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rats' milk and related materials. Mittwoch,
759.

Antibiotics: Identification and assay of -- by
electrophoresis in agar gel. Lightbown and
Rossi, 89.

Anti-freeze mixtures: Detmng. benzotriazole in
inhibited glycol products. Harrison and
Woodroffe, 44.

Antimony: Absorptiometric detmn. of --: ex­
tinction coefficient for the tetraiodoantimonate
(III) ion. Washington, 502.

Detmng. tervalent -- by oxidation with
N-bromosuccinimide. Barakat and Shehab, 50.
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Apparatus: Absorptiometer for the sugar industry.
Hill and Rundell, 68!.

Absorptiometric detmn. of silicon in water. V.
Continuous automatic detmn. of reactive silicon.
Wilson, 270.

Acetone as solvent in the enthalpimetric titration
of acidic substances. Vaughan and Swithen­
bank,594.

Active charcoal as adsorbent in clarification of
raw sugar solutions. Sawyer, 476.

Analysis Instrumentation-1964. Fowler, Har­
mon and Roe. (Review), 639.

Automated micro-detmn. of blood-glucose with
the AutoAnalyzer. Faulkner, 736.

Automatic detmn. of calcium, potassium, mag­
nesium and phosphorus in soil extracts. Lacy,
65.

Automatic detmn. of low-level concentrations of
phosphates in fresh and saline waters (Auto­
Analyzer). Henriksen, 29.

Automatic detmn. of nitrate and nitrite in fresh
and saline waters. Henriksen, 83.

Colorimetric detmn. of phosphorus in organic
compounds on microgram scale (sample con­
tainer; I-ml calibrated flask). Salvage and
Dixon, 24.

Comprehensive fuel-gas analysis by gas chromato­
graphy. Blakemore and Hillman, 703.

Concentration-cell method for detmng. traces of
chloride in solutions of lithium salts. Emmott,
482.

Concentration-cell technique for detmng. small
amounts of halide ions and its use in detmng.
residues of organochlorine pesticides. Roburn,
467.

Continuous-flow enthalpimetry. Priestley, Seb­
born and Selman, 589.

Detmng. carbon in sodium (distillation pot).
vValker and France, 228.

Detmng. hydrogen in sodium (capsule and lid;
de-gassing --; glove box; hydrogen-extrac­
tion --). Walker and Seed, 19.

Detmng. hydrogen sulphide in the atmosphere.
Andrew and Nichols, 367.

Detmng. moisture in plain cakes by microwave
attenuation (moisture meter). Ince and
Turner, 692.

Detmng. organophosphorus pesticide residues in
foodstuffs (-- for freezing procedure). Bates,
453.

Detmng. small amounts of mercury in organic
matter (-- for the wet decomposition of
organic matter). Society for Analytical
Chemistry, Analytical Methods Committee,
Metallic Impurities in Organic Matter Sub­
Committee, 515.

Detmng. small amounts of water in organic
liquids (titration cell and electrode). Archer
and J eater, 35!.

End-point location in constant-current coulo­
metry. Alexander, Barclay and McMillan, ;'04.

for detmng. non-volatile content of dental mer­
cury. Chong and Chong, 370.

Glass ring oven. Heath, 175.
Identification and assay of antibiotics by electro­

phoresis in agar gel (-- for). Lightbown and
Rossi, 89.

Manual and semi-automatic methods for detmng.
lead content of urine (constant-head device;
optical flow cell; phase separator). Browett
and Moss, 715.

Mass-spectrometric detmn. of trace impurities in
rases (liquefier; -- for detmng. carbon
dioxide). Parkinson and Toft, 220.

Apparatus-continued
Optical scattering cross-section of small particles

and the design of photosedi mentometers. I(aye
and Allen, 147.

Plastic standard-taper joints. Leet, 574.
Polarographic detmn. of methyl esters (pressure

bomb for saponification of methyl esters).
Ranny, 674.

