue Reviews: Residues of Pesticides and
Other Foreign Chemicals in Foods and Feeds.
Vol. 3. Gunther. (Review), 154; Vols. 4 and 5,
751.

Fenchlorphos: See Dimethyl 2,4,S-trichlorophenyl
phosphorothionate.

Fenitrothion: See Dimethyl 3-methyl-4-nitrophenyl
phosphorothionate.

Fenthion: 1nfrared spectroscopy in analysis of
pesticide residues. Crosby and Laws, 319.

Flame photometer: Modified burner base for the
Unicam SP900 --. Mackison, 745.

Fleece: Clean-up of animal fats and dairy products
for analysing chlorinated pesticide residues.
Maunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

See also Wool.
Flour: Clean-up of animal fats and dairy products

for analysing chlorinated pesticide residues.
Maunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

Fluorimetry: Introduction to --. Gunn. (Re
view), 374.

Fluorine: Semi-micro detmn. of -- and chlorine
in organic compounds. V. Preparation of
biphenyl - sodium - dimethoxyethane complex.
Chambers, Holmes and Musgrave, 369.

Food Additives: Analytical Methods for Pesticides,
Plant Growth Regulators, and --. Vol. 1.
Zweig. (Review), 230.

Canned --: Introduction to Their Microbiology
(Baumgartner). Hersom and Hulland. 5th
Edn. (Review), 564.

Chemicals Codex. Part 1. (Review), 504.
colours: Thin-layer chromatographic identifica

tion of annatto and other --. Ramamurthy
and Bhalerao, 740.

Composition and Analysis. Triebold and Aurand.
(Review), 439.

Detection and Determination of Antioxidants
in --. Association of Public Analysts.
(Review), 504.

Method for quantitatively isolating hydrolysate
lipids from biological materials, and its use as
reference method for detmng. fats in --.
Wren and \Vojtczak, 122.

Recent Advances in -- Science-3: Biochemis
try and Biophysics in -- Research. Leitch
and Rhodes. (Review), 372.

Residue Reviews: Residues of Pesticides and
Other Foreign Chemicals in -- and Feeds.
Vol. 3. Gunther. (Review), 154; Vols. 4 and ii,
751.

Food-continued
Second Report of the Toxicity Sub-Committee

of the Main Technical Committee of the
British Plastics Federation, with Methods of
Analysis of Representative Extractants. (Re
view), 501.

Fruit syrups: Detmng. ascorbic acid in blackcurrant
and other coloured fruit-juice syrups. Lee
and Leong, 674.

Furfuraldehyde: Identifying -- in hydrocarbon
oil. Palframan and Rose, 553; Erratum, 688.

G

Gadolinium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Gallium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Gas chromatography: See Chromatography.
Gas oil: Identifying furfuraldehyde in hydrocarbon

oil. Palfrarnan and Rose, 553; Erratum, 688.
Gas Reactions: Experimental Methods in --.

Melville and Gowenlock. (Review), 809.
Gelatine: Practical Analytical Methods for Con

nective Tissue Proteins. Eastoe and Courts.
(Review), 78.

General Medical Council: British Pharmacopoeia
1963. (Review), 80; Erratum, 302.

Germanium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, \'1eldrick and Thomas, 3(;.

Glass: Response properties of electrode -- sensi
tive to potassium and ammonium ions.
Mattock and Uncles, 350.

Glue: Practical Analytical Methods for Connective
Tissue Proteins. Eastoe and Courts. (Review),
78.

Glycerol: Detmng. propylene glycol (and --) in
tobacco by cellulose column chromatography.
Clements and Patterson, 67.

Effect of -- added to tobacco on constituents
of cigarette smoke. Souza and Scherbak, 735.

Gold: Detmng. -- in soil with Brilliant green.
Stanton and McDonald, 767.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earths by ion exchange. Birks, Weldrick
and Thomas, 36.

Grasses: Comparison of Kjeldahl and sulphuric
acid - hydrogen peroxide methods and their
salicylic acid - thiosulphate modifications for
detmng. total nitrogen in --. Ekpete and
Cornfield, 670.

Groundnut(s): Detcng. and detmng. aflatoxin in
-- and -- materials. III. Classification
of aflatoxin B. levels. Coomes, Crowther,
Francis and Shone, 436.

Guaiacol: Detmng. steam-volatile phenols present
in cigarette-smoke condensate. II. Detmng.
phenol, cresols and by thin-layer
chromatography. Smith and Sullivan, 312.

H

Hafffium mandelate : Thermogravimetric study of
mandelates of zirconium and hafnium. Adams
and Holness, 603.
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Hafnium selenite: Thermogravimetric study of
selenites of hafnium and zirconium. Adams
and Holness, 31.

HEOD: See 1,2,3,4,10,10- Hexachloro - 6,7 - epoxy
l,4,4a.5,6,7,8,8a-octahYdro-exo-1,4-endo-5,8
dimethanonaphthalene.

Heptachlor: See l,4,5,6,7,10,10-Heptachloro-4,7,8,9
tetrahydr0-4,7-methanoindene.

l,4,5,6,7,10,10-Heptachloro - 4,7,8,9-tetrahydro - 4,7
methanoindene: Clean-up of animal fats and
dairy products for analysing chlorinated
pesticide residues. :\1aunder, Egan, Godly,
Hammond, Rohurn and Thomson, 168.

Heptachlor epoxide: Clean-up of animal fats and
dairy products for analysing chlorinated pesti
cide residues. Maunder, Egan, Godly, Ham
mond, Roburn and Thomson, 168.

Detmng. chlorinated pesticides by electron-cap
ture gas chromatography. Maunder, Egan and
Roburn, 157.

Extraction of organo-chlorine pesticides from
animal tissue. Taylor, Rea and I{irby, 497.

Heptanol: Identifying aliphatic alcohols by pyroly
sis. Dhont, 71.

Herbage: See Plants.
Herbicides: Chromatographic detcn. and detmn. of

organo-chlorine -- in soil and water. Abbott,
Egan, Hammond and Thomson, 480.

Detmng. triazine -- by gas - liquid chromato
graphy with particular reference to atraton
in soil. Benfield and Chilwell, 475.

Hevea brasiliensis: See Rubber.
Hexachlorocyclohexane: Clean-up of animal fats and

dairy products for analysing chlorinated pesti
cide residues. Maunder, Egan, Godly, Ham
mond, Roburn and Thomson, 168.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Roburn, 157.

Extraction of organo-chlorine pesticides from
animal tissue. Taylor, Rea and Kirby, 497.

Field detmn. of -- in timber dips. Yuen, 726.
1,2,3,4,10,10 - Hexachloro - 6,7 - epoxy -l,4,4a,5,6,7,8,

8a-octahydro - exo -1,4 - endo - 5,8 - dimethano
naphthalene: Clean-up of animal fats and dairy
products for analysing chlorinated pesticide
residues. Maunder, Egan, Godly, Hammond,
Roburn and Thomson, 168.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Roburn, 157.

Extraction of organo-chlorine pesticides from
animal tissue. Taylor, Rea and Kirby, 497.

1,2,3,4,10,10 - Hexachloro- 6,7- epoxy -l,4,4a,5,6,7,8,
8a- octahydro-exo -l,4-exo -5,8- dimethano
naphthalene: Clean-up of animal fats and dairy
products for analysing chlorinated pesticide
residues. Maunder, Egan, Godly, Hammond,
Roburn and Thomson, 168.

Extraction of organo-chlorine pesticides from
animal tissue. Taylor, Rea and Kirby, 497.

l,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a- he x ahydr 0
ex 0 -1,4 - endo - 5, 8 - dimethanonaphthalene:
Clean-up of animal fats and dairy products for
analysing chlorinated pesticide residues. Maun
der, Egan, Godly, Hammond, Roburn and
Thomson, 168.

Hexanol: Identifying aliphatic alcohols by pyrolysis.
Dhont, 71.

Holmium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after- pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Honey: Occurrence of honeydew in --. III.
Cowan and Mitchell, 222.

Honeydew: Occurrence of -- in honey. Cowan
and Mitchell, 222.

HYdrazine: Micro-detmn. of -- salts and deriva
tives. Egginton and Graham, 226.

Hydrocarbon oil: Identifying furfuraldehyde in --.
Palframan and Rose, 553; Erratum, 688.

Hydrogen: Gas-chromatographic apparatus for
analysing mine gases (detmng. --). Lee,
Sudworth and Gibson, 103.

Hydrolysate lipids: Method for quantitatively isolat
ing -- from biological materials, and its
use as reference method for detmng. fats in
foods. Wren and \oVojtczak, 122.

Hydroxycarbamates: Colorimetric detmn. of N
hydroxyurethane and related compounds.
Boyland and Nery, 520; Erratum, 626.

Hydroxylamine(s): Aryl--. IV. Colorimetric
detmn. Boyland and Nery, 95.

Copper-catalysed oxidation of --. Anderson, '
357.

Hydroxymethyllurfural: Occurrence of honeydew
in honey (detmng. --). Cowan and Mitchell,
222.

Spectrophotometric detmn. of caffeine in coffee 
chicory mixtures: removal of -- by bisul
phite. Conacher and Rees, 806.

p-2-Hydroxy-1-naphthylazobenzenesulphonic acid:
Detcng. Orange RN and Orange II in meat.
Dutt, 142.

N-Hydroxyurethane: Colorimetric detmn. of -
and related compounds. Boyland and Nery,
520; Erratum, 626.

Hygrometer: Electrolytic -- for detmng. oxide
in lead. Hibbs and Nation, 49.

Hypobromite: Detcng. -- and bromite with
tartrazine as indicator. Hashmi and Ayaz, a7.

Hypataurine: Separating and detmng. oxidation
products of cysteamine. Jayson, Owen and
Wilbraham, 788.

I

Immunology: Methods in --. Campbell, Garvey,
Cremer and Sussdorf. (Review), 504.

Indium: Detmng. -- in cyanide -- plating
solutions. Metcalfe and Knowles, 293.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Infra-red: Characteristic Frequencies of Chemical
Groups in the --. Flett. (Review), 228.

Insecticides: See Pesticides.
International Union of Pure and Applied Chemistry:

Standard Methods of the Oils and Fats Division
of the I.U.P.A.C. 5th Edn. (Review), 560.

Tables of Spectrophotometric Absorption Data
of Compounds Used for the Colorimetric
Determination of Elements. (Review), 439.

Ion-exchange column for use with atomic-absorption
analysis. David, 747.

Separations in Analytical Chemistry. Samuelson.
(Review), 230.

lonones: Separating isomeric -- and methyl
ionones by multiple thin-layer chromatography.
Dhont and Dijkman, 681.

Iron: Absorptiometric detmn. of -- in boiler
feed-water. I. Detmng. reactive --. Wilson,
389; II. Dissolving non-reactive --, 4,02;
III. Detmng. total -- content, 442.
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Iron-continued
Detmng. traces of -- and lead in copper metal

and cupric salts. Hair and Newman, 42.
Diffusion-controlled oxidation of carbon in nickel

and other metals (--) as basis of analysis.
Rickard, 235.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Gravimetric detmn. of -- by homogeneous
precipitation of the tris(2-thiopyridine-N
oxide) - iron II I complex. Dalziel and Thomp
son, 707; Erratum, 814.

Spectrophotometric detmn. of -- and alu
minium in leaves of rubber tree (H.v.a brasilien
sis). Middleton, 42l.

Irradiated silica ampoules: Detmng. uranium-233
by neutron activation and ring-oven separa
tion of molybdenum-99 - technetium-99 (open
ing --). Hilton and Reed, 599.

6-isoPropylamino:-4- methylamino - 2 - methylthio~
1,8,S-triazine: Detmng. triazine herbicides by
gas - liquid chromatography with particular
reference to atraton in soil. Benfield and
Chilwell, 475.

lU.P.A.C.: See International Union of Pure and
Applied Chemistry.

J

Jam: Detmng. sorbitol in chocolate for diabetics
(and in --). Turner, 115; Erratum, 302.

Journal, new: Education in Chemistry. Vol. I,
No. I, January, 1964. Gibbs. (Review), 559.

K

Karl Fischer titration unit for routine use. Hawkins,
432.

Kjeldahl digestion: Effect of temperature on
process. Jacobs, 48!l: Errata, 626, 754.

L

Lanthanum: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Lead: Cathode-ray polarography with the stationary
mercury-drop electrode (detmng. --). Tyler,
775.

Detmng. traces of iron and -- in copper metal
and cupric salts. Hair and Newman, 42.

Electrolytic hygrometer for detmng. oxide in
Hibbs and Nation, 49.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Organo -- Chemistry. vVillemsens. (Review),
684.

Polarographic detmn. of -- in antimony
sulphide flotation concentrates. Groenewald,
140.

Separation of trace metals by manganese dioxide
collection method. II. Behaviour of --;
detmng. antimony and tin in presence of --.
Reynolds and Tyler, 579.

Lead oxide: Electrolytic hygrometer for detmng.
oxide in lead. Hibbs and Nation, 49.

Linaiol: Detmng. -- in essential oils: amendment.
Society for Analytical Chemistry, Analytical
Methods Committee, Essential Oils Sub
Committee, 510.

Lindane: See Hexachlorocyclohexane.
Lipids: Method for quantitatively isolating hydroly

sate -- from biological materials, and its
use as reference method for detmng. fats in
foods. Wren and Wojtczak, 122.

Liver: Nitrogen factors for --. Society for
Analytical Chemistry, Analytical Methods
Committee, Meat Products Sub-Committee,
630.

Lutetium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 3•.

M

Magnesium: Constant-potential amperometric tech
nique for successive complexometric detmn. of
calcium and--. Sethu Rao, Sudheendran:>.th,
Krishna Rao, Bhimasena Rao and An:>.nta
krishnan, 608.

Detmng. calcium and -- in biological materi:>.l
by radioactivation analysis. Bowen, C:>.wse
and Daglish, 266; Erratum, 376.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Titan yellow method for detmng. -- in pl:>.nt
material in presence of excess of manganese.
Chenery, 365.

Magnetic circular dichroism: Faraday effect, m:>.g
netic rotatory dispersion and --: review.
Dawber, 755.

Magnetic rotatory dispersion: Faraday effect, -
and magnetic circular dichroism: review.
Dawber, 755.

Malathion: See S-[1,2-Di(ethoxycarbonyl)ethyl] di
methyl phosphorothiolothionate.

Mandelates: Thermogravimetric study of -- of
zirconium and hafnium. Adams and Holness,
603.

Manganese: Automatic colorimetric detmn. of
phosphorus, -- and silicon in steel. Scholes
and Thulbourne, 466.

Diffusion-controlled oxidation of carbon in nickel
and other metals (nickel - -- alloys) as basis
of analysis. Rickard, 235.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Titrimetric and spectrophotometric detmn. of the
oxidising capacity of -- compounds. Wilson,
57l.

Manganese dioxide collection: Separation of trace
metals by -- method. I. Behaviour of
antimony, bismuth and tin: separation of
traces of antimony and tin from bismuth.
Ogden and Reynolds, 538; II. Behaviour of
lead: detmng. antimony and tin in presence
of lead. Reynolds and Tyler, 579.

Mass Spectrometry. McDowell. (Review), 374.
Advances in --. Vol. 2. Elliott. (Review),

370.
Mathematics: Practical -- for Chemists. Kelly.

(Review), 153.
MCPA: See 4-Chloro-2-methylphenoxyacetic acid.
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llCPB: See 4-(4-Chloro-2-methylphenoxy) butyric
acid.

Meat: Detcng. Orange RN and Orange II in --.
Dutt, 142.

Nitrogen factors for liver. Society for Analytical
Chemistry, Analytical Methods Committee,
Meat Products Sub-Committee, 630.

Medicine: West-European Symposia on Clinical
Chemistry. Vol. 2. Clinical Chemistry of
Monoamines. Varley and Gowenlock. (Re
view), 151.

2-Mercaptopyridine-N-oJride: Gravimetric detmn. of
iron by homogeneous precipitation of the tris
(2-thiopyridine-N-oxide) - iron II I complex.
Dalziel and Thompson, 707; Erratum, 814.

8-Mercaptoquinoline as gravimetric reagent for
detmng. palladium and nickel. Dalziel and
Kealey, 411.

Methane: Gas-chromatographic apparatus for
analysing mine gases (detmng. --). Lee,
Sudworth and Gibson, 103.

2-Metholl:Ycarbonyl-l-methylvinyl dimethyl phos
phate: Detcng. organo-phosphorus pesticides
on thin-layer chromatograms. Bunyan, 615.

Infrared spectroscopy in analysis of pesticide
residues. Crosby and Laws, 319.

Methylionones: Separating isomeric ionones and
-- by multiple thin-layer chromatography.
Dhont and Dijkman, 681.

2-(1-MethYl-n-propyl)-4,6-dinitrophenol: Wedge-
layer chromatographic clean-up of dinoseb
extracts. Abbott and Thomson, 613.

Mevinphos: See 2 - Metholl:Ycarbonyl-l- methylvinyl
dimethyl phosphate.

lIIilk: Apparatus for detmng. small amounts of
alcohol in sour -- and urine. Andrews and
Cooper, 272.

Chromatographic Sterol Analysis as Applied to
the Investigation of -- Fat and Other Oils
and Fats. Copius Peereboom. (Review), 626.

Clean-up of animal fats and dairy products for
analysing chlorinated pesticide residues. Maun
der, Egan, Godley, Hammond, Roburn and
Thomson, 168.

Detmng. radiostrontium in -- and herbage.
Owers and Evett, 544.

Mine gases: Gas-chromatographic apparat'Q~ for
analysing --. Lee. Sudworth and .Glbson,
103.

Minerals: Sampling silicate rock powders for
chemical analysis. Wilson, 18; Erratum. 302.

Mixol 20: See Hexachlorocyclohexane.
Molasses: Detmng. betaine in vinasses of beet --.

Gorog and Ezer, 282.
Molybdenum: Anion-exchange separation of titan

ium, zirconium, niobium, tantalum, -- and
tungsten, with particular reference to analysis
of alloys. Dixon and Headridge, 185; Erratum,
688.

Diffusion-controlled oxidation of carbon in nickel
and other metals (--) as basis of analysis.
Rickard, 235.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Molybdenum-99: Detmng. uranium-235 by neutron
activation and ring-oven separation of --
technetium-99. Hilton and Reed, 599.

Monoamines: "Vest-European Symposia on Clinical
Chemistry. Vol. 2. Clinical Chemistry of --.
Varley and Gowenlock. (Review), 151..

Morphothion: See Dimethyl S-(morpholinocarbonyl
methyl) phosphorothiolothionate.

N

Neodymium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements bv ion
exchange. Birks, Weldrick and Thomas: 36.

Neutron Irradiation and Activation Analysis.
Taylor. (Review), 754.

Nickel: Diffusion-controlled oxidation of carbon in
-- and other metals as basis of analysis.
Rickard, 23;\.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

8-Mercaptoquinoline as gravimetric reagent for
detrnng. palladium and --. Dalziel and
Kealey, 411.

Nicotinic acid: Detmng. water-soluble vitamins in
compound feeding stuffs. Society for Analyti
cal Chemistry, Analytical Methods Committee,
Additives in Animal Feeding Stuffs Sub-Com
mittee, Vitamins (Water-soluble) Panel, 1;
Erratum, 232.

Niobium: Analvtical Chemistry of -- and Tanta
lum. Moshier. (Review), 624.

Anion-exchange separation of titanium, zir
conium, --, tantalum, molybdenum and
tungsten, with particular reference to analysis
of alloys. Dixon and Headridge, 185; Erratum,
688.

Diffusion-controlled oxidation of carbon in nickel
and other metals (--) as basis of analysis.
Rickard, 235.

Nitrate: Sensitive method for detmng. -- in water
with 2,6-xylenol. Andrews, 730.

Nitrogen: Colorimetric detmn. of total -- in
feeding stuffs. Williams, 276; Erratum. 814.

Comparison of Kjeldahl and sulphuric acid
hydrogen peroxide methods and their salicylic
acid - thiosulphate modifications for detmng.
total -- in grasses. Ekpete and Cornfield,
670.

Effect of temperature on Kjeldahl digestion
proces.~. Jacobs, 489; Errata, 626, 754.

factors for liver. Society for Analytical Chemis
try, Analytical Methods Committee, Meat
Products Sub-Committee. 630.

Gas-chromatographic apparatus for analysing
mine gases (detmng. --). Lee, Sudworth
and Gibson, 103.

Inorganic Chemistry of --. Jolly. (Review),
625.

Rapid detmn. of -- in apple juice and cider.
Macfarlane and Mears, 428.

Nuclear Energy: Progress in --. Series IX.
Analytical Chemistry. Vol. 3. Parts 4, 5-7.
Crouthamel. (Review), 373.

o
Octanol: Identifying aliphatic alcohols by pyrolysis.

Dhont, 71.
Oll&l(s) : Clean-up of animal fats and dairy products

for analysing chlorinated pesticide residues.
Maunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

Identifying -- in sausages. Hole, Roberts and
Jones, 332.

OO(s): Chromatographic Sterol Analysis as Applied
to the Investigation of Milk Fat and Other
-- and Fats. Copius Peereboom. (Review),
626.
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Oil(s)-continued
Identifying furfuraldehyde in hydrocarbon --.

Palframan and Rose, 553; Erratum, 688.
Standard Methods of the -- and Fats Division

of the 1.U.P.A.C. 5th Edn. (Reivew), 560.
Oil orange E: Thin-layer chromatographic identi

fication of annatto and other food colours.
Ramamurthy and Bhalerao, 740.

Oil orange S: Thin-layer chromatographic identi
fication of annatto and other food colours.
Ramamurthy and Bhalerao, 740.

Optical activity: Faraday effect, magnetic rotatory
dispersion and magnetic circular dichroism:
review. Dawber. 755.

Orange n: See p-2-Hydroxy-l-naphthylazobenzene
sulphonic acid.

Orange RN: See I-Phenylazo-2-naphthol-6-sulphonic
acid.

Organic chemistry: See Chemistry.
Oxide: Electrolytic hygrometer for detmng. ~~ in

lead. Hibbs and Nation, 49.
Oxidation Mechanisms: Applications to Organic

Chemistry. Stewart. (Review), 683.
Mechanisms of -- of Organic Compounds.

Waters. (Review), 626.
Oxidising capacity: Titrimetric and spectrophoto

metric detmn. of the -- of manganese
compounds. \\Tilson, 571.

Oxydemeton-methyl: Infrared spectroscopy in analy
sis of pesticide residues. Crosby and Laws, 319.

Oxygen: Errors in sampling for dissolved --.
\'lontgomery and Cockburn, 679.

Gas-chromatographic apparatus for analysing
mine gases (detmng. --). Lee, Sudworth
and Gibson, 103.

P

Palladium: Emission-spectrographic detmn. of im
.purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, vVeldrick and Thomas, 36.

Extraction and spectrophotometric detmn. of
platinum IV and __11 with 2-thenoyltrifluoro
actonc. De and Rahaman, 79;3,

8-Mercaptoquinoline as gravimetric reagent for
detmng. ~~ and nickel. Dalziel and Kealey,
411.

Pantothenic acid: Detmng. water-soluble vitamins
in compound feeding stuffs. Society for
Analytical Chemistry, Analytical Methods
Committee, Additives in Animal Feeding
Stuffs Sub-Committee, Vitamins (\Vater-sohl
ble) Panel, l; Erratum, 232.

Paper chromatography: See Chromatography.
Parathion: See Diethyl 4-nitrophenyl phosphoro

thionate.
Parathion-methyl: See Dimethyl 4-nitrophenyl phos

phorothionate.
Particle Size: Measurement, Interpretation and

Application. Irani and Callis. (Review), liB.
Peanuts: See Groundnuts.
Pentanol: Identifying aliphatic alcohols by pyroly

sis. Dhont, 71.
Peptides: Analytical problems in detmng. structure

of proteins and ~~: review. Smyth and
Elliott, 81.

Permanganate: Filtration of partially reduced
alkaline ~~ solutions. Grindley and Barlow,
76.

Peslicide(s): Analysing organo-phosphorus --
residues by gas chromatography. Egan,
Hammond and Thomson, 175.

Pesticide(s)~continued

Analytical Methods for --, Plant Growth
Regulators, and Food Additives. Vol. 1.
Zweig. (Review), 230.

Clean-up of animal fats and dairy products for
analysing chlorinated -- residues. Maunder,
Egan, Godly, Hammond, Roburn and Thomson,
168.

Detcng. organo-phosphorus -- on thin-layer
chromatograms. Bunyan, 615.

Detmng. chlorinated ~~ by electron-capture
gas chromatography. Maunder, Egan and
Roburn, 157.

Detmng. parathion and related insecticides by
gas - liquid chromatography, with special refer
ence to fenitrothion residues in cocoa. Dawson,
Donegan and Thain, 495.

Extraction of organo-chlorine -- from animal
tissue. Taylor, Rea and Kirby, 497.

Infrared spectroscopy in analysis of -- residues.
Crosby and Laws, 319.

Residue Reviews: Residues of ~~ and Other
Foreign Chemicals in Foods and Feeds. Vol. 3.
Gunther. (Review), 154; Vols. 4 and 5, 751.

Petroleum: Analysis of -- for Trace Elements.
Milner. (Review), 561.

Pharmaceutical Codex: British --, 1963. (Re
view), 150.

Pharmaceutical Society: Assay of pyrethrum.
and Society for Analytical Chemistry, 689;
Erratum, 814.

British Pharmaceutical Codex, 1963. (Review),
150.

Recommended methods of assay of erude drugs.
Detmng. capsaicin content of capsicum and its
preparations. -- and Society for Analytical
Chemistry, 377.

Pharmacopoeia: British -- 1963. (Review), 80;
Erratum, 302.

Phenkapton: See S-(2,5-Dichlorophenylthiomethyl)
diethyl phosphorothiolothionate.

Phenol(s): Detmng. steam-volatile -- present in
cigarette-smoke condensate. 1. Colorimetric
detmn. of total steam-volatile --. Smith and
King, 305; II. Detmng. phenol, cresols and
guaiacol by thin-layer chromatography. Smith
and Sullivan, 312.

I-Phenylazo-2-naphthol-6-sulphonic acid: Detcng.
Orange RN and Orange II in meat. Dutt, 142.

N-Phenylhydroxylamine: Arylhydroxylamines. IV.
Colorimetric detmn. Boyland and Nery, 95.

Phorate: See Diethyl S-(ethylthiomethyl) phosphoro
thiolothionate.

Phorate, sulphone of oxygen analogue of: Infrared
spectroscopy in analysis of pesticide residues..
Crosby and Laws, 319.

Phosdrin: See l-Carbomethoxy-l-propen-2-yl di
methyl phosphate.

Phosphamidon: See 2-Chloro-2-diethylcarbamoyl
I-methylvinyl dimethyl phosphate.

Phosphate: Flame-photometry for detmng. --.
Ratner and Scheiner, 136.

Phosphoric acid: Flame-photometric detmn. of
calcium in industrial --. Johnston and
Stow, 290.

Phosphorus: Automatic colorimetric detmn. of --,
manganese and silicon in steel. Scholes and
Thulbourne, 466.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Phosphotungstates: Detmng-. quaternary ammonium
compounds as --. Banick and Valentine, 435.
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Photometer: Modified burner base for the Unicam
SP900 flame --. Mackison, 745.

Physical chemistry: See Chemistry.
Pimento: Recovery of malathion residues from --.

Rowlands, 498.
Plant(s): Comparison of Kjeldahl and sulphuric

acid - hydrogen peroxide methods and their
salicylic acid - thiosulphate modifications for
detmng. total nitrogen in grasses. Ekpete and
Cornfield, 670.

Detmng. chromium in biological material by
radioactivation. Bowen, 658.

Detmng. cyanide in cyanophoric --. Kriede
man, 145.

Detmng. radiostrontium in milk and herbage.
Owers and Evett, 544.

Detmng. sulphur in -- material. Lachica
Garrido, 6l.

Growth Regulators: Analytical Methods for
Pesticides, --, and Food Additives. Vol. l.
Zweig. (Review). 230.

Modern Methods of -- Analysis. Vol. VI.
Paech and Tracey. Continued by Linskens
and Tracey. (Review). 228.

Polarographic detmn. of zinc in -- materials
containing phosphate. Robertson, 368.

Titan yellow method for detmng. magnesium in
-- material in presence of excess of man
ganese. Chenery, 365.

Plasmas: High-pressure -- as spectroscopic
emission sources. Greenfield, Jones and Berry,
713.

Plastics in the analytical laboratory. Jones, 629.
Second Report of the Toxicity Sub-Committee of

the Main Technical Committee of the British
Plastics Federation, with Methods of Analysis
of Representative Extractants. (Review), 50 I.

See also Polymers.
Plating solutions: Detmng. indium in cyanide

indium --. Metcalfe and Knowles, 293.
Platinum: Extraction and spectrophotometric

detmn. of __IV and palladium I I with
2-thenoyltrifluoroacetone. De and Rahaman,
795.

Polarography: Cathode-ray-- with the stationary
mercury-drop electrode. Tyler, 775.

Modern Polarographic Methods. Schmidt and
Stackelberg. Translated by Maddison. (Re
view), 156.

Organic Polarographic Analysis. Zuman. (Re
view),683.

Polymers: Use of sintered polymeric carriers in
partition chromatography and electrophoresis.
Pierce and Peck, 662.

See also Plastics.
Potable spirits: Trinkbranntweine und Lik6re.

Wiistenfeld and Haeseler. 4th Edn. (Review),
625.

Potassium: Response properties of electrode glass
sensitive to -- and ammonium ions. Mattock
and Uncles, 350.

Potassium permanganate: Filtration of partially
reduced alkaline permanganate solutions.
Grindley and Barlow, 76.

Potentiometry: See Analysis.
Praseodymium: Emission-spectrographic detmn. of

impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Precipitation titrations : Photometric --. Blakeley
and Ryan, 72l.

Preserves: Detmng. sorbitol in chocolate for dia
betics (and in --). Turner, 115; Erratum,
302.

Prometon: See 4,6-Bisisopropylamino-2-methoxy
l,3,5-triazine.

Prometryne: See 4,6-Bisisopropylammo-2-methyl
thio-l,3,5-triazine.

Propylene glycol: Detmng. -- in tobacco by cellu
lose-column chromatography. Clements and
Patterson, 67.

Proteins: Analytical problems in detmng. structure
of -- and peptides: review. Smyth and
Elliott, 81.

Practical Analytical Methods for Connective
Tissue --. Eastoe and Courts. (Review),
78.

Pseudoionone: Separating isomeric ionones and
methylionones by multiple thin-layer chromato
graphy. Dhont and Dijkman, 681.

Pyrethrum: Assay of --. Pharmaceutical Society
and Society for Analytical Chemistry, 689;
Erratum, 814.

Q

Quaternary ammonium compounds: Detmng. -
as phosphotungstates. Banick and Valentine,
435.

R

Radioactivation Analysis. Bowen and Gibbons.
(Review),80.

Analysis of stainless-steel neutron-activation
products by combined group separation and
y-ray spectrometry. McMillan, 594.

Radioactivity: Recording -- in eluates. Lloyd
Jones and Skerrett, 782.

Radiocaesium: Detmng. caesium-137 in irradiated
uranium by ring-oven technique and gamma
ray spectrometry. Hilton and Reed, 132.

Radiocerium: Detmng. -- in biological matter
and seawater. Hampson, 65l.

Radiochemistry: Techniques for the Use of Radio
isotopes in Analysis. Lambie. (Review). 810.

Radiostrontium: Detmng. -- in milk and herbage.
Owers and Evett, 544.

Rare-Earth(s) Elements. Trifonov. Translated by
Basu. Edited by Vickery. (Review), 687.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
the -- elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Reactions: Fast -- in Solution. Caldin. (Re
view),683.

Reviews, book: See Book reviews.
Riboflavin: Detmng. water-soluble vitamins in

compound feeding stuffs. Society for Analyti
cal Chemistry, Analytical Methods Committee,
Additives in Animal Feeding Stuffs Sub
Committee, Vitamins (Water-soluble) Panel, 1;
Erratum, 232.

Rice bran: Interference by extractives in detmng.
malathion residues in --. Bates and Row
lands, 286.

Rock:ISampling silicate -- powders for chemical
analysis. Wilson, 18; Erratum, 302.

Rubber tree: Spectrophotometric detmn. of iron
and aluminium in leaves of -- (Hevea
brasiliensis). Middleton, 421.

Ruthenium: Analytical Chemistry of --. Avto
kratova. (Review), 812.
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Vol. I.

Absorption Data
the Colorimetric
I.U.P.A.C. (Re-

S

Bamarium: Emission-spectrographic detmn. of
impurities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Bausages: Identifying offals in --. Hole, Roberts
and Jones, 332.

Scandium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Schradan: See Bis-NNN'N'-tetramethylphosphoro
diamidic anhydride.

Seawater: Detmng. radiocerium in biological matter
and --. Hampson, 651.

Sedatives: Detcng. trichloro -- in urine. Moss
and Kenyon, 802.

Sediments: Geochemical field detmn. of tungsten in
soils and stream --. Bowden, 771.

Selenites: Thermogravimetric study of the -- of
hafnium and zirconium. Adams and Holness,
31.

Semiconductor(s) : Trace Analysis of -- Materials.
Cali. (Review), 565.

Separation: Physical and Chemical Methods of --.
Berg. (Review), 79.

Sewage: Detmng. zinc in -- and -- sludge.
Mills and Brown, 551.

Silica ampoules: Detmng. uranium-235 by neutron
activation and ring-oven separation of molyb
denum-99 - technetium-99 (opening irradiated
--). Hilton and Reed, 599.

Silicate: Sampling -- rock powders for chemical
analysis. Wilson, 18; Erratum, 302.

Silicic acid: Spectrophotometric detmn. of -- in
dilute solution. Garrett and Walker, 642.

Silicon: Absorptiometric detmn. of -- in water.
IV. Detmng. reactive -- in power-station
waters containing phosphate. Webber and
Wilson, 632.

Automatic colorimetric detmn. of phosphorus,
manganese and -- in steel. Scholes and
Thulbourne, 466.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Silver: Analytical uses of metallic --. I. Qualita
tive analysis of Group 2 elements that can be
precipitated by --. Henry, 242; Errata, 376,
566; II. Revised scheme for semi-micro qualita
tive analysis of common elements, 255.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earths by ion exchange. Birks, Weldrick
and Thomas, 36.

Simazine: See 2-Chloro-4,6-bisethylamino-l,3,5-tri
azine.

Simeton: See 4,6-Bisethylamino-2-methoxy-l,3,5
triazine.

Simetryne: See 4,6-Bisethylamino-2-methylthio
l,3,5-triazine.

Smoke: Detmng. steam-volatile phenols present in
cigarette--- condensate. I. Colorimetric
detmn. of total steam-volatile phenols. Smith
and King, 305; II. Detmng. phenol, cresols and
guaiacol by thin-layer chromatography, 312.

Effect of glycerol added to tobacco on constituents
of cigarette --. Souza and Scherbak, 735.

Societe Beige des Sciences Pharmaceutiques: Chro
matographie Symposium II: 1962. (Review),
232.

Society for Analytical Chemistry: Analytical Methods
Committee, Additives in Animal Feeding
Stuffs Sub-Committee, Vitamins (Fat-soluble)
Panel. Detmng. fat-soluble vitamins in diet
supplements and compound feeding stuffs, 7.

Analytical Methods Committee, Additives in
Animal Feeding Stuffs Sub-Committee, Vita
mins (Water-soluble) Panel. Detmng. water
soluble vitamins in compound feeding stuffs, I;
Erratum, 232.

Analytical Methods Committee. Essential Oils
Sub-Committee. Detmng. citronellol in pre
sence of geraniol and linalol: method based on
reactions with p-toluenesulphonic acid. Hol
ness, 763.

Analytical Methods Committee, Essential Oils
Sub-Committee. Detmng. linalol in essential
oils: amendment, 510.