Pyrolysis method in gas chromatography. Stan­
ford, 266.

Rapid detmn. of carbon in steels by measurement
of prompt radiation emitted during deuteron
bombardment (target assembly). Pierce, Peck
and Henry, 339.

Titrimetric detmn. of carbon in iron and steel.
Jones, Gale, Hopkins and Powell, 623.

Use of electrolytic hygrometers for detmng. water
and hydrogen. Walker and Campion, 199.

Argon ionisation detector: Quantitative gas­
liquid chromatographic analysis with detectors
having a non-linear response. Sully and
Williams, 643.

Mass-spectrometric detmn. of trace impurities in
gases (hydrogen in --). Parkinson and Toft,
220.

A.S.T.M. See American Society for Testing Materials.
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.
AutoAnalyzer: Absorptiometric detmn. of silicon

in water. V. Continuous automatic detmn. of
reactive silicon. Wilson, 270.

Automatcd micro-detmn. of blood-glucose with
the --. Faulkner, 73(;.

Automatic detmn. of calcium, potassium,
magnesium and phosphorus in soil extracts.
Lacy. 65.

Automatic detmn. of low-level concentrations of
phosphates in fresh and saline waters. Henrik­
sen, 29.

Automatic detmn. of nitrate and nitrite in fresh
and saline waters. Henriksen, 83.

Automation: Automatic Methods in Volumetric
Analysis. Squirrell. (Review), 763.

See also AutoAnalyzer.
Azinphos-ethyl: See S-(3,4-Dihydro-4-oxobenzo[d]­

[l,2,3]-triazin-3-ylmethyl) diethyl phosphoro­
thiolothionate.

Azinphos-methyl: SeeS-(3,4-Dihydro-4-oxobenzo[d]­
[1,2,3J-triazin-3-ylmethyl) dimethyl phosphoro­
thiolothionate.

Azoimidobenzene: See Benzotriazole.

B

Bacitracin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Balance(s): Colorimetric detmn. of phosphorus in
organic compounds on microgram scale (cali­
bration of Oertling Decimicro -- Model QOI).
Salvage and Dixon, 24.

Vacuum Microbalance Techniques. Vol. 4.
Waters. (Review), 766.

Barium: Detmng. --, strontium and calcium in
barium peroxide. Norwitz, !)54.

Barium peroxide: Detmng. barium, strontium and
calcium in --. Norwitz, 5;'4.

Baytex: See OO-Dimethyl-O-[4-methylthio)-m-tolyIJ­
phosphorothioate.

Beer: Detmng. chloride in -- by radioactivation
analysis. Souliotis, Grimanis and Tsanos, 499.
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Benzene hexachloride; See Hexachlorocyclohexane.
Benzotriazole; Detmng. -- in inhibited glycol

. products. Harrison and Woodroffe, 44.
Beryllium; Spectrophotometric detmn. of -- with

Beryllon III. Pakalns and Flynn, 300.
Beryllon ill; Spectrophotometric detmn. of

beryllium with --. Pakalns and Flynn, 300.
Beverages; See Drinks.
BHC; See Hexachlorocyclohexane.
Bile acids; )lew steroid colour reactions. Few, 134;

Erratum, 248.
Bioassay; Statistical Method in Biological Assay.

Finney. 2nd Edn. (Review), 183.
Biochemistry; Methods of Biochemical Analysis.

Vol. XU. Glick. (Review), 376.
:'IIicro-Analysis in Medical vVootton.

4th Edn. (Review), 247.
New Biochemical Separations. James and

:'IIorris. (Review), 122.
Biology; Statistical Method in Biological Assay.

Finney. 2nd Edn. (Review), 183.
4,6-Bisethylamino-2-methylthio-1,3,5-triazine ;Thin­

layer chromatographic detmn. of triazine herbi­
cides in soil and water. Abbott, Bunting and
Thomson, 356.