. Analytical Methods Committee, Essential Oils
Sub-Committee. Drying agents for essential
oils, 233; Erratum, 688.

Analytical Methods Committee, Meat Products
Sub-Committee. Nitrogen factors for liver, 630.

Analytical Methods Committee, Prophylactics in
Animal Feeds Sub-Committee. Detmng. am
prolium in animal feeding stuffs. 505.

Assay of pyrethrum. Pharmaceutical Society
and --,689; Erratum, 814.

Recommended methods of assay of crude drugs.
Detmng. capsaicin content of capsicum and
its preparations. Pharmaceutical Society and
--,377.

Soil(s): Chromatographic detcn. and detmn. of
organo-chlorine herbicides in -- and water.
Abbott, Egan, Hammond and Thomson, 480.

Detmng. gold in -- with Brilliant green. Stan
ton and McDonald, 767.

Detmng. triazine herbicides by gas - liquid
chromatography with particular reference to
atraton in --. Benfield and Chilwell, 475.

Geochemical field detmn. of tungsten in -- and
stream sediments. Bowden, 771.

Solubilities of Inorganic and Organic Compounds.
Vol. I. Parts I and 2. Stephen and Stephen.
(Review), 561.

Sorbitol: Detmng. -- in chocolate for diabetics.
Turner, 115; Erratum, 302.

Spectra: Molecular Vib-Rotors: Theory and Inter
pretation of High Resolution Infrared --.
Allen and Cross. (Review), 77.

Organic Electronic Spectral Data. Vol. IV:
1958-1959. Phillips and Nachod. (Review);
374.

Tables of Spectrophotometric
of Compounds Used for
Determination of Elements.
view), 439.

Spectroscopy: Chemical Infrared
Potts. (Review), 503.

Developments in Applied --. Vol. 2. Ferraro
and Ziomek. (Review), 155.

High-pressure plasmas as spectroscopic emission
sources. Greenfield, Jones and Berry, 713.

Infra-red -- and Molecular Structure: Outline
of the Principles. Davies. (Review), 372.

Introduction to Practical Infra-Red --. Cross.
2nd Edn. (Review), 686.

IR Theory and Practice in Infrared
Szymanski. (Review), 753.

Spirits, potable: See Potable spirits.
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Standardization of Tar Products Tests Committee,
Gas - Liquid Chromatography Panel: Com
parison of hypodermic and pipette injection
systems in gas - liquid chromatography. Grant
and Knott, 801.

Statistics: Application of Mathematical -- to
Chemical Analysis. Nalimov. Translated by
Basu. Translation Editor "Villiams. (Review).
152.

Stearyl tartrate: Detcn. and approximate detmn.
of -- in bread. Williams, 289; Erratum, 376.

Steel: Analysis of stainJess-- neutron-activation
products by combined group separation and
y-ray spectrometry. McMillan, 594.

Automatic colorimetric detmn. of phosphorus,
manganese and silicon in --. Scholes and
Thulbourne, 466.

Diffusion-controlled oxidation of carbon in nickel
and other metals (--) as basis of analysis.
Rickard, 235.

. Sterol(s) : Chromatographic -- Analysis as Applied
to the Investigation of Milk Fat and Other
Oils and Fats. Copius Peereboom. (Review),
626.

Stomach: Identifying offals in sausages. Role,
Roberts and Jones, 332.

Strontium-89: See Radiostrontium.
Strontium-90: See Radiostrontium.
Strychnine: Loss of -- in purification of visceral

extracts with concentrated sulphuric acid.
Lilliman and Trezise, 750.

Sugar beet: See Beet.
Sugars: Application of the Freundlich isotherm to

adsorption of -- from solution by a column
of charcoal. "Valker and Morton, 512.

Sulphacetamide: Detmng. sulphonamides. Barakat
and Shaker, 216.

Sulphaguanidine: Detmng. sulphonamides. Baraka t
and Shaker, 216.

Sulphanilamide: Detmng. sulphonamides. Barakat
and Shaker, 216.

Sulphonamides: Detmng. Barakat and
Shaker, 216.

Sulphur: Detmng. -- in plant material. Lachica
Garrido, 61.

Sulphur dioxide: Detmng. free -- content of
ciders. Burroughs and Sparks, 55.

Detmng. -- in beers and wines. Jones, 678.
Sunset yellow FCF: Thin-layer chromatographic

identification of annatto and other food colours.
Ramamurthy and Bhalerao, 740.

Surface-active agents: Examining detergents by
paper chromatography. II. Drewry, 75.

Syrups: Detmng. ascorbic acid in blackcurrant and
other coloured fruit-juice Lee and
Leong, 674.

T

2,4,5-T: See 2,4,5-Trichlorophenoxyacetic acid.
Tantalum: Analytical Chemistry of Niobium and

Moshier. (Review). 624.
Anion-exchange separation of titanium, zir

conium, niobium, --, molybdenum and
tungsten, with particular reference to analysis
of alloys. Dixon and Readridge, 185: Erratum,
688.

Tartrazine: Detmng. hypobromite and bromite
with -- as indicator. Rashmi and Ayaz, 147.

Thin-layer chromatographic identification of
annatto and other food colours. Ramamurthy
and Bhalerao, 740.

Taurine: Separating and detmng. oxidation products
of cysteamine. Jayson, Owen and \Vilbraham,
788.

TDE: See l,l-Dichloro-2,2-bis-(p-chlorophenyl)
ethane.

Tea: Titan yellow method for detmng. magnesium
in plant material (-- leaves) in presence of
excess of manganese. Chenery, 365.

Technetium-99: Detmng. uranium-235 by neutron
activation and ring-oven separation of molyb
denum-99 - --. Hilton and Reed, 599.

Teepol 710/5: Dispersing agents for tin - dithiol
complex. Board and Elbourne, 55.5.

Telodrin: Clean-up of animal fats and dairy proucts
for analysing chlorinated pesticide residues.
Maunder, Egan, Godly, Hammond, Roburn
and Thomson, 168.

Terbium: EmiSSion-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Tetraethyl SS'-methylene bis(phosphorothiolothio
nate): Analysing organo·phosphorus pesticide
residues by gas chromatography. Egan,
Hammond and Thomson, 175.

Detcng. organo-phosphorus pesticides on thin
layer chromatograms. Bunyan, 615.

Detmng. chlorinated pesticides by electron
capture gas chromatography. Maunder, Egan
and Rouurn, 157.

Thallium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, "Veldrick and Thomas, 36.

2-Thenoyltrifiuoroacetone: Extraction and spectro
photometric detmn. of platinum 'V and pal
ladium II with --. De and Rahaman, 795.

Thermodynamics: Chemical --: Basic Theory and
Methods. Klotz, with Young. Revised Edn.
(Review). 807.

Introduction to Chemical --. Klotz, with
Young. (Review). 807.

Thiolsulphonate: Separating and detmng. oxidation
products of cysteamine. Jayson, Owen and
Wilbraham, 788.

Thiometon: See S- [2-(Ethylthio)ethyl] dimethyl phos
phorothiolothionate.

Thione: See 2-Mercaptopyridine-N-oxide.
Thulium: Emission-spectrographic detmn. of im

purities in uranium-233 dioxide after pre
concentration of rare·earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Thyroxine: Application of paper and thin-layer
chromatography to identifying -- in a feed
ing stuffs additive. Patterson and Clements,
328.

Timber dips: Field detmn. of benzene hexachloride
in --. Yuen, 726.

Tin - dithiol complex: Dispersing agents for --.
Board and Elbourne, 1)1)5.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Paper chromatography of organo - -- com
pounds. II. Reversed-phase systems. \·Vil
Iiams and Price, 220.

Separation of trace metals by manganese dioxide
collection method. I. Behaviour of antimony,
bismuth and --: separation of traces of
antimony and -- from bismuth. Ogden and
Reynolds, 538; 11. Behaviour of lead: detmng.
antimony and -- in presence of lead. Rey
nolds and Tyler, 579.
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Titan yellow method for detmng. magnesium in
plant material in presence of excess of man
ganese. Chenery, 365.

Titanium: Anion-exchange separation of --,
zirconium, niobium, tantalum, molybdenum
and tungsten, with particular reference to
analysis of alloys. Dixon and Headridge, 185;
Erratum, 688.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Titrations: See Analysis.
Titrator: Karl Fischer titration unit for routine use.

Hawkins, 432.
Tobacco: Detmng. propylene glycol in -- by

cellulose-column chromatography. Clements
and Patterson, 67.

Effect of glycerol added to -- on constituents
of cigarette smoke. Souza and Scherbak, 735.

Toxicity: Second Report of the -- Sub-Committee
of the Main Technical Committee of the British
Plastics Federation, with Methods of Analysis
of Representative Extractants. (Review), 501.

Toxicology: Progress in Chemical --. Vol. 1.
Stolman. (Review), 563.

Triazine herbicides: Detmng. -- by gas - liquid
chromatography with particular reference to
atraton in soil. Benfield and Chilwell, 475.

l,l,l-Trichloro-t-butanol: Deteng. triehloro seda
tives in urine. Moss and Kenyon, 802.

1,1,1-Trichloro-2,2-di-(4-chlorophenyl)ethane : Clean
up of animal fats and dairy products for
analysing chlorinated pesticide residues. Maun
der, Egan, Godly, Hammond, Roburn and
Thomson, 168.

Detmng. chlorinated pesticides by clectron
capture gas chromatography. Maunder, Egan
and Roburn, 157.

Trichloroethanol: Detcng. trichloro sedatives in
urine. Moss and Kenyon, 802.

2,4,5-Trichlorophenoxyacetic acid: Chromatographic
detcn. and detmn. of organo-chlorine herbicides
in soil and water. Abbott, Egan, Hammond
and Thomson, 480.

Trietazine : See 2-Chloro-4-diethylamino-6-ethyl
amino-l,3,5-triazine.

Tripe: Identifying offals in sausages. Hole, Roberts
and Jones, 332.

Tris(2-thiopyridine-N-oxide) - iron III complex:
Gravimetric detmn. of iron by the homo
geneous precipitation of --. Dalziel and
Thompson, 707; Erratum, 814.

Trithion: See S-(p-Chlorophenylthiomethyl) OO-di
ethyl phosphorothiolothionate.

Tungsten: Anion-exchange separation of titanium,
zirconium, niobium, tantalum, molybdenum
and --, with particular reference to analysis
of alloy? Dixon and Headridge, 185; Erratum,
688.

Diffusion-controlled oxidation of carbon in nickel
and other metals (--) as basis of analysis.
Rickard, 235.

Emission-spectrographic detmn. of impurities in
uranium-233 dioxide after pre-concentration of
rare-earth elements by ion exchange. Birks,
Weldrick and Thomas, 36.

Geochemical field detmn. of -- in soils and
stream sediments. Bowden, 771.

U

Udder: Identifying offals in sausages.
Roberts and Jones, 332.

Hole,

Uranium: Detmng. caesium-137 in irradiated -
by ring-oven technique and gamma-ray
spectrometry. Hilton and Reed, 132.

Uranium-235: Detmng. -- by neutron-activation
and ring-oven separation of molybdenum-99 
technetium-99. Hilton and Reed, 599.

Uranium-233 dioxide: Emission-spectrographic de
tmn. of impurities in -- after pre-concen
tration of the rare-earth elements by ion
exchange. Birks, Weldrick and Thomas, 36.

Uric acid: Occurrence of honeydew in honey
(detmng. --). Cowan and Mitchell, 222.

Urine: Apparatus for detmng. small amounts of
alcohol in sour milk and Andrews and
Cooper, 272.

Arylhydroxylamines. IV. Colorimetric detmn.
(in --). Boyland and Nery, 95.

Colorimetric detmn. of N-hydroxyurethane and
related compounds (in --). Boyland and
Nery, .520; Erratum, 626.

Detcng. trichloro sedatives in --. Moss and
Kenyon, 802.

Use of a cation-exchange resin in detmng. urinary
ascorbic acid. Hughes, 618.

v

Vamidothion: See OO-Dimethyl S-2-(1-methyl
carbamoylethyIthio)-ethyl phosphorothiolate.

Vamidothion sulphone: Detcng. organo-phosphorus
pesticides on thin-layer chromatograms. Bun
yan, 615.

Vanadium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
concentration of rare-earth elements by ion
exchange. Birks, ''{eldrick and Thomas, 36.

Vegetables: See Plants.
Vinasses: Detmng. betaine in -- of beet molasses.

G6r6g and Ezer. 282.
Visceral extracts: Loss of strychnine in purification

of -- with concentrated sulphuric acid.
Lilliman and Trezise, 750.

Vitamin A: Detmng. fat-soluble vitamins in diet
supplements and compound feeding stuffs.
Society for Analytical Chemistry, Analytical
Methods Committee, Additives in Animal
Feeding Stuffs Sub-Committee, Vitamins (Fat
soluble) Panel, 7.

Spectrophotometric detmn. of vitamin D in
presence of --. Barua and Rao, 534.

Vitamin Bl: Interference by p-aminosalicylic acid
or its sodium salt in detmng. -- by the
thiochrome method. Sen and Sengupta, 558.

Vitamin B12 : See Cyanocobalamin.
Vitamin D: Detmng. fat-soluble vitamins in diet

supplements and compound feeding stuffs.
Society for Analytical Chemistry, Analytical
Methods Committee, Additives in Animal
Feeding Stuffs Sub-Committee, Vitamins (Fat
soluble) Panel, 7.

Detmng. -- in pharmaceutical preparations by
thin-layer chromatography. Heaysman and
Sawyer, 529.

Spectrophotometric detmn. of -- in presence of
vitamin A. Barna and Rao, 534.

Vitamins: Detmng. fat-soluble -- in diet supple
ments and compound feeding stuffs. Society
for Analytical Chemistry, Analytical Methods
Committee, Additives in Animal Feeding Stuffs
Sub-Committee, Vitamins (Fat-soluble) Panel,
7.
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Vitamins-continued
Detmng. water-soluble -- in compound feeding

stuffs. Society for Analytical Chemistry,
Analytical Methods Committee, Animal Feed
ing Stuffs Sub-Committee, Vitamins (Water
soluble) Panel, 1; Erratum, 232.

Vitamin-Bestimmungen: Erprobte Methoden.
Strohecker and Henning. (Review). 375.

W

Water: Absorptiometric detmn. of ammonia in
boiler feed--. Tetlow and Wilson, 453.

Absorptiometric detmn. of iron in boiler feed --.
I. Detmng. reactive iron. Wilson, 389; II.
Dissolving non-reactive iron, 402; III. Detmng.
total iron content, 442.

Absorptiometric detmn. of silicon in --. IV.
Detmng. reactive silicon in power-station -
containing phosphate. Webber and Wilson,
632.

Chromatographic detcn. and detmn. of organo
chlorine herbicides in soil and --. Abbott,
Egan, Hammond and Thomson, 480.

Colorimetric detmn. of N-hydroxyurethane and
related compounds (in --). Boyland and
Nery, 520; Erratum, 626.

Eliminating -- in gas-chromatographic detmn.
of chloroform in aqueous solutions. Evans, 295.

Errors in sampling for dissolved oxygen (in --).
Montgomery and Cockburn, 679.

Karl Fischer titration unit for routine use.
Hawkins, 432.

sea: See Sea water.
Sensitive method for detmng. nitrate in --with

2,6-xylenol. Andrews, 730.
Weighing: Vacuum Microbalance Techniques.

Vol. 3. Behrndt. (Review), 79.
Weights: Effect of random balance errors in the

calibration of a set of --. Chalmers and
Curnow, 567.

Wetting agents: See Surface-active agents.
Wines: Detmng. sulphur dioxide in beers and --.

Jones, 678.
Wood: See Timber.
Wool: Detmng. cysteine and its N-acid derivatives

in presence of each other. Wronski, 800.
See also Fleece.

x
X-ray Analysis: Advances in --. Vol. 6. Muel1er

and Fay. (Review). 231.
Analysis: Data for --. Vols. I, II and III.

Parrish and Mack. 2nd Edn. (Review), 685.
fluorescence analysis: Casting fused beads for use

in --. Carr-Brion, 556.
2,6-Xylenol: Sensitive method for detmng. nitrate

in water with --. Andrews, 730.

Y

Yellow AB: Thin-layer chromatographic identifica
tion of annatto and other food colours. Rama
murthy and Bhalerao, 740.

Yellow OB: Thin-layer chromatographic identifica
tion of annatto and other food colours. Rama
murthy and Bhalerao, 740.

ytterbium: Emission-spectrographic detmn. of im
purities in uranium-233 dioxide after pre
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exchange. Birks, Weldrick and Thomas, 36.

Yttrium: Emission-spectrographic detmn. of im
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688.
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ERRATA:

xxxiii

VOL. 85, 1960:
p. 176, 1st line under "PROCEDURE FOR LARGE QUANTITIES OF SILVER." For "stage 4"

read "stage 9."

VOL. 88, 1963:
p. 967, "Method." After the last reagent (Tris glycerol buffer), add the following paragraph

"Combined reagent-Dissolve 10 mg of glucose oxidase, I mg of horseradish peroxidase and
10 mg of o-dianisidine hydrochloride in 100 ml of tris glycerol buffer."

p. 967, 1st line of "Procedure." Before "reagent" insert "Combined."
p. 967, 4th line of "Procedure." After "2 mg" insert "per m!."

VOL. 89, 1964:
p. I, 15th line. For "to test both" read "both to test."
p. 4, 9th line from foot of page. For "calcium DL-pantothenate" read "calcium D-pantothenate."
p. 5, 3rd line from foot of page. For "pH 6 to 8" read "pH 6,8."
p. 19, equation (4.4). Insert a rule between the numerator and denominator in right-hand brackets.
p. 20, equation (7.2), denominator of the fraction in the centre brackets. For 'iN" read "Nw."
p. 21, 12th line reference at end of line. For "2" read "4."
p. 25, 3rd line from foot of page. For "functions" read "fractions."
p. 30, reference 2. For "670" (the page number of the reference) read "81."
p. 30, reference 4. For "81" (the page number of the reference) read "682."
p. 78, lIth line. For "L. S. Theobold" read "L. S. Theobald."
p. 80. Review of BRITISH PHARMACOPOEIA 1963.

An inadvertent transposition led to the inclusion in this Review of a statement that biological
assay was used for thyroid. Thyroid is in fact assayed by an oxygen-flask method. The fourth
paragraph of the Review should be amended to read-

"It is interesting to note that in some instances (benzylpenicillin, benzathine penicillin
and procaine penicillin) it has been possible to replace biological assay with chemical tests
and assays."

p. 121, reference 6. This should read "Merck Index, Sixth Edition, Merck & Co. Inc., Rahway, N.].,
U.S.A., 1952, p. 895."

p. 189, 2nd line below expression defining D. For "i" read "ii'''
p. 189, lOth line from foot of page. For "i" read "i,."
p. 189, 11th line from foot of page. For "v, = wD + i" read "v, = wD + i,."
p. 233, 1st line under "Procedure." For "(10 ml)" read "(100 ml)."
p. 243, reference in 1st line of 1st footnote. For "7" read "8."
p. 244, equation (2). For "(Eo. - EO.)" read "(EO. - EO,)."
p. 245, heading to Table II. For "EOAg" read "EoAg"

p. 245, 11th equation in Table II, right-hand side. For "H.TeO. + 3H.O" read "H.TeO. + H"O."
p. 248, 3rd line from foot of page. For "and" read "but."
p. 260, reference 3. For "Quantitative" read "Qualitative."
p. 270, 7th line from foot of page. For "ratios to calcium" read "ratios of calcium."
p. 280, 14th line. For "530 m/-," read "520 m/-,."
facing p. 289, Legend to Fig. 1. For "Paper" read "Thin-layer."
p. 364, Legend to Fig. 1. For "V, = VA26T stabiliser" read "V, = VA26T photoelectric cel!."
p. 489, last line of page. For "chrome - alumel" read "chromel- alumel."
p. 489, 3rd line from foot of page. For "18 X 9 inches" read "18 X 9 X 9 inches."
p. 490, 2nd line. For "slightly into the furnace" read "into the centre of the furnace."
p. 490, 3rd line. For "are" read "were."
p. 490, 6th line under "REAGENTS." For "pH 5·5" read "pH 5'0."
p. 492, Table V, heading to 5th column. For "open-tube" read "sealed-tube."
p. 494, 7th line. For "Dr. I. ]. M. Muir" read "Dr. I. H. M. Muir."
p. 521, 3rd table of analytical results. For "C.H,NO." read "CaH,NO•. "
p. 554, lOth line. Delete "1- and."
p. 689, 3rd line under "REPORT." After "this" insert "form."
p. 699, 25th line. For "pyrethrum II" read "pyrethrin II."
p. 708, 1st table of analytical results. For "C,HNOS," read "C,H,NOS."
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PART 4.* REPORT OF THE VITAMINS (WATER-SOLUBLE) PANEL

The Determination of Water-soluble Vitamins in
Compound Feeding Stuffs

INTRODUCTION

THE Vitamins (Water-soluble) Panel was set up under the Chairmanship of Dr. A. J. Amos,
and its membership was: Dr. J. E. Ford, Mr. B. M. Gibbs, Mr. S. A. Price, Mr. H. Pritchard,
Mr. F. Clermont Scott, Mr. G. Sykes, Mr. S. Varsanyi and Dr. J. Williams, with Dr. C. H.
Tinker as Secretary; Dr. F. W. Norris joined the Panel for investigations into the determina
tion of riboflavin. The Panel was appointed to ascertain whether or not methods could be
recommended that would permit compound feeding stuffs to be assayed for choline, nicotinic
acid, pantothenic acid, riboflavin, vitamin B G, vitamin B12 and vitamin K (2 methylnaphtha
quinone derivatives).

Most of the water-soluble vitamins used as supplements in animal feeding stuffs occur
naturally in many of the materials commonly used as ingredients of animal rations. Usually,
therefore, the result of a vitamin assay will represent the total amount of the vitamin in the
foodstuff and will be no guide to the amount, if any, present as a supplement. Further, even
the total vitamin content revealed by a microbiological assay will not necessarily be a measure
of the biological value of the feeding stuff as asource of the vitamin in Question. because some
vitamins may exist in bound forms that are not necessarily equally available both to test
organisms and animals. .

The possibility of mal-distribution of an added vitamin, and the heterogeneous nature of
most animal rations, demand that the sample received by an analyst shall be ground finely,
mixed well, and carefully sub-divided by him if the relatively small amount used for an assay
is to be representative of the parent sample. Even when these precautions are taken, the
vitamin content as reported may not be applicable to the bulk from which the analyst's
parent sample is drawn. Whether it is or not will depend on the uniformity of distribution
of the supplement throughout the bulk, and this is a matter over which the analyst lias no
control, and indeed about which he may have no knowledge.

The reproducibilities reported by the Panel are based on results obtained in laboratories
versed in microbiological assays. The results of assays made in laboratories not experienced
in this specialised field are likely to differ more widely.

As a result of its collaborative investigations, which have in the main involved micro
biological procedures because of their greater sensitivity and specificity, the Panel is able to
recommend methods for determining nicotinic acid, pantothenic acid, riboflavin and vitamin
B12 in compound feeding stuffs, but has to report that existing procedures for determining
choline and vitamin B 6 have failed to give results of acceptable precision when applied to
such feeding stuffs. Various attempts to modify methods for these last two vitamins so as
to make them suitable for use with compound feeding stuffs have proved unsuccessful, and
in the opinion of the Panel the solution of the problem calls for more fundamental investiga
tions, which could well become long-term research projects. In the Panel's opinion, a
suitable method for determining vitamin K in compound feeding stuffs is not available.

·Part 1 appeared in The Analyst, 1963,88,835, and Parts 2 and 3 in The Analyst, 1963.88,925 and 935.

1
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The methods studied by the Panel for determining nicotinic acid, riboflavin and vitamin
B12 were those recommended previously by panels of other sub-committees of the Analytical
Methods Committee for assaying foods; it was gratifying to find that the collaborative tests
established that the applicability of the methods could be extended to include animal feeding
stuffs.

RESULTS AND RECOMMENDATIONS

NICOTINIC ACID-
The method selected for collaborative study was the microbiological procedure, in which

Lactobacillus plantarum (L. arabinosus) is used, previously investigated by the Analytical
Methods Committee1 for assaying foods. Five samples of compound feeding stuffs were
assayed in each of six laboratories; some samples were unsupplemented and others contained
some or all of the following additives: vitamins, amino-acids, trace metals, and a coccidiostat
or an antibiotic. The results revealed that if several laboratories, versed in microbiological
assays of this type, analyse samples of the same compound feeding stuff containing 15 to
90 /log of nicotinic acid per g by the method previously recommended by the Analytical
Methods Committee, the results may be expected to lie within ±20 per cent. of the mean.

The method is therefore recommended for the determination of nicotinic acid in com
pound feeding stuffs.

PANTOTHENIC ACID-

Pantothenic acid is widely distributed in natural products and may also be added,
commonly in the form of the DL calcium salt, to ensure that the vitamin is present at an
adequate level in compound feeding stuffs for livestock.

Naturally occurring pantothenic acid may occur both in the "free" form and in forms
unavailable to the test organism, e.g., as coenzyme A. Hence microbiological assays involving
simple extraction methods take no account of the "bound" vitamin, and so are liable to give
an underestimate of the total pantothenic acid content, especially with some types of sample.
During a preliminary collaborative test the Panel found, for example, that whereas a simple
extraction in the cold with a phosphate buffer at pH 6·6 resulted in virtually complete ex
traction of pantothenic acid from a sample of chick mash, this procedure was inadequate to
release the vitamin from a sample of dried yeast. Since the proportion of dried yeast, Qr of
other constituents containing bound forms of pantothenic acid, may vary in samples of
compound feeding stuffs, it is clear that extraction with phosphate buffer cannot invariably
be relied on in measuring the total pantothenic acid content of a compound feeding stuff.

Several enzymic procedures have been proposed from time to time for liberating
pantothenic acid from its bound forms, notably those in which mylase-P, takadiastase and
papain is used, but it was shown by Novelli, Kaplan and Lipmann2 that the pantothenic acid
bound in coenzyme A was released quantitatively only by a dual-enzyme system involving
both intestinal phosphatase and a chicken- or pigeon-liver extract. These enzymes may
themselves contain appreciable amounts of pantothenic acid, and a blank determination
must therefore be carried out simultaneously with samples to be assayed. This, in turn,
introduces an additional source of error into the determination. In the opinion of the Panel,
however, it is preferable to determine the total pantothenic acid-in spite of the relatively low
precision associated with such assays-rather than to measure more precisely only the free
pantothenic acid. Nevertheless, the Panel is aware of the fact that with some samples the
complications of the enzymic hydrolysis procedure could, with justification, be omitted with a
concomitant gain in precision.

The method selected for collaborative study was based on the microbiological method
in which Lactobacillus plantarum (L. arabinosus) is used, published by the United States
Department of Agriculture.3 Six samples, including unsupplemented and supplemented
animal feeding stuffs and dried yeast, were assayed in each of seven laboratories. The results
obtained revealed that if several laboratories, versed in microbiological assays of this type,
analyse samples of the same compound animal feeding stuff containing 10 to 40 /log of panto
thenic acid per g by the recommended method, the results may be expected to lie within
±40 per cent. of the mean.

The method recommended by the Panel, therefore, is a method designed to measure
total pantothenic acid. It is based on the method published by the United States Department
of Agriculture,3 but a medium similar to Barton-Wright's4 is used. Details of the recom
mended method are given in Appendix I.
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7·5 g
5·0 g
5·0 g

to 500 ml

RIBOFLAVIN-

At an early stage of the Panel's investigations it was established that the riboflavin
activity for Lactobacillus helveticus of an extract of compound feeding stuff circulated to
Panel members could be determined by the participating laboratories with an acceptable
"between laboratories" variance by the microbiological procedure previously recommended
by the Analytical Methods Committee1 for assaying foods. However, the results reported

.when each laboratory made its own extract of a sample of a compound feeding stuff showed
unacceptable divergence. Collaborative investigations were accordingly undertaken on the
effect of variations in the method of extraction, and the resulting introduction of modifications
to the procedure permitted Panel members to determine riboflavin activity in compound
feeding stuffs with a precision commensurate with those of the assay methods recommended
for the other vitamins in this report. Collaborative studies of a microbiological method in
which Streptococcus zymogenes is used showed that, despite its greater sensitivity, it had no
advantage over that in which L. helveticus was used.

In the light of collaborative tests, the Panel is of the opinion that if several laboratories,
versed in microbiological assays of this type, analyse samples of the same compound feeding
stuff containing 2 to 7 fLg of riboflavin per g by the method involving basal medium Y,
previously recommended by the Analytical Methods Committee,1 but preparing and extracting
the sample as described in Appendix II of this Report, the results may be expected to lie
within ±35 per cent. of the mean.

This modified method is therefore recommended for the determination of riboflavin in
compound feeding stuffs.

VITAMIN B12-

The method selected for collaborative study was the microbiological procedure, in which
Ochromonas malhamensis is used, previously investigated by the Analytical Methods Com
mitteeS for assaying foods. Four samples of animal feeding stuffs, two unsupplemented and
two supplemented with cyanocobalamin, were assayed in each of six laboratories. The
results revealed that if several laboratories, versed in microbiological assays of this type;
analyse samples of the same compound feeding stuff containing 20 to 50 mfLg of vitamin B12
per g by the method previously recommended by the Analytical Methods Committee, the
results may be expected to lie within ±35 per cent. of the mean.

This method is therefore recommended for the determination of vitamin B12 in com
pound feeding stuffs.

Appendix I

RECOMMENDED METHOD FOR THE MICROBIOLOGICAL ASSAY OF PANTOTHENIC ACID IN

COMPOUND FEEDING STUFFS

Normal bacteriological procedures and precautions must be adopted in the preparation
of cultures, sterilisation of media and glassware and in the assay procedure.

Reference to sterilisation at 115° or 121° C implies the use, in an autoclave, of saturated
steam at a pressure of 10 or 15 lb in excess of atmospheric pressure, respectively, whereby the
required temperature of 115° or 121° C is attained.

REAGENTS-

All reagents and ingredients should be of analytical-reagent grade if possible.

Yeast extract - dextrose - agar medium
Agar
Bacto yeast extract
Dextrose
Distilled water

Mix the ingredients, and dissolve the agar by steaming for 10 minutes. Transfer 1O-ml
amounts to l-oz screw-capped bottles, and sterilise at 121° C for 15 minutes.

Photolysed peptone-Dissolve 40 g of Difco Bacto-peptone, obtainable from Baird and
Tatlock (London) Ltd., in 250 ml of glass-distilled water, add 20 g of sodium hydroxide
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dissolved in 250 ml of distilled water, and sterilise at 121 ° C for 15 minutes. Cool, and set
aside at room temperature in the light for 24 hours, the solution being exposed to strong light
(e.g., that from a 100-watt tungsten-filament lamp, 18 inches distant) for at least 12 hours of
this period. Neutralise the solution with glacial acetic acid (about 28 ml), add 11·6 g of
hydrated sodium acetate, C2H aNa02.3H20, dilute to 800 ml with distilled water, and preserve
the solution by adding sulphur-free toluene or chloroform. Store in a refrigerator, i.e.,
below 5° C; under these conditions the solution will normally keep for a fortnight, but discard
it sooner if a precipitate forms.

Inorganic salt solution A-Dissolve 25 g each of potassium dihydrogen phosphate and
dipotassium hydrogen phosphate in 250 ml of distilled water, and preserve the solution by
adding sulphur-free toluene or chloroform. This solution keeps indefinitely.

Inorganic salt solution B-Dissolve 10 g of magnesium sulphate, MgS04.7H20, 0·5 g of
manganese sulphate, MnS04 .4H 20, and 0·1 g of anhydrous ferric chloride, FeCla, in 250 ml
of distilled water, and add 0·25 ml (5 drops) of hydrochloric acid, sp.gr. 1·16 to 1,18, to prevent
any precipitation. This solution keeps indefinitely.

Sodium hydroxide, 0·1 N.

Acetic acid, 0·2 N.

Sodium hydrogen carbonate solution-A 0·85 per cent. wIv solution of sodium hydrogen
carbonate in distilled water.

Basal medium-
Hydrated sodium acetate,C.H.NaO•. 3H,O
Dextrose
Sodium chloride ..
Ammonium sulphate
Difco vitamin-free Casamino Acids
Xylose
L-Cystine ..
DL-Tryptophan
Adenine
Guanine
Uracil

22 g
20 g
5g
3g
2g
I g

200mg
100mg

10 mg
10 mg
10 mg

Xanthine
Nicotinic acid
Riboflavin
Aneurin ..
p-Aminobenzoic acid
Pyridoxin
Biotin
Photolysed peptone
Inorganic salt solution A
Inorganic salt solution B
Distilled water ..

IOmg
400,..g
200,..g
100,..g
100,..g
100,..g
0·4,..g

100ml
5ml
5ml

to 500 ml

Adjust to pH 6.8 with a 15 per cent. wIv solution of sodium hydroxide in distilled water,
with bromothymol blue as external indicator. Store in a refrigerator, i.e., below 5° C, for
not more than 48 hours.

Intestinal-phosphatase extract-Extract calf intestinal phosphatase (obtainable from
Armour & Co. Ltd.) with cold distilled water (1 ml of water per 10 mg of intestinal phospha
tase). Prepare freshly each day.

Pigeon-liver extract-Place in a chilled 50-ml centrifuge tube 2 g of pigeon-liver powder
(obtainable from L. Light and Co.) and 20 ml of ice-cold 0·02 Mpotassium hydrogen carbonate,
stir the mixture thoroughly with a glass rod, and place the tube in a centrifuge cup in the
freezing compartment of a refrigerator for 10 minutes. Spin in a centrifuge of 15 cm radius
at 3000 r.p.m. for 5 minutes, and transfer 2-ml portions of the supernatant liquid to small glass
tubes. Store in the frozen condition.

Further treatment of this preparation with Dowex resins may be necessary in order to
reduce the enzyme blank value; a convenient procedure is described in the United States
Department of Agriculture's J:Ianqbook.a. •

Strang standard pantathemc actd salt/han -PIeIr. j?'.lrc dry calcIUm D-pantothenate prepare

a solution to contain 108·8 mg of calcium pantothenate in 100 ml of distilled water.
1 ml "'" 1000 fLg of pantothenic acid.

Store this solution in a refrigerator, i.e., below 5° C.

Dilute standard pantothenic acid solution-Dilute the strong standard pantothenic acid
solution with distilled water to give a solution containing the equivalent of 0·02 fLg of panto
thenic acid per ml. Prepare freshly each day.

Sterile saline solution-A 0·9 per cent. wIv solution of sodium chloride in water, sterilised
at 115° C for 30 minutes.
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ORGANISM-
The micro-organism used in the assay is Lactobacillus plantarum NCIB 8014 (formerly

L. arabinosus 17-5). Maintain it as a stock culture in yeast extract - dextrose - agar stabs,
incubating it at 30° C for 24 hours after inoculation, and make fresh stab cultures monthly.

Subculture for inoculum-Forty-eight hours before the assay, inoculate with a portion of
the stock culture 10 ml of sterile broth, prepared by adding to 5 ml of basal medium sufficient
of a solution to give 0·05 !-'g of pantothenic acid per ml of the broth and diluting, if necessary,
to 10 ml with distilled water. Incubate at 30° C for 24 hours. Make a final subculture by
inoculating a further 10 ml of similarly prepared sterile broth with a portion of the first
subculture, and again incubate at 30° for 24 hours.

Inoculum-Spin the subculture for inoculum in a centrifuge, and decant the supernatant
liquid. Add 10 ml of sterile saline solution to the residue, mix, spin in a centrifuge, and ag ain
decant the supernatant liquid. Repeat the washing of the residue with two further lO-ml
portions of sterile saline solution, and then suspend the washed residue in 10 ml of sterile
saline solution. Dilute 1 ml of this suspension to 100 ml with sterile saline solution, and use
one drop of this diluted suspension for inoculating the assay tubes. Prepare a fresh inoculum
from the stock culture for each new assay.

PROCEDURE
When carrying out this microbiological assay, normal bacteriological procedures and

precautions mu.st be adopted.

PRELIMINARY TREATMENT OF SAMPLE-
Grind the sample to pass a 60-mesh sieve. To 15 g of the ground sample, add 200 ml of

distilled water, and mix thoroughly. Heat in flowing steam for 15 minutes, and then homo
genise for 3 minutes in a Waring blender. Transfer the suspension quantitatively to a
measuring cylinder, and dilute to 300 ml with distilled water. Return the suspension to the
blender, and homogenise for 30 seconds.

Transfer replicate 5-ml portions (equivalent to 250 mg of sample) of the homogenate to a
series of test-tubes, 18 to 20 mm in internal diameter and 15 to 16 cm in length. To each
tube add 0·5 ml of sodium hydrogen carbonate solution, and then 0·5 ml of intestinal-phos
phatase extract and 0·1 ml of pigeon-liver extract, mix, and incubate the mixture in a water
bath at 37° C for 4 hours, stirring occasionally. Transfer the contents of the tubes quanti
tatively to a series of loo-ml measuring cylinders, washing each tube with about 60 ml of
distilled water and adding the washings to the corresponding measuring cylinder. Adjust
the contents of each cylinder to pH 4·8 with 0·2 N acetic acid, and dilute to 100 ml with
distilled water. Filter each suspension through a Whatman No. 42 filter-paper, and dilute
each filtrate until it contains about 0·02 !-'g of pantothenic acid per m!.

PREPARATION OF ENZYME BLANK SOLUTION-
Treat 5 ml of distilled water, instead of 5 ml of the sample homogenate, as described

above under "Preliminary Treatment of Sample," beginning at "Transfer replicate 5-ml
portions . . . .", but omitting the final dilution of the filtrate.

DETERMINATION OF PANTOTHENIC ACID-
Distribute 5-ml portions of the basal medium into each of three series of test-tubes, 18 to

20 mm in internal diameter and 15 to 16 cm in length. Add to one series of test-tubes
0-, 0,25-, 0,5-, 1'0-, 2'0-, 3·0- and 4'0-ml portions of dilute standard pantothenic acid solution,
four tubes being used at each different volume. Dilute each solution to 10 ml with distilled
water (standard series). Similarly prepare a sample series and an enzyme blank series, by using
0,5-, 1'0-, 2'0- and 4'0-ml portions of the sample extract and enzyme blank solution, re
spectively.

Cover each test-tube with an aluminium cap, sterilise at 115° C for 10 minutes, cool the
contents of each tube, add one drop of the inoculum and incubate at 30° C for 7.2 hours.

Assess the growth response by titrating the contents of each tube to pH 6·8 with 0·1 N

sodium hydroxide: use either a pH meter or bromothymol blue indicator solution for deter
mining the end-point. Draw a curve of the responses to the doses of the standard, and read
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off the potencies of the test extract by direct reading at not less than three concordant levels.
Similarly read off the potency, if any, of the enzyme blank solution, and correct the figure
obtained for the test extract accordingly. Multiply by the dilution factor, and calculate the
potency of the test sample. Express the result as micrograms of pantothenic acid per gram
of sample.

Appendix II

RECOMMENDED METHOD FOR EXTRACTING COMPOUND FEEDING STUFFS FOR THE
DETERMINATION OF RIBOFLAVIN

For the microbiological determination of riboflavin by the assay procedure recommended
in this Report, i.e., that previously recommended by the Analytical Methods Committee l for
assaying foods by using basal medium Y (see Note 1), the method described in this Appendix
should be used for preparing and extracting the sample.

REAGENTS-

Light petroleum-Boiling-range 40° to 60° C.
Hydrochloric acid, 0·2 N.

Sodium acetate, 2·5 M.

Dilute sodium hydroxide solution-A 5 per cent. wIv solution in distilled water.

PROCEDURE

EXTRACTION-

Grind the sample to pass a 60-mesh sieve. Extract about 5 g of the ground sample,
accurately weighed, with light petroleum in a Soxhlet apparatus until free fat and fatty
acids are removed, and discard the extract. Remove the residual solvent from the extracted
sample with a gentle current of warm air, mix the dry material with 50 ml of 0·2 N hydrochloric
acid, and heat the mixture in saturated steam, in an autoclave, at 121°C for 15 minutes.
Remove the digest to a dark room, and cool. Add 2 ml of 2·5 M sodium acetate, adjust the
mixture to pH 4·6 with dilute sodium hydroxide solution, and dilute to 100 ml with distilled
water. Filter at least half the mixture through a folded 15-cm Whatman No.1 filter-paper,
discard the first few millilitres of the filtrate, and adjust (see Note 2) a suitable portion of the
filtrate to pH 6·8 with dilute sodium hydroxide solution, ignoring any precipitate that may
form.

NOTEs-

1. If desired, an electrometric method may be used for the titration.
2. If the sample under test has a high fat content, it is recommended that the filtrate be extracted

with ether before the pH is adjusted.

REFERENCES

1. Analytical Methods Committee, Analyst, 1946,71, 397.
2. Novelli, G. D., Kaplan, N. 0., and Lipmann, F., J. Bioi. Chern., 1949, 177, 97.
3. U.S. Department of Agriculture, "Agriculture Handbook No. 97," U.S. Government Printing

Office, Washington, D.C.
4. Barton-Wright, E. c., "The Microbiological Assay of the Vitamin B-Complex and Amino-Acids,"

Sir Isaac Pitman & Sons Ltd., London, 1952.
5. Analytical Methods Committee, Analyst, 1956,81, 132.
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PART 5. REPORT OF THE VITAMINS (FAT-SOLUBLE) PANEL

The Determination of Fat-soluble Vitamins in Diet
Supplelnents and Compound Feeding Stuffs

INTRODUCTION
THE Vitamins (Fat-soluble) Panel was set up under the Chairmanship of Mr. W. L. Sheppard.
and its membership was: Mr. C. R. Louden, Mr. R. A. Rabnot, Mr. S. A. Reed, Mr. K. L.
Smith, Mr. G. Walley, Dr. J. Williams and Mr. D. R. Wraige, with Dr. C. H. Tinker as Secretary,
Subsequently, Mr. Rabnot, Mr. Smith and Mr. Wraige resigned, and Mr. L. Brealey and Mr. H.
Pritchard joined the Panel. The Panel was appointed to ascertain whether or not methods
could be recommended that would permit compound feeding stuffs to be assayed for f3-caro
tene, vitamin A and vitamin D.

In preliminary discussions, the Panel agreed to seek methods:
(i) for determining the total amounts of the vitamins, i.e., amounts naturally

present in the ingredients of the unsupplemented ration together with amounts added
as a supplement,

(ii) that are applicable to both high-potency diet supplements (pre-mixes) and
supplemented feeding stuffs as fed to the animal, and

(iii) that can be carried out in laboratories without highly specialised and expensive
apparatus.
Because of the nature of the materials used as supplements, the Panel thought it essential

to make recommendations for the preparation of the bulk sample before samples for analysis
are taken. These recommendations are given in Appendix 1.

RESULTS AND RECOMMENDATIONS
VITAMIN A-

The method investigated most fully was one used extensively for feeding stuffs by one
member of the Panel and involving saponification, column chromatography on alumina and a
spectrophotometric finish. An alternative spectrophotometric finish,l involving dehydration
of vitamin A with benzene and toluene-p-sulphonic acid, was also investigated, but as the
method presented difficulties to some members of the Panel, it is recommended only as a short
screening technique (see Appendix III).

The method given in the British Pharmacopoeia2 was also examined, but it was rejected
for the following reasons-

(i) With many samples, and particularly with diet supplements, the small irrelevant
absorption is not linear. Its value can often be assessed by carrying out a blank deter
mination on the unsupplemented basic feed. The B.P. procedure gives gross over
correction in these circumstances.

(ii) Distortion of the spectral curve of vitamin A occurs during the analytical
procedure, particularly if the unsupplemented basic feed is mainly mineral in character.
This distortion is enhanced if the extracted vitamin A is transferred from one solvent
to another by a process involving evaporation, as in the B.P. method. The B.P. method
itself, therefore, creates the need for a Morton and Stubbs type of correction when it is
used for determining certain types of feeding stuffs.
The results of the first collaborative test by the selected method on a typical compound

feeding stuff were promising, but it was clear that the analytical procedure required to be
defined more closely, particularly for analysts unfamiliar with the technique. A second
collaborative test, in which the recommended method as finally detailed in Appendices II(a),
lI(b) and II(c) were used, proved satisfactory. In this test, cod-liver oil of known potency was
added to a vitamin-A-free meal, and the four collaborating laboratories reported results
between 96 and 103 per cent. of the theoretical value. The Panel then investigated feeding
stuffs containing more heavily protected vitamin concentrates, and also ones including milk
powder and grass meal.
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By this time the significance of the manner in which the additive is mixed with the basic
feeding stuff had been realised. A single beadlet of concentrate may contain 1 to 10 i.u. of
vitamin A, and the general level of additive distribution is usually one beadlet per gram of
feeding stuff. The reagents used in the saponification stage are therefore required to react
with about 25 beadlets, and for good replication it is essential to ensure that the beadlets
are the same average size and are uniformly distributed. After great care had been taken in
preparing the supplemented sample, satisfactory results were obtained even with the most
highly protected compound feeding stuffs. In a collaborative test on a sample rich in grass
meal, a result of 5·6 i.u. per gram was obtained by three members of the Panel, and 4·9 and
6·1 i.u. per gram by the other two. In a collaborative test on a feeding stuff containing milk
powder, two members returned values of 12·8 i.u., one 13·5 i.u. and another member 15·0 i.u.
per gram.

During the course of the collaborative tests, satisfactory recoveries were obtained when
known amounts of vitamin A, either in cod-liver oil or in groundnut oil, were added to vitamin
A-free diets.

On the basis of these tests, the methods described in Appendices II(a), II(b) and II(c) are
therefore recommended for the determination of vitamin A in diet supplements and compound
feeding stuffs.
!1-CAROTENE-

A method for determining f1-carotene by an extension of the method for determining
vitamin A, involving spectrophotometric measurement of the intensity of the colour of the
carotenoid fraction eluted from the alumina column by the developing solvent containing
16 per cent. of ether, was investigated. A collaborative test, in which the method described
in Appendix IV was used, on a typical compound feeding stuff by five members of the Panel
gave results of 0·84 ± 0·06 mg of f1-carotene per kilogram.

This method is therefore recommended for the determination of f1-carotene in diet
supplements and compound feeding stuffs.

VITAMIN D-

The Panel agreed that no reliable chemical method for determining vitamin D in com
pound feeding stuffs, at the level normally found, was available. More recent reports of
success in this field by American workers were noted, and their publication was awaited with
interest. A method for levels of about 100 i.u. per gram in materials having a low oil content
was available.a

The biological test with rats will determine both vitamin D 2 and Da present in compound
feeding stuffs. If vitamin Da only is to be determined, the biological test with chicks must be
used. Attention is drawn to the fact that compound feeding stuffs contain substances that
interfere with the availability of the vitamin to animals.

No recommendation is made for the determination of vitamin D in compound feeding
stuffs.

SAMPLING-

The analyst can only be responsible for the result in relation to the sample sent to him.
The Panel wishes to emphasise that the determination of vitamin A may be concerned with a
supplemented feeding stuff that results from the addition of one variably potent beadlet of con
centrate to each gram of feeding stuff. There is a danger that, if extreme precautions are
taken in the preparation of the sample for the analyst, the sampler is doing the work of the
compounder. This may be important in relation to the amount of additive needed by the
chick in the early days of its life. It is clear that the preparation of the 2-lb sample sent for
analysis is critical, and it is therefore strongly recommended that the procedure described in
Appendix I for preparing the analytical sample be rigidly followed.

Appendix I
PREPARATION OF ANALYTICAL SAMPLE FOR FAT-SOLUBLE VITAMIN DETERMINATIONS

The analysis generally involves between 5 and 25 g of meal that may contain as little as
one beadlet of protected vitamin per gram. The potency of each beadlet varies from 1 i.u.
upwards. It is essential, therefore, that the bulk sample, of about 2 lb, be thoroughly homo
genised before the analytical sample is weighed. This is best achieved by repeated grinding,
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sieving and rolling on paper until at least 95 per cent. passes through a 25-mesh B.S. sieve.
With high-potency diet supplements, loss of vitamin by adhesion to the walls of the grinder
and sieve is avoided by initial dilution of the sample with ground maize to give a product
containing about 50 i.u. per gram.

The sample should be analysed as soon as possible after grinding.

Appendix n(a)

RECOMMENDED METHOD FOR DETERMINING OF VITAMIN A IN DIET SUPPLEMENTS AND COMPOUND

FEEDING STUFFS

PRINCIPLE OF METHOD-

The sample is saponified by heating it under reflux with ethanolic potassium hydroxide
solution. The resulting vitamin A alcohol is extracted from the saponification mixture with
light petroleum, isolated by chromatography on alumina and determined spectrophoto
metrically.

ApPARATUS-

Apparatus for preparing alkaline alumina-(See Fig. I.} This consists of a 100-ml round
bottomed flask with a ground-glass neck into which is fitted an adapter with aT-connection.
Into the upper neck of the adapter is inserted an air-leak tube, the lower end of which is
drawn out to a coarse capillary that extends to within about 0·5 em of the bottom of the flask.

~~--Inert gas inlet

Glass tube drawn to
a coarse capillary

Fig. I. Apparatus for preparing alkaline
alumina

Chromatographic apparatus-(See Fig. 2.} This consists essentially of two chromato
graphic tubes. The upper chromatographic tube, whose construction and dimensions are
shown in Fig. 2 (a), has a side-arm near its wider end, through which gas under pressure can
be led. The upper end of the tube is closed with a bung, through which passes the stem of a
5-ml calibrated solvent reservoir. The stem, which carries a stop-cock, is bent at its lower
end so that the opening just touches the inside of the tube. The lower chromatographic tube,
whose construction and dimensions are shown in Fig. 2 (b), is fitted with a side-arm near its.
wider end, through which gas under pressure can be led, and a second side-arm carrying a stop
cock. The wider end of the tube is closed with a bung, through which the narrower end of
the upper chromatographic tube can pass.
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When the two tubes are assembled into one unit, as shown in Fig. 2 (c), gas under pressure
can be led to the upper portions of either tube through rubber tubing by manipulation of a
three-way tap.

5-ml
_-graduation

mark

Upper
--chromato

graphic tube

Solvent -
reservoir

Rubber-
tubing

T
I6m~r

100 mm

Rubber bung

~/
~>J

"

5 mm

L,>::J-solvent reservoir

10 mm

(d)
Fig. 2. Chromatographic apparatus

(a) Upper chromatographic tube
(b) Lower chromatographic tube
(e) Assembly
(d) Collection tube

3 mm

I-ml
graduation

mark

(a)

7mm

T
20 mm

t
30 mm

I-,
I
Irm

Lower
chromato_

/ graphic tube

(c)

Collection tubes-These receivers, whose construction and dimensions are shown in Fig. 2
(d), bear a graduation mark on the narrow portion indicating a capacity of 1 ml.

Pipette, 0·5 ml-With tip drawn out to a capillary.
Cuvettes-Two, preferably matched, each of quartz, and 1 cm in length.
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REAGENTS-

Potassium hydroxide solution-Dissolve 160 g of potassium hydroxide III 100 ml of
distilled water.

A bsolute ethanol.
Light petroleum-Boiling-range 400 to 600 C.
Diethyl ether, peroxide-free.
A nhydrous sodium sulphate-Granular material dried in an oven at 1050 C for 3 hours.
Developing solvents-Solutions in light petroleum containing 4, 8, 12, 16, 20, 24 and 36 per

cent. vIv of ether. Both constituent solvents are dried over anhydrous sodium sulphate
before mixing.

Quinol.
Sodium hydroxide solution-Dissolve 10 g of sodium hydroxide pellets in distilled water,

and dilute to 100 ml with distilled water.
Phenolphthalein indicator solution-A 1·0 per cent. wIv solution in 95 per cent. v Iv

ethanol.
Inert gas-Hydrogen or oxygen-free nitrogen.
Alumina-Alumina trihydrate (a suitable quality can be obtained from the British

Aluminium Co., Norfolk House, St. James's Square, London, S.W.I).
Alumina, type-I-Activate the fraction of alumina that passes through a 150-mesh B.S.

sieve by heating at 8000 C for 7 hours, and cool. Add 2 g of distilled water to each 98 g of
activated alumina, mix well, and store in a stoppered bottle.

Alkaline alumina, type-2-Weigh 20 g of type-I alumina into the flask, add 20 ml of
sodium hydroxide solution, and assemble the apparatus as described above under"Apparatus."
Connect the air-leak tube to a cylinder of inert gas and the T-connection of the adapter to a
water pump, apply suction, pass a slow stream of inert gas through the mixture, and set
aside for 1 hour. Immerse the flask in an oil-bath, raise the temperature slowly during
1 hour to 1350 ± 2° C, and maintain the flask at this temperature for a further hour. Dis
continue the gas stream, remove the flask from the oil-bath, allow to cool under vacuum,
preferably overnight, and release the vacuum with inert gas.

Determine the moisture content of the product (loss on heating at 5000 C for 2 hours),
and adjust the moisture content to 12·5 ± 1 per cent. Transfer in approximately I-g amounts
(sufficient to prepare the lower chromatography tube-see below under "Chromatographic
Separation of Vitamin A: Preparation of chromatographic tubes") to small glass tubes, and
seal the tubes with wax.

The suitability of the prepared aluminas should be assessed by establishing in a pre
liminary test that vitamin A is eluted from the chromatography column by a developing
solvent containing 24 per cent of ether.

Antimony trichloride reagent-To 800 ml of chloroform in a 1500-ml flask add 200 g of
antimony trichloride, and heat under reflux until the solution is quite clear. Allow to cool,
transfer to a I-litre graduated measuring cylinder, add 30 ml of acetic anhydride, and dilute
to 1 litre with chloroform. Store in an amber-coloured glass bottle.

The antimony trichloride should preferably be taken from a new bottle of the reagent;
discoloured material must not be used.

PROCEDURE

The whole procedure must be carried out as quickly as possible and almost in the dark.
The effect of actinic light varies according to the material handled. Whenever possible
it is advisable to use amber-coloured glassware; any filtration apparatus and other
glassware should be masked by thick dark paper. These precautions are essential when
solvents are removed, leaving the vitamin A spread as a thin film on the walls of the
vessel.

SAPONIFICATION AND EXTRACTION OF SAMPLE-

Weigh 25 g of sample, prepared as described in Appendix I, into a 250-ml flat-bottomed
flask, and add 60 ml of absolute ethanol, 0·2 g of quinol and 10 ml of potassium hydroxide
solution. Boil under reflux on a water-bath for 30 minutes, with occasional swirling. Re
move the flask from the water-bath, and cool.
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Filter the contents of the flask through a 7-cm Whatman No. 54 filter-paper in a Buchner
funnel into a 500-ml separating funnel, A, (see Fig. 3); at first, allow the liquid to filter
without the aid of suction, and then gently apply suction until most of the solution has passed
through the filter-paper. Wash the flask and residue with 50 ml of light petroleum, and pass
the washings through the filter-paper into the separating funnel. Repeat the washing with
three successive 35-ml portions of light petroleum, and then remove the Buchner funnel.

-7-cm Buchner funnel

--Sleeve made from
rubber tubing

--SOO-ml
separating funnel

Fig. 3. Filtration assembly

To the combined filtrate and washings in the separating funnel, add 60 ml of distilled
water, insert a stopper (preferably glass). shake vigorously, allow the layers to separate
completely (this takes about 5 minutes). and run off the lower aqueous layer into a second
500-ml separating funnel, B. Swirl the light-petroleum layer in funnel A, set aside for about
30 seconds, and run off into funnel B any further portion of aqueous layer that separates.
Introduce a few millilitres of distilled water, to act as a seal, into a third 500-ml separating
funnel, C, and transfer to this funnel the light-petroleum layer in funnel A, through the
neck of the latter; wash the neck of funnel A, inside and outside, with a few millilitres of light
petroleum, and add the washings to the contents of funnel C. Wash funnel A thoroughly
with three successive portions of light petroleum, transferring each washing in turn, through
the neck of funnel A, to funnel B. Insert the stopper into the neck of funnel B, shake the
funnel vigorously, allow the layers to separate for 5 minutes, and transfer the lower aqueous
layer to funnel A and the upper light-petroleum layer to funnel C in the manner described
above. Repeat the operations until four extractions of the aqueous liquid have been made
and all the light-petroleum extracts are combined in funnel C. Discard the aqueous liquid.

Wash the combined light-petroleum extracts in funnel C by directing a jet of warm
distilled water (35° to 40° C) from a wash-bottle (preferably of plastic) into funnel C, so that at
first the water flows down the inside of the separating funnel and then through the light
petroleum solution. Swirl gently, allow the layers to separate, and run off the lower aqueous
layer. Swirl the light-petroleum layer remaining in the separating funnel, set aside for about
30 seconds, and run off any further aqueous layer that separates. Repeat the washing twice
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more with distilled water at 30° to 35° C, swirling more vigorously or even shaking gently.
Test the last washing with phenolphthalein indicator solution, and, if free from alkalinity,
proceed with the next stage; if the last washing is alkaline, continue the washing until the
aqueous layer is free from alkalinity. If emulsions form at any stage, break them by adding
2 to 3 ml of absolute ethanol.

PRELIMINARY TREATMENT OF EXTRACT-

Dry the washed light-petroleum solution by adding anhydrous sodium sulphate and
mixing, and transfer the dried solution to a two-necked 500-ml flask. Wash the sodium
sulphate and the separating funnel with a little light petroleum, and add the washings to the
solution in the flask. Evaporate the combined solution and washings to dryness on a water
bath in a current of inert gas. The last stages of the evaporation require the full attention
of the analyst, because the residue in the flask must not be allowed to remain dry any longer
than absolutely necessary. Immediately all the light petroleum has been removed, add 2 ml
of absolute ethanol, and again evaporate to dryness in a current of inert gas; if the residue
appears to be wet, repeat the addition of absolute ethanol and evaporation to dryness.
Immediately dissolve the residue in 5 ml of light petroleum, and again evaporate to dryness
in a current of inert gas. Repeat the dissolution in light petroleum and evaporation to
dryness twice more. Finally, dissolve the residue in 3 to 5 ml of light petroleum and proceed
to the next stage as soon as possible (see Note 1).

CHROMATOGRAPHIC SEPARATION OF VITAMIN A-

Preparation of chromatographic tubes-Place a pledget of cotton-wool in the lower
tip of the upper chromatographic tube. Pour.in light petroleum to a level half-way up the
centre section, and add sufficient type-l alumina to fill the lower section. Lead an inert gas
under pressure to the top of the tube until the level of the light petroleum is about 1 mm
above the top of the alumina column.

Similarly prepare the lower chromatographic tube, but with about 1 g of alkaline alumina
in place of type-l alumina.

Chromatography of solution-Transfer the light-petroleum solution from the preliminary
treatment of extract to the top of the alumina column in the previously prepared upper
chromatographic tube, and force the solution through the column by means of inert gas,
led in under pressure through the side-arm fitted to the top of the tube. Develop the chrom
atogram, first with 5 ml of light petroleum and then with three successive 5-ml portions of
developing solvent containing 4, 8 and 12 per cent. of ether, respectively; if ~-carotene is to be
determined by the method recommended in Appendix V, reserve the eluates, but if ~-carotene
is not to be determined, discard them.

Insert the lower end of the upper chromatographic tube through a rubber bung into the
upper end of the previously prepared lower chromatographic tube, as shown in Fig. 2 (c), and
continue the development of the chromatogram with four successive 5-ml portions of develop
ing solvent containing 16, 20, 24 and 36 per cent. of ether, respectively, collecting the eluates in
calibrated I-ml collection tubes, until all the vitamin A is eluted (see Note 2). If ~-carotene

is to be determined, reserve the eluate obtained with the developing solvent containing 16
per cent. of ether. Mix the solution in each collecting tube by passing a few air bubbles from
a drawn-out pipette through the liquid. Withdraw from each collection tube about 0·3 ml of
solution, and test each portion separately for the presence of vitamin A with antimony
trichloride reagent (see Note 3). From each tube that gives a positive (blue) reaction,
transfer exactly 0·5 ml of solution to the same lO-ml calibrated flask, dilute the combined
solution to the mark at 20° C with light petroleum, and determine the vitamin A in the
solution by the method described below (see Note 4).

DETERMINATION OF VITAMIN A-

Thoroughly clean two I-em quartz cuvettes, fill each with light petroleum, and compare
their optical densities with a spectrophotometer at several suitable wavelengths. If the
optical densities at any particular wavelength differ by more than 0·001, clean the cuvettes
again or make allowance for the difference.

Empty one cuvette, refill with the light-petroleum solution from the chromatographic
separation of vitamin A, and cover the cuvettes with suitable lids. Measure the optical
densities of the test solution against light petroleum with a spectrophotometer at 323; 324,
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325, 326 and 327 mfL, and determine the wavelength of maximum absorption. Measure the
optical densities of the test solution at wavelengths 15 mfL lower and 10 mfL higher than the
wavelength of maximum absorption, and finally check the optical density at the wavelength
of maximum absorption.

CALCULATIONS-

Calculate the vitamin-A content of the sample from the following expression:

. . A (. ) a.D. X 1830 X 2 X 10
vltamm l.u. per g = 25 X 100 '

where a.D. = optical density of test solution at the wavelength of maximum absorption.
Calculate also the values of the ratios:

a.D. (peak -15) and a.D. (peak + 101

a.D. a.D.
where a.D. (peak -15) optical density of test solution at a wavelength 15 mfL lower than

the wavelength of maximum absorption, and
a.D. (peak + 10) optical density of test solution at a wavelength 10 mfL higher than

the wavelength of maximum absorption.
If either of these ratios exceeds 0,90, the determination is invalid, and must be repeated.

NOTES-

l. If necessary, the solution in light petroleum may be kept for 3 to 4 hours in a stoppered flask
in a cool, dark place.

2. Ideally, elution of the vitamin A from the column should begin while the developing solvent
containing 24 per cent. of ether is being passed through the column. In practice, satisfactory results
are obtained even if the vitamin is not eluted until the developing solvent containing 36 per cent. of
ether is used.

3. Usually, the vitamin A will be in the eluates collected in six to sixteen tubes, depending
on the amount of vitamin put on the column and the volume of solvent in which it was dissolved.

4. If an ultraviolet spectrophotometer is not available, determine the vitamin A by the blue
value method, as described below-

Combine the 0'5-ml portions in the cell of a spectrophotometer, evaporate to dryness in a stream
of inert gas, and immediately dissolve the residue in 1 ml of chloroform. Add 10 ml of antimony
trichloride reagent so that mixing occurs, and measure the optical density at about 620 miL: the colour
develops rapidly and reaches a maximum intensity in about 3 to 5 seconds. Obtain the vitamin A
concentration by reference to a previously prepared calibration graph relating units of activity to
optical density.

Appendix II(b)

MODIFIED PROCEDURE FOR PRODUCTS IN WHICH THE PROTECTED VITAMIN IS DIFFICULT

TO BREAK DOWN

ApPARATUS-

The apparatus listed below, additional to that listed in Appendix II(a), is required
Centrifuge-Sufficiently large to take at least two 250-ml cups.
Centrifuge tubes-Capacity about 250-ml.

REAGENTS-

The reagent specified below, additional to those listed in Appendix II(a), is required
Diluted ethanol, 40 per cent. vIv.

PROCEDURE

SAPONIFICATION AND EXTRACTION OF SAMPLE-

Weigh 25 g of sample, prepared as described in Appendix I, into a centrifuge tube, add
60 ml of absolute ethanol, 0·2 g of quinol and 10 ml of potassium hydroxide solution, boil
under reflux on a water-bath for 30 minutes, with occasional swirling, and remove the centri
fuge tube from the water-bath. Plug the centrifuge tube (a cork wrapped in polythene film
forms a convenient closure), spin in a centrifuge and dec.ant the clear supernatant liquid into
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a 5OO-ml separating funnel, A, containing 40 ml of distilled water. To the residue in the
centrifuge tube add 50 ml of diluted ethanol, boil under reflux on a water-bath for 5 minutes,
remove the centrifuge tube from the water-bath, plug the tube, spin it in a centrifuge, and
again decant the clear supernatant liquid into funnel A. Repeat the extraction procedure
with a further 50 ml of diluted ethanol, adding the clear supernatant liquid to funnel A.

To the residue in the centrifuge tube add 30 ml of distilled water, heat under reflux on a
water-bath for 20 minutes, add 3 ml of potassium hydroxide solution, mix thorougWy, and
add 50 rnl of absolute ethanol. Boil under reflux on a water-bath for 5 minutes, and remove
the centrifuge tube from the water-bath. Plug the centrifuge tube, spin in a centrifuge and
decant the clear supernatant liquid into funnel A. To the residue in the centrifuge tube add
50 ml of light petroleum, extract the residue by shaking or stirring with a glass rod, allow to
settle, and transfer the extract to funnel A. Extract the aqueous ethanolic layer as described
in Appendix II(a) under "Saponification and Extraction of Sample" beginning at the words
"insert a stopper (preferably glass), shake vigorously ..." in the third paragraph, but use
each fresh portion of light petroleum to extract the residue in the centrifuge tube before
adding it to funnel A, and complete the determination as described in Appendix II(a).

Appendix II(c)

PROCEDURE FOR HIGH-POTENCY DIET SUPPLEMENTS
Weigh a suitably sized sample, prepared as described in Appendix I, saponify and extract

with light petroleum as described in Appendix II(a) and dilute the final light-petroleum solu
tion so that, from the expected potency, it contains approximately 8 Lu. per ml. Complete
the determination as described in Appendix II(a).

At vitamin-A levels of 500 i.u. per g of diet supplement, it is desirable to obtain a result
within 2 per cent. of the true figure. Every precaution, in the form of protection from light
and speed of manipulation, must be taken against destruction of vitamin A and distortion
of the spectral curve. Under good experimental conditions, the optical-density ratios often
remain close to 0,86, even without the chromatographic purification of the light-petroleum
extract on alumina. The chromatographic step may be omitted if the ratios do not exceed
0·90. The saponification stage should never be omitted, because it is unlikely that unpro
tected vitamin A will now be used in feeding stuffs.

Appendix III

RAPID SCREENING METHOD FOR DETERMINING VITAMIN A BY CONVERSION TO
ANHYDRO-VITAMIN A

PRINCIPLE OF METHOD1_

Vitamin A in benzene solution is converted, at room temperature, to anhydro-vitamin A
in the presence of toluene-p-sulphonic acid as catalyst. The increase in the optical density .
at 399 mfL resulting from the dehydration is proportional to the amount of vitamin A present,
and can be used for the determination of this vitamin in unsaponifiable extracts.

ApPLICABILITY-
The method lacks the precision of the chromatographic method of Appendix II(a) and

sometimes gives erratic results. It is not suitable for products containing grass meal.

ApPARATUS-
Dry, in an oven, all glass apparatus used in the preparation of the catalyst solution and

in the stages of the method described in this appendix, and allow to cool in a desiccator over
anhydrous calcium chloride.

REAGENTS-
Toluene-p-sulphonic acid-Toluene-p-sulphonic acid monohydrate (obtainable from

L. Light & Co., Colnbrook, Bucks.). Store in a desiccator over anhydrous calcium chloride
or phosphorus pentoxide.

"'lfl7'H!)"lflltM71'.
• 1
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Benzene, dry-Shake 150 ml of analytical-reagent grade benzene with 5 mg of toluene-p
sulphonic acid, boil under reflux for 5 minutes, using a refluxing condenser fitted with a cal
cium chloride guard tube, loosely stopper the flask, and set aside overnight. Distil, and store
the benzene over anhydrous calcium chloride. Caution-the vapour is toxic.

Absolute ethanol.
Light petroleum-Boiling-range 40° to 60°, free from aromatic hydrocarbons.
Quinol.
Potassium hydroxide solution-Dissolve 160 g of potassium hydroxide in 100 ml of distilled

water.
Phenolphthalein indicator solution-A 1·0 per cent. wIv solution in 95 per cent. v Iv

ethanol.
A nhydrous sodium sulphate-Granular analytical-reagent grade material dried in an oven

at 105° C for 3 hours.
Catalyst solution-Heat 15 mg of toluene-p-sulphonic acid under reflux on a sand-bath

with 100 ml of dry benzene until dissolved, using a reflux condenser fitted with a calcium
chloride guard tube. Distil off 10 ml of solvent to remove moisture, and allow the solution
to cool, protecting it from moisture. Transfer to a 100-ml calibrated flask, and dilute to the
mark with dry benzene. Freshly prepare the solution daily.

PROCEDURE

SAPONIFICATION AND EXTRACTION OF SAMPLE-

Saponify and extract a suitable weight of sample (see Note 1) as described in Appendix
II(a).

PRELIMINARY TREATMENT OF EXTRACT-

Dry the washed light-petroleum extract in separating funnel C, by adding anhydrous
sodium sulphate and mixing, and decant the dried solution. Wash the sodium sulphate and
the separating funnel with a few millilitres of light petroleum, and add the washings to the
decanted solution. Adjust the volume of the combined solution and washings, either by
evaporating in an atmosphere of inert gas, or by dilution with light petroleum to give a con
centration of about 40 i.u. of vitamin A per ml, according to the expected potency.

DETERMINATION OF VITAMIN A-

Transfer two lO-ml portions of the light-petroleum solution from preliminary treatment
of extract to separate 25-ml thick-walled stoppered glass tubes, and evaporate to dryness
under reduced pressure at 40° C. To one residue add 1 ml of dry benzene and 4 ml of catalyst
solution (solution A). and to the other residue add 5 ml of dry benzene (solution B). Stopper
each tube, shake the solutions, and set aside for 1 minute. To each solution add 1 g of
anhydrous sodium carbonate, shake again, and set aside for not less than 1 minute. Remove
the stoppers, spin each tube in a centrifuge until the supernatant liquids are clear, and decant
the supernatant liquids into separate clean dry I-em cells. Measure the optical density of
solution A against solution B with a spectrophotometer at 399 mfl-. This value represents
the increase in optical density resulting from dehydration of vitamin A.

CALCULATION-

Calculate the number of i.u. of vitamin A in the lO-ml portion of the light petroleum
solution taken for the determination of vitamin A from the expression-

. . A a.D..
vltamm = 0.0122 l.u.,

where a.D. = optical density at 399 mfl-; 0·0122 is the optical density corresponding to 1 i.u.
of vitamin A in a lO-ml portion.

Hence calculate the vitamin A in the sample, and express the result as i.u. of vitamin A
per g of sample.

NOTE

I. For compound feeding stuffs a sample weighing 5 to 10 g is suitable, and for diet supplements
0·25 g is sufficient.
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Appendix IV

RECOMMENDED METHOD FOR DETERMINING ,B-CAROTENE IN DIET SUPPLEMENTS AND COMPOUND
FEEDING STUFFS

The apparatus and most of the reagents described in Appendix II(a) are required for this
method.

PROCEDURE

Combine the eluates obtained with developing solvents containing 4, 8 and 12 per cent.
of ether and reserved in the chromatographic separation of vitamin A in the method described
in Appendix II (a) ; include also the eluates obtained with the developing solvent containing
16 per cent. of ether, if these eluates do not contain vitamin A. If necessary, reduce the
volume of the mixture by evaporation in an atmosphere of inert gas. Transfer the solution
to a calibrated flask of suitable volume, and dilute to the mark with light petroleum.

With a spectrophotometer measure the optical density of the solution over the range
440 to 450 mfL in a l-cm glass cuvette, against light petroleum. From the optical density at
the wavelength of maximum absorption, calculate the extinction coefficient, (E:J~,), and multiply
by 358 to obtain the equivalent ,B-carotene potency in i.u. per gram.