4,6 - Bisisopropylamino - 2 - methoxy -1, 3, 5 - triazine:
Thin-layer chromatographic detmn. of triazine
herbicides in soil and water. Abbott, Bunting
and Thomson, 356.

4,6-Bisisopropylamino -2-methylthio -1,3,5 - triazine;
Thin-layer chromatographic detmn. of triazine
herbicides in soil and water. Abbott, Bunting
and Thomson, 3'-'6.

Bixa orellana; See Annatto.
Blood; .-\ utomated micro-detmn. of -- glucose

with the AutoAnalyzer. Faulkner, 736.
Colorimetric detmn. of ethanol in -- with

\'anadium oxinate. Gent and Kerrich, 335.
Detmng. N-hydroxyurethane in metabolic studies

(detmn. in --). Mirvish, 244.
Blood serum; Detmng. copper and magnesium in

-- by high-resolution flame spectrophoto­
metry. Warren, 549.

Detmng. Y-hydroxyurethane in metabolic studies
(detmn. in --). Mirvish, 244.

Bonding; Electrons and Chemical Gray.
(Re\'iew), 642.

Book reviews;
Bate.. Determination of pH, 61.
Belcher, \Nilson and \Vest. New Methods of

Anah·tical Chemistry. 2nd Edn., 1)14.
Boeken·oogen. AnalySIS and Characterization of

Oils, Fats and Fat Products. Vol. I, ,,8.
Breyer and Bauer. Alternating Current Polaro­

graphy and Tensammetry, 60.
Cahn. Introduction to Chemical Nomenclature.

2nd Edn., I I'll).
Caley. Analysis of Ancient Metals, 64.
Cheronis and Ma. Organic Functional Group

Analysis by Micro and Semimicro Methods, 377.
Davies. Some Electrical and Optical Aspects of

Molecular Behaviour, 76;'.
d~ Whalley. ICUMSA Methods of Sugar Analysis,

184.
Erdey. Theorie und Praxis del' gravimctrischen

Analyse. Parts iT, Ill, 510, ;, II.
Ettrc. Open Tubular Columns in Gas Chromato­

graphy, 764.
Finney. Statistical Method in Biological Assay.

2nd Edn., 183.
Flaschka. EDTA Titrations. 2nd Edn., 120.
Forretti and Lauterman. Developments in

Applied Spectroscopy. Vol. 3, 121.
Fowler. Gas Chromatography, 124.

Book rev'iews-continued
Fowler, Harmon and Roe. Analysis Instrumenta­

tion-1964, 639.
Friend, Gutman and Hayes. Proceedings of the

First Australian Conference on Electrochemis­
try, 70 I.

Frisch and Lebowitz. Equilibrium Theory of
Classical Fluids, 700.

Glick. Methods of Biochemical Analysis. Vol.
XII, 376.

Gordon and Eastoe. Practical Chromatographic
Techniques, 62.

Gray. Electrons and Chemical Bonding, 642.
Grindley. Advanccd Course in Practical In­

organic Chemistry, 62.
Hugo. Introduction to Microbiology, 764.
Hummel. Identification and Analysis of

Surface-Active Agents, 123.
James and Morris. New Biochemical Separations,

122.
J ellici and Griggio. Bibliographia Polarografica.

Parts I and n, 378.
Johnson. Organic Reagents for Metals and for

Certain Radicals. Vol. 2. 5th Edn., 122.
Kerekes. Atlas and Tables for Emission Spectro­

graphic Analysis of Rare Earth Elements, 311.
Knight. Chemistry of Wheat Starch and Gluten,

442.
Kuba, Kucera, Plzak, Dvorak and Mraz. Coinci­

dence Tables for Atomic Spectroscopy, 513.
Kuck. Methods in Microanalysis. Vol. 1.

Simultaneous Rapid Combustion: Microchemi­
cal Papers of M. O. Korshun, 575.

Kurtz and Harris. Micro-Analytical Entomology
for Food Sanitation Control, 184.

Lax and Synowietz. Taschenbuch fiir Chemiker
und Physiker. Part If. 3rd Edn., 59.

Leveson. Introduction to Electroanalysis, 248.
Lyon. Guide to Activation Analysis, 314.
Marini-Bettolo. Thin-layer Chromatography,

514.
1ark, :'I1cKetta, Othmer and Standen. Kirk­

Othmer Encyclopedia of Chemical Technology.
Vol. 4. 2nd Edn., 375.

Martin and Martin. Coordination Compounds,
121.

Mathews and \·Valker. Mathematical Methods
of Physics, 60.

Milka. Metallurgische Analysen, 440.
Mirkin. Handbook of X-Ray Analysis of Poly­

crystalline Materials, 699.
Mueller, Mallett and Fay. Advances in X-Ray

Analysis. Vol. 7, 311.
Natta and Zerbi. Conference on the Vibrational

Spectra of High Polymers, 442.
Perel'man. Rubidium and Caesium, 701.
Piraux. Radioisotopes and their Industrial

Applications, 640.
Pyke. Food Science and Technology, 59.
Rabinowitch and Belford. Spectroscopy and

Photochemistry of Uranyl Compounds, 310.
Rafikov, Pavlova and Tverdokhlebova. Deter­

mination of Molecular Weights and Poly­
dispersity of High Polymers, 702.

Reilley. Advances in Analytical Chemistry and
Instrumentation. Vol. 3, 61.

Rodden. Analysis of Essential Nuclear Reactor
Materials, 5 L2.

Sandorfy. Electronic Spectra and Quantum
Chemistry, 185.

Schildknecht. Zonenschmelzen, 309.
Schneider. Qualitative Organic Microanalysis,

441.

I
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Book reviews-continued
Schramm. Chemistry and Biology Laboratories,

765.
Shriner, Fuson and Curtin. Systematic Identi­

fication of Organic Compounds. 5th Edn., 377.
Signeur. Guide to Gas Chromatography Litera­

ture, 764.
Simons. Fluorine Chemistry. Vol. V, 63.
Squirrell. Automatic Methods in Volumetric

Analysis, 763.
Stahl. Thin-Layer Chromatography, 762.
Stafy and Irving. Solvent Extraction of Metal

Chelates, 51 I.
Stephen and Stephen. Solubilities of Inorganic

and Organic Compounds. Vol. 2. Part 1, 184;
Part 2, 766.

Sundheim. Fused Salts, 641.
Sutton. Tables of Interatomic Distances and

Configuration in Molecules and Ions: Supple­
ment 1956-1959, 700.

Szymanski. Biomedical Applications of Gas
Chromatography, 313.

Szymanski. Interpreted Infrared Spectra. Vol. 1,
640.

Szymanski. Progress in Infrared Spectroscopy.
Vol. 2, 639.

Tranchant. Manuel pratique de Chromato­
graphie en Phase Gaseuse, 312.

TremiJIon. Chimie Analytique. I, 577.
Waters. Vacuum Microbalance Techniques.

Vol. 4, 766.
Wendlandt. Thermal Methods of Analysis, 577.
Wexler and Ruskin. Humidity and Moisture.

Vol. 1, 51~.

White. Hanabook of Industrial Infrared Analy­
sis, 247.

Wilson, Wilson and Strouts. Comprehensive
Analytical Chemistry. Vol. IIA, 120.

Wise. Gold: Recovery, Properties and Applica­
tions, 641.

Wootton. Micro-Analysis in Medical Biochem­
istry. 4th Edn., 247.

Zweig. Analytical Methods for Pesticides, Plant
Growth Regulators and Food Additives. Vols.
II and III, 63; Vol. IV, 185.

Analysis of Calcareous Materials, 512.
Chemistry of Natural Products 3, 314.
Collaborative Tests, 578.
Edelmetall-Analyse: Probierkunde und nass­

analytische Verfahren, 186.
Methodes d'Analyse, CETEMA-1964, 309.
Symposium on X-ray and Electron Probe

Analysis, 441.
Brandy: Detmng. higher alcohols in potable spirits:

comparison of colorimetric and gas-chromato­
graphic methods. Singer and Stiles, 290.