REFERENCES

I. Budowski, P., and Bondi, A., Analyst, 1957,82, 751.
2. "British Pharmacopoeia 1958," Pharmaceutical Press, London, 1958.
3. Thievagt, J. G., and Campbell, D. J., Anal. Chern., 1959,31,1375.
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The Sampling of Silicate Rock Powders for Chemical

Analysis

By A. D. WILSO J

(Departmellt of Scientifi·c and Industrial Research, Laboratory of the Governme,,/ Chemist,
Clement's Inn Passage, Strand, London, W.C.2)

The errors introduced into the chemical analysis of silicate rocks when
samples are taken from their heterogeneous powders are examined. These
errors are dependent fundamentally on the weight multi-nomial distribution
of the mineral particles, and, from this basis, exact expressions are derived
for sampling errors of multi-mineral silicate rocks. Considerably simplified
forms are shown for the special examples of bi-mineral rocks, uniform mineral
densities and trace elements.

For uniform grain size, the variance is inversely proportional to the number
of particles sampled, but for varying particle size, the total number of
particles is of no special significance and is replaced by a weighted
reciprocal mean.

Typical rock types are examined, and in general a I-g sample of 72-mesh
material is sufficient for the accurate determination of major elements. The
use of smaller samples may introduce a significant error into a first-class
analysis, and is not justified when there is ample material.

Trace elements, not associated with major elements, but forming
characteristic minerals, are subject to a much greater relative sampling
error than trace elements contained in major mineral species. As trace
elements are frequently determined by spectrographic methods, in which
small samples are used, sampling problems can arise, in spite of the greater
permissible analytical latitude. Double sampling of the normal rock powder
is a useful technique in these instances.

Abnormally high errors can be encountered when the trace element
represents most or all of its characteristic mineral and this has a high grain
density, as, for example, in the sampling of quartz for gold.

INSTRUMENTAL methods of analysis have recently undergone considerable development and
have been used quite commonly in the analysis of silicate rocks. In spectrographic-arc
methods, which are often used for determining trace elements, samples are restricted to
a few milligrams. The determination of major elements by colorimetric and flame photo
metric methods requires solution concentrations of only a few micrograms of the elements
per millilitre, and it would appear that samples of rock powder smaller than those used in
classical analysis (about 1 g) could be taken with the advantages of increased ease of manipu
lation and less need for high dilutions. However, there is a risk that these smaller samples
may not be representative of the average content of the powdered bulk specimen.

Silicate rocks, with few exceptions, contain two or more mineral species, and rock
powders prepared from them will be heterogeneous. It is therefore possible that errors
that could significantly affect the chemical determinations of constituent elements could
arise from the use of small samples.

The calculations and discussions given below are an attempt to estimate these errors
and to estimate the size of an adequate sample for determining an element in relation to
the accuracy of the analytical method, the abundance of the element and the degree of
fineness of the powdered rock sample. For this purpose it is necessary to calculate the
sampling error, i.e., the deviation of the distribution, of an element in samples drawn from
the bulk specimens. As an element may be present in several mineral species, its variance
will depend on the variances and co-variances of the distribution of these mineral species,
which ultimately derive from the multi-nomial distribution. Initially it is assumed that all
particles are of uniform volume, that each grain consists of only one mineral species
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and that all mineral species are of fixed chemical composition. If the individual grains of
the ground sample are smaller than the mineral crystals in the rock, it is almost certain
that fracture will occur between the rock crystals of different mineralogical composition,
and that each grain will consist almost entirely of one mineral species and not a mixture of
mineral species. Rock samples for analysis usually pass a British Standard sieve of 72 meshes
to the lineal inch, and this assumption will be valid for all but the ultra fine-grained rocks.
For these, sampling errors will be less than calculated. The assumption, that the chemical
composition of each mineral species is constant throughout the bulk specimen, is true if the
whole of the rock specimen has originated from the same rock chipping, but may not be valid
if the chippings come from a wide area. Here it is necessary to distinguish between the
different forms of the same mineral.

The full mathematics are developed in the Mathematical Appendix and it is only necessary
to quote here the final forms for the error.

When there are only two mineral species (1 and 2) in the rock, then, provided the standard
error (5.,) is small, an appropriate assumption in the field of chemical analysis, an expression
for this error can be derived-

- (t - t )J(WIW2
) (d ld2

)5., - I 2 n d2 (4.3)

"'here WI and W2 are the proportions of the mineral species 1 and 2, respectively, in the rock,
t l and t 2 are the fractions of the element E in these species,
dl and d2 are the grain densities of the mineral species,
d is the specific gravity of the rock powder and
n is the number of mineral grains in the sample.

SE will be in the same units as WI and W2 , and these may be expressed as percentages or parts
per million, by weight.

If t2 = 0 this equation can be simplified to-

Fractional relative error, SE = tl~l = J--'(C::;~=:=:')=(:=:d:'-d~727'")-(--;n7!);:- (4.4)

Equation (4'3) may be rearranged into other forms that are more suitable for practical
use-

SE = (t l - t2)J(~) (¥t) (4.5)

SE = (t l - t2)JWIW{d~2) G;) (4.6)

where N is the number of grains per unit weight of sample, so that n = Nw,
v is the volume of each particle and
w is the weight of sample taken.

These equations are similar to one derived by Baule and Benedetti-Pichler,l although
in different forms.

When there are more than two mineral species the equations become considerably more
complex. If there are m mineral species, and i and j represent any pair of these mineral
species, then-

m 111

s1 = t ~ "" (f:.td. - f:.t.dj2 (WiW;) (!)_ L ' , , , did; n (5.2)

where !1ti = ti - t,
Wi and W; are the proportions of the mineral species i and j, respectively, in the rock,
d i and d; are the grain densities of these mineral species,
t i and t; are the fractions of E in i and j, respectively, and
t is the fraction of E in the rock.
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This equation can be made simpler if all the densities of the mineral species are identical.
m m

s1, = ! L 2 (t i - t;)2 (W~W;) (5.3)

1.=1 j=l

To illustrate how this functions, this simplified form is written out in full for a rock
containing three mineral species 1. 2 and 3-

S2 = (t - t)2 W 1W 2 + (t _ t )2 W 2W3 + (t _ t )2 W 3W 1 (5.4)
E 1 2 n 23 n 31 n

If the number of particles is large, the bi- or multi-ilOmial distribution approximates
closely to the normal distribution, and the standard error (or deviation) represents a probability
that 68 per cent. of the samples taken lie within such limits; twice the standard deviation
(2sE ) represents a probability that 95 per cent. of the samples taken lie within such limits.

If the number of particles of a mineral is small, the distribution approaches the Poisson
. distribution, is highly skew and the normal approximation no longer holds. If the mineral

densities differ greatly, these equations hold only if SE is not too large (see the approximation
made in deriving equation (2) in the Mathematical Appendix); in chemical analysis, however,
this is a valid restriction. The equations are valid for all values of SE if all the mineral
densities are identical.

SAMPLING ERROR FOR POWDERS OF NON-UNIFORM GRAIN SIZE

The discussion so far has been based on the simplifying assumption of uniform particle
size, but, in practice, grinding and sieving operations will yield a powder whose grain size
will vary considerably. It is therefore desirable to extend the theory to include this factor.

One complication is that a knowledge of the frequency distribution of particle size
is required, and this distribution may depend on the nature of the material, the crushing
and grinding equipment and the method of grinding and sieving. Rock powder for chemical
analysis is ground to pass a sieve of specific mesh size. There is an upper limit to the grain
size, but no lower limit. It is, therefore, easy to assign an upper limit to sampling error by
taking the grain size as that of sieve, but to estimate the minimum sample required, knowledge
of the distribution of different sized particles is necessary. It has been stated in this con
nection that this distribution is log-normal for many ground minerals. 2

Equations for the standard error can be developed, on the assumption that the distribu
tion of grain size is the same for each mineral species-an assumption that may not always
be justified. The expression for standard deviation is generally similar to the one derived
for the example of uniform grain size, except that the total number of particles in a sample
has no significance, and must be replaced by a weighted reciprocal mean.

In the simple example, for two mineral species, we have-

si = (t1 - t2)2 (~:2) (d~~2) (7.2)

or

(7.3)

k k

where IV ;>~ and ii = ~ g"v"
"--' N" L....
"~I h~1

and where k is the number of groups of different particle size,
N" is the number of particles per unit weight in the hth group,
v" is the volume of these particles and
g" is the fraction, by weight, of the hth group in the rock powder.

These equations are fully derived in the Mathematical Appendix.
It can be seen from these equations that the number of coarse particles will preferentially

determine the standard deviation. The relationship between vh and the sieve sizes of particles
assumes that all particles are approximately spherical. This assumption may not always
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be justified; for example, micas tend to flake on grinding. A full discussion on the "effective
diameter" of sieved particles can be found in the literature.3

These equations permit examination of sampling errors for non-uniform particles,
provided their grain-size distribution is known, so that values for N or ii can be obtained.
For the reasons given above, it is impossible to generalise except for the maximum sampling
error. However, it is possible to estimate the minimum sampling levels by considering
particular samples whose grain-size distribution has been determined.

Sampling error depends on several factors: rock type, weight of sample, sieve size and
the size-frequency distribution of the powder between different grain sizes.

The optimum sieve size of rock powders for chemical analysis has been discussed by
Hillebrand and Lundell,4,5,6,7 who quote from investigations that have been carried out
on1he

o

eTfect of grinding on composition. During gnn4in~ water may be taken up or lost.'
"ferrous iron oxidised5 and contamination introduced from the grinding equipment.· Hille
brand and LundelF recommend the minimum grinding necessary for the decomposition of
the sample, and they consider that a material passing a sieve of 30 meshes to the lineal
centimetre (say, a B.S. sieve of 72 meshes per lineal inch) suitable for most rocks.

If the grains of the rock powder are of uniform size and just pass the sieve then each
gram of material (sp.gr. 2·63) would contain 0·77 X 105 particles. For equivalent sampling
with smaller weights of material, approximately 100 mg of 150-mesh or 10 mg of 325-mesh
material would have to be taken. Since powder passing a sieve will contain many particles
smaller than the sieve size, the simple theory for uniform particle size, if the particle size is
assumed to be that of the sieve, can be used to give a maximum value for the sampling
error.

To calculate the minimum sample, the distribution of the differently sized particles must
be known, and this may depend on the type of material ground and the equipment used.

Data supplied by Dr. P. G. Jeffery, who has carried out sieving tests on several rock
specimens ground to pass a 72-mesh sieve, show that distribution depended to some extent
on the material and method of grinding. There was little material of 72 to 85 mesh; about
40 to 60 per cent. was of 85 to 170 mesh; and between 12 and 30 per cent. passed a 350-mesh
sieve. The total number of particles per gram of material exceeded 106. Estimates for
IV (the weighted reciprocal mean) were in the range 3 X 105 to 6 X 105.

SAMPLING ERRORS FOR MAJOR ROCK ELEMENTS
The sampling of silicate rocks can only be treated by examining suitably selected specific

examples drawn from various rock types; a simple generalisation is not possible, since the error
depends on factors other than sample size. The mode of occurrence of an element, which
is in turn dependent on the rock type, will affect sampling. This is of particular importance
for trace elements, which may occur either as a major essential constituent of a minor accessory
mineral or as a trace constituent of a major mineral species. Trace elements constitute a
separate problem in sampling and will be examined later.

To illustrate the sampling theory for major constituents, two hypothetical rocks of
widely different type, one acidic and one basic, are considered.

Sample standard deviations for the constituent oxides of a hypothetical granite (see Table
I) show that in this rock type, a sample of the order of 105.5uniformly sized particles is more
than adequate for a good analysis.

These errors are of the same order as those of a careful analysis of a feldspar quoted
by Hillebrand and Lundel1.8 The use of smaller samples may introduce unnecessary error
in a good analysis; in particular, both iron and silicon can be determined within closer limits
than those when a sample of 104.5 uniformly sized particles is used. It has been shown above
that 1 g of a normal heterogeneous rock powder passing a mesh of 72 meshes per lineal inch
corresponds approximately to a sample size of 3 X 105 to 6 X 105 uniformly sized particles.
Therefore, a I-g sample of rock powder is adequate for a good analysis. It is undesirable
to take smaller samples for the sake of manipulative convenience.

Although these calculations have been made for the specific example, the argument can
be extended; albite could be replaced by plaglioclase (calcium and aluminium replacing some
sodium and silicon), or by alkali feldspar. Sampling errors would not be significantly different.

Sampling errors should be about the same for intermediate or basic rocks, except that
lower sampling errors for the silicon dioxide constituent might be expected if there is no
free quartz.
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Calculations for a hypothetical basic rock (see Table II) show that, with the exception of
silica, sampling errors are of the same order as those for a granite rock.

TABLE I
STANDARD DEVIATION OF SAMPLING FOR THE MINERALS AND MAJOR OXIDES OF

AN IDEAL GRANITE

Composition of the granite, sp.gr. 2,63, was: quartz, sp.gr. 2,65, 35·0 per cent.
an albite (NaAISiaOs). sp.gr. 2,62, 60·0 per cent.; a biotite (KFe3(AISi3)Olo(OH)2)'

sp.gr. 3,1, 5·0 per cent.

Fraction of compound Amount Standard deviation"
found in- found for values of n of-

----. in rock, ~----.
Compound quartz albite biotite % 10'" 10'"

Minerals-
Quartz 1·0000 0·0000 0·0000 35·00 0·08 0·27
Albite 0·0000 1·0000 0·0000 60·00 0·09 0·28

(NaAISi.o.)
Biotite 0·0000 0·0000 1·0000 5·00 0·04 0·12

(KFe3 (AISi3)O,.(OHl.)
Oxides-

Silica 1·0000 0·6873 0·3521 78·00 0·03 0·10
Alumina .. 0·0000 0·1944 0·0996 12· 16 0·02 0·06
Iron oxide (FeO) 0·0000 0·0000 0·4270 2·13. 0·02 0·06
Sodium oxide 0·0000 0·1183 0·0000 7·10 0·01 0·03

• Calculated by using equation (5.4).

TABLE II
STANDARD DEVIATION OF SAMPLING FOR THE MINERALS AND OXIDES OF

AN IDEAL NORITE

Composition of the norite, sp.gr. 3·1, was: anorthite (CaAI2Si20 s). sp.gr. 2,74,
50·0 per cent.; a hypersthene (MgFeSiaOs), sp.gr. 3,5, 50·0 per cent.

Fraction of compound Amount Standard deviation"
found in- found for values of n of-

r , in rock, ~----.
Compound hypersthene anorthite % 10'" 10'"

Minerals-
Hypersthene 1·0000 0·0000 ,;0,00 0·09 0·28

(MgFeSi.o.)
Anorthite .. 0·0000 1·0000 ,';0·00 0·09 0·28

(CaAI2Si,o.)
Oxides-

Silica 0·5171 0·4319 47·45 0·01 0·02
Alumina 0·0000 0·3665 18'32. 0·03 0·)0
Iron oxide (FeO) 0·3093 0·0000 );),46. 0·03 0·09
Magnesium oxide 0·1736 0·0000 8·68 0·02 0·05
Calcium oxide 0·0000 0·2016 10·08 0·02 0·06

• Calculated by using equation (4.3).

As there are many varities of igneous rocks it is unpractical to extend these calculations
to cover all types. However, by confining attention to those simple instances when each
constituent element is contained in only one mineral species present in a rock, a wide varietv
of rock types can be examined. The sample, for a particular element present to the extent
of 5 per cent. of normal oxide, is calculated for a coefficient of variation of 0·50 per cent.
Several elements present in characteristic and common rock-forming minerals are examined
(see Table III). (Haematite, though not normally a rock-forming mineral, occurs in some
altered olivine basalts and is included since it illustrates one aspect of sampling.) An
inspection of Table III shows that the sample size varies considerably, but, with the exception
of haematite, a sample size of 5 X 105 uniformly sized particles is adequate for rock types
containing these minerals. This sample level is approximately equivalent to 1 g of rock
powder passing a 72-mesh sieve. For a haematite-bearing rock, a significantly larger sample
is required to give the same error, and this illustrates the point that, when a constituent
forms a high percentage of a mineral species, sampling errors are more pronounced.
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EFFECT OF MODE OF OCCURRENCE ON SAMPLING ERROR FOR MINOR CONSTITUENTS

Sampling errors for minor and trace elements will depend greatly on their mode of
occurrence, i.e., whether or not they are the essential element of a mineral. By applying
the sampling theory to a minor or trace element present in only one mineral species, we have,
from the Mathematical Appendix, the expression-

Coefficient of variation (percentage relative error). SE x 100

S" 100=E"X

= J(:J (7) (~) x 100 (5.7)

where the subscript E is applied to the mineral species containing the element E, and W
is the base of the units used for SE' WE and E, i.e., 100 for percentages and 106 for p.p.m.

This equation shows that the relative standard deviation decreases as WE increases.
A trace or minor element, associated with a major mineral species by replacing a major
element in the crystal lattice, will have a relative sampling error of the same order as the
major element, and the same level of sampling will be suitable. If, however, the minor or
trace element is present as a separate mineral species, in which it is an essential constituent,
sampling errors will be much higher, and a higher level of sampling will be necessary. This
is best illustrated by reference to the basic rock considered. If lithium is present as a trace
constituent (say 400 p.p.m. as lithium oxide) it could either replace magnesium or iron
present in the hypersthene (case A), or be concentrated as a discrete mineral, spodumene,
LiAlSiP6 (case B). These calculations, summarised in Table IV, show how the error varies
with sample size and distribution, and that it is considerably greater in case B than in case A.

TABLE III
SAMPLING FOR SOME MAJOR ELEMENTS PRESENT IN TYPICAL ROCK-FORMING MINERALS

Elements present at 5·00 per cent. as oxides; coefficient of variation = 0·50 per cent.

Mineral
Pyroxene-

Enstatite (Mg,Si,o.)
Ferrosilite (Fe,Si,O.)

Olivine-
Forsterite (Mg,SiO.)
Fayalite (Fe,SiO.) ..

Feldspar-
Orthoclase (KA1Si.o.)
Albite (NaAlSi.o.) ..
Anorthite (CaAI,Si,o.)

Mica-
Phlogopite (KMg,(AISi,)Olo(OH),)
Biotite (KFe,(AlSi,)O,o(OH),)
Muscovite (KAI2(AISi,)0,o(OH)2)
Haematite (Fe,o,) ..

Constituent
oxide

MgO
FeO

MgO
FeO

MgO
FeO
AI,03
Fe,O,

Sample size n*
(X 10')

2·81
3·96

4·19
.5·23

0·96
0·55
1·22

1·92
2·97
2·68

15·2

• Calculated by using equation (4.4).
taken as 2'00.)

dd
Value for ~,' taken as 1'00, except for haematite where it was

Certain minor and trace elements are present in silicate rocks as essential constituents
of minor accessory minerals disseminated throughout the rock type-for example, zirconium
in zircon, titanium in ilmenite, sulphur in pyrites and carbonate in calcite. From the previous
discussion, it is clear that such elements, being major constituents of minerals, are subject
to greater sampling errors than trace elements that replace a major element in a mineral-for
example, rubidium or caesium (associated with potassium) and strontium (associated with
calcium).

Table V shows the sample size for elements contained in minor accessory minerals for
chosen coefficients of variation and present at a level at which they are often found in rocks.
Of the minor constituents both sulphur (as FeS2) and phosphorus (as PP5) require a I-g
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sample of 72-mesh powder for a coefficient of variation of 2 per cent., which is adequate
for a minor constituent; a semi-micro sample of 100 mg would be insufficient. For trace
elements normally determined by spectrographic-arc methods, a coefficient of variation of
10 per cent. has been allowed because of the low analytical accuracy of such methods. E"en
for this coefficient of variation, it can be seen that, for trace elements present as major
constituents of trace minerals, samples of between 4 X 105 and 8 X 105 uniformly sized
particles are required. Since lO-mg samples are usual in spectrographic analysis it is clear
that an extremely fine rock powder is needed, and if we assume that the distribution of
fine rock powder between different particle sizes is the same as that for 72-mesh powder, then
a 325-mesh powder will be required. Since the normal rock powder for rock analysis will be
72-mesh, it is desirable to take the final spectrographic sample from a l-g sample of the
bulk powder that has been finely ground to pass a 325-mesh sieve. This technique of
double-sampling will keep errors to a minimum.

TABLE IV
EFFECT OF MODE OF OCCURRENCE ON SAMPLE ERROR

Value of it = 105

Amount of Fraction of !\mount of
mineral in St<.~!-:c!anl lithium oxide lithium oxide Stanclc.nl
the rock, deviation. * in 111incral in the rock, dt"Yiatioll, *

01 p.p.111. p.p.m. p.p.m.iO

i;o·OO ),;80 O'OililHO 400 I· ;,

'Calculated by using lq'Jation (".7).

Mode of occurrence

Case A-
Trace element in pyroxene

(MgFeSi,O.), sp.gr. 2·62
Case B-

Element in spoclumene
(LiAlSi.o.). sp.gr. 3·2

O·i;O 2',0 0·0800 400

TABLE V

105

10'
~ tJ::'
10'
10'
10'
10'
10'

i;'O X
2·3 X
1·0 X
1·0 X

4·0 X
;;·1 X

8·7 X
1·4 X

Sample size
1/

Coellieie-nt
of ,"ariation,

%t
~·O

:.;·0
2·0
5·0

10·0
10·0
10·0
JO'O

Mineral

Pyrite (FeS,l
Ilmenite (FeTi03) ..
Calcite (CaC03)
Apatite (Ca,(p0.)3F)
Chromite (FeCr,O.)
Chalcopyrite (CuFeS,)
Zircon (ZrSiO.l
Gold (Au) ..

SAMPLING FOR SOME MINOR A:'<D TRACE ELIDIi':NTS I'RESE"iT AS CHARACTERISTIC

CO:-lSTITUENTS OF ACCES~ORY MINERALS

The elements are present at levels normally to be expected in siliGite rocks, with the
exception of ferrous sulphide, carbon dio:.;ide and gold.

Amour.t of
constituent

Constituent present. d,d,
mineral' p.p.m. d' -

FeS, 10.OOll 2·0
TiO, lo.oon I·:;;
CO, lo.oon 1·0
P.o, :)000 '·2
Cr ~()() 1·7i;
Cu 100 1·6
Zr 100 J·71;
Au 5 7·2

, As normally reported in an analysis.
t Calculated by using equation (5.7).

Although gold is not a common trace constituent of silicate rocks, the example of gold
in quartz has been examined as sampling errors are unusually high. For quartz containing
2 p.p.m. of gold, and if a coefficient of variation of 10 per cent. in the sampling is assumed, a
sample of between 40 and 50 g of 72-mesh powder would be required.

CONCLUSION

A rock sample of 1 g of 72-mesh powder, the optimum size for analysis, is adequate
for the accurate determination of the major elements in most rock types. The use of smaller
samples is not desirable, because they are not adequate for all rock types. Certain trace
elements, such as those present in characteristic minerals, can present sampling problems
in spectrographic analysis when small samples are taken. An important factor is the fraction
of an element in a mineral species; when this and the specific gravity of the mineral species
is high, larger samples are required to offset greater sampling errors.
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Mathematical Appendix

The object of this mathematical treatment is to derive expressions for the variance of the
distribution, var(E), of an element E in samples of rock powder drawn from the bulk specimen.
Since the element may be present in several mineral species, its variance will depend on the
variances and co-variances of these mineral species. The distribution of an element in a
rock powder has certain unusual statistical features. Generally, bi- and multi-nomial statistics
have been concerned with the distribution of particles on a simple numerical basis, but here
a weight distribution is important, and relatively little attention has been paid to these
statistics. 9 Statistical theory is often applied to the simple problem where an item either
possesses or does not possess an attribute. The situation under consideration is more complex,
and a mineral particle may possess an attribute (an element) in varying amounts.

To avoid confusion in this appendix, the terms weight variance and weight co-variance
will be used when considering distribution by weight, and particle variance and particle
co-variance when considering distributions of the usual numerical type. The bulk of the
mathematical problem lies in the derivation of the connection between the weight co-variances
and the particle co-variances of the mineral species. Although the former is required for
the calculation of the element variance, the basic statistical model for sampling (the multi
nomial distribution) produces the latter.

There are three steps in the mathematical derivation.

1. Finding an expression for var(E) in terms of the mineral weight co-variances,
cov (i,j)w'

2. Finding the relationship between the mineral weight co-variances, cov (i,j)w' and
the mineral particle co-variances, cov (i,jln.

3. Applying the multi-nomial distribution that derives cov (i,j)n' and hence cov (i,j)""
and subsequently var(E).

In the simplified treatment it is assumed that all the particles in a sample are of uniform
volume and that each particle consists of one mineral species only; this is true if the mineral
crystal size is greater than the grain size. A further assumption is that the chemical com
position of each mineral species is constant throughout the bulk specimen; this will be
true if all the rock specimen has originated from the same parent field chipping.

THE RELATIONSHIP BETWEEN var(E) AND cov (i,j)w

For a single sample, weight w, drawn from the bulk rock powder containing m
mineral species we have-

where OWE and oWi are the deviations from the true content of the element E and the ith
mineral species in the rock, respectively, expressed in terms of weight, and

t j and ts are the fractions of E in the mineral species i and j, respectively.

Squaring, we have-
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Expanding the right-hand side-

(! Xi)2 = xi + x~ + x~ + ... + X m
2

t=l
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+ Xl (X2 + X 3 + X 4 + + X m )

+ X 2 (Xl + X 3 + X 4 + + X m )

+ X 3 (Xl + X 2 + X 4 + + X m )

+ ....
+ X m (Xl + X 2 + X 3 + ... + xm - l )

Collecting these terms together and giving the terms within the brackets the general
subscript j, provided that j cannot equal the particular value of i in the second or subsequent
terms the right-hand side becomes-

m.2: xi + Xl~Xj + X2~Xj + X3~Xj + ... + X m ~ Xj

i= 1

Substituting for Xi and x j , and summing, we have-
m

"., '" to" .,OWE = ~ ;OW'i

i=l

m

+~L
1=1

m

)' t;tjOleJ;oWj
~
j~l (i oft j)

(1.1)

Expanding for all samples we have-
m m

var(E) = L ti var(i),c + .2:
£=1 i=l (i oft j)

(1.2)

where var(E) is the weight variance of E,
var(i)w is the weight variance of i and
cov(i,j)w is the weight co-variance for any pair of mineral species i and j.

m m

Since W IS constant, .2: OWi = 0, and 01V i .2: oWi = °it follows that-

i=1 i=1

m

owi + OWiL oWi = 0 ..
j~l (z oft J)

Therefore, for all samples for the species i-

for a single sample.

m

var(i)w + .2: cov(i,j)w = 0. .

j_l (toftJ)

Substituting in equation (1.2). we have-
m m

var(E) = - t )' )' (t i - t j )2cov(i,j)w (1.3)
~ .........
;=1 j~l

This gives the variance of an element in terms of co-variances of pairs of minerals.
or two mineral species, 1 and 2, this reduces to-

var(E) = - (tl - t2)2 COY (1,2)w .. (1.4)

THE RELATIONSHIP BETWEEN COy (i,j)w AND COY (i,j)n
It is now required to find the relationship between the weight co-variances, coy (i,j)w'

and the particles co-variances, coy (i,j)n, of the mineral species i and j.
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If a sample of n particles is taken, and the deviation of the number of particles for
a species i from the mean of all samples ni is oni, then there will be a change of weight
of i, OWiA, associated with this change. This change of weight is given by-

OWiA= vdioni
where v is the volume of each particle, and d i is the grain density of the ith mineral
species.

If, however, the density of each mineral species is different, then the mean density of
the sample will vary with oni, and the weight of sample to correspond with n particles will
no longer be the mean of all samples, w, but W + OW, and a further sample of - ow
will have to be taken. The change in weight of i due to this factor is given by-

w·
OWill = ----.!: ow

W

where Wi is the mean weight of i in all samples. Let-

w·
OWiAB = OWiA + OWill = vdioni - --2 ow

W

Now the sample -ow will be subject to the same distribution as the initial sample, and
there will be a similar proportional deviation, O'WiAB' where-

O'WiAB = - ow OWiAB
W

This argument can be repeated indefinitely for the second and subsequent orders, so that-

O"WiAB = - 0: O'WiAll = (0:)20WiAB for the second order.

The total deviation in weight of the species i, OWi , is now given by

ow. = ow. (1 _ow + (OW)2 _ (OW)3 + ...)
, ,All W W \. W

If 81£1 is small, then OWi "'" OWiAB, and-

ow. = vd.on. - Wi 01£1
1. t t W

If there are m minerals-
m

WOWi = V (wdioni - Wi L di8ni)
i=l

(2)

As the mathematical treatment for two-mineral species is somewhat different from that for
three- (or more) mineral species, it will be considered separately.

TWO-MINERAL SPECIES-
The subscripts 1 and 2 are applied, when appropriate, to the symbols already

defined.
For the mineral species 1 and 2, equation (2) becomes-

wowl = v (w2dlonl - wld20n2) and wow2 = v(w1d20n2 - w2dlonl )
Combining the equations, we have-

W(tlOWl + L.!ow2) = v(tl - t2)(w2d10n l - w1d20n2)
where t l and t2 are the fractions of element E in 1 and 2, respectively.

Squaring, we have-
W2(t l - t2)28w10W2 = V2(t l - t2)2(w2dl + wld2)20nlon2

Because OW12 = OW22 = - OW10W2and
on12 = on22 = - on10n2

and since W = vnd, WI = vn1d1 and W2 = vn2d2,
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(3.1)

the last equation can be re-written- ., 0

( )2'" '" _ 2( )2 did;; '" '"tI - t2 oWIoW2 - V tI - t2 (j2 onIon2

Since this is for one sample, the equation for all samples becomes-·

(tI - t2)2 cov(I,2)1Q = V2(tl - t2)2 ( d~~~ ) cov(I,2)n

The left-hand side of this equation is var(E), see equation (1.4).

The bi-nomial distributionio produces the equation

cov(I,2) = _ n In 2
n n

Substituting this expression and equation (1.4) in equation (3.1), we have-

E) - ( )2 (d Id2) W I W 2var( - tI - t2 7 -n-" (4.1)

If WI and W 2 are the proportions, by weight, of 1 and 2, respectively in the rock, and the
sampling error for the element (the standard deviation of the distribution SE) is in the same
units, then-

2 _ (t _ t )2 (dI d2 ) W I W 2
SE - I 2 d2 n

The other forms of this equation have already been given, as equations

(4.2)

(4.3) to (4.6).

m MINERAL SPECIES-

The subscripts i and j apply for any pair of mineral species, and are applied, when
appropriate, to symbols already defined.

From equation (2), for the species i we have-

wt;ow; = vewditioni - Witi~dioni)

For all species, this becomes-

w~ tiOWi = v e~ wditioni - ~ witi~ dioni)

where ti is the fraction of element E in i.

If t is the fraction of E in the whole of the rock powder, the above equation can be
written-

Substituting !:lti for (t i - t), and squaring both sides, we have-

m '" '" em III '" )L tfow~ +L L tit;OWiow; ~ v2 L !:ltfd~oni +L L !:lti!:lt;did;onion;

i=l i=l j=l i=l i=l j=l

(i *- j)
It has already been proved that-

m

ow; + Lowiow; = 0

j-I

(i *- j)
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(i oF j)

and by similar reasoning it can be shown that-

'"
on; + Lonion; = 0

j~l

Substituting for owi and oni, and applying this argument for one sample to all samples,
we have-

The left-hand side is twice var(E). Applying the multi-nomial distribution for any

pair i and j,lO(COV(i,j)n = - n:;) we have-

(5.1)

(j oF E)

This is the general expression for the sampling error for elements in a multi-mineral silicate
rock. Other forms of this equation have already been given, as equations (5.2), (5.3) and (5.4).

MINOR AND TRACE ELEMENTS-

For a minor or trace element present m a single characteristic mineral, the following
approximations can be applied-

'"
t~O,and L~~~

j~l

Assigning symbols with a subscript E to the trace element, equation (5.1) reduces to-

var(E) = t~( ~E) (w~w) (5.5)

If the relative amount of the element in the rock is E, the relative amount of the characteristic
mineral is WE, and Wexpresses the units used, i.e., 100 for percentages and 106 for p.p.m.,
then, if SE is in the same units-

(5.6)

where SE is the fractional relative error.

NON-UNIFORM PARTICLE SIZE-

The equations derived so far have been based on the simplifying assumption that all
particles are of equal volume. In practice, particle size will vary considerably in a ground
and sieved rock powder, and it is desirable to extend the theory to cover the general case.

For this purpose, the rock powder is considered as being divided into a number of classes,
where each class contains all the particles of one size. It is assumed that the mineralogical
composition of each class is identical.

The variance of the element, E, will only equal the sum of its variances in each class;
the variance between each class has no effect on var(E).

For the hth class
m m

var(E)h= t L 2: (t!.tidi - t!.t;d;)2 (Wd:~:h) (:J
i~ I j~ 1

where the subscript h denotes the symbols for the hth species.

(6)
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Consider the factor WihW
jh

. The sum of all these factors for k such groups is
n h

If gh is the fraction of h present by weight, Wh = ghW, we have-
k

2: g~ w·w
-WiWj, which can be reduced to ----'=-'- ,
n h n

h~l

k

where ii is the weighted reciprocal mean given by"; = ~ g~
n L... n h

h~l

Summing the variances of E in all the classes, as given by equation (6), we have

(7.1)

This is similar in form to the equation (5.1), derived for uniform particle size, with n replaced
by the weighted reciprocal mean ii. Other forms of this equation have already been quoted,
as equations (7.2) and (7.3), for the simple example of two mineral species.

The question of the distribution of the differently sized particles has already been
examined from a practical aspect. It has been stated, in general terms, that the log-normal
law often applies to the distribution of particle size, if the powder has been obtained by
milling, crushing and grinding from quartz, granite, calcite, limestone or alumina.2
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A Thermogravimetric Study of the Selenites of

Hafnium and Zirconium

By R. W. ADAMS· AND H. HOLNESSt
(Departments of Metallurgy· and Chemical Engineering,t Faculty of Technology, University of Manchester)

A study of the thermal decomposition of zirconium selenite and hafnium
selenite was made, with the use of a Stanton recording thermobalance, to
assess the usefulness of these compounds for determining the two metals in
admixture. The results show that the use of these compounds is to be
recommended, provided that care is taken to ensure the complete conversion
of the basic selenite to the normal selenite.

SELENOUS acid, as a reagent for zirconium, was first introduced in 1920 by Smith and James,l
and its application was investigated more thoroughly by Simpson and Schumb.2 The pro
cedure used was precipitation of the gelatinous basic selenite from acid solution and subsequent
ignition to the oxide. Simpson and Schumb discovered that this basic selenite was converted
to the crystalline normal selenite by prolonged digestion just below the boiling-point in the
presence of excess of reagent.

Subsequently, Claasena described the development of methods for determining zirconium
and hafnium in admixture. He showed that the selenite was the only stoicheiometric
compound of zirconium that could be weighed directly and then ignited to the oxide; hafnium
was shown to behave similarly. Claasen's procedure involved precipitating the metals
as their normal selenites and weighing the dried precipitate. This was either ignited to
the oxide and weighed again, or dissolved and the liberated selenous acid determined iodi
metrically.

The gravimetric procedure was used satisfactorily by Schumb and Pitman4 for following
the course of a separation of the two elements.

The thermogravimetric examination of these compounds has been reported in two
papers. The first, by Stachtchenko and Duval,f> includes an examination of the basic selenite
of zirconium. This was claimed to be a mixture of the basic and normal selenites and had
a calculated molecular weight of 330 compared with 345·14 for Zr(SeOa)2' The thermogram
showed constant weight between 100° and 220° C, when decomposition began. The oxide
level was obtained "towards 900° c."

The second paper, by Dautel and Duval,6 describes the thermolysis of hafnium com
pounds, including both the basic selenite and the normal selenite. The basic selenite was
shown to be of indefinite composition, whereas the normal selenite, prepared by Claasen's
method, was crystalline, and the calculated molecular weight agreed with the composition
Hf(SeOa)2' Decomposition was found to begin at 230° C, and conversion to the oxide was
complete at 680° C. These workers also quote the decomposition temperature of zirconium
selenite as 537° C, but no details are given.

METHOD
PREPARATION OF PRECIPITATE-

Prepare stock solutions of pure zirconyl chloride (ZrOCl2.8H20) and of pure hafnyl
chloride (HfOCI2.8H20) in N hydrochloric acid. Spectrographic analysis of our hafnium
solution showed that it contained 0·9 per cent. of zirconium (as zirconia).

The selenites were prepared by Claasen's procedure as described below.
Transfer 25 ml of the appropriate stock solution to a 400-ml beaker, and add sufficient

N hydrochloric acid to give a final acidity of 0·3 Nwhen diluted to 200 m!. Effect precipitation
by adding to the cold stock solution a freshly prepared and filtered 10 per cent. wIv solution
of selenous acid, with stirring; then raise the temperature to about 90° C. Maintain this
temperature for about 24 hours by standing the beaker over a low bunsen flame, after which
time conversion to the crystalline normal selenite should be complete.

The completeness of the conversion can be judged visually, as the normal selenite is
crystalline, has less volume and settles rapidly after agitation; the basic selenite is a bulky



32 ADAMS AND HOLNESS: A THERMOGRAVIMETRIC STUDY [A nalyst, Vol. 89

gelatinous precipitate and settles only slowly. In general, the time taken for the conversion
of the hafnium compound is 2 to 3 hours less than that required for the zirconium compound.

Decant the hot supernatant liquid through a porous porcelain crucible. Wash the
precipitate in the beaker with hot water, and decant the washings through the crucible.
This procedure was repeated many times until all of the precipitate had been transferred
to the crucible. Then wash the precipitate in the crucible with cold water until the washings
are free from selenous acid.

Carefully wipe the outside of the crucible, place it in a desiccator and set it aside overnight
before examination in the thermobalance.

THERMOGRAVIMETRIC EXAMINATION-

A Stanton recording thermobalance was used for the thermogravimetric examination
of the precipitates. The sensitivity of this particular instrument was 0·1 mg, and the
platinum-wound furnace gave a maximum temperature of 1420° C. Both the temperature
and the weight were recorded on a single chart, each scale being about 5 inches wide. The
temperature scale was calibrated between 0° and 1500° C, each division representing 10° C.
The weight scale covered a range of 10 mg, each division representing 0·1 mg.
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Fig. 1. Typical decomposition curve for zirconium selenite

The temperature of the furnace was closely controlled to give a linear heating-rate of
approximately 6'7° C per minute. In all, about 3! hours were required to reach 1200° C
from cold. This upper limit of 1200° C was imposed because of the possible deterioration
of the glaze on the crucibles at higher temperatures.
THE BUOYANCY EFFECT-

An empty crucible, when heated in the furnace, apparently increases in weight. This
is owing to the furnace atmosphere becoming less buoyant as its density decreases. The extent
of this apparent change in weight is dependent on the size of the crucible, the rate of heating
and the temperature range used. For the OO/Al crucibles used in this work, an increase
of 5 to 6 mg was recorded between 100° and 1200° C. The rate of change, although not
quite linear, was approximately 0·4 mg per 100° C rise in temperature.
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To avoid possible cumulative errors, each crucible was tared by heating in the furnace
whilst recording its weight continuously over the temperature range to be employed in the
examination of the precipitate. After repeating the procedure with the loaded crucible, the
net weight at any temperature was determined as the difference between the gross weight
and the tare weight.

It is from these derived results that the weight - temperature graphs were drawn.
It has been suggested7 that a better correction for buoyancy would be obtained by heating

the crucible with an equivalent volume of inert material of the same density through the
temperature range. It was felt that, with the small samples used in this work, no appreciable
benefit would be gained by using such a procedure.

RESULTS
Typical decomposition curves for the normal selenites of zirconium and hafnium are

shown in Figs. 1 and 2, from which the facts detailed below were deduced ..

ZIRCONIUM SELENITE-
The weight remained constant up to 400 0 C after which a steady though small loss

occurred up to 5500 C. This amounted to approximately 1 mg from 140 mg of sample.
Between 5300 and 6500 C decomposition was rapid, the loss over this range being about 80 mg.
Although the weight became almost constant at 6500 C, there was a small loss up to 10000 C,
above which the weight was constant. The loss during this phase was about 2 mg (see Fig. 1).

The molecular weight of the precipitate, calculated from the weight of the zirconia
obtained, agreed well with the formula Zr(SeOs)z, as shown in Table I.

TABLE I
MOLECULAR WEIGHT OF ZIRCONIUM SELENITE CALCULATED FROM WEIGHT

OF ZIRCONIA IN IGNITED PRECIPITATE

345'14}

Molecular weight-
Weight of precipitate, Weight of zirconia (~ .JA"" .-,

mg obtained, mg calculated theoretical

71·3 25·0 351·4
142'1 .50·9 344·0
137,0* 51·2 329·6

* Conversion to the normal selenite was incomplete; this was demonstrated by
the fact that filtration was more difficult and that the decomposition curve was
different from the others (viz., the weight below 2500 C was never quite constant,
and above 2500 C decomposition occurred, 10 mg being lost by the time 5500 C
was reached).

TABLE II

432·4

WEIGHT

}435·5
428·9
435·6

437·0
430·5
437·2

Weight of
oxide obtained,

mg

38'1
60'1
58·6

WEIGHT OF HAFNIUM SELENITE CALCULATED FROM
OF HAFNIA IN IGNITED PRECIPITATE

Molecular weight-
,~ --AA -,

calculated corrected* theoretical
Weight of

precipitate,
mg

79'1
122·9
121·7

MOLECULAR

* Corrected for the presence of I per cent. of zirconium dioxide in the hafnium oxide.

HAFNIUM SELENITE-
The decomposition curve, see Fig. 2, was similar to that of zirconium selenite,

although displaced along the temperature axis by some 1000 C. The compound was stable
up to 5000 C and between this temperature and 6000 C there was a small loss amounting
to 0·5 mg on a 120 mg sample. Between 6000 and 750 0 C there was rapid decomposition,
the weight loss in this range being about 60 mg. Above 7500 C the loss in weight was
slight, amounting to about 3 mg up to 10000 C. Above 10000 C the weight was constant,
conversion to the oxide being complete.

The calculated molecular weight of the precipitate showed close agreement with the
theoretical molecular weight of Hf(SeOa)z, as shown in Table II.
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MIXED ZIRCONIUM - HAFNIUM SELENlTES-

The decomposition curves for the mixed selenites of hafnium and zirconium were
similar to those for the individual compounds. The results obtained from the curves permit
the hafnium and zirconium contents of the original mixture to be determined, as shown
in Table III.

TABLE III

}

RESULTS FOR DETERMINATION OF OXIDE CONTENTS IN
HAFNIUM AND ZIRCONIUM SELENlTES

"Yeight of mixed Weight of mixed Hafnium oxide
selenites, oxides, found,

mg mg %
131·8 54·4 55·05
132·2 54·5 54·7

A MIXTURE OF

Hafnium oxide
calculated,

%
53·5

DISCUSSION OF RESULTS

The compOSitIOn of the precipitated zirconium and hafnium selenites, calculated from
the above results, shows good agreement with the theoretical requirements of the formulae
Zr(SeOa)2 and Hf(SeOa)2 for the normal selenites. The behaviour during ignition is similar,
except that the hafnium compound decomposes at a temperature some 100° C higher than
that of the zirconium compound.

120
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Fig. 2. Typical decomposition curve for hafnium selenite

Comparison between these results and those obtained by Duval and his co-workers is
not easy for several reasons. No mention is made in their paper on zirconium compounds5

of the hafnium content of their zirconium source, although it is stated that some precipitates
were prepared from pure zirconyl chloride and others from commercial zirconyl chloride.
Unfortunately, however, there is no indication in the text of the sources of the individual
precipitates, thus making an assessment of the calculated molecular weights difficult.
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The behaviour of their basic zirconium selenite is similar to that of the zirconium
selenite giving the result marked with an asterisk in Table I, for which it was obvious that
conversion to the normal selenite had been incomplete. This is true both for the apparent
molecular weight and for the behaviour during ignition. The isolated fact quoted in their
subsequent report,6 that normal zirconium selenite begins to decompose at 557° C, agrees
with the result obtained here for the rapid decomposition of this compound.

The result obtained for the decomposition of normal hafnium selenite by Dautel and
Duval,6 that decomposition begins at 230° C, differs considerably from the temperature
of 500° C (600° C for rapid decomposition) given above. By comparison of Dautel and
Duval's decomposition curve with that of the asterisked result in Table I, it would appear
that conversion of their precipitate to the normal selenite was incomplete, although not suffi
ciently so to cause an appreciable error in the calculated molecular weight.

Further, the small loss in weight both before and after the rapid decomposition does
not appear to have been recorded by Dautel and Duval. From a description of the Chevenard
thermobalance,8 the sensitivity appears to be such that this small loss of weight (i.e. ± 1 mg)
should have been recorded. However, if no correction was made for buoyancy changes,
then it seems probable that apparent gain in weight due to this effect would compensate
for this small weight loss, thus giving a record of constant weight. It is ironic that the
upper temperature reached by these workers was 1000° C, since it is at this temperature
that the error should have become apparent.

CONCLUSIONS
The procedure developed by Claasen3 appears to be excellent, provided that sufficient

care is taken to ensure that the conversion from the basic selenite to the normal selenite
is complete. The upper temperature limit for drying zirconium selenite before direct weighing
is 400° C and that for hafnium selenite is 500° C. If the salts are to be ignited to the oxides,
then a minimum temperature of 1000° C is necessary.

Since the temperature ranges of decomposition for the two salts overlap considerably,
there is no possibility of determining the ratio of zirconium to hafnium directly from the
thermogram. This ratio can, however, readily be determined by weighing the mixed selenites,
and then, after ignition, weighing the oxides.

From these conclusions, the caution advocated in one of the recent authoritative texts
on analytical methods9 in the use of selenous acid for the determination of zirconium would
appear to be unnecessary.

We thank Dr. ]. S. Fletcher of Magnesium Elektron Ltd. for gifts of zirconyl and hafnyl
chlorides and for their spectrographic analysis.
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The Emission-spectrographic Determination of Impurities
In Uranium-233 Dioxide after Pre-concentration of the

Rare-earth Elements by Ion Exchange

By F. T. BIRKS, G. J. WELDRICK AND A. M. THOMAS
(Actinide Analysis Group, Atomic Energy Research Establishment, Harwell, Berkshire)

Twenty-nine impurity elements are measured directly in uranium-233
dioxide by the carrier-distillation method. Enhancement of some of these
impurity elements (magnesium, bismuth, antimony, lead, manganese, zinc,
cadmium and indium) in the uranium dioxide matrix is shown. The precision
of the carrier-distillation method is improved by using internal standard
control. Rare-earth elements are determined by a spectrographic method
after concentration by ion exchange, giving a total of 45 impurity elements
determined for each sample. The uranium-233 is recoverable after the analysis.

PURE uranium-233 dioxide, prepared from neutron-irradiated thorium-232, was required for
the measurement of neutron total cross-section over the energy range 30 eV to 60 KeV.
Complete analysis for impurities was necessary, particularly for those elements having large
neutron-capture cross-sections, and for which the upper permissible limit was at the part
per million level. The amount of sample available for the analysis was limited to about 2 g;
consequently, general spectrographic methods were considered, since they give much informa
tion on a small sample.

Because of the radioactivity of the sample, all operations had to be adaptable to permit
working in a glove-box.

PRELIMINARY CONSIDERATIONS-
The carrier-distillation methodl can be applied directly to refractory oxides without

further treatment; it is known that about 29 volatile impurity elements can be analysed
with a high degree of sensitivity, but generally with rather poor precision. Since it is known
that internal standard control usually gives improved precision, this procedure could be
used in the work described here. However, this method could not be used for determining
impurities that form refractory oxides, including the important neutron-absorbing rare-earth
elements. Since these elements are also insensitive in direct spectrographic methods, par
ticularly in the presence of the complex uranium spectrum, a preliminary chemical separation
from the uranium may be necessary. Uranium could be removed by chromatographic
separation as uranyl nitrate, U02(NOa)2,2,a the rare-earth elements being held on a cellulose
chromatographic column while the uranium passes through in ether - nitric acid solution.
The column material may then be ashed, finally purified and then measured spectrographically.
A quicker and less hazardous procedure for glove-box work would involve removal of the
uranium by anion exchange from a chloride medium4 ; the rare-earth elements may then be
precipitated on a suitable carrier directly from the column eluate without further purification.
The individual rare-earth elements could then be determined spectrographically by the
iron-flux method.5 ,6

THE DETERMINATION OF ELEMENTS OTHER THAN RARE EARTHS-
The matrix in the carrier-distillation method for determining impurities in uranium is

usually UaOg. Since the samples in this work were in the form of hydrogen-reduced uranium
dioxide, it was considered preferable to use this compound for the excitation rather than
risk losing volatile impurities during a preliminary ignition to UaOs in air. This was con
sidered feasible since Marinkovic7 has, in fact, shown that UaOs is reduced to uranium dioxide
at the high temperature of the carrier-distillation arc in a graphite electrode.

PROCEDURE-
Grind 6·80 mg of Specpure cobalt oxide with 100 mg of gallium oxide. Grind 6·41 mg

of this mixture with 294 mg of uranium dioxide to give 1000 p.p.m. of cobalt in the electrode
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{;pper electrode:
Arc gap:
Arc current:
Exposure:
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charge. This provides a cobalt line at 2541·4 A and a line from the gallium carrier at 2624·8 A,
for use as the internal standards. Weigh l00-mg portions into each of three Scribner
Mullin type graphite electrodes.

Expose the plate under the conditions listed below-
Spectrograph: Hilger quartz Littrow.
Wavelength range: 2450 to 3500 A.
Slit width: 0·015 mm.
Condenser lens: Quartz, f 15 cm; placed 58 cm from the slit of the spectro-

graph.*
Anode. NCC graphite, Scribner - Mullin type,l pre-burned

for 30 seconds, at 10 amperes before filling.
Cathode. NCC graphite, 3·2 mm in diameter, flat end.
4mm.
10 amperes.
Pre-arced for 5 seconds with shutter closed, then exposure

recorded for the duration of the gallium emission plus
5 seconds (total time .......,40 seconds).

Photographic plate: Ilford Ordinary.
The analytical lines and the corresponding detection limits for many elements are shown

in Table I. Cobalt is measured by the line at 2521·4 A (with a sensitivity of 4 p.p.m.) in
separate exposures on a sample without added cobalt as internal standard.

TABLE I
ANALYTICAL LINES AND LIMITS OF DETECTION OF IMPURITIES IN URANIUM

BY THE CARRIER-DISTILLATION METHOD

Impurity
element

Aluminium
Silver
Arsenic ..
Gold
Boron
Beryllium
Bismuth ..
Cadmium
Chromium
Copper
Iron
Germanium
Indium ..
Magnesium
Manganese

vVavelength,
A

3082·2
3280·7
2860·5
2676·0
2496·8
3130·4
3067·7
3261·1
2835·6
3247·5
2599·6
2651·2
3256·1
2802·7
2576·1

Detection
limit, Impurity
p.p.m. element

1 Molybdenum
0·2 Nickel

10 Phosphorus
0·5 Lead
0·5 Palladium
0·3 Antimony
0·5 Silicon
7 Tin
1 Titanium
2 Thallium
2 Vanadium
0·4 Tungsten
1 Zinc
2 Cobalt" ..
0·5 Gallium"

" Internal standard lines.

Wavelength,
A

3132·6
3050·8
2535·7
2802·0
3242·7
2598·1
2881·6
3034·1
3234·5
2767·9
3184·0
2947·0
3345·0
2521·4
2624·8

Detection
limit,
p.p.m.

2
1
8
1

10
5
5
0·5

300
0·3
5

150
20

4
carrier

TABLE II
EFFECT OF INTERNAL-STANDARD CONTROL ON PRECISION

\

On element line
minus background,

%
11
18
16
29
12
16
19
19

Coefficient of variation,
based on 12 replicates at 100 p.p.m.

A

On intensity ratios,
%

7
6
4

14
7

10
13
14

Line pair
element - internal standard,

A
B 2496·8 - Ga 2624·8
Pb 2802·0 - Ga 2624·8
In 3256·1 - Ga 2624·8
Sn 2863·3 - Ga 2624·8
Mn 2801·1 - Co 2521·4
Fe 2599·6 - Co 2521·4
V 3184·0 - Co 2521·4
Mg 2802·7 - Co 2521·4

" This lens was necessary because of our glove-box and spectrograph arrangement. If the source can
be placed 38 cm from the slit, no lens is necessary.
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The improvement in the precision obtained by using internal standard control is shown
in Table II for some of the analytical line pairs that are employed. Internal standard control
also gives much greater plate-to-plate consistency than can be obtained by using ratios with
the adjacent backgrounds.

Since existing standards and standard plates were based on a U30 S matrix, the effect
of the different uranium matrices, uranium dioxide and U30 S' on the emission spectra of
impurities was studied. Additions of 50 and 200 p.p.m. of each of the elements listed in
Table I were made to pure matrices of uranium dioxide and U30 S' and spectrograms were
taken of these together with blank determinations on the pure matrices. The results obtained
with the uranium dioxide matrix in comparison with the normal U30 S matrix, were-

Impurity elements whose line intensities were enhanced: magnesium, bismuth, antimony, lead,
manganese, zinc, cadmium and indium.

Impurity elements whose line intensities were unchanged: silicon, boron, tin, gallium, chromium,
aluminium, nickel, silver and iron.

Impurity elements whose line intensities were suppressed: gold, vanadium, arsenic, thallium,
germanium, molybdenum, beryllium, palladium, copper and cobalt.

Some elements show an increase of sensitivity in the uranium dioxide matrix, in agree
ment with the findings of Marinkovics; in others there is a reduction in sensitivity. Molyb
denum is suppressed in the uranium dioxide to an exceptional extent, and the reason for this
was investigated. It was shown that reduction of the molybdenum trioxide impurity takes
place under the strongly reducing conditions occurring in the graphite electrodes that contain
uranium dioxide, giving a relatively non-volatile reduction product. U30 S on the other hand
supplies oxygen to the system and prevents this reduction; the molybdenum is therefore
vaporised as the volatile molybdenum trioxide. These results are to be reported fully
elsewhere.9

Because of this difference in behaviour of impurities in the two matrices, spectrographic
standards for the work described here had to be prepared in a matrix of pure uranium dioxide.
Confirmation of the levels of the non-volatile impurity elements in the samples of uranium-233
was obtained by repeating the carrier-distillation procedure on a portion of each sample of
uranium-233 after ignition to U30 S in air at 7800 C for half an hour. The direct examination
of the uranium dioxide matrix, however, ensured that there was no risk of ignition losses of
the more volatile impurity elements.

DETERMINATION OF RARE-EARTH ELEMENTS

The optimum concentration of hydrochloric acid solution for the retention of uranium
on De-Acidite FF ion-exchange resin is about 8 M. lO At this concentration few impurity
elements are retained, and most are eluted by passing several column-volumes of 8 M hydro
chloric acid.

Fine particles must be removed from the resin, since any uranium that is retained on them
might be carried down the column during the subsequent elution of the rare-earth elements.
They are removed by a preliminary washing, by decanting the resin and by a further
washing of the prepared columns. A slight yellow colour may be observed in the first portion
of 8 M hydrochloric acid eluted from the column, but this is due to organic matter and may
be ignored, since it has been shown in this work to contain no uranium.

The iron-flux method5 is used for measuring the individual rare-earth elements in the
concentrate from ion-exchange separation. In this method the matrix containing the rare
earth elements is a fused bead of ferric oxide on a copper electrode, so the spectrum obtained
is principally that of iron superimposed on copper. The line intensities produced by the
rare-earth elements are measured relative to those of iron, which serves as the internal
standard.

PREPARATION OF THE COLUMNS-

Wash the De-Acidite FF exchange resin, sieved to 100 to 200 mesh, by decanting
with water to free it from fine particles, and then purify it by successive washes in 75, 50, 25,
10, 5 and 1 per cent. vIv solutions of hydrochloric acid, sp.gr. 1,18, in water. Store in de·
ionised water until required for use. Make the columns from polythene tubes 20 cm long and
1·3 cm in diameter, with the bottom end drawn to a capillary to control the flow rate to
about 1 ml per minute and the top end welded to a polythene funnel for ease of filling. Pre
pare the columns by pouring a slurry of 33 ml of wet resin onto a silica-wool plug at the
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bottom of the column, and pre-wash this resin with successive 50-ml portions of hydrochloric
acid (1 + 1), hydrochloric acid, sp.gr. 1,18,0,1 M hydrochloric acid, hydrochloric acid (1 + 1)
and finally with 50 ml of hydrochloric acid, sp.gr. 1·18. Prepare the hydrochloric acid used
for the final washings by dissolving cylinder hydrochloric acid gas in ice-cold de-ionised water;
standardise this solution by measuring the specific gravity at 20° C in a pycnometer.
SEPARATION PROCEDURE-

Dissolve an amount of the uranium dioxide sample equivalent to 0·5 g of uranium by
warming it in a silica beaker with 10 ml of hydrochloric acid, sp.gr. 1,18, and five drops
of nitric acid, sp.gr. 1·42. (Any small insoluble residue is separately examined spectro
graphically for rare-earth elements.) Transfer the solution to the prepared ion-exchange
column, rinse the beaker with 8 M hydrochloric acid, and add the rinsings to the column.
Elute the impurities with 130 ml of 8 M hydrochloric acid, and collect the eluate in a 250-ml
Pyrex glass beaker. (A precipitation carried out in a fused silica beaker showed a tendency
for the ferric hydroxide to stick to the beaker surface; radioactive daughters fr;om the
uranium-233 were also strongly adherent. This difficulty was avoided by using Pyrex
beakers in subsequent runs.)

Boil the eluate to reduce the volume to about 75 ml, add 10 mg of Specpure ferric oxide
in 1 ml of M hydrochloric acid, and then co-precipitate the rare-earth elements on ferric
hydroxide by adding an excess of ammonia solution, sp.gr. 0·88. (The ammonia solution
should be of B.D.H. Foodstuffs Analysis grade and should be from a recent batch, otherwise
the precipitate may be contaminated by silica.) Digest the precipitate on the hot-plate for
30 minutes, and then set it aside overnight. Filter off the precipitate on an ll-cm Whatman
No. 541 filter-paper, wash with hot 1 per cent. v Iv ammonia solution, dry, and ignite it at
800 0 C to constant weight in a silica crucible. Strip off the uranium from the ion-exchange
column for recovery, by washing with 80 ml of 0·1 M hydrochloric acid. The column may
then be used again.
SPECTROGRAPHIC MEASUREMENT OF TIlE CO~CENTRATES-

Grind the concentrate, precipitated on 10 mg of ferric oxide, in an agate mortar with
40 mg of Specpure ammonium sulphate. Press this mixture in a steel die into pellets t inch
in diameter, each weighing 9 to II mg. Examine these pellets spectrographically under the
conditions listed below-

Spectrograph: Hilger quartz Littrow.
Wavelength range: 2750 to 4750 A.
Slit: 0·015 mm X 1·5 mm.
Condenser lens: None.
Arc gap: 3 mm.
Arc current: 7 amperes.
Upper electrode: Anode. Specpure copper, 7 mm in diame ter, 80 0 cone.
Lower electrode: Cathode. Specpure copper, 5 mm in diameter, flat top.
Exposure: 45 seconds, after pellet begins to burn.
Photographic plate: Ilford Ordinary.

Since radioactive daughters of uranium-233 are present, carry out the excitation of the
concentrates from the uranium in a totally enclosed arc chamberll that is exhausted'
through a filter. Initiate the d.c. arc by a remotely controlled electronic triggering device.12

Record 3 or 4 exposures of each sample concentrate, together with six standards prepared
by diluting Specpure rare-earth oxides with a mixture of equal parts by weight of pure ferric
sulphate and ammonium sulphate. Avoid over-complication of the standard spectra, by
dividing the standards into two separate series, A and B, containing dilutions of the elements
listed below-

Series A: europium, cerium, terbium, holmium, gadolinium, lutetium, erbium and
vtterbium.
" Series B: scandium, yttrium, lanthanum, dysprosium, neodymium, samarium and
praseodymium.

Measure the densities of the rare-earth element lines and of the corresponding iron internal
standard lines shown in Table III and, after subtracting the adjacent backgrounds, evaluate
the intensity ratios on a Respektra calculating board.13 Read off the concentration of each
rare-earth element from the calibration curves obtained from the standard mixtures.
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RESULTS

The-detection limits that are obtained when 0·5 g of uranium is used as starting material
are shown in Table III.

TABLE III
RARE-EARTH ELEMENT LINE PAIRS AND DETECTION LIMITS

Detection limit
Impurity line, Internal standard Index point, in 0·5 g of uranium,

A line, A per cent. in flux p.p.m.

Dy 3461·0 Fe 3458·3 0·14 7
Sm 3670·8 Fe 3674·8 0·046 20
Eu 2814·0 Fe 2815·5 0·037 5
Cd 3032·9 Fe 3045·1 0·26 7
Yb 2891·4 Fe 2887·8 0·030 5
Lu 2847·5 Fe 2846·8 0·072 7
Ho 3515·6 Fe 3516·4 0·086 10
Tb 3561·7 Fe 3560·7 0·075 5
Er 3692·7 Fe 3668·9 0·0096 7
Sc 3015·4 Fe 3017·6 0·58 2
Nd 4012·3 Fe 4018·3 0·040 5
La 3303·1 Fe 3303·6 0·035 10
Y 3203·3 Fe 3202·6 0·022 2
Pr 4179·4 Fe 4208·6 0·057 7
Tm 3131·3 Fe 3151·4 0·075 2
Ce 4572·3 Fe 4581·5 0·13 7

Silica was found in the ferric hydroxide precipitates; it probably originated from the
ammonia solution and from glassware. It was shown from earlier work that the presence of
silica in the iron-flux pellets could result in the suppression of the intensity of some elements
owing to the formation of non-volatile silicates. To investigate the possible effect of this on
the rare-earth elements, a I per cent. addition of silica was made to a standard mixture, and
the intensity ratios that were obtained from this mixture were compared with those from the
original standard.

The results of these measurements are shown in Table IV, in which each value is the
mean of three replicates.

TABLE IV
EFFECT OF SILICA ON INTENSITY RATIO

Element

Holmium
Lutetium
Ytterbium ..
Terbium ..
Erbium

Ratio-
,------~"--- --,
in absence of with 1 per cent. of

Si02 added Si02

0·616 0·640
0'596 0·596
1·34 1·40
0·630 0·624
2·09 2·33

Since the silica content of the precipitate is usually well below I per cent., it is concluded
that it has no serious effect on the measurements.

The efficiency of the co-precipitation of the rare-earth elements on ferric hydroxide was
assessed by using cerium-141 - cerium-144 radioactive tracer. Four microcuries of the cerium
tracer solution were brought into equilibrium with 200 fLg of inactive cerium carrier by oxida
tion with nitric acid and hydrogen peroxide, and then by reduction to ceriumIII with hydroxyl
ammonium chloride. Portions (20 fLg) of this labelled cerium were co-precipitated with
10 mg of ferric oxide as the hydroxide, which was then ignited as described in the procedure
and the activity measured by ~-counting. As a control, the same amount of tracer was
poured as a slurry directly on 10 mg of ferric oxide on a counting tray. The precipitation
recoveries of two such experiments were-

Experiment .. 2 Control
Activity, ,B-counts per minute per mg 393 412 409

The mean value from the two experiments was 403 ~-counts per minute per mg, which
corresponds to a recovery of 99 per cent. of the amount of cerium taken.
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The same tracer solution was used for measuring the recovery of cerium during the ion
exchange separation of rare-earth elements from 0·5 g of natural uranium. One portion of
tracer was first reduced to ceriumIlI with hydroxylammonium chloride and a second was
oxidised to ceriumIV with hydrogen peroxide. The ceriumIlI and ceriumIV tracers were then
added to separate 0'5-g portions of natural uranium, and the rare-earth separations were
carried out as described in the procedure. The concentrates that were obtained on ferric
oxide were each counted to determine the recoveries of ceriumIII and ceriumIV respectively.
Controls for both ceriumIII and cerumIV in the absence of uranium or without ion-exchange
treatment were precipitated directly on ferric hydroxide to provide reference standards.

,a-Counting of the concentrates on ferric oxide revealed the presence of uranium daughters
that had separated on the columns into the concentrates and that interfered with the count
of the cerium tracer. The determinations were therefore made by counting the 0'145-MeV
cerium-141 and 0'134-MeV cerium-l44 y-ray peaks on a l00-channel y-ray spectrometer.
Direct measurements on the natural uranium at the position of these peaks showed that
there was no interference from the uranium daughters on the peaks. The recoveries obtained
were 97 per cent. for ceriumIII and 95 per cent. for ceriumIV.

Recoveries of the other rare-earth elements were assessed spectrographically by separa
tion runs starting with known additions of 40 p.p.m. of the individual pure rare-earth elements
to solutions in hydrochloric acid of both pure natural uranium and the uranium-233. The
separated rare-earth elements were measured spectrographically by the method given above
and the recoveries obtained are shown in Table V.

TABLE V
RECOVERIES OF KNOWN ADDITIONS AFTER ION-EXCHANGE SEPARATION
Element

Dysprosium
Europium
Gadolinium
Ytterbium
Lutetium ..
Holmium ..
Terbium ..
Erbium ..

Amount recoveree!,
per cent.

70
90
83
80
71
95
87
85

Element

Scandium
Neodymium
Lanthanum
Yttrium ..
Praseodymium
Samarium
Thulium ..

Amount recovered,
per cent.

108
70
82
91

104
100
100

Although the recoveries of the individual rare-earth elements range from 70 to 108 per
cent., these values were considered to be adequate for the analytical requirements of this work.

No significant amounts of rare-earth elements were found in the uranium-233 samples
proposed for the cross-section measurements; in each experiment the concentrations were
found to be below the limits of detection set out in Table III. The elements lead, iron,
aluminium and silicon were found in amounts exceeding 100 p.p.m.; other elements were found
in amounts below this level or were not detected at the levels listed in Table I.

The uranium-233 can be recovered completely after the analysis, since it is not consumed
in the carrier-distillation process and it is stripped off from the ion-exchange columns after
the separation of rare-earth elements have been carried out.

We thank Dr. G. W. C. Milner, under whose direction this work was carried out, for
discussions and for assistance in the preparation of this paper.
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Determination of Traces of Iron and Lead
Copper Metal and Cupric Salts

.
In

By R. P. HAIR AND E. J. NEWMAN
(Hophin 6> Williams Ltd., Analytical Department, Freshwater Road, Chadwell Heath, Essex)

Methods are described for the colorimetric determination of trace amounts
of iron and lead in high-purity copper metal and analytical-reagent grade
cupric salts. Copper is separated by precipitation of cuprous thiocyanate
from homogeneous solution, and the iron and lead, which remain in the
filtrate, are determined with 4,7-diphenyl-I, JO-phenanthroline and dithizone,
respectively.

SENSITIVE colorimetric reagents for iron, such as 2,2'-dipyridyl and 1,1O-phenanthroline and
its derivatives, react also with copper. Dithizone, which is the most popular sensitive
reagent for lead, also reacts with copper.

Consequently, if these reagents are to be used for determining microgram amounts
of iron or lead in materials containing relatively large amounts of copper, the iron or lead
must either be separated from the copper before making the colorimetric determination,
or the copper must be masked during the determination.

Thus, for the determination of iron, copper can be first removed by controlled-potential
electrolysisl ,2 or by precipitation as cuprous thiocyanate.3 Alternatively, the iron can be
removed by co-precipitation as ferric hydroxide with hydrated manganous oxide3 and
aluminium hydroxide,4 or by precipitating metallic iron on pure cadmium.5 A high con
centration of cyanide can be used to mask cuprous copper when determining traces of iron
in copper metal with 4,7-diphenyl-l,1O-phenanthroline.6

Analogous procedures have been described for determining traces of lead. The copper
can be removed by electrolysis.2 ,7 Lead can be separated by co-precipitation with ferric
hydroxides and barium chromate9 ; and copper can be masked with cyanide1o,1l

Procedures for co-precipitating iron or lead are tedious, multi-stage processes that are
inclined to give high blank values. Methods in which appreciable concentrations of cyanide
are used as a masking agent also have disadvantages; in the iron determination with 4,7-di
phenyl-l ,10-phenanthroline, the calibration standards must be prepared in the presence of
iron-free copper6; and the cyanide used in the determination of lead with dithizone, must be
free from traces of sulphide,1O which is a fairly common impurity.

Precipitation from homogeneous solution produces insoluble compounds that are less
contaminated than those produced by conventional methods of precipitation with substances
that are not isomorphous with the precipitate.l2 It was decided, therefore, to examine the
recently reported precipitation from homogeneous solution of cuprous thiocyanate;l3 as an
alternative to electrolysis for separating copper from traces of iron and lead.

EXPERIMENTAL
CONVENTIONAL PI~ECIPITATION-

ZharovskiP reported that traces of iron could be determined in copper after removal
of the copper by a conventional precipitation of cuprous thiocyanate with sulphite as the
reducing agent. l However, results obtained by Diehl and Buchanan6 indicated that small
amounts of iron are co-precipitated with cuprous thiocyanate. We decided, therefore, to
examine the conventional precipitation as a means of separating copper.

Accordingly, four 50-ml portions of 2 per cent. wIv solution of cupric sulphate were
taken, and known amounts of iron and lead were added to three of them. After acidification
and dilution to 100 ml with water, the copper was precipitated from each solution by using the
conventional precipitation procedure described by Voge],16 After filtration, portions of each
filtrate were tested for iron and lead by using the methods described below. The results,
which are given in Table I, show that this procedure is unsuitable for the determination of
p.p.m. amounts of iron and lead. No further determinations were attempted in this way.

Precipitation of cuprous thiocyanate from homogeneous solution is achieved by adding
hydroxylammonium chloride to a solution containing cupric and thiocyanate ions, and heating.
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The filtrate contains about 0·4 fLg of copper per ml. l3 Since the filtrate contains an excess of
reducing agent, it was decided to use a reagent for ferrous iron. Bathophenanthroline (4,7
diphenyl-1,1O-phenanthroline) was chosen for this purpose; it is one of the most sensitive
reagents for iron, and its reaction with iron is not affected by the presence of thiocyanate
or by the amount of copper that remains in the filtrate after the precipitation of cuprous
thiocyanate. l4 The procedure chosen for the iron determination was essentially that of
Smith, McCurdy and Diehl,H; except that chloroform was used to extract the ferrous
bathophenanthroline complex. l4

The determination of lead was carried out with dithizone and was based on the method
of Silverman,lO except for two modifications. Much less cyanide was added to the test
solution because only a trace of copper was present, and the first dithizone extraction was
made with stronger dithizone solution than that used for the final colorimetric measurement,
as it was found that this facilitated the extraction of lead.