Bread: Comparison of fibrous-residue detmns. by
official (A.O.A.C.) method and dimethylsul­
phoxide method. Zentner, 698.

Detmng. fibrous residue in wheat meals and in
brown and wholemeal --. Zentner, 303.

I-Bromo-octadecane: Spectrophotometric detmn. of
alkylating agents with 4-picoline and o-dinitro­
benzene. Bender, Sawicki and Wilson, 630.

N-Bromosuccinimide: Detmng. tervalent antimony
by oxidation with --. Barakat and Shehab,
50.

C

Caesium: Rubidium and --. Perel'man. Trans­
lated by Towndrow. Translation edited by
Clarke. (Review), 701.

Caesium-137: Detmng. -- in herbage and soil.
Vandervell and Morgan, 283.

Sequential scheme for detmng. fall-out nuclides
in water. Wood and Hichards, 606.

Cakes: Detmng. moisture in plain -- by micro­
wave attenuation. Ince and Turner, 692.

Calcareous Materials: Analysis of --. Society of
Chemical Industry. (Review), 512.

Calcium: Automatic detmn. of --, potassium,
magnesium and phosphorus in soil extracts.
Lacy, 65.

Detmng. barium, strontium and -- in barium
peroxide. Norwitz, 554.

Hapid analysis for major elements in powdered
rock by X-ray fluorescence spectrography, 258.

Carbaryl: See I-Naphthyl N-methylcarbamate.
Carbohydrate: Anthrone as reagent for detmng. -­

in rats' milk and related materials. Mittwoch,
759.

Carbon: Detmng. -- and hydrogen in organic
compounds containing mercury. Holmes and
Lauder, 307.

Detmng. -- in sodium. Walker and France,
228.

Hapid detmn. of -- in steels by measurement
of prompt radiation emitted during deuteron
bombardment. Pierce, Peck and Henry, 339.

Titrimetric detmn. of -- in iron and steel.
Jones, Gale, Hopkins and Powell, 623.

Carbon dioxide: Comprehensive fuel-gas analysis hy
gas chromatography. Blakemore and Hillman,
703.

Mass-spectrometric detmn. of trace impurities in
gases (-- in hydrogen). Parkinson and Toft,
220.

Carbon monoxide: Comprehensive fuel-gas analysis
by gas chromatography. Blakemore and
Hillman, 703.

f3-Carotene: Detmng. -- in a roller-dried food.
Bender and MacFarlane, 536.

Catechol violet: Detmng. zirconium and hafnium
in niobium and other metals with --. Wood
and Jones, 125, 638.

Cephalosporin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Hossi, 89.

Cerium-144: Sequential scheme for detmng. fall-out
nuclides in water. Wood and Richards, 606.

CETEMA: See Commissariat a l'Energie Atomique.
Charcoal: Active -- as adsorbent in clarification

of raw sugar solutions. Sawyer, 476.
Chelates: Solvent Extraction of Metal --. Stary.

Edited by Irving. (Review). 51\.
Chemikerausschuss der Gesellschaft Deutscher Metall­

htitten- und Bergleute e.V.: Edelmetall­
Analyse. (Review), 186.

Chemistry: Advanced Course in Practical Inorganic
Grindley. (Review), 62.

Electronic Spectra and Quantum --. Sandorfy.
(Review), 185.

Introduction to Chemical Nomenclature. Cahn.
2nd Edn. (Review), 185.

Kirk-Othmer Encyclopedia of Chemical Tech­
nology. Vol. 4. Mark, McKetta, Othmet and
Standen. 2nd Edn. (Review), 375.

Some Electrical and Optical Aspects of Molecular
Behaviour. Davies. (Review). 765.

Taschenbueh fur Chemiker und Physiker. Part II.
Lax and Synowietz. 3rd Edn. (Review), 59.