TABLE- I
DETERMINATIONS OF IRON AND LEAD AFTER CO NVENTIONAL PRECIPITATION

OF CUPROUS THIOCYANATE
1 g of CuS0 4.5H 20 was taken for each test

Iron added, Iron found, Lead added, Lead found,
~g ~g ~g ~g

o 0·25 0 10·0
5 3·5 5 9·6

10 6·8 5 8·6
5 3·8 10 13·4

PRECIPITATION FROM HOMOGENEOUS SOLUTION-
Precipitation of cuprous thiocyanate was carried out from solutions containing 1 g of

the salt being tested or, when the raw material was copper metal, from solutions containing
up to 0·25 g of copper. Solutions of copper metal were prepared by dissolving the appro
priate weight of copper in a mixture of equal volumes of nitric acid, sp.gr. 1,42, and water.
When solution was complete, sufficient sulphuric acid, sp.gr. 1,84, was added to produce a
solution with an acidity equivalent to 0·25 N sulphuric acid. The solution was then heated
until fumes appeared, cooled, treated with water, heated again until fuming and then cooled
and diluted to the required volume with water.

REAGENTS-
A mmonium thiocyanate solution-7 per cent. wIv in water.
Hydroxylammonium chloride solution-6 per cent. wIv in water.

NOTE-When lead is subsequently to be determined, it is advisable to purify each
of these reagents as follows. Prepare a solution approximately twice the strength
required. Note the pH, and then adjust it to pH 9 by the addition of ammonia solution.
Transfer the solution to a separating funnel and extract it with small quantities of
a 0·02 per cent. solution of dithizone in chloroform, discarding the organic phase after
each extraction, until two successive extracts remain green. Adjust the pH of the solu
tion to its original value by adding sulphuric or hydrochloric acid, and then extract the
solution with small amounts of chloroform, discarding the chloroform layer after each
extraction, until two successive extracts remain colourless. Dilute the solution with
water to the required strength.

METHOD-
Transfer the solution containing copper to a clean, unscratched 200-ml Phillips beaker

and dilute to 100 ml with water. Add dilute sulphuric acid, if necessary, to give a sulphuric
acid concentration between 0·2 and 0·3 N. Add 15 ml of ammonium thiocyanate solution,
mix and add 15 ml of hydroxylammonium chloride solution. Mix, and heat on a steam-bath
for 45 minutes. Cool the solution to room temperature, set aside for 10 minutes and filter
through a medium-porosity sintered-glass crucible. Take suitable portions of the filtrate
for the determinations of iron and lead.



44 HAIR AND NEWMAN: DETERMINATION OF TRACES OF IRON [Analyst, Vol. 89

Prepare a blank solution using the same quantities of the reagents. It is not necessary
to heat the blank solution.

DETERMINATION OF IRON

REAGENTS-

All reagents should be of analytical-reagent grade unless otherwise specified.
Ascorbic acid solution-Dissolve 10 g of ascorbic acid in 100 ml of water. This solution

should be freshly prepared.
Sodiztm acetate solution-Dissolve 10 g of hydrated sodium acetate in 100 ml of water.
Bathophenanthroline solution, 0·001 M-Dissolve 0·0332 g of 4,7-diphenyl-I,1O-phenan-

throline in 100 ml of ethanol.
Chloroform.
Ethanol-Industrial methylated spirit, 74° O.P.
Standard iron solution-Dissolve 8·65 g of ammonium ferric sulphate in 50 ml of nitric

acid, sp.gr. 1,42, and add sufficient water to produce I litre.

I ml == I mg of iron.
Dilute standard iron solution-Dilute 10 ml of the standard iron solution to I litre with

water; this solution must be freshly prepared before use.

I ml == 10 fLg of iron.

PREPARATION OF CALIBRATION GRAPH-

Measure amounts of dilute standard iron solution to cover the range 0 to 40 fLg of iron
into separate 150-ml separating funnels. Dilute each portion with 20 ml of water, add 5 ml
of ascorbic acid solution and 5 ml of sodium acetate solution, and adjust the pH to between
4 and 6, if necessary, by dropwise addition of hydrochloric acid or ammonia solution. Add
10 ml of bathophenanthroline solution, and set aside for 5 minutes. Add 5 ml of chloroform,
insert the stopper, shake the funnel vigorously for 30 seconds, and allow the layers to separate.
Run the chloroform layer through a glass-wool plug, supported in a small funnel, into a 25-ml
calibrated flask containing a few millilitres of ethanol. Add another 5 ml of chloroform
to the contents of the separating funnel, extract by shaking for a few seconds, allow the
layers to separate, and add the second chloroform extract to the first.

Dilute the combined extracts to the mark with ethanol, mix, and measure the optical
density at 533 mfL in a I-cm cell, against the solution containing no added iron. The graph
relating optical density to amount of iron present should be linear and pass through the origin.

METHOD-

Transfer a portion of the filtrate resulting from precipitation of the cuprous thiocyanate
(p. 42), and containing not more than 40 fLg of iron, to a separating funnel. Add 5 ml of
ascorbic acid solution and 5 ml of sodium acetate solution, and adjust the pH of the solution
to between 4 and 6, if necessary, by adding ammonia solution. Add 10 ml of bathophenan
throline solution, and complete the determination as described under "Preparation of Cali
bration Graph." Prepare the reference solution from the blank solutions used on the precipi
tation reagents.

RESULTS-

Solutions were prepared from 0·25 g samples electrode copper-rod (Johnson Matthey
& Co. Ltd.) containing I p.p.m. of iron, according to the suppliers spectrographic analysis.
Iron was added to three of these solutions and the iron contents were determined by the
proposed method.

After addition of 10·0 fLg of iron 10·2 fLg was found, 20·4 fLg was found after addition of
20·0 fLg and 49·5 fLg was found after addition 50·0 fLg· The precipitates produced from the
solutions containing added iron were dried and treated with a mixture of ascorbic acid, sodium
acetate and bathophenanthroline solutions (pH 4,7). No pink colour was discernible in these
precipitates when compared with the similarly treated precipitate prepared from the solution
containing no added iron. By adding small amounts of dilute standard iron solution (I ml ==
I fLg of iron) to the latter precipitate and testing with the reagent mixture, it was found that
about 0·7 fLg of iron gave a perceptible pink colour.
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The iron contents of two samples of cupric sulphate were determined in triplicate to
assess the reproducibility of results obtained by this method. The results were 58, 58 and
62 p.p.m. of iron for one of the samples and 54, 58 and 56 p.p.m. for the other.

Known amounts of iron were then added to solutions of cupric sulphate and the iron
contents of these solutions were determined to check recoveries. The results of these tests
are shown in Table II.

TABLE II
RECOVERIES OF IRO=-< ADDED TO CUPRIC SULPHATE SOLUTIONS

1 g of CuS04 .5Hp was used in each test

Iron added,
p.p.m.

o
100
200
200
300
400

Iron found,
p.p.m.

58
15&
255
255
348
456

Recovery,
p.p.m.

97
197
197
290
398

The iron contents of several cupric salts were then determined by the proposed method.
Determinations of the iron contents were also made with bathophenanthroline after elec
trolytic removal of the copper. A comparison of the results obtained by the two methods
is given in Table III.

TABLE III

58
54

500
70

58
56

496
76

Salt

COMPARISON OF RESULTS FOR IRON, OBTAINED BY USING PROPOSED

METHOD AND AFTER ELECTROLYTIC REMOVAL OF COPPER

1 g of cupric salt was used in each test
Iron content, p.p.m.

I~ ..A~ -,\

by proposed method, after electrolysis,

Nil Nil
64 64
Nil Nil

Cupric acetate
Cupric chloride
Cupric nitrate
Cupric sulphate-

Sample A
Sample B
Sample C
Sample D

These tests and the results quoted above show that precipitation of cuprous thiocyanate
from homogeneous solution provides an effective method of separating large amounts of
copper from small amounts of iron. Losses of iron by co-precipitation are negligible.

DETERMINATION OF LEAD

REAGENTS-

"Low in lead"-grade reagents should be used wherever possible.
Sodium metabisulphite solution-Dissolve 1·25 g of sodium metabisulphite in 100 ml of

water. Filter if necessary.
Ammonium citrate solution-Dissolve 25 g of tri-ammonium citrate in 100 ml of water

in a separating funnel. Extract with small portions of 0·02 per cent. dithizone until the
extracts remain green. Discard the extracts. Make the solution just acid to litmus by adding
5 N hydrochloric acid and extract with successive small amounts of chloroform until the
extracts are colourless.

Potassium cyanide solution, 10 per cent.-Dissolve 10 g of potassium cyanide in 100 ml
of water in a separating funnel. Add 2 or 3 drops of 0·02 per cent. dithizone solution and
a few millilitres of chloroform. Extract, and discard the organic layer. Repeat the extraction
with dithizone and chloroform until the extract is no longer red, but has a greenish hue or
is colourless. Continue extracting with chloroform only until the extracts are colourless.
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Potassium cyanide solution, 0·5 per cent.-Dilute 5 ml of 10 per cent. potassium cyanide
solution to 100 ml with water.

Dithizone solution, 0·02 per cent.-Dissolve 0·02 g of dithizone in 100 ml of chloroform.
This solution should be stored in a darkened glass bottle in a refrigerator.

Dithizone solution, 0·002 per cent.-Dilute 10 ml of 0·02 per cent. dithizone to 100 ml
with chloroform. This solution should be freshly prepared.

Nitric acid, 1 per cent.-Dilute 1 ml of colourless nitric acid, sp.gr. 1,42, to 100 ml
with water.

Standard lead solution-Dissolve 1·60 g of lead nitrate in 50 ml of nitric acid, sp.gr. 1·42,
and add sufficient water to produce 1 litre.

1 ml == 1 mg of lead.
Dilute standard lead solution-Dilute 10 ml of the standard lead solution to 1 litre with

water. Dilute 20 ml of this solution to 100 ml with water. This solution should be freshly
prepared.

1 ml == 2 jJ-g of lead.

PREPARATIO:-.r OF CALIBRATION GRAPH-

Measure amounts of dilute standard lead solution to cover the range 0 to 12 jJ-g of lead
into separate 100-ml separating funnels. Dilute each portion with 40 ml of water, add 2 ml
of sodium metabisulphite solution, 2 ml of ammonium citrate solution and 3 ml of 10 per
cent. potassium cyanide solution. Adjust the pH of the solution to between 9 and 10, if
necessary, by adding ammonia solution.

Extract the solution three times with 5-ml portions of 0·02 per cent. dithizone solution,
shaking for 2 minutes for each extraction, and combine the extracts in another separating
funnel. Discard the aqueous phase.

To the combined extracts add 10 ml of 1 per cent. nitric acid, shake for 2 minutes, allow
to separate and carefully discard the organic layer. Add a few drops of chloroform, without
mixing, to collect any remaining dithizone solution and again carefully discard the organic
layer.

Add 0·2 ml of ammonium citrate solution and raise the pH of the solution to between
9 and 10 by adding ammonia solution (about 0·6 ml of 5 N ammonia is required), add 0·2 ml
of sodium metabisulphite solution and 0·2 ml of 10 per cent. potassium cyanide solution.

Add 0·5 ml of 0·002 per cent. dithizone from a IO-ml burette. Extract by shaking for
2 minutes, allow to separate, and transfer the organic phase to another separating funnel.
Continue the extraction with 0·5-ml portions of the dithizone solution, combining the extracts,
until two successive extracts remain green. Note the burette reading.

From another IO-ml burette, add sufficient chloroform to the combined extracts to
produce a volume of 10·0 ml. Add 15 ml of 0·5 per cent. potassium cyanide and shake for
30 seconds to remove excess dithizone from the organic layer. Dry the stem of the funnel
and run the organic layer into a l-cm spectrophotometer cell.

Measure the optical density of the solution at 518 mjJ-, using as reference the solution
containing no added lead. The graph relating optical density to amount of lead present
should be linear and pass through the origin.

METHOD-

Transfer a portion of the filtrate resulting from precipitation of the cuprous thiocyanate
(p. 42), and containing not more than 12 jJ-g of lead, to a separating funnel. Add 2 ml of
sodium metabisulphite solution and 2 ml of ammonium citrate solution and adjust the pH
of the solution to about 9 by adding ammonia solution. Add 3 ml of 10 per cent. potassium
cyanide solution.

Extract the solution three times with 5-ml portions of 0·02 per cent. dithizone solution,
shaking for 2 minutes for each extraction. Combine the extracts in another separating funnel
and complete the determination as described under "Preparation of Calibration Graph."
Prepare the reference solution from the blank solutions used on the precipitation reagents.

RESULTS-

Known amounts of lead were added to a series of solutions prepared from electrode
copper-rod (Johnson Matthey & Co. Ltd.) containing less than 1 p.p.m. of lead. The lead
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contents of the solutions were determined by the proposed method and the results are given
in Table IV. The recoveries of added lead were satisfactory.

TABLE IV

RECOVERIES OF LEAD FROM SOIXTIONS PREPARED WITH PURE COPPER
Weight of copper

in solution. Lead added, Lead found,
mg p.g p.g

80 10·0 10·1
150 10·0 10·2
250 5·0 5·0
250 10·(1 9·9
250 20·0 19·9

The lead contents of four copper salts were determined by the proposed method and
by the method of Silverman. lO In all the lead assays, 1 g quantities of each salt were used
and, after precipitation and filtration, half of each filtrate was used in the colorimetric method.
The results are given in Table V. The results obtained by the two methods are in fairly
good agreement.

TABLE V

COMPARISON OF LEAD CONTENTS DETERMINED BY THE PROPOSED METHOD
AND BY SILVERMAN'S METHOD

Lead content, p.p.m., found by using
A

TABLE VI

RECOVERY OF ADDED LEAD
Lead content, p.p.m.,

I
A ,

Salt added, found, recovered,

Cupric acetate 0 5·6
10·0 16·2 10·6
20·0 25·4 19·8

Cupric sulphate 0 10·0
10·0 20·4 10·4
20·0 30·0 20·0

The possibility of loss of lead by co-precipitation with the cuprous thiocyanate was
investigated in two ways. Firstly, by addition of lead to pure copper, and secondly, by
determining the lead content of four solutions of cupric chloride containing different

TABLE VII

DETERMINATION OF THE LEAD CONTENT OF DIFFERENT WEIGHTS OF CUPRIC CHLORIDE
SAMPLE

Weight of cupric chloride, Lead found, Lead content,
grams p.g p.p.m.

0·25 5·6 22·4
0·5 ll-2 22·4
0·75 16·8 22·4
1·0 22·4 22·4

weights of the sample. The results, which are given in Table VII, were identical. It follows,
therefore, that if any lead had co-precipitated, the amount lost in this way was proportional
to the weight of cuprous thiocyanate.
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CONCLUSIONS

Precipitation of cuprous thiocyanate from homogeneous solution provides a convenient
separation of copper from traces of iron and lead. No lead or iron is lost during the precipi
tation, whereas the conventional precipitation of cuprous thiocyanate leads to erratic results.
The determinations of iron and lead, both of which remain in the filtrate, may be made
by using bathophenanthroline and dithizone, respectively.

The method has been adopted for routine use in our laboratories for the gravimetric
assay of cupric salts, and portions of the filtrate are used for determining iron and lead.
For routine colorimetric purposes, however, we now use 1,1O-phenanthroline to determine
iron, since it provides a much quicker, though less sensitive, method of colorimetric
measurement.

The use of precipitation from homogeneous solution as a separation method in trace
metal analysis is a new and interesting application of this technique.

We thank Mr. D. W. Wilson, Head of the Chemistry Department of the Sir John Cass
College, for his interest and guidance, and the Directors of Hopkin & Williams Ltd. for
permission to publish this work.
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The Application of an Electrolytic Hygrometer to the
Determination of ,Oxide in Lead

By J. M. HIBBS AND G. H. NATION

(Associated Electrical Industries Research Laboratories, West Road, Temple Fields, Harlow, Essex)

A method is described for determining oxide in lead by hydrogen reduction
with the subsequent use of an electrolytic hygrometer to determine the evolved
water. Details are given of an improved and simplified hygrometer whose
electrodes can be removed for cleaning and re-coating. A modification to
a standard potentiometer recorder is also described that permits the recorder
to control the rate of application of water to the detector.

Results are quoted showing an accuracy for the method of within about
8 per cent. for oxide contents of 10 p.p.m., and oxide contents of greater than
0·1 per cent. can be determined with an accuracy of within about 2 per cent.
It is indicated that the determination of other metallic oxides may be carried
out in a similar manner.

IN the course of research into the metallurgical properties of dispersion-hardened lead, the
determination of oxide in a large number of samples having a wide range of oxide contents
was required.

The most convenient method for this analysis is by reduction with hydrogen l or hydrogen
sulphide2 and subsequent determination of the evolved water. If the amount of evolved
water is greater than a few milligrams, gravimetric determination is normally adequate.
However, for smaller amounts other methods of measuring the water are desirable. KeideJ3
described an electrolytic moisture meter in which the water is absorbed by a layer of phos
phorus pentoxide supported by platinum electrodes across which is applied an e.m.f. The
resulting electrolysis current is directly related by Faraday's law to the amount of water
absorbed.

We have developed a method in which the water produced by the reduction of lead
oxide by hydrogen is determined electrolytically by a similar device.

ApPARATUS

Crawshaw and Davidson4 described in some detail the construction of an electrolytic
hygrometer of the type developed by Keidel. Initial experiments with a detector constructed
in a similar manner showed the feasibility and simplicity of the measurement of water from
reduced metal oxides by this method, but some modification of the detector seemed desirable.
The form of the detector has been radically changed to permit the electrodes to be removed
for cleaning and re-coating, if necessary, and the electrical connections have been made
more reliable. A detector of design similar to that finally adopted by us has been described
by Barendrecht."

The complete apparatus is shown diagrammatically in Fig. 1, and a description of the
separate components is given below.

PURIFICATION TRAIN-

In order to reduce blank values to a minimum, oxygen and water are removed from both
hydrogen and nitrogen supplies.

Nitrogen-A Pyrex-glass tube with an external resistance wire winding is filled with
cupric oxide supported on kieselguhr, as described by Dodd and Robinson.6 The cupric
oxide is reduced by hydrogen at a temperature of 1700 C before use, the same temperature
being used for the nitrogen purification.

The oxygen-free gas is dried by passage through two glass columns, 12 inches long
and 1 inch in diameter; the top half of the first column is filled with silica gel and the bottom
half with anhydrone, and the second column is filled with phosphorus pentoxide supported
on polythene granules. The outlet from the second column is connected through aT-piece
to the three-way taps, A and B, which are themselves connected to the inlet of the combustion
tube and to the outlet of the detector, respectively.



50 HIBBS AND NATION: APPLICATION OF AN ELECTROLYTIC [Analyst, Vol. 89

Hydrogen-Oxygen is removed by passing the gas through two Deoxo catalytic puri
fiers followed by a drying train similar to that described above for nitrogen, the outlet being
connected directly to the second arm of the three-way tap A. Adequate control of the flow
rates of both gases is obtained by using two-stage reducing valves on the gas cylinders followed
by needle valves.

c

A and B=Three-way taps
C=Oxygen removal unit
0= Anhydrone
E =Silica gel
F = Phosphorus pentoxide

G = Reduction furnace
H=Detector
J = Power supply
K= Flow-meter
l = Recorder ganged to flow-controller

Fig.!. Apparatus for determining oxide in lead

It was found essential in both gas trains to ensure complete freedom from leaks and to
use the minimum number of rubber connections.

COMBUSTION FURNACE-

A small resistance furnace is used having a hot zone of about 8 cm long and a maximum
working temperature of about 800° C. This is fitted with a silica combu:;tion tube, 36 cm in
length and 2 cm in diameter, the outlet end of which is reduced to 8 mm diameter. The
detector is connected to the combustion tube with a short length of rubber tubing, butting
the silica and glass tubes together.

The inlet end of the combustion tube is fitted with a duralumin end-cap having a sample
port with O-ring seal and a gas inlet connected to the three-way tap A.

The second three-way tap, B, on the outlet end of the detector allows nitrogen to be
passed through the detector and combustion tube in the reverse direction during sample
loading to minimise the ingress of moist air.

By using the combustion tube described, up to four small silica boats can be loaded,
together with a nickel "pusher." The silica boats are semi-cylindrical, 20 mm long, 10 mm
wide and 5 mm deep.

ELECTROLYTIC DETECTOR-

The detector is shown in Fig. 2. The electrode support is made from a 4!-inch length
of i-inch diameter polytetrafluoroethylene rod machined to be a good push fit in a length
of selected glass tube. The diameter of the rod is reduced by 0·012 inch for a length of
2! inches, starting! inch from one end; for a length of I! inches from the other end the diameter
is reduced to i inch, leaving two shoulders! inch in length. A double-start thread of 48 threads
per inch is cut in the region between the shoulders. The threads are V-shaped and cut to adepth
of 0·003 inch by using a sharp lathe tool. To permit gas flow, two grooves are cut in each
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shoulder about 0·010 inches deep. The contact springs are formed from i-inch wide phosphor
bronze strip, 0'OI5-inch thick, and fixed to the end of the support by two 10 BA stainless
steel set-screws. The electrodes consist of two 0'005-inch diameter platinum wires. It
was found most convenient to wind each electrode separately. One end of the wire is
passed through a 0'020-inch diameter hole bored longitudinally in the polytetraethylene
shoulder and soldered to one of the contact springs between the set screws. The wire is
then wound tightly in one of the threads, passed through a 0'020-inch diameter hole in the
other shoulder and fixed in position by a 10 BA stainless-steel set-screw and washer, screwed
into the end of the support. The other electrode is fitted in the same way.

Polytetrafluoroethylene

Fig. 2. Electrolytic detector

The outer Pyrex-glass tube has a bore of ~ inch in the region of the electrodes and increases
to about a I-inch bore around the contact springs, where L-shaped tungsten contacts are fused
through the glass. This end of the tube is fused to a BI9 socket taking a cone having a short
length of thick-wall glass tubing of about 8 mm diameter. A length of the same tubing
is also fused to the inlet end of the detector tube.

After a thorough cleaning and de-greasing, the electrodes are coated with electrolyte
by uniform application of a solution of phosphoric acid in acetone. An optimum film thick
ness of 0·00015 inch of phosphorus pentoxide is obtained by applying about 1 ml of a 1 per
cent. solution. A convenient method of applying the electrolyte is to use a motor-driven
syringe connected by polythene tubing to a fine jet which is traversed across the electrodes.
The electrode support is rotated during the coating process, and a current of air is used to
accelerate evaporation of the solvent. The coated electrodes are inserted carefully into the
glass tube so that the contact springs are held firmly between the tungsten contacts. The
assembled detector is connected to a dry air or nitrogen supply with a flow rate of about
100 ml per minute, and electrical connection made to the d.c. power supply. Initially the
detector has an extremely low resistance, and care must be taken to ensure that the electrolysis
current does not exceed 10 rnA, otherwise excessive frothing of the electrolyte will occur.
This is prevented either by lowering the output voltage of the power pack or, more simply,
by fitting a limiting resistor in series with the detector.

After approximately 1 hour the detector current should have fallen to less than 130 /LA
« 10 p.p.m.). Further drying time depends on the desorption of moisture from the system
to which the detector is connected, but in most simple glass systems a standing current of
less than 25/LA « 2 p.p.m.) is obtained in a few hours.
ELECTRICAL CIRCUIT-

The circuit consists of a d.c. source and a sensitive ammeter in series with the detector.
KeideP has described a practical circuit, for use with the detector, to measure moisture in
gas streams; with this circuit an electrolysis current of 13·2 /LA corresponds to 1 p. p.m. of
water, by volume at 25° C, and a flow-rate of 100 ml per minute. His circuit incorporates
meter shunts to give full-scale deflections on a loo-/LA meter for 1000, 300, 100, 30 and
10 p.p.m. (i.e., shunt control is marked "scale factor X 10," X 3," X 1," etc.). This circuit
has been found suitable for application in the work described in this paper, except that we
have found that an improved detector response is obtained if the e.m.f. is raised to about
70 volts.

In the measurement of discrete amounts of water, as in this method, the integrated
current is required. Therefore, the circuit incorporates a 250-ohm potentiometer in the
meter shunt, permitting current recording with a 5-mV potentiometric recorder and subse
quent integration of the current - time curve.
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FLOW-CONTROLLER-

In order to keep the electrolysis current within the range of the measuring instrument,
the rate of application of water to the detector must be controlled. This is most easily
done by mechanically driving a needle valve from the potentiometric recorder, thus limiting
the current for each range of the moisture meter by controlling the flow-rate of the gas
through the detector.

Recorder chassis

I_ .~.

Drive to
slide wire

-
-

A=Existing gear D=Needle valve
B=Gear; ratio I to I E=Gear; ratio 4 to I
C= Dog clutch

Fig. 3. Flow-controller, showing modification to potentiometric recorder

An Edwards' needle valve is suitable when geared to the recorder slide-wire drive as
shown in Fig. 3 so that an increasing recorder deflection closes the valve. A lever-operated
dog clutch permits adjustment of the fully-closed position of the valve with respect to the
recorder reading in order to prevent over-shooting of the full-scale position during rapid
current increases. This modification can be made to an A.E.!. recorder (type 10 S), but suit
able adaption of other similar recorders should be possible. The carrier gas is conveyed
from the detector outlet (tap B) to the controller by rubber tubing and then to a float-type
flow-meter. This gives visual indication that the controller is operating satisfactorily and is
needed for the initial setting-up of the needle valve position.

PROCEDURE

Before the start of a determination remove traces of oxygen or water that may have
accumulated in the system, by passing first nitrogen and then hydrogen through the com
bustion furnace (at 5000 C) until a steady base current is obtained. Adjust the flow-rate
of both gases to 100 ml per minute with the flow controller fully open. Pass nitrogen for
5 minutes to remove hydrogen, and then, with nitrogen passing in the reverse direction, load
up to four small silica boats containing a suitable weight of sample and a nickel "pusher"
into the cold zone of the furnace tube. Close the end-cap, and pass nitrogen in the forward
direction for 5 minutes to remove residual air. Transfer the first sample boat to the hot
zone, and continue passing nitrogen until a steady base current is reached.

By means of the three-way tap replace the nitrogen flow with hydrogen, continuing the
reduction until the current drops to the hydrogen base-line previously determined. Calculate
the percentage of oxide by measuring the area beneath the recorded current - time curve.

Flush the furnace with nitrogen for 5 minutes, transfer the second sample to the hot
zone, and continue as before.

To obtain the most accurate results with samples producing less than about 200 JLg of
water it is necessary to obtain a blank value corresponding to the oxidation of the sample
during the pre-heating period by traces of oxygen remaining in the nitrogen. This is carried
out as described below.

Pass nitrogen over the hot fully reduced sample, after oxide determination, for a period
similar to that required for the pre-heating period. Carry out a second reduction with
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hydrogen, and measure the small area corresponding to the blank value. No blank deter
mination is required when standard samples of lead oxide are being analysed.

NOTES-

The accurate determination of oxide by integration of the areas produced in the above
procedure is dependent to a considerable degree on the attainment of a steady base current
of the lowest possible magnitude.

Although standing currents equivalent to a few parts per million of water are easily
obtained when passing nitrogen through the detector, it is found that with hydrogen the
standing current is equivalent to approximately 10 p. p.m. of water. It has been suggested
that these increased currents are due to a re-combination effect, and a mechanism involving
the catalytic action of a platinum oxide film on the electrodes has been proposed by Czuha,
Gardiner and Sawyer. 7

When determining milligram amounts of water, an accurate value is obtained simply by
measuring the area above the hydrogen base line drawn parallel to the chart zero. For
routine analysis, considerable time saving can be achieved by extrapolation over the final
stages of the curve once the base line has been determined.

The measurement of areas derived from microgram amounts of water necessitates a
more critical study of the current - time curves.

c

1
....
c::

~
"u

Hydrogen

Base current Nitrogen

Base current

Time--

Fig. 4. Typical reduction curves: curve A, change in hase-line
when changing from nitrogen to hydrogen flow; curve B, blank deter
mination; curve C, sample determination

In Fig. 4, curve A represents the change in base-line when changing from nitrogen to
hydrogen flow. Curves Band C are typical of blank and sample determinations, respectively.
The weights of water produced are calculated from the areas enclosed by curves A and B
for the blank value, and A and C for the sample. It follows therefore that, by superimposing
curve B on to curve C, the area representing the weight of water produced from the sample
can be measured directly.

The full-scale recorder deflection
= Scale factor X 1·320 rnA.

Therefore, from Faraday's law and if the chart speed is 12 inches per hour and a 1O-inch
recorder scale is used, then-

Chart area of 1 sq. inch = 3·70 fLg of water X scale factor
= 3·28 fLg of oxygen X scale factor.

RESULTS AND DISCUSSION

During the past year this method has been successfully applied to many samples of
extruded lead and lead powder. In order to assess the repeatability, one particular sample
was used to carry out several determinations. Most extruded samples, although having a
fairly low content of oxide, showed considerable heterogeneity, and therefore a well mixed
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powder sample was selected. To asses the repeatability at low levels of oxide, small samples
of the powder were used (about 10 mg) for one series of determinations. Under normal
circumstances about 0'5-g samples would be used. The results obtained are shown in Table I.

To assess the accuracy various sample weights of analytical-reagent and Specpure lead
oxide, PbO, were also analysed; these results are also shown in Table I.

During the development of the detector it was considered necessary, in view of the
radical changes in design, to have an independent assessment of the efficiency of absorption
and electrolysis. This was carried out by the electrolysis of dilute sulphuric acid, oxidation
of the generated hydrogen in a nitrogen gas stream by heated copper oxide and measurement
of the water produced. The comparison of the generating and detector currents gave a direct
measure of the detector efficiency. This was found to be greater than 99 per cent. at f1ow
rates up to 200 ml per minute.

1·09

7·13

1·69

Coefficient
of

variation

0·124

7·08

0·126

Mean,
%

TABLE I
TYPICAL RESULTS

Sample Corrected Blank Corrected Oxygen
weight, area, value, weight, content,

mg sq. inches ,.,.gH,O ,.,.gH,o %
650 24·3 899 0·123

}
650 24·5 906 0·124
656 24·8 917 0·124
657 24·8 917 0·124
652 24·8 917 0·125

1003 36·9 1363 0·121

8·00 2·9 2·2 11 0·119

}
4·63 1·9 1·8 7·0 0·134

10·55 3·9 1·1 14 0·121
11·1 4·7 1·1 17 0·139

4·22 1·7 3·3 6·3 0·132
18·6 6·3 2·6 23 0·111

5·80 2·2 6'7 8·1 0·124

9·2 19·7 728 7·02

}10·9 24·1 891 7·26
9·6 20·4 755 6·97

14·2 30·1 1113 6·95
9·5 20·4 755 7·05

10·2 22'5 832 7·22

. .{
l

{
L"" ",;d., PbOj {

l
* A scale factor of x 1 was used; for the rest of the results a scale factor of x 10 was used.
t Theoretical oxygen content, 7·17 per cent.

Lead powder

Lead powder*

Sample

CONCLUSIONS

The proposed procedure has proved to be a rapid, accurate and sensitive method for
determining oxide in lead over a wide range of oxide contents. For oxide contents of 0·1 per
cent. the accuracy is to within about 2 per cent., and at the 10 p.p.m. level the accuracy
is within about 8 per cent. With experience, up to ten samples a day may be analysed,
and a permanent record is obtained.

With modification of furnace temperature the oxide content of other metals can be
determined, if the oxide is reduced by hydrogen. We have used the method for determining
oxide in copper, with a furnace temperature of 9500 C, and some success has been obtained
by using hydrogen sulphide for the reduction of zinc oxide.

The detector itself can also be used for other analyses involving the determination of
traces of water.

We thank the Directors of Associated Electrical Industries (Woolwich) Ltd. for per
mission to publish this paper.

REFERENCES

1. Baker, W. A., Metallurgia, 1949, 40, 188.
2. Hartmann, H., Hoffmann, W., and Strohl, G., Z. Erzbergb. Metallhuttenw., 1955, 8, 18.
3. Keidel, F. A., Anal. Chem., 1959, 31, 2043.
4. Crawshaw, J. K., and Davidson, F. G., ]. Sci. Instrum., 1959, 36, 121.
5. Barendrecht, E., Anal. Chim. Acta, 1961, 25, 402.
6. Dodd, R. E., and Robinson, P. L., "Experimental Inorganic Chemistry," Second Impression,

Elsevier Publishing Company, London, 1957, p. 167.
7. Czuha, M., Gardiner, K. W., and Sawyer, D. T., ]. Electro-anal. Chem., 1962,4, 51.

Received June 17th, 1963



January, 1964J BURROUGHS AND SPARKS 55

The Determination of the Free Sulphur Dioxide Content
of Ciders

By L. F. BURROUGHS AND A. H. SPARKS
(Research Station, Long A sMon, Bristol)

The conditions necessary for determining free sulphur dioxide in cider
were established by studying the rate of removal of sulphur dioxide from
aqueous solutions by a gas stream. The cider is acidified and the free sulphur
dioxide removed at room temperature in an air-stream under reduced pressure;
it is then absorbed in neutralised hydrogen peroxide and titrated with standard
alkali. Possible interferences are considered and allowed for by applying a
correction for the blank value.

WHEN sulphur dioxide is used as a preservative in ciders, wines and other fruit beverages,
part of it combines with the carbonyl compounds present to form hydroxysulphonates
("bisulphite compounds") and part remains free in the inorganic state, mainly as sulphurous
acid and bisulphite ions. It is widely recognised that only free sulphur dioxide is effective
against micro-organisms, and it is therefore important to be able to determine this analytically.

Ripper's method,l of iodimetric titration in acid solution without previous treatment
with alkali, is the one most commonly used for determining free sulphur dioxide in ciders
and similar beverages. Unfortunately, it also records other substances oxidisable by
iodine, and for this reason the end-point is often ill defined. The errors involved in this method
and various attempts to overcome them were reviewed by Joslyn and Bravermann. 2

The colorimetric method of Steigman,3 involving the use of pararosaniline and formalde
hyde, has been developed by Stone and Laschiver4 for determining both free and total sulphur
dioxide in beer. With ciders, however, interference by polyphenols greatly reduces its
sensitivity for determining free sulphur dioxide and renders it useless for determining total
sulphur dioxide.

Kielhofer and Aumann5 and Paul6 removed free sulphur dioxide from acidified wine at
room temperature by a stream of air, absorbed it in neutralised hydrogen peroxide and
titrated with 0·01 sodium hydroxide. This method is based on sound theoretical principles
and appeared worthy of investigation. When the wine (10 or 20 ml) is acidified with 5 ml
of 25 per cent. vIv orthophosphoric acid, the pH is lowered to between 1 and 1·5. This has
the double purpose of rendering the free sulphur dioxide more volatile and of greatly reducing
the rate of decomposition of the combined sulphur dioxide; furthermore, at this pH sulphur
dioxide resists oxidation by the atmosphere. KielhOfer and Aumann passed a stream of air
for 30 minutes, whereas Paul, possibly using a more rapid rate of flow, found that 15 minutes
was sufficient. However, as observed by KielhOfer and Aumann, the precise stoicheiometric
removal of free sulphur dioxide from a wine is not to be expected, since even at this low pH
there is a slight tendency for combined sulphur dioxide to dissociate once the equilibrium is
disturbed by removal of the free sulphur dioxide. KielhOfer and Aumann found that the
amount of sulphur dioxide liberated in this way was small, even if the wine was aerated for a
long time, and they regard the value obtained after 30 minutes as being the best practicable
estimate of free sulphur dioxide. The extent of the dissociation of bound sulphur dioxide will,
however, depend on the nature and amount of the carbonyl substances present in the par
ticular sample and cannot always be assumed to be negligible.

The method described in this paper is a modification of the methods of Paul and of
Kielhofer and Aumann; it was developed from a study of the conditions necessary to ensure
complete removal of sulphur dioxide from solution in the absence of combined sulphur dioxide.

RATE OF REMOVAL OF SULPHUR DIOXIDE FROM DILUTE ACID SOLUTION

The problem of removing sulphur dioxide from solution at a given temperature and pH
is a physical one, and depends on the flow-rate of carrier gas and on the partial pressure
of the sulphur dioxide. The flow-rate of gas should be as fast as possible, consistent
with efficient trapping of the entrained sulphur dioxide by the absorbing solution.
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In a preliminary experiment nitrogen was bubbled through a solution of sodium hydrogen
sulphite (0,85 M) in 5 per cent. v/v orthophosphoric acid. Portions (20 ml) .,vere removed and
titrated with 0·01 N iodine. The concentrations of sulphur dioxide remaining in solution after
different times were-

Length of bubbling time. minutes 0 10 15 20 30 40

Sulphur dioxide remaining. p.p.m. 54 24 7 4 1 trace

It appears, therefore, that bubbling for at least 30 minutes is required for the complete removal
of sulphur dioxide from solution under these conditions. This was attributed to the extremely
low partial pressure of sulphur dioxide in the carrier gas when the concentration of sulphur
dioxide in solution had been reduced to about 10 p.p.m. This difficulty could obviously
be overcome by removing the sulphur dioxide under a partial vacuum.

A similar experiment was carried out, in which a stream of nitrogen at a pressure of 80 mm
of mercury was drawn through the solution, by using a water-pump; the concentrations
of sulphur dioxide remaining in solution after different times were-

Length of bubbling time, minutes 0 5 10 15

Sulphur dioxide remaining. p.p.m. .. 53 12 1 nil

Similar results were obtained in a further experiment in which a stream of air at 80 mm
pressure was used. Removal of sulphur dioxide was therefore complete in 15 minutes, and
this provided the basis for the method described below. The hydrogen peroxide solution
used for absorbing the sulphur dioxide was shown to be completely stable to aeration under
reduced pressure for 15 minutes.

METHOD

ApPARATUS-

The apparatus (see Fig. 1) is similar to that described for determining total sulphur
dioxide,? but requires only two absorption tubes, A and B, and no condenser. The 250-ml
round-bottomed flask, having a B24 neck joint and a side inlet, and the B14 air-leak and the
tubes (200 X 25 mm) are standard pieces of glassware. The absorption heads are made
from B24 cone joints with the internal delivery tubes drawn out to a jet. The second
absorption tube, B, is connected to a mercury manometer and a water-pump.

To vacuum

j

V

A B

Fig. 1. Absorption apparatus
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REAGENTS-

Hydrogen peroxide, 1 per cent. wlv-Dilute 3·3 ml of loo-volume analytical-reagent grade
hydrogen peroxide to about 90 ml with distilled water. Add 1 ml of Tashiro indicator
(2 volumes of 0·1 per cent. methyl red, pitts 1 volume of 0·1 per cent. methylene blue, both
in 95 per cent. ethanol), and neutralise with 0·01 N sodium hydroxide to the first appearance
of a green colour. Dilute to 100 m\.

Sodium hydroxide, 0·01 N-Prepare in the usual way, store in an automatic lO-ml
burette with soda-line guard tubes and standardise against potassium hydrogen iodate.
It is convenient to use the same solution of potassium hydrogen iodate, suitably diluted, to
standardise 0·01 N sodium thiosulphate for determining total sulphur dioxide.?

Orthophosphoric acid, 25 per cent. vlv-Containing 250 ml of 85 per cent. wIv ortho
phosphoric acid per litre.

PROCEDURE-

By pipette, transfer 5 ml of 1 per cent. hydrogen peroxide into each absorption tube.
Similarly transfer 10 or 20 ml of sample to the flask, and add 5 ml of 25 per cent. ortho
phosphoric acid.

Attach the flask to the apparatus, and evacuate to a pressure of 70 to 80 mm while
admitting a steady stream of air, controlled by the clip on the inlet tube. After 15 minutes
shut off the vacuum, and carefully open the screw-clip. Lower the first absorption tube, A,
and expel the drop of solution in the tip of the delivery tube by warming the flask with the
hand; rinse the delivery tube. Titrate the contents of tube A with 0·01 N sodium hydroxide
to a grey end-point. Replace the tube on the apparatus to rinse the inside of the delivery
tube; re-adjust the end-point, if necessary.

Immediately attach to the apparatus another absorption tube, A', containing 5 ml of
1 per cent. hydrogen peroxide. Close the screw clip, apply the vacuum, and continue aeration
for a second 15 minutes (including the time taken in titrating the contents of tube A, normally
about 2 minutes). Finally remove tube A', titrate the contents as described above, and
subtract from the result of the titration of tube A, the blank value obtained. The reasons
for this blank value are discussed below.

Calculate results as p.p.m. of sulphur dioxide.
1 ml of 0·01 N sodium hydroxide == 0·32 mg of sulphur dioxide.

The absorption of sulphur dioxide in tube A is highly efficient, and the second tube, B,
rarely yields any significant titration unless the hydrogen peroxide in tube A is completely
reduced by sulphur dioxide. This occurs only with samples containing an extremely high
concentration of free sulphur dioxide (much beyond the limits of normal cider), since 5 ml of
1 per cent. hydrogen peroxide will oxidise 100 mg of sulphur dioxide.

DISCUSSION OF METHOD

RECOVERY OF FREE SULPHUR DIOXIDE-

The method was tested by comparing the recovery of free sulphur dioxide (lO-ml portions
containing 200 p.p.m.) from a solution containing 0·157 g of sodium metabisulphite (Na2Sps)
per 500 ml with that obtained simultaneously by titrating the same solution into lO-ml
portions of 0·01 N iodine. To ensure that the two methods should be strictly comparable,
0·1 N hydrochloric acid was used as a common standard for both the 0·01 N sodium hydroxide
and the 0·01 N iodine (via potassium iodate and 0·1 N sodium thiosulphate).

Results of three determinations showed 100,0, 100·2 and 100·2 per cent. recovery; in each
determination the second absorption tube remained neutral, and no residual sulphur dioxide
was detectable (by 0·01 N iodine and starch) in the contents of the flask.

It is, unfortunately, not possible to test the recovery of free sulphur dioxide in the
presence of cider, because, when standard sodium hydrogen sulphite is added to cider, part of it
combines with the carbonyl substances present. Nor is there any established method for
the precise determination of free sulphur dioxide in cider, with which the present method
could be compared. It is, however, reasonable to assume that, since the proposed method
gives complete recovery of sulphur dioxide from sodium hydrogen sulphite solution, it will
also give complete recovery from cider.
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Two factors may, however, lead to high results; these are the presence of volatile acids
in the cider and the liberation of free sulphur dioxide by dissociation of "bisulphite com
pounds" during the determination.

EFFECT OF VOLATILE ACIDS-

The volatile acidity of cider is normally not more than about 0·1 per cent. as acetic
acid. If any of this is carried over in the air stream it may be trapped in the absorption tube
and so be recorded as sulphur dioxide. The pro!Jable size of the blank value due to volatile
acid was investigated by determining the apparent free sulphur dioxide content of 0·2 per
cent. acetic acid. Results correspond to 2·5 p.p.m. as sulphur dioxide on a 20-ml sample and
were substantially unchanged in the blank solution, tube A', collected during the second 15
minutes. In a normal cider, therefore, with a much lower volatile acidity, the error caused by
volatile acids should be less than 2·5 p.p.m. and can be allowed for by subtracting the blank
value.

DISSOCIATION OF COMBINED SULPHUR DIOXIDE-

The equilibrium between free and combined sulphur dioxide in a cider at a given tem
perature and pH depends on the concentrations of the carbonyl compounds present and on
the equilibrium constants of their "bisulphite compounds". If the free sulphur dioxide is
removed, as in the proposed procedure, each "bisulphite compound" dissociates into free sul
phur dioxide and free carbonyl compound at a rate dependent on its concentration and on the
velocity constant of its decomposition. These velocity constants are greatly reduced by
lowering the pH, but even at pH 1·5 the dissociation is measurable and may interfere in the
determination of free sulphur dioxide. It is therefore to be expected that part of the sulphur
dioxide determined in the blank titration, tube A', is caused by the dissociation of combined
sulphur dioxide; this may be called the "dissociation blank value."

In ciders and similar alcoholic beverages much of the combined sulphur dioxide is present
as acetaldehyde bisulphite, but other carbonyl compounds are also involved. Burroughs
and WhitingS have calculated the sulphite-binding power of certain of the known constituents
of cider, and Kielhofer and Wurdig9 ,lO have examined similar problems in wines.

The liberation of sulphur dioxide combined with acetaldehyde, pyruvic acid and glucose
was investigated in model systems. A solution, containing 100 p.p.m. of sulphur dioxide
as acetaldehyde bisulphite in dilute phosphate - citrate buffer at pH 3,5, yielded a blank
value, tube A', of only 0·3 p.p.m. in the determination of free sulphur dioxide; dissociation
of acetaldehyde bisulphite is therefore negligible under these conditions. This was confirmed
by an experiment in which a solution containing 200 p.p.m. of sulphur dioxide and 70 p.p.m.
of acetaldehyde was allowed to come to equilibrium, thus giving approximately 100 p.p.m. of
free and 100 p.p.m. of combined sulphur dioxide. The results for the determination of free sul
phur dioxide by the proposed method (excluding the correction for the blank value) agreed
within 1 p.p.m. with those by direct iodimetric titration of the original solution at pH 1·5.
There was similarly close agreement between the bound sulphur dioxide content (determined
by iodimetric titration at pH 8.1 11) of the original solution and of the contents of the flask after
determination of free sulphur dioxide. The presence of acetaldehyde bisulphite in the
sample, therefore, does not interfere in the determination of free sulphur dioxide by the
proposed method, nor does it contribute appreciably to the dissociation blank value.

An experiment, similar to the iodimetric determination described above, was carried
out on a solution containing 200 p.p.m. of total sulphur dioxide and 220 p.p.m. of sodium
pyruvate, again corresponding to approximately 100 p.p.m. of free and 100 p.p.m. of combined
sulphur dioxide. Here, the apparent free sulphur dioxide determined by vacuum aeration
was 8 to 9 p.p.m. higher than by direct iodimetric titration, with a corresponding loss of bound
sulphur dioxide in the contents of the flask. The amount of free sulphur dioxide liberated
during the second 15 minutes aeration, tube A', was 6 to 7 p.p.m., so that a close approxi
mation to the true value could be obtained by subtracting this correction.

It can be calculated from the results obtained by Vas12 for glucose, that the amount of
glucose bisulphite likely to occur in a normal cider is small, corresponding to only 8 p.p.m. of
combined sulphur dioxide at 1·8 per cent. of glucose and 50 p.p.m. of free sulphur dioxide.
It can also be calculated that, at pH 1,5, only 0·5 per cent. of the glucose bisulphite present
will dissociate in 15 minutes at 20° C. The effect of this on the determination of free sulphur
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dioxide in ciders should therefore be negligible. This was confirmed by using a solution of
glucose (1,8 g per 100 ml) and sodium metabisulphite, Na2SPs (0'03 g per 100 mIl, at pH 3'5.
After equilibrium had been attained, this solution contained 181 p.p.m. of total sulphur di
oxide,' 157 p.p.m. of free sulphur dioxide and therefore, by difference, 24 p.p.m. of combined
sulphur dioxide; the dissociation blank value obtained during the second 15 minutes was only
0·3 p.p.m. With a similar solution containing ten times as much sodium metabisulphite, the
dissociation blank value was 5 p.p.m. in the presence of 1590 p.p.m. of free and 218 p.p.m. of
combined sulphur dioxide. The effect of the dissociation of glucose bisulphite on the deter
mination of free sulphur dioxide in ciders and similar beverages can therefore be neglected, but
it may be significant in products with a high concentration of glucose or of free sulphur dioxide.

It appears, therefore, that the blank value due to dissociation of combined sulphur dioxide
in ciders is not, in the main, attributable to acetaldehyde or glucose. Pyruvic acid certainly
yields a dissociation blank value, as probably do other carbonyl compounds, since ciders
having a relatively low content of pyruvate can give blank values up to 8 p.p.m. of sulphur
dioxide. Numerous determinations of free sulphur dioxide in different ciders have shown
blank values ranging from 1 to 10 p.p.m., the higher values being obtained in the presence
of relatively high concentrations of sulphur dioxide bound to unidentified carbonyl compounds.

For a given cider with incremental additions of sulphur dioxide, the size of the blank
value increases with increasing concentration of free sulphur dioxide. Results obtained on
a commercial cider were-

Apparent content of free sulphur dioxide (tube A), p.p.m. 3·6 1l·6 30·4 54·6 90·0
Blank value (tube A'). p.p.m. 1·5 2·8 4·3 5·8 7·3
Corrected content of free sulphur dioxide (A - A'), p.p.m. 2'1 8·8 26'1 48·8 82·7

Although the blank value corrections may be small, they frequently represent more than
10 per cent. of the apparent free sulphur dioxide content, especially at low concentration.

EFFECT OF TEMPERATURE ON THE FREE SULPHUR DIOXIDE CONTENT OF CIDERS-
The equilibrium between free and bound sulphur dioxide in solution is influenced by

temperature. If a cider is heated the "bisulphite compounds" tend to dissociate, liberating
free sulphur dioxide; conversely, if it is cooled, the carbonyl compounds react further, lowering
the concentration of free sulphur dioxide. The size of this effect may be considerable: for
example, the free sulphur dioxide content of a cider was found to increase from 26 p.p.m. at
20° C to 42 p.p.m. at 40° C.

The rate at which these changes occur has not yet been studied, but it is obviously a
wise precaution to keep the sample at the appropriate temperature until just before analysis.
Thus, it would be wrong to analyse a sample that had been stored overnight in a refrigerator
if the results are intended to relate to equilibrium conditions at some other temperature.

REPRODUCIBILITY-
Six replicate determinations of free sulphur dioxide were made on two ciders. In the

first, results ranged from 13·4 to 13·9 p.p.m. with a coefficient of variation of 1·4 per cent.
In the second, the range was 57·5 to 58·7 p.p.m. with a coefficient of variation of 0·8 per cent.

COMPARISON WITH A METHOD FOR SOFT DHINKS-
After this manuscript was submitted, Lloyd and Cowle13 published a method for deter

mining free sulphur dioxide in soft drinks that is similar to ours and to the earlier methods of
Kielhofer and Aumanns and Pau!.6 The essential differences between these methods are
listed below.

Desorption of sulphur dioxide-In the methods of Lloyd and Cowie, Kielhofer and Aumann
and Paul the sulphur dioxide is desorbed in a fast stream of carrier gas at atmospheric
pressure. Our method of desorption in vacuo is quicker and more efficient, and therefore
facilitates the application of a correction for the dissociation blank value.

Absorption of sulphur dioxide-Lloyd and CowIe absorbed the sulphur dioxide in 0·1 N
potassium hydroxide in 10 per cent. v/v glycerol, since they found that absorption in
neutralised hydrogen peroxide and titration with sodium hydroxide gave poor end-points
with screened methyl orange. This is contrary to our experience, and no such difficulty
is mentioned by Kielhofer and Aumann or by Pau!. We obtained sharp end-points provided
the solutions were made up in good quality distilled water; poor end-points can occur with
some samples of water de-mineralised by ion exchange.
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The use of an alkaline absorbent (with subsequent acidification and titration with iodine)
involves the risk of loss of sulphur dioxide in the absorption tube by oxidation. This is over
come by adding glycerol as an anti-oxidant and using oxygen-free nitrogen as the carrier
gas; it is also necessary to de-aerate the apparatus by passing nitrogen for 5 minutes before
adding the sample. In our proposed method, no such precautions are required since the
sulphur dioxide is stable to oxidation in dilute orthophosphoric acid (pH 1 to 1'5) and is
deliherately oxidised by hydrogen peroxide in the absorption tubes.

Dissociation of bound sulphur dioxide-Lloyd and Cowie state that after the desorption
perio!l of 15 to 20 minutes no subsequent dissociation of sulphur dioxide of any significance
was o~s~rved. Thus, they make no correction for a dissociation blank value; this probablv
reflects the fact that glucose was the main binding agent for sulphur dioxide in their samples.
With ciders a correction for the dissociation of bound sulphur dioxide is essential for accurate
determinations.

Reproducibility-From an examination of the results of duplicate analyses sho\\'n in
Table V of their paper, we judged that Lloyd and Cowie's procedure of desorption and trapping
is less reproducible (coefficient of variation 2·85 per cent.) than our method.

Colorimetric modification--For samples having a low content of free sulphur dioxide,
Lloyd and Cowie absorb the sulphur dioxide in sodium tetrachloromercurate and determine
it colorimetrically. In our method it is possible to determine as little as 5 to 10 p.p.m. of
free sulphur dioxide with sufficient accuracy for most purposes (±0·3 p.p.m.) by the normal
procedure.

CONCLUSIONS

Although Lloyd and Cowie's procedure may be satisfactory for soft drinks with a rela
tively high content of free sulphur dioxide and low dissociation blank, it is not suitable for
products for which the dissociation blank value is appreciable compared with the free sulphur
dioxide content. On the other hand, our method would appear to be equally applicable to
soft drinks and, if the dissociation blank value can be omitted for such products, is quicker
as well as being more precise and easier to manipulate.
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Determination of Sulphur In Plant Material

By M. LACHICA GARRIDO
(Estaci6n Exp"'imental del Zaidin, Avenida de Cervantes, Granada, Spain)

A turbidimetric procedure is described for determining sulphur in dried
plant materials. Wet-digestion of the sample followed by a turbidimetric deter
mination of the barium sulphate is suitable for routine determinations, and for
samples of low sulphur content. Optimum conditions for the determination
are described.

As part of an extensive study of the mineral nutrition of plants, the total sulphur content
of leaves was considered to be interesting.

It is well known that sulphur is a constituent of a number of plant compounds. Inter
actions of sulphur and certain other nutrients have been studied,! and important relations
found. In a recent paper, Duval2 reviewed the importance of sulphur in agriculture.

The analytical methods for determining sulphur in plants may be broadly classified
into three groups: gravimetric, volumetric and colorimetric methods. The first procedure
is laborious and time-consuming for routine work, and most of the volumetric methods
are not entirely satisfactory owing to the difficulty of distinguishing the end-point of the
titration. These two groups of methods have been recently reviewed.3 A critical review,
by Burriel and G6mez,4 of the colorimetric methods led us to consider that they are the
most appropriate for routine purposes. The best of these methods seem to be the turbidi
metric techniques based on the precipitation of sulphates with barium chloride solution and
subsequent measurement of the turbidity. The main difficulty of this method lies in the
selection of an appropriate stabiliser to maintain, at least temporarily, a colloidal and repro
ducible precipitate of barium sulphate. When we applied the stabilising mixtures proposed
by Singer,S Butter and Chenery6 and Krober and Howell,7 we found that the results were
erratic, problably because of our different operating conditions.

We decided to try to overcome these difficulties by using Tween-type surface-active
substances. Blanc, Bertrand and Liandiers had previously applied this type of compound
to the determination of sulphates in water, biological liquids, and wines.

The main purpose of this investigation was to find a technique that had high sensitivity
(for determining the fairly small amounts of sulphur frequently found in plant materials),
and was rapid enough for routine work.

METHOD
REAGENTS-

Standard sulphur solution-Dissolve an appropriate amount of analytical-reagent grade
potassium sulphate in water, and adjust the volume to give a solution containing 0·4 mg
of sulphur per m!.

Barium chloride solution-A solution containing 100 g of analytical-reagent grade barium
chloride, BaCI 2.2Hp, in 1 litre of water.

Tween-80-0btainable from Schuchardt AG.
Barium chloride - Tween-80 reagent-Dissolve 20 ml of Tween-80 in 80 ml of the barium

chloride solution with vigorous shaking. This solution should be prepared at least 24 hours
before use.

Perchloric acid, sp.gr. 1·69.
Acid mixture-Mix 40 ml of perchloric acid and 60 ml of nitric acid, sp.gr. 1·40.
Ammonium metavanadate-A solution in perchloric acid containing 1·5 mg of vanadium

per m!.
Potassium dichromate solution-An aqueous solution containing 30 mg of anhydrous

potassium dichromate per m!.
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A = Reaction flask
B = Stopcock
C=Trap
D = Condenser
E =Bubbler

Fig. l. ';Yet-decomposi
tion apparatus

ApPARATUS-

We used a Hilger - Spekker absorptiometer equipped with 4-cm cells and a red filter.
Wet-decomposition apparatus-Precise details are given in the paper published by Bethge.9

Fig. 1 shows the design of this apparatus.
PROCEDURE-

Digestion of the sample-Place 0·500 g of the ground and dried
plant material in the flask, A. With the stopcock, B, closed,
introduce 1 ml of the ammonium metavanadate solution, 0·5 ml of
the potassium dichromate solution, and 5 ml of the acid mixture
into the reflux receiver, C. Assemble the condenser, D, the flask A
and the scrubber, E, as shown in Fig.!. Fill the scrubber with a
few millilitres of water, or 3 per cent. hydrogen peroxide solution.
Open stopcock B, and heat flask A. Heat for five minutes, close
stopcock B, and then continue until all the nitric acid has been
collected in trap C, and the residue in flask A is red.

Leave the apparatus to cool for five minutes after the sample
has been completely oxidised. Open stopcock B, and allow the
liquid in trap C to flow into flask A. Boil the solution for a minute
to rinse the apparatus, then close stopcock B, and distill most of the
nitric acid into trap C until the residue in flask A is red. Allow the
apparatus to cool.

Remove the reaction flask A, and wash it with a little water.
Transfer the solution to a l00-ml volumetric flask by means of a
teat pipette of about lO-ml capacity. Wash the flask with four or
five separate lO-ml portions of water, and transfer the washings to
the volumetric flask and dilute to the mark with water.

STA:-.IDARDS-

Measure 0,5, 1,0, 1,5, 2·0 and 2·5 ml of standard sulphur solu
tion into separate 100-rnl volumetric flasks. Add 2 ml of perchloric
acid and 0·5 ml of potassium dichromate solution to each flask.
Dilute the solutions to the mark with water.

T RBIDIMETRY-

Place 20 ml each of standard and digested sample into separate 50-ml graduated flasks,
and add about 20 ml of water and 5 ml of barium chloride - Tween-SO reagent. Dilute the
solutions to the mark with water, mix and measure the optical density after 30 minutes.
Use a solution prepared from the same amounts of the reagent for the blank experiment.

Plot a graph relating optical density to amount of sulphur present. This graph should
be linear.

DISCUSSION OF METHOD

DIGESTION OF THE SAMPLE-

The wet-oxidation of plant materials before analysis by using perchloric acid is considered
valuable for most elements. Wet-digestion for sulphur determination in biological samples
was proposed by Bethge.lo The technique is of special interest, because he has shown that
recoveries of sulphur were quantitative in organic substances similar to those present in plants.

With this fact in mind, the sulphur content of olive leaves was assayed by Bethge's
method and a parallel assay was made with the addition of ammonium metavanadate as
proposed by Smith.ll

TABLE I

0·15
0·13
0·14

Bethge method

0·12
0·09
0·09

PERCENTAGE SULPHUR FOUND IN DRIED PLANT MATERIAL*
Bethge method with

vanadium added
Sample 1
Sample 2
Sample 3

• Mean of three replications.
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The results shown in Table I indicate that to achieve a complete oxidation of organic
matter, it is necessary to add vanadium as a catalyst. We followed Smith's suggestion ,11

and added dichromate as an indicator to establish the completion of the oxidation.
The time required for complete oxidation is shortened by the presence of vanadium.

In its absence heating should be continued much longer, with a consequent risk of losing
sulphur. This fact is in agreement with Bethge,lO who states that some organic substances of
low molecular weight are resistant to oxidation. For example, among low molecular weight
sulphur-containing substances in plants, the amino-acid, methionine, is commonly found in
plants.

TURBIDIMETRY-

Use of different kinds of Tween-Tween-20 (polyoxyethylene sorbitan monolaurate) and
Tween-SO (polyoxyethylene sorbitan mono-oleate) have been used as stabilisers of the barium
sulphate precipitate.

Fig. 2 shows changes in the optical densities that can be presumably attributed to dif
ferent physical conditions of the colloidal precipitate produced by the dispersing agents.
(Operating conditions were as given under "Procedure".)
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Fig. 2. Effect of Tween-20 and -80 on the optical densities of
barium sulphate precipitates
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In addition, the sulphur concentration interval for linearity of the standard curve is
shorter when Tween-80 is used than that suggested by Blanc, Bertrand and Liandier,8 when
they used Tween-20 (see Fig. 3). (We used the operating conditions of Blanc's method.)
However, the fact that there is the increased sensitivity for Tween-80 over Tween-20 (see
Fig. 2), is of primary importance.

Effect of ageing of reagent solutions-A fresh solution of the barium chloride - Tween-80
reagent was prepared and added at intervals to a solution containing 0·6 mg of sulphur per
100 m!.

A comprehensive study of the ageing of solutions of barium chloride has been made by
Bogan and Moyer,12

Ageing of reagent solutions caused an increase in the optical densities, and the effect of
ageing appeared to be complete in 24 hours. The results are given below-

Time after reagent preparation,
hours



64 GARRIDO: DETERMINATION OF SULPHUR IN PLANT MATERIAL [Analyst, Vol. 89

0·305

4

0·302
3

0·304

2

0·290

)

.. 0·252

Reagent concentration-Different amounts of barium chloride - Tween-80 reagent were
added to several solutions containing 0·6 mg of sulphur per 100 ml. It is clearly shown
below that the complete precipitation of barium sulphate requires a quantity of reagent
in excess of 3 ml, but the excess is not critical-

Heagent added, ml

Optical density

0·5
0·250

0·4

0·250
0·3

0·245
0·2

0·245

0,)

0·240

Perchloric acid concentration-Different amounts of perchloric acid were added to five
solutions containing 0·12 mg of sulphur in a volume of 50 ml. From the results given below,
it can be seen that the optical density is affected only slightly when the perchloric acid con
centration is increased fivefold-

Perchloric acid added, ml

Optical density

Stability of barium sulphate suspension-The results given in Table II show the optical
density values, at intervals, for a number of colloidal suspensions of barium sulphate whose
sulphur content varies. The suspensions were shaken vigorously, and the optical densities
were measured in I-em cells with a Beckman DU spectrophotometer.

TABLE II
STABILITY OF SUSPENSION

,\ = 410 mjL

\

20 hours

Optical density after-
Sulphur content, I

A

mg of sulphur per 100 ml 25 minutes 1 hour 2 hours 5 hours

0·4 0·042 0·043 0·046 0·044
0·8 0·098 0·)00 0·102 0·100
1·2 0·170 0,)73 0·174 0·175

0·037
0·093
0·162

It can be seen that the optical density can be read over a long period of time.

~ 0·3 .;;;
c

"-a..
u
.~ 0'21-

°l~L __L
OA 0'8 -----,1'=-·2-----;'-;---'

Sulphur concentration, mg per 100 ml

Fig. 3. Linearity of the standard sulphur-concentration curve,
when Tween-20 was used as stabiliser

Standards-Two series of standards were prepared. The first, by using the wet-com
bustion method described under "Procedure"; 0·500 g of reagent-grade cellulose powder and
a measured quantity of potassium sulphate solution, as a source of sulphur, were placed
in the reaction flask. The second standard' was prepared by adding the same quantities
of potassium sulphate that were used in the preparation of the first standard, 2 ml of per
chloric acid and 0·5 ml of potassium dichromate solution, to the 100-ml reaction flasks.
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The results obtained by both methods are shown in Table III. The Beckman DU
spectrophotometer was used for optical-density measurements.

TABLE III
RESULTS OBTAINED FOR STANDARDS

no oxidation

0·027
0·050
0·076
0·103
0·126

wet-oxidation

0·024
0·051
0·073
0·100
0·126

(,\ = 410 mJ.L)
Optical density after-

ASulphur content,
mg of sulphur per 100 ml

0·2
0·4
0·6
0·8
1·0

ANALYTICAL RESULTS
The accuracy of the turbidimetric method was examined by adding known amounts

of sulphur, as potassium sulphate, to a digested sample of olive leaves. The results are
given below-

Sulphur added, mg* 0·1 0·2 0·3 0·4

Sulphur found, per cent. 102·3 99·0 99·1 100·0

* In addition to the sulphur added, the solution contained 77 mg from the digested sample.

The precision of the proposed turbidimetric method is shown below-
Percentage sulphur 0,100, 0,102, 0,102, 0,103, 0,102, 0·103

0,103, 0,103, 0,100, 0,102, 0,104, 0·104

Mean 0·102

Coefficient of variation 1·32 per cent:

The results shown in Table IV further illustrate the precision that may be expected for a
number of samples of widely varying sulphur contents.

TABLE IV
PRECISION AS FUNCTIO OF SULPHUR CONTENT OF SAMPLE

95 per cent.
Sample Nature of Sulphur Standard Coefficient confidence

No. sample per cent. deviation of variation, % limits:
I Olive 0·087* 2·00 x 10-' 2·30 0·085 to 0·089
2 0·103t 1·41 x 10-' 1·37 0·101 to 0·105
3 0'1l6* 3·61 x 10-' 3·11 O·lll to O· 121
4 Bean 0·1l9t 4·24 x 10-' 3·56 0·1l2 to 0·126
5 Olive 0·124t 3·65 x 10-' 2·94 0·1l8 to 0·130
6 0·137t 1·15 x 10-' 0·84 0·135 to 0·139
7 0·171 * 3·28 x 10-' 1·92 0·168toO·175
8 0·178t 5·92 x 10-' 3·33 0·169 to 0·187
9 Orange 0·211 * 4·27 x 10-' 2·02 0·206 to 0·216

10 Sugarcane 0·551 * 14·92 X 10-' 2·71 0·532 to 0·570

* Mean of five replications.
t Mean of four replications.
: For mean at 5 per cent. level, confidence limit = mean ±

t for 3 degrees of freedom = 3·18.

u
t vn ; t for 4 degrees of freedom = 2·78;

The confidence limits are of interest because they make it possible to decide the limits
of sensitivity. For example, samples 3 and 4 cannot be distinguished, because the true
population mean lies between almost the same limits: 0·111 to 0·121 per cent. of sulphur
for sample 3 and 0·112 to 0·126 per cent. for sample 4, with a 95 per cent. confidence limit.
It is also apparent that it is not possible to state unequivocally that samples 4 and 5, and
7 and 8 differ in sulphur content, because the upper confidence limits of samples 4 and 7
are greater than the lower limits of samples 5 and 8, respectively. It is reasonable to assume,
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however, that the sulphur contents of samples 8, 9 and 10 are different from each other,
and from the others shown in Table IV, because the 95 per cent. confidence limits do not
overlap.
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The Determination of Propylene Glycol In Tobacco by

Cellulose-column Chromatography

By R. L. CLEMENTS AND STELLA J. PATTERSON
(Department of Scientific and Industrial Research, Laboratory of the Government Chemist,

Clement's Inn Passage, Strand, London, W.C.2)

The cellulose - carbon column method for the quantitative determination
of glycerol in tobacco has been extended to the determination of propylene
glycol, which is occasionally found in tobacco, either as the sole humectant
or in small amounts associated with added glycerol. Glycerol and propylene
glycol can both be accurately determinated in the presence of each other,
in a single experiment.

IN an earlier paper,! procedures were described for the qualitative and quantitative deter
mination of glycerol in tobacco. In the course of the qualitative detection of glycerol, the
presence of propylene glycol was occasionally clearly indicated, and in this paper an extension
of the column method is described, so that propylene glycol detected by the paper-chromato
graphic procedure l can be accurately determined. In this paper, only modifications of the
earlier procedure l will be described in any detail.

The first portion of eluate from the cellulose - carbon column contains all the propylene
glycol, accompanied by a small portion of the glycerol (see Fig. 1).

The method developed is for determining propylene glycol and glycerol based on
collection of the eluate in two portions; the propylene glycol and some of the glycerol are
determined in the first portion, and the remainder of the glycerol in the second. When
attempts to determine glycerol and propylene glycol in a single 500 ml of eluate were made,
interference in the estimation of propylene glycol arose from the material responsible for
the "apparent glycerol" blank value of the tobacco. In the proposed method, however,
this interference becomes significant only in the second fraction, containing glycerol alone,
and the added glycerol may be calculated by subtracting the appropriate "apparent glycerol"
blank value for the unmanufactured tobacco; some experimentally determined blank values
are listed in Table II of the earlier paper. l In addition, inaccuracies arose when a suitable
portion of a single 500 ml of eluate was analysed for a small quantity of propylene glycol in
the presence of a large excess of glycerol, since the determination of propylene glycol depended
on a small difference between two larger titrations ; this possible error is minimised when the
first part of the eluate, containing a relatively small proportion of glycerol, is analysed
separately for propylene glycol.

EXPERIMENTAL

Experiment has shown that the optimum conditions for accuracy require the collection
of an initial 200 ml of eluate, followed by a further 400 ml. The glycerol content of the
2OO-ml portion increases with temperature; for example, it is approximately 10 per cent. of
the total glycerol present at 15° C and 20 per cent. at 25° C.

The glycerol is determined in the 200-ml portion of the eluate in the presence of the
propylene glycol, by making use of the fact that when glycerol is oxidised with periodate
it yields formic acid (which can be titrated with alkali) and formaldehyde, but propylene glycol
only yields aldehydes.2 ,3 The propylene glycol content is determined by measuring the total
periodate consumed, less that required to oxidise the glycerol; the glyercol in the 400-ml
portion of eluate is most readily determined by measuring the total periodate used.

It is necessary to remove all the solvent from the eluate before oxidising the glycerol
and subsequently determining the formic acid. The titration cannot be carried out in the
presence of ether, which removes the indicator from the aqueous layer, and in the presence
of alcohol low results are obtained. The solvents are most conveniently removed by evapora
tion on a steam-bath; no loss of glycerol occurs, and propylene glycol, which may be lost
to some extent, is determined on a separate portion of eluate without removal of the solvent.
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None of the many methods available4 to 10 for determining glycerol by acidimetric
titration of the formic acid produced by periodate oxidation proved entirely suitable; most
were designed for amounts of glycerol greater than the milligram or less present in the eluate,
and, for simplicity, a titration in which an indicator was used was preferred to an electro
metric end-point measurement. Potassium periodate was used as the oxidant, and the
amount of sulphuric acid added when preparing the solution was kept to a minimum to
keep the blank value of the acidimetric titration as low as possible; this modification gave
satisfactory results in the procedure for determining total periodate used. It is better
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Fig. 1. Curve illustrating the recovery of propylene glycol and glycerol.
(Column temperature, 17° C)
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not to oxidise with neutral solutions as recommended by Neuburger and Bruening,S since
neutral solutions prepared with the reagent we used (analytical-reagent grade potassium
periodate) gave an inconvenient negative blank value. We tried bromocresol purple,s bromo
thymol blue,s phenol red7 and methyl red3 as indicators, and preferred bromocresol purple.
The excess of periodate was destroyed with ethylene glycol, as recommended by Erskine,
Strouts, Walley and Lazarus. 7

METHOD

The preparation of the column, extraction of the sample and its transfer to the column
are described in the previous paper. 1

ADDITIONAL REAGENTS-

Potassium periodate solution-Dissolve 1·15 g of analytical-reagent grade potassium
periodate in about 600 ml of hot water that has been boiled to expel carbon dioxide, cool,
add 7 ml of O·l N sulphuric acid and dilute to 1 litre with carbon-dioxide-free water.

Sodium h)droxide solution, approximately 0·02 N-Prepare in carbon-dioxide-free water.
Sulphuric acid, 0·02 N.
Bromocresol purple solution, 0·1 per cent. wIv in 95 per cent. ethanol.
Ethylene glycol solution, approximately 10 per cent, vlv, aqueous.

COLLECTION OF THE ELUATE FROM THE COLUMN-
Collect the first 200 ml of eluate into a 200-ml graduated flask, and the next 400 ml

of eluate into a 500-ml graduated flask containing initially 100 ml of solvent mixture.