Chloride: Concentration-cell method for detmng.
traces of -- in solutions of lithium salts.
Emmott, 482.

Detmng. -- in beer by radioactivation analysis.
Souliotis, Grimanis and Tsanos, 499.



INDEX TO VOLUME 90 xvii

Chloride-continued
Removal of interference by phosphate and

fluoride in mercurimetric titration of --:
application to oxygen-flask combustion tceh­
nique. Colson, 35.

Chlorine: Absorptiometric detmn. of -- in water.
Webber and Wheeler, 372.

Evaluation of methods for detmng. residual -­
in water. 1. Free --. Nicolson, 187.

2-Chloro-4,6-bisethylamino-l,3,5-triazine: Thin-
layer chromatographic detmn. of triazine
herbicides in soil and water. Abbott, Bunting
and Thomson, 3Mi.

2-Chloro-4,6-bisisopropylamino-l,3,5-triazine: Thin­
layer chromatographic detmn. of triazine
herbicides in soil and water. Aobott, Bunting
and Thomson, 356.

2-Chloro-2-diethylearbamoyl-l-methylvinyl di-
methyl phosphate: Detmng. organophosphorus
pesticide residues in foodstuffs. Bates, 4,';3.

2- Chloro-6-ethylamino-4-isopropylamino -1, 3, 5 - tri­
azine: Thin-layer chromatographic detmn. of
triazine herbicides in soil and water. Abbott,
Bunting and Thomson, 356.

l-Chloro-oetadeeane: Spectrophotometric detmn. of
alkylating agents with 4-picoline and o-dinitro­
benzene. Bender, Sawicki and Wilson, 630.

Chromatography: Analytical results for the paper­
chromatographic zone - strip technique. Shimi
and Imam, 564.

Biomedical Applications of Gas --. Szymanski.
(Review), 313.

Gas --. Fowler. (Review), 124.
Guide to Gas -- Literature. Signeur. (Re­

view), 764.
Manuel pratique de Chromatographie en Phase

Gazeuse. Tranchant. (Heview), 312.
Open Tubular Columns in Gas --. Ettre.

(Review), 7M.
Practical Chromatographic Techniques. Gordon

and Eastoe. (Heview), 62.
Pyrolysis method in gas --. Stanford, 266.
Quantitative gas - liquid chromatographic analy­

sis with detectors having a non-linear response.
Sully and Williams, 643.

Quantitative gas -- of aqueous solutions:
effect of water on the response of the hydrogen­
flame ionisation detector. Foster and Murfin,
lI8.

Thin-layer --. Stahl. (Review), 762.
Thin-layer --: Proceedings of Symposium held

at the Istituto Superiore di San ita. Marini­
Bettolo. (Review). Ii 14.

Chromium: Colorimetric detmn. of traces of lead
in heat-resistant nickel - -- alloy steel.
Stobart, 278.

Chromium-51: Detmng. activation products in
irradiated steels by anion-exchange separation
and y-ray spectrometry. Hilton and Reed, 541.

Cigarette-smoke: Colorimetric detmn. of total
steam-volatile phenols in -- condensate.
Smith and King, Iii>'

Cobalt: Polarographic detmn. 'of iron, nickel, man­
·ganese, zinc, copper and -- in magnetic
materials. Bush and Workman, 346.

Cobalt-58: Detmng. activation products in irradiated
steels by anion-exchange separation and y-ray
spectrometry. Hilton and Reed, ;'41.

Cobalt-60: Detmng. activation products in irradiated
steels by anion-exchange separation and y-ray
spectrometry. Hilton and Reed, 541.

Collaborative Tests. (Review). 578.
Colouring matters: See Dyes.
Columbium: See Niobium.

Commissariat a l'Energie Atomique: Methodes
d' Analyse, CETEMA-1964. (Review), 309.

Concentration-cell method for detmng. traces of
chloride in solutions of lithium salts. Emmott,
482.

technique for detmng. small amounts of halide
ions and its use in detmng. residues of organo­
chlorine pesticides. Roburn, 467.

Congo red: Detcng. thiophosphate insecticides on
paper chromatograms with --. Irudayasamy
and Natarajan, 503.

Coordination Compounds. Martin and Martin.
(Review), 121.

Copper: Colorimetric detmn. of -- in plants.
Middleton, 234.

Detmng. -- and magnesium in blood serum
by high-resolution flame spectrophotometry.
Warren, 549.

Detmng. zirconium and hafnium in niobium and
other metals (including --) with catechol
violet. Wood and Jones, 125, 638.

Micro-detmn. of zinc and -- in a single
digest of small samples of plant material.
Page, 43fi.

Polarographic detmn. of iron, nickel, man­
ganese, zinc, -- and cobalt in magnetic
materials. Bush and Workman, 346.

Corticosteroids: New steroid colour reactions. Few,
135; Erratum, 248.

Coulometry: See Analysis.
Crops: See Plants.
Crude fibre: Comparison of fibrous-residue detmns.

by official (A.O.A.C.) method and dimethyl­
sulphoxide method. Zentner, 698.

Detmng. fibrous residues in wheat meals and in
brown and wholemeal breads. Zentner, 303.

Crystals: Handbook of X-Ray Analysis of Poly­
crystalline Materials. Mirkin. (Heview). 699.

Cyclamates: Detmng. -- in soft drinks. Rees, 568.
Cyclohexane-l,2-dione dioxime: Precipitation of the

-- (nioxime) compound of nickel from
homogeneous solution. Jones and Newman,
II 2.

Cyclohexylsulphamic acid: Detmng. cyclamates in
soft drinks. Rees, 568.

Cysteine: Micro-detmn. of glutathione and -- in
presence of each other. WrOllski, 697.

D

DDE: Identifying and detmng. chlorinated pesti­
cides residues. Hamence, Hall and Caverly,
649.

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

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

Detergents: See Surface-active agents.
Dextrose: See Glucose.
3,3'-Diaminobenzidine: Detmng. selenium in soils

and sediments with --. Stanton and
McDonald, 497.

2,6-Diamino-5-hydroxyhexanoic acid: See HYdroxy­
lysine.

S-(4,6-Diamino-l,3,5-triazin-2-yl methyl) dimethyl
phosphorothiolothionate: Detmng. organophos­
phorus pesticide residues in foodstuffs. Bates,
41)3.

Diazinon: See Diethyl 2-isopropyl-6-methyl-4-pyri­
midinyl phosphorothionate.

1,I-Dichloro-2,2-bis(p-chlorophenyl)ethane: Identi­
fying and detmng. chlorinated pesticides resi­
dues. Hamenee, Hall and Caverly, 649.
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Dichlorodiphenyltrichloroethane: See l,l,l-Tri-
chloro-2,2-di(4-chlorophenyl) ethane.

S-(2,5-Dichlorophenylthiomethyl) diethyl phosphoro­
thiolothionate: Detmng. organophosphorus
pesticide residues in foodstuffs. Bates, 4ii:3.

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

S-[1,2-Di(ethoxycarbonyl)ethyl] dimethyl phosphoro­
thiolothionate: Detcng. thiophosphate insecti­
cides on paper chromatograms with Congo red.
Irudayasamy and Natarajan, 50:3.

Detmng. organophosphorus pesticide residues in
foodstu ffs. Bates, 45:3.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

Diethyl S- (ethylthiomethyl) phosphorothiolothionate :
Detmng. organophosphorus pesticide residues
in foodstuffs. Bates, 45:3.

Diethyl 2-isopropyl-6-methyl-4-pyrimidinyl phos­
phorothionate: Detcng. thiophosphate insecti­
cides on paper chromatograms with Congo red.
Irudayasamy and Natarajan, 50:3.

Detmng. organophosphorus pesticide residues in
foodstuffs. Bates, 45:3.

Diethyl 4-nitrophenyl phosphorothionate: Detcng.
thiophosphate insecticides on paper chromato­
~rams with Congo red. Irudayasamy and
Natarajan, 50:3.

Detmng. organophosphorus insecticide residues
in foodstuffs. Bates, 45:3.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

5- (4-Diethylamino-2-hydroxyphenylazo) -4-hydroxy­
naphthalene-2,7-disulphonic acid: See Beryllon
III.

S-(3,4-Dihydro - 4-oxobenzo[d]-[l,2,3] - triazin - 3 - yl­
methyl) diethyl phosphorothiolothionate: Det­
mng. organophosphorus pesticide residues in
food stu ffs. Bates, 45:3.

S-(3,4-Dihydro-4-oxobenzo[d] - [1,2,3] -triazin - 3 - yl­
methyl) dimethyl phosphorothiolothionate :
Detmng. organophosphorus pesticide residues
in foodstuffs. Bates, 4'3:3.

Dihydrostreptomycin: Identification and assay of
mixtures of antibiotics by electrophoresis in
agar gel. Lightbown and Rossi, 89.

Dimethoate: See Dimethyl 8-(N-methylcarbamoyl­
methyl) phosphorothiolothionate.

Dimethyl 8-(N-methylcarbamoylmethyl) phosphoro­
thiolonate: Detmng. organophosphorus pesti­
cide residues in foodstuffs. Bates. 45:3.

Dimethyl 3-methyl-4-methylthiophenyl phosphoro­
thionate: Detmng. organophosphorus pesticide
residues in foodstuffs. Bates, 45:3.

1,1'-Dimethyl-4,4'-bipyridylium cation: Ion-ex­
change method for detmng. paraquat residues
in food crops. Calderbank and Yuen. 9!l.

OO-Dimethyl-O-[4-(methylthio)-m-tolyl]-phosphoro­
thioate: Detcng. thiophosphate insecticides on
paper chromatograms with Congo red.
Irudayasamy and Natarajan, '30:3.

o-Dinitrobenzene: Spectrophotometric detmn. of
alkylating agents with 4-picoline and --.
Bender, Sawicki and Wilson, 6:30.

Disulfoton: Detmng. organophosphorus pesticide
residues in foodstuffs. Bates, 4[i:3.

Dithiol: Dispersing agents for the tin - -- com­
plex. Ovenston and Kenyon, ii,3.

Drinks: soft: Detmng. cyclamates in --. Rees,
568.

Dyes: Separating annatto pigments by thin-layer
chromatography with special reference to use
of analytical-grade reagents. Francis, :374.

E

Editorial: Gross, 379.
EDTA: .'jee Ethylenediaminetetra-acetic acid.
Electrical properties: Some Electrical and Optical

Aspects of Molecular Behaviour. Davies.
(Review), 76,3.

Electroanalysis: Introduction to --. Leveson.
(Review). 248.

Electrochemistry: Proceedings of the First Australian
Conference on --. Friend, Gutman and
Hayes. (Review). 70 I.

Electron(s) and Chemical Bonding. Gray. (He­
view), 642.

Probe Analysis: Symposium on X-ray and
(Heview). 441.

Electrophoresis in stabilizing media: review. Gross,
380.

Encyclopedia: l<irk-Othmer of Chemical
Technology. Vol. 4. Mark, McKetta. Othmer
and Standen. 2nd Edn. (Review). :375.

Endrin: See l,2,3,4,10,10-Hexachloro-6,7-epoxy­
l,4,4a,5,6,7,8,8a -octahydro-exo -l,4-exo-5, 8-di­
methanonaphthalene.

Enthalpimetry: Acetone as solvent in the enthalpi­
metric titration of acidic substances. Vaughan
and Swithenbank, 594.

Continuous-flow --. Priestley, Sebborn and
Selman, ,389.

Entomology: Micro-Analytical for Food
Sanitation Control. Kurtz