ANALYSIS OF THE FIRST 200 ml OF ELUATE-
To make the maximum use of this eluate, transfer by means of a pipette a further 2 ml

of solvent mixture into the graduated flask, and thoroughly shake the flask. This facilitates
duplicate determinations on 50-ml portions.
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Determination of total periodate used-Transfer 50 ml of the eluate to a 500-ml conical
flask fitted with a ground-glass socket, and proceed as directed under "Procedure for oxidising
glycerol with periodate" in the earlier paper.1 A sufficient excess of potassium periodate must
be maintained; if the difference in titre between blank value and sample exceeds 4 ml, the
oxidation should be repeated using a smaller portion of eluate.

Determination of glycerol-By pipette transfer 50 ml of the eluate (or a smaller portion, if
this was necessary for determining the total periodate used) into a 250-ml beaker, add 70 ml
of water, and evaporate on the steam"bath until approximately 25 ml of solution remain.
Cool and transfer, with the aid of distilled water, to a 500-ml conical flask, fitted with a ground
glass socket, so that the final volume is approximately 100 ml. Add 1 ml of 0·02 N sulphuric
acid, boil for 5 minutes, close the flask with a rubber stopper carrying a soda-lime guard tube
and cool to room temperature. Add 0·2 ml of bromocresol purple solution, titrate with 0·02 N

sodium hydroxide until the first distinct purple colour appears and add 25 ml of the potassium
periodate solution from a pipette. Mix, close the flask with a glass stopper, and set aside
in the dark at room temperature for 40 minutes. Add 0·5 ml of 10 per cent. ethylene glycol,
mix, set aside for a further 20 minutes, and titrate with 0·02 N sodium hydroxide until the
same distinct purple colour appears. Carry out a blank determination, at the same time,
on 100 ml of water.

The sodium hydroxide solution should be standardised by titrating it against 0·02 N

sulphuric acid with bromocresol purple as indicator.
If necessary, rinse down the flask during the titration with carbon-dioxide-free water

that has been titrated with the sodium hydroxide solution until the first distinct purple
colour appeared.

NOTES-

l. The solution obtained by simple evaporation of the eluate may occasionally l>e so cloudy
that the end-point of the titration is obscured; this can be avoided by separating off the ether layer
before evaporation: 50 ml of the eluate should be shaken with 50 ml of water, and then a further
15 ml of water. and the combined aqueous layers transferred to the 250-ml beaker and evaporated
on a stearn-bath before oxidation as described above.

2. The purple colour of the end-point changes fairly rapidly to a bluish-grey colour. A lasting
purple end-point colour can be obtained. if preferred. by passing nitrogen into the flask during the
titration; duplicate determinations. made in the presence and absence of nitrogen, were satisfactory,
and detection of the end-point in the absence of nitrogen was not difficult.

ANALYSIS OF THE FINAL 400 ml OF ELUATE-

The glycerol in this solution is most conveniently determined on a 50-ml portion by the
iodimetric procedure referred to above for determining total periodate used.

Calculation of glycerol and propylene glycol-
1 ml of 0·02 N sodium hydroxide =='" 1·84 mg of glycerol.
1 ml of 0·05 N sodium thiosulphate =0 1·90 mg of propylene glycol or 1·15 mg of glycerol.

Example-
Determination made on 1 g of tobacco.
If V is the sodium hydroxide titre for 50 ml of the 200 ml eluate (diluted to 202 ml)

Glycerol content = ]·84 X ~~2 V mg in the 202 ml

and sodium thiosulphate equivalent of the glycerol content of the 50 ml eluate = ~ :~: X v.
If VI is the sodium thiosulphate titre (blank titre minus sample titre) for 50 ml of the 202-ml
eluate, the sodium thiosulphate equivalent of propylene glycol content in the 50 ml aliquot is
given by-

1·84
VI - 1.15 X V

P I I I (
1·84 T7) 1.90 202 1ropy ene g yco content - VI - !. If> x, X 50 X 10 per cent.



70 CLEMENTS AND PATTERSON [Analyst, Vol. 89

If V2 is the sodium thiosulphate titre (blank value) for 50 ml of the 400 ml eluate (diluted
to 500 ml)-

Glycerol content = 1·15 V 2 X 10 mg in the 500 ml

and Total glycerol = (11'5 v2 + 1·84 X 25~2 V) X 11
0

per cent.

Added glycerol = total glycerol (per cent.) - x, where x is the blank value determined on
unmanufactured tobacco of similar origin (see earlier paper1).

RECOVERY OF GLYCEROL AND PROPYLENE GLYCOL FROM TOBACCO-

Recovery experiments were carried out as described in the previous paper.l Accurately
measured volumes of propylene glycol and glycerol solutions were added to 1 g of tobacco
sample, and the glycerol and propylene glycol contents of the solutions were determined.
The recoveries are shown in Table I.

TABLE I
RECOVERY OF GLYCEROL AND PlWPYLENE GLYCOL FROM 1 g OF TOBACCO

Propylene glycol
added, mg

10
5

15
38

Glycerol
added, mg

20
20

Glycerol Propylene glycol
recovered.' mg recovered, mg

19 10
19 5
o 15

37 0
39 0 39

• Corrected by subtraction of the apparent glycerol blank value "" 2 mg

We thank the Government Chemist and the Department of Scientific and Industrial
Research for permission to publish this paper.
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Identification of Aliphatic Alcohols by Pyrolysis

By J. H. DHONT
[(Central Institute for Nutrition and Food Research, T.N.a., Catharijnesingel 61, Utrecht, The Netherlands)

A method is described for identifying volatile aliphatic alcohols by gas
chromatography of their pyrolysis products. The dependence of the pyrolysis
pattern upon pyrolysis temperature and gas flow-rate has been investigated.
The method constitutes a sensitive technique for investigating volatile com
pounds of fractions eluted from gas-chromatographic columns, and it can be
applied to other volatile compounds.

PRELiMINARY identification of volatile compounds that have been separated by gas chromato
graphy is usually carried out by measuring the retention time of a compound on two or more
stationary phases. The evidence obtained by this means should be supported by such other
means of identification as infrared or mass spectrometry.

The infrared spectrometric method suffers from the disadvantage that several hundred
micrograms of the volatile compound are often needed for a definite identification, while
the mass spectrometer, which only requires submicrograms of a compound for this purpose,
is too expensive to be generally available.

However, the basic principles of the mass spectrometer, fragmentation and separation
of fragmentation products, may be applied to a simple pyrolysis oven and then to the gas
chromatographic column, as suggested by Keulemans.l This technique is now used for
identifying synthetic pOlymers2 and other compounds of low volatility.3

In this paper, a method is described for similar identification of more volatile compounds,
eluted from gas-chromatographic columns, using aliphatic alcohols as test substances.

METHOD
ApPARATUS-

A Pye Argon gas chromatograph was re-equipped by replacing the {3-ray detector by a
hydrogen-flame ionisation detector, in accordance with the directions of Murray and Williams.4

The metallic thermostat parts were removed from the thermostat so that a 3-metre glass
column could be inserted. The column packing consisted of Chromosorb W covered with
30 per cent. of Apiezon L. Nitrogen was used as the carrier gas at a flow-rate of 32 ml per
minute, except when otherwise stated. The flame was fed by hydrogen and air.

A quartz pyrolysis tube that was 20 cm long and had an inner diameter of 2 mm was
filled over a length of 10 cm with Chromosorb P and surrounded by a tubular furnace over
a length of 13 em, and then attached to the top of the column with silicone rubber tubing.
The inlet system is shown in Fig. 1. By placing the stopcocks in their proper position the
carrier gas could be directed either through the U-tube or directly to the column.

The compound under investigation was led into the U-tube, which was attached to the
inlet system, by blowing a small amount of the vapour from a syringe. In other instances,
the compound was first trapped in the U-tube at the outlet of a gas-chromatographic column.
The U-tube thus forms part of a second apparatus used for analysing the components of
odours.

The alcohols used in the following experiments were obtained from British Drug Houses
Ltd., or from Fluka A.G. The alcohols were found to be 97 to 99·9 per cent. pure by gas
chromatography on silicone oil, {3,{3'-dioxypropionitrile and tricyanoethoxypropane substrates.

PROCEDURE

The compound contained in the U-tube, usually 50 to 500 /Lg, was swept through the
pyrolysis tube on to the gas-chromatographic column, and a chromatogram of the pyrolysis
products was recorded.

Once or twice each day, a mixture of n-paraffins was run under the same experimental
conditions so that the Kovats index numbers of the peaks could be calculated. This scale
is based on the retention volumes of the peak-maxima of the n-paraffins, CzH 2Z+2 (where zis
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an even number); the positions of the peak-maxima are defined by the number lOOz. Inter
mediate positions are then numbered by interpolation on a logarithmic scale. This index is
independent of the material of the stationary phase, provided that non-polar phases are
used,s and appears to have a theoretical foundation.

The n-paraffins did not show an appreciable pyrolytic breakdown at the temperatures
used in these experiments. The Kovats index and the relative peak areas of the pyrolysis
products were drawn as a histogram to give a clear picture of the final results. The peak
area of the chromatogram was estimated by multiplying retention time and peak height.
The main peak of each histogram was always set at 100 and the other peak areas of the
histogram were calculated as fractions of this main peak area.

The determination of the peak area is in most instances approximate, since many of
the peaks were not completely separated and only a rather rough estimate of the peak height
could be made in these instances.

607

605

592

Index
found

510

2-Methylpentan-l-ol ..

n-Pentanol

Hexan-2-o1

n-Hexanol

RESULTS
Results obtained from pyrolysis of a number of primary, secondary and branched-chain

aliphatic alcohols are shown in Fig. 2. Peaks whose retention index lies below 300 are

TABLE I: INDICES OF MAIN PEAKS AND CORRESPONDING OLEFINS
Alcohol Corresponding I ndex from

olefin Boiling-point, °C boiling-point
Pent-l-ene 40 511
Pent-2-ene 36·5 502
Hex-l-ene 64 587
Hex-2-ene 67 595
Hex-3-ene 70 605
Hex-l-ene 64 587
Hex-2-ene 67 595
Hex-3-ene 70 605

2-Methylpent-I-ene 60·7 576
2-Methylpent-2-ene 67·3 595

not given, since they could not be calculated with sufficient accuracy. The index of the
main peak obtained from the pyrolysis of an alcohol was always found to correspond to that
of an olefin with the same carbon skeleton as the alcohol. This can be seen from Table I,
which presents the indices of olefins that can be expected to be formed from some of the
alcohols tested. The indices for the olefins were calculated from their boiling points.· These

K

F

--G

H

F

··--8--··

A

-0

A=U-tube
B = Ball-and-socket joints
C = Three-way stopcocks
0= Carrier-gas inlet
E =Silicone rubber tubing
F = Tubular furnace
G=Silica pyrolysis tube
H = Chromosorb filling
J = Thermocouple
K=Glass-wool plug
l =To column

l

FIg. I. Injection system and pyrolysis unit
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indices are compared, and one of them is seen to correspond with the indices of compounds
actually obtained from the chromatograms obtained in the manner described above.

In addition, infrared analysis, with katharometer detection, of compounds trapped in
separate experiments showed the presence of these olefins in the pyrolysis products of the
alcohols, whenever these confirmatory experiments were performed.

Heptan-2-01

I

Octan-2-01

I I I I
2-Methylbutan-2-01

2-Methylpentan-I-ol

I II I II

3-Methylbutan-l-ol

I I

Butan-I-ol

Pentan-I-ol

I

Hexan-I-ol

Heptan-I :01

I I I

Pentan-2-01

I
Hexan-2-01

I I

300 400 500 600 700 800

3(J() 400 500 600 700 800
Kovats index numbers

Fig. 2. Pyrolysis patterns of some aliphatic alcohols

A number of experiments were carried out to study the influence of change of pyrolysis
temperature. Table II shows some of the results obtained; they are representative of all
alcohols tested.

It can be seen that the products of pyrolysis do not differ markedly when pyrolysis
temperatures change from 4700 C to 5600 C, even though their relative quantities change
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TABLE II: PYROLYSIS OF ALCOHOLS AT DIFFERENT TEMPERATURES
Pyrolysis temperature

A

Alcohol

Pentan-l-ol

3-Methylbutan-l-ol ..

\

Index Relative peak area
(14 experiments)

347 2·31
421 4·1
462 1·2
491 72·2
510 100
594 9·2

(21 experiments)

307 2·34
345 3·66
371 8·2
403 3·06
456 49·0
490 1·52
512 100
594 6·1

( l

Index Relative peak area
(6 experiments)

460 1·4
489 68·3
509 100
596 2·4

(6 experiments)

297 1·09

398 4·62
455 72·0
487 1·60
510 100
592 9·00

TABLE III: REPRODUCIBILITY OF INDEX NUMBERS AND RELATIVE PEAK AREAS

Standard deviation
of a single

observation
0·28
0·75
2·70
1·00
5·1
0·04
o
1·4

Number of experiments: 21.

Relative peak areas,
mean of

21 experiments
2·34
3·66
8·2
3·06

49·0
1·52

100
6·1

Standard deviation
of a single

observation
2·8
2·2
2·0
2·9
1·7
1·7
1·9
2·3

3-methylbutan-l-ol. Pyrolysis temperature: 5600 C.

Index numbers,
mean of

21 experiments
307
345
371
403
456
490
512
594

Test compound:

slightly. At temperatures below 4000 C increasing amounts of the alcohol passed unaltered
through the pyrolysis tube. In a few experiments at 7000 C, little change from results
obtained at lower temperatures was observed. Table III gives some indication of the repro
ducibility of the method.

It can be seen that Kovats indices are reproducible to within a few index units. In
separate experiments, column length, amount of stationary phase on the support and column
temperature (lowest 400 C, highest 1200 C) were varied, but not found to affect the index
number.

The main error in determining peak areas was caused by the fact that not all peaks were
satisfactorily separated on our column. However, a relative variation in peak area of even
25 per cent. does not impair the usefulness of the method for its purpose of compound identi
fication. It is to be expected that the reproducibility will be much better on columns of
high separating power, e.g., capillary columns.

The possibility that changes in the carrier-gas flow-rate would affect the ratio of pyrolysis
products, because of changes in the contact time of the compound with the hot pyrolysis
oven filling, proved unfounded. Such ratio changes did not exceed those found when the
gas flow-rate was varied between 20 and 60 ml per minute.
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Examination of Detergents by Paper Chromatography, Part II~;

By J. DREWRY

(Marchon Products Limited, Whitehaven, Cumberland)

A SOLVENT based on ethyl acetate develops paper chromatograms of detergents much faster than
the solvent described recently in this journal.' A ninhydrin spray provided a useful additional
test for some nitrogenous compounds.

0·24
Urea

Xylene
sulphonates

0·22

Toluene
sulphonates

0·150·60

Quatern
ariesSoaps*

0·60
Substance
R F value

SOLVENTS

A solvent mixture of ethyl acetate, methanol and ammonia solution, sp.gr. 0,88, in the propor
tions, 60 + 15 + 5, recommended by Gaspari.';, Boreck)\ Ohruba and HansIik,' for the paper
chromatographic determination of ethanolamines, gives separations of detergent components similar
to those obtained when t-butanol is used as solvent, but the mixture of solvents flows more evenly
and quickly. Development is complete in 2 to 3 hours, compared to the 17 to 18 hours previously
required. Some approximate R F values, obtained by using an ethyl acetate, methanol and
ammonia solution (60 + 15 + 5) mixed solvent, were-

Anionic Non-ionic
surface-active surface-active

agents* agents
0·70 0·95

* Elongated spots

Ethyl acetate, methanol and ammonia solution, mixed in the proportions, 45 + 45 + 10, gave
good and rapid separations of amines from hydrolysates. Both mixtures should be discarded
after three days, because they are affected by slow hydrolysis of the ethyl acetate.

When these solvents are to be used, the paper, after washing, should be hung up to dry at
room temperature and used as soon as it is dry. In this way the optimum results can be obtained,
since the paper retains the correct amount of water. Heating it removes too much moisture.

NINHYDRIN SPRAY

If the paper is sprayed with a solution of ninhydrin (indanetrione hydrate), containing 0·2 g
of ninhydrin in 95 ml of methanol and 5 ml of 2 N acetic acid, and then heated at 800 C for 5 minutes,
purple spots are formed by primary amines. Further heating at 1200 C for 10 minutes deepens
the colour of the spots already formed, gives purple or blue spots with other nitrogenous substances,
and gives pink spots with metals3 (see Table 1).

TABLE

COLOUR REACTIONS OF DETERGENT COMPONENTS WITH NINHYDRIN

Approximate R F values were obtained by using mixtures of ethyl acetate, methanol
and ammonia solution as solvent

1200 C
deep purple

purple, with white centre
blue

deep purple
deep purple

purple
deep purple

purple
purple
pink

Colours developed by heating at
A

purple

I

800 C
purple

purple

light purple

\

45 + 45 + 10
0·62
0·71
0·78
0·71

0·29
0·44
0·29

0·00 0·02 to 0·06

R., values;
mixed solvent in proportions

A
I

60 + 15 + 5
0·35
0·42
0·55
0·50
0·85
0·95

Component
Monoethanolamine
Diethanolamine*
Triethanolamine
Isopropanolamine
Amine oxide
Monethanolamide impurity
Taurine
N-Methyl taurine* ..
Sarcosine*
Metal ions (Na+, K+)

* These gave deep blue spots with acetaldehyde - nitroprusside reagent

* For details of Part I of this series see reference list, p. 76.
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Monoethanolamides usually give purple spots near the solvent front after heating at 120° C,
This colour is due to an impurity, because no colour is formed after purification of the amide by
repeated recrystallisation from light petroleum (boiling-range, 60° to 80° C) or by treatment with
ion-exchange resins. Further, a trace of a substance, having a high R F value and giving a strong
reaction with ninhydrin, is obtained by evaporating to dryness the mother liquor from the
recrystallisation.

Most monoethanolamides and diethanolamides contain small amounts of the corresponding
ethanolamines; these show as small spots on the chromatogram, and thus provide clues to the
identity of the amide.

When ninhydrin is added to the sequence of sprays used on a single chromatogram, colours
formed towards the end of the treatment are difficult to detect. To obtain clear results, similar
series of spots are put on the right and left halves of the paper, and after development the paper
is divided by a vertical cut. One half is examined by the method described previously,l while the
other half is treated with ninhydrin, heated at 80° C for 5 minutes and subsequently at 120° C
for 10 minutes, and then tested for secondary amines with the acetaldehyde - nitroprusside sprays.l
Colours caused by ninhydrin do not mask the intense blue spots produced in this last test, but
they do hide the weaker khaki spots formed by primary amines. Chromatograms of amide
hydrolysates should be sprayed with ninhydrin followed by acetaldehyde - nitroprusside reagent
(see Table I).
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The Filtration of Partially Reduced Alkaline Permanganate Solutions
By D. N. GRINDLEY AND F. L. BARLOW

(College of Technology, Byrom Street, Liverpool 3)

WE have recently been concerned with the use of standard potassium permanganate in neutral
or weakly alkaline solution for volumetric analysis. Under such conditions, manganese dioxide
in an extremely finely divided state is formed as one of the products; this renders filtration by
the classical techniques slow or virtually impracticable, since manganese dioxide should not
be left in contact with permanganate longer than absolutely necessary as it catalyses its de
composition.

We have investigated the use of a coagulant, but the choice is limited to one that does not
appreciably precipitate in the alkaline conditions that develop as a result of hydroxyl ions produced
by the reaction-

MnO.z- + 2HzO + 2e = MnOz + 40H-

Aluminium salts are therefore of no use, as large amounts of aluminium hydroxide are precipitated,
further complicating the problem. We have found that the addition of 10 ml of saturated calcium
sulphate solution coagulates the suspended manganese dioxide, after warming to 40° C for a few
minutes. This amount of calcium sulphate solution will effectively coagulate the precipitate
resulting from the reduction of 50 ml of 0·1 N permanganate.

Even so, the coagulated precipitate is extremely light and still is virtually unfilterable on either
a prepared Gooch crucible or a sintered-glass crucible. We have found that the most effective
method of filtration is to use a No.4 sintered-glass crucible in which a wad of glass-wool has been
placed. This causes the bulk of the precipitate to be trapped before reaching the sintered-glass
filter-plate, which otherwise rapidly becomes blocked. The filtration of 100 ml of a mixture
resulting from the partial reduction of 50 ml of 0·1 N permanganate was complete in 10 minutes
when this technique was used, and the precipitate was easy to wash. Excess of permanganate
could be determined on the clear filtrate after acidification, by any of the standard techniques.

ApPLICATION OF THE METHOD

The method described has proved useful for studying the oxidation of a neutral solution of
sodium thiosulphate by permanganate by the procedure described below.

Add a known volume of standard 0·01 N sodium thiosulphate solution to a known excess
of standard permanganate solution. Stir well, then add 10 ml of saturated calcium sulphate
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solution to the mixture, and warm to 40° C. This causes immediate coagulation of the
precipitate. Filter off the precipitate immediately on a No. 4 sintered-glass crucible in
which a wad of glass-wool has been placed. Wash with successive small amounts of distilled
water, acidify the filtrate and washings with 10 ml of syrupy phosphoric acid, and add a
measured excess of standard oxalic acid. Warm to 50° C., and when the mixture becomes de
colorised, back-titrate the excess of oxalic acid with standard permanganate in the usual way
to the first appearance of a faint permanent pink colour.

25 ml of 0·01972 M solution.
10 ml of 0·01002 M solution.

= 25 ml of 0·9128 N solution.
= 1l·70 ml of 0·01972 M permanganate solution.

RESULTS-

Permanganate taken =
Thiosulphate taken
Oxalic acid added
Back-titration

CALCULATION-

From these results it can be calculated that the amount of permanganate used in the reaction
is 13·36 ml of 0·02 Msolution, and the amount of thiosulphate reacting is 10 ml of 0·01002 Msolution

Therefore, 3 moles of sodium thiosulphate are equivalent to 8 moles of potassium per
manganate, from which the reaction is shown to be-

3Na2S 20 a + 8KMn04 + H 20 = 3K2S04 + 3Na2S04 + 8Mn02 + 2KOH
Received July 8th, 1963

Book Reviews
MOLECULAR V!B-ROTORS: THE THEORY AND INTERPRETATION OF HIGH RESOLUTION INFRARED

SPECTRA. By HARRY C. ALLEN, JUN., and PAUL C. CROSS. Pp. viii + 324. New York
and London: John Wiley & Sons Inc. 1963. Price 105s.

In this volume, Dr. Allen of the National Bureau of Standards, Washington, and Dr. Cross
of the Mellon Institute, Pittsburgh, provide an introduction to the theory of vibrational- rotational
spectra shown by simple gaseous molecules and describe how the theory can be used to analyse
the rotational fine structure revealed by modern high-resolving spectrometers. In this way,
important structural information, such as the bond-lengths, bond-angles and force-constants for
the various bonds in simple molecules, can be obtained. The theories presented by G. Herz
berg in his classic monograph ("Infrared and Raman Spectra," 1945) are extended and brought
up to date.

The treatment of the subject is of necessity largely mathematical, and assumes that the
reader is familiar with the methods of quantum mechanics and with the principles of group theory;
it is, nevertheless, sufficiently detailed to enable the reader not only to understand the mathe
matical derivations, but also to extend and adapt the methods to the solution of his own problems.
The monograph is primarily designed to interest theoretical chemists and spectroscopists, who
study small molecules. The average analytical chemist, who is concerned with the behaviour
of complex molecules and whose approach to spectroscopy is largely empirical, is unlikely to find
the volume of practical value. J. E. PAGE

THE ApPLICATION OF ORGANIC BASES IN ANALYTICAL CHEMISTRY. By E. A. OSTROUMOV.
Translated from the Russian by D. A. PATERSON. Pp. xxv + 159. Oxford, London,
New York, Paris: Pergamon Press. 1962. Price 50s.

This book describes systematic studies made by the author over a number of years on the
application of three organic bases to the analysis of inorganic materials. Methods, claimed to be
accurate and rapid for separating and determining elements by means of pyridine alone, pyridine
in the presence of its salts, hydrogen sulphide in the presence of pyridine, and the precipitation
of metal ions by cx-picoline and by hydrogen sulphide in the presence of hexamethylenetetramine,
have been studied. The separations described for many cations alone or in the presence of each
other are based on a close control of pH, and of pH with complex formation.

The accuracy of the many separations investigated is exemplified in tables of results obtained
from synthetic solutions and their mixtures, often of only a limited range. The good results
claimed for the application of these methods to minerals, rocks, and the like are, with one exception,
not exemplified. Further, the behaviour of a method in the presence of a high concentration of
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alkali salt, often inevitable as the result of a fusion essential for the attack of a substance, seems
to have been disregarded.

The title of the book is, to some extent, misleading as only three organic bases have been
considered. The printing of the text and the accompanying tables is not of a particularly high
standard. There are also errors in the latter (see Tables 5, 6, 7 and 14) and in the text where
"manganese" (p. 129) should be "magnesium" and "sulphite" (pp. 74 and 78) should be "sulphide"
in a test for bismuth.

As a summary of the work done in this field, the book has a certain amount of interest and
use for the specialist, but its value would have been enhanced had it included representative
analyses for minerals, rocks, and marine deposits to which, it is stated, extensive application has
'been made in geochemical studies over many years. L. S. THEOBALD

PRACTICAL ANALYTICAL METHODS FOR CONNECTIVE TISSUE PROTEINS. By J. E. EASTOE and
A. COURTS. Pp. xiv + 145. London: E. & F. N. Spon Ltd. 1963. Price 42s.

On reading the title to this book, one is apt to concentrate on the key word "protein" and
to overlook the qualifying words "connective tissue," so that one is surprised when, on randomly
opening the volume, one sees a chapter heading "The Analysis of Carbohydrate Sub-units." The
surprise vanishes when one remembers that connective tissue proteins include those muco-proteins
and glycoproteins that are protein - carbohydrate complexes.

As the title implies, this is essentially a book for the laboratory and it embodies the experience
of the authors with the British Gelatine and Glue Research Association and may therefore be
considered to be authoritative in its field. The first chapter deals with the preparation of collagen,
gelatine and other constituents of connective tissue for analysis, i.e., free from matter physically
rather than chemically associated, such as apatite in bone, and enamel in teeth. This is followed
by methods for the primary analysis of proteins-<ietermination of ash, moisture, nitrogen and
protein. Then comes the kernel of the problem in the determination of amino-acid composition,
by the ion-exchange chromatographic method of Moore and Stein and the dinitrophenyl end group
method of Sanger, both of which, though still relatively young, qualify for the designation "classic."
These methods are supplemented by the description of thin-layer chromatographic methods directed
to the same end. The final chemical aspects refer to the determination of carbohydrates, hexosa
mines, hexuronic and sialic acids in association with the various tissue proteins. A chapter on
the physical properties of the macro-molecule deals with the iso-ionic point, viscosity, gel properties,
spectral absorption and optical rotation.

Though the objective of the book is limited to the analytical problems of gelatine and glue
research and control, it is a convenient source of practical detail for the broader field of protein and
glycoprotein analysis, and as such, should find a place in many laboratories. J. I. M. JONES

QUANTITATIVE ORGANIC ANALYSIS VIA FUNCTIONAL GROUPS. By SIDNEY SIGGIA, Ph.D. Third
Edition. Pp. xiv + 697. New York and London: John Wiley and Sons Ltd. 1963.
Price 145s.

The preparation of the third edition of this standard text-book on the determination of organic
functional groups by chemical procedures has involved considerable revision of the second edition,
published nine years ago.

Many new methods have been added, and particular attention is now directed to the deter
mination of trace amour,ts of functional groups. Analytical chemists concerned with the analysis
of organic substances whether acids, esters, ketones, sulphoxides, sulphides, nitriles, amines,
nitro compounds or almost any other type of compound will want to see this book on their shelves.

Some of these workers will prefer more old-fashioned titrimetric or colorimetric determinations
of reaction products, whilst others will want to use instrumental methods whenever convenient.
It does not really matter, however, because, in any case, the fundamental chemistry of a particular
test will need to be correctly understood and this text-book will ensure that this is the case.

Each chapter is dealt with on rather similar lines, e.g., in the chapter on unsaturation, attention
is first paid to the chemistry of the various processes. Bromination methods, by using bromine in
solvents, bromate - bromide solutions and electrolyticallygenerated bromine are described in detail,
and there is adequate discussion of the results obtained when the tests were applied to known sub
stances. Similar considerations apply to the methods for determining the iodine number, to
hydrogenation procedures and to methods involving the use of mercuric acetate.

Again and again in reading this book one is struck by the great increase in non-aqueous
titrimetry, often with recorded potentiometric titration of the reaction products of a test.
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Interesting developments are described, including, for example, the use of pyromellitic di
anhydride for determining hydroxyl compounds and the titration of hydroxyl compounds, e.g.,
I-naphthol, in non-aqueous media with tetrabutylammonium hydroxide. Silver - amine complexes
that may replace the older Tollen's reagent are described, and the novel use of morpholine for
determining acid anhydrides merits attention. Some excellent methods are presented for deter
mining non-ionic surfactants and epoxides, whereas analytical chemists interested in coulometric
methods will be keen to know more of constant-current sources, accurate to 5 parts in 10,000.

The ability of a neutral salt to enhance the potentiometric titration of a weak base is discussed,
and some interesting methods depending on differential reaction rates are presented.

There are plenty of omissions. One looks in vain for colorimetric methods for determining
acetylenic hydrogen, for methods of direct instrumental titration of amines with nitrite, for Mar
shall's method of determination of unsaturation, for the colorimetric determination of tertiary
amines in mixtures after acetylation of the primary and secondary amines, for full-scale conducti
metric titrations and for the precise and simple method of location of the end-point in the many
potentiometric titrations that are described.

Moreover, there are several errors in the book, some queer sentences and, on p. 427 it is even
stated that the initial portions of two curves are "superimpossible."

These are minor blemishes, however, and there is no doubt that this book will be welcomed
by very large numbers of analytical chemists with work to do on the laboratory bench.

JOHN HASLAM

PHYSICAL AND CHEMICAL METHODS OF SEPARATION. By EUGENE W. BERG, Ph.D. Pp. xiv + 366.
New York, San Francisco, Toronto and London: McGraw-Hill Book Company Inc. 1963.
Price 97s.

This is a useful book that gathers together in one volume a number of diversified methods
of separation and discusses the principles on which they are based, points out their limitations
and shortcomings and gives examples of their application. It would be an excellent reference
text-book in any advanced level course on analysis, and should prove of interest to all chemists
who require to obtain pure specimens of the components of mixtures. It should certainly be
available in any self-respecting chemical library; its price is likely to exclude it from private
bookshelves. R. A. CHALMERS

VACUUM MICROBALANCE TECHNIQUES. Volume 3. Edited by KLAUS H. BEHRNDT. Pp. xvi
215. New York: Plenum Press Inc. 1963. Price $9.50.

This book represents the Proceedings of a Symposium held at Los Angeles in 1962, although
the appearance of its dust jacket suggests a more comprehensive text. The field covered is so
specialised that major advanceJ-.oftaturally occur infrequently, and this is reflected in the fact that
only one of thirteen papers describes a new approach to vacuum weighing. The majority of the
papers are reports of the modification or operation of balances described in detail at previous
Symposia or elsewhere. A number of papers, reporting work in which balances of established
design were used, are relevant only as examples of their application, and should have been published
elsewhere as appropriate.

In the papers by Poulis and Thomas, approximate treatments are given of the limitations to
microbalance sensitivity set by Brownian motion and thermo-molecular effects. The arguments
are well set out and easily followed. Methods are suggested by which both effects may be minimhied
in practice.

The papers by Mayer et at., although somewhat fragmentary, illustrate well the application
of torsion balances of simple design to elegant studies of surface phenomena in ultra high vacuum.

Simple torsion balances are not generally sufficiently sensitive to allow study of the sub
monolayer aspects of adsorption on metal films, and the development of more sensitive devices
such as oscillating quartz crystal mass detectors is important. The paper by Warner and Stock
bridge is thus particularly valuable, since a number of the problems associated with this type
of instrument are discussed at greater length than would normally be possible in journal publication.

An interesting magnetic levitation coupling device, described by Gast, allows containers
within a vacuum system to be weighed by an external balance.

N. J. Carrera et at. discuss the use of image-furnace techniques for obtaining sample tempera
tures in excess of 2000° C in connection with the use of a Gulbransen balance for studies of high tem
perature reactions. In view of the elaborate ultra high vacuum techniques employed, it was
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somewhat surpnsmg to find that their balance could not be baked above 3000 C owing to the
use of silver chloride cement.

Clear diagrams and large well-spaced type make the book easy to read, but bulkier than
necessary. D. W. BASSETT

RADIOACTIVATION ANALYSIS. By H. ]. M. BOWEN and D. GIBBONS. Pp. vi + 295. Oxford:
Clarendon Press: Oxford University Press. 1963. Price 50s.

Since the end of the Second World \Var there has been an explosive increase in the number
of papers dealing with radioactivation analysis and its applications. The appearance of this
volume by two members of the staff of the \Vantage Research Laboratory of the Atomic Energy
Research Establishment is therefore to be welcomed.

The earlier chapters of the book deal with general principles, including such matters as
activation by neutrons and other particles, gamma scintillation spectrometry, determination of
radioactivity, errors in activation analysis, separation of radionuclides and the preparation of
sample material. Later chapters cover geochemical, biological and inorganic and pure chemical
applications. A feature of the book is the inclusion, as a final chapter, of practical details for
the analysis of 85 chemical elements.

The authors have succeeded in writing an authoritative and thoroughly readable book in
which much of their personal experience is illustrated. The volume contains many clear original
diagrams and several useful tables of data. It is also reasonably priced. However, there appears
to have been a considerable delay between the writing and publication of the book. This leads
to some criticisms. Thus it is misleading to read that accelerator sources of neutrons are not used
a great deal, particularly if one considers the work of such investigators as Guinn, Anders and
Coleman. It is also a pity that more could not have been included on the use of digital computers
for correcting, normalising and resolving gamma-ray spectra. Finally, it must be mentioned
that in a case where a radiochemical separation is required, an analyst is unlikely to embark
on a procedure described in the final chapter of the book without first having consulted the appro
priate monograph in the NAS-NS series, Radiochemistry of the Elements (see Analyst, 1961,
86, 763). D. F. C. MORRIS

BRITISH PHARMACOPOEIA 1963. Published under the Direction of the General Medical Council.
Pp. xxviii + 1210. London: The Pharmaceutical Press. 1963. Price 100s.

The new (10th) edition of the British Pharmacopoeia reflects the rapidly increasing use of
chemotherapy, providing specifications and methods of analysis for those substances in significant
use in medicine and for the reagents involved. The monographs now approach 1,000 and include
211 new ones with 105 deleted.

The change from the imperial to the metric system for doses and for strengths of preparations
is now completed, the imperial system being omitted from the monographs. To facilitate the
change, the imperial doses and strengths directed to be the equivalent to the metric, are given
in an appendix.

There is an increase in the use of physical methods for the analysis of substances: ultraviolet
and infrared spectrometry, photometry, paper chromatography and potentiometric titrations.
Newer techniques of chemical analysis, notably complexometric and non-aqueous titrations and
the oxygen-flask method, are increasingly used.
--_. It is interesting to note that in some instances (benzylpenicillin, benzathine penicillin
. and procaine penicillin) it has been possible to replace biological assay with chemical tests and
assays. . _. • .

There appears to be a tendency for substances of natural derivation to return, but in a different
guise, those of vegetable origin further receding, but those derived from fermentation processes
increasing.

Increase in the scope of standardisation is seen in the requirements for uniformity of weight
of capsule contents.

Among changes noted are that the atomic weights used are those of the "Table of Inter
national Weights for 1955"based on the carbon-12 scale instead of atomic weight of oxygen of 16,
the brief reference to authentic specimens for comparison of infrared spectra, a test for peroxides
in vegetable oils, the use of silicone fluids for melting-point baths in place of sulphuric and nitric
acids and a method for determination of the carbon dioxide absorption properties of soda-lime.

The volume indicates the wide range of medicine in the chemical field and the variety of
analytical techniques that have had to be drawn upon. H. E. BROOKES
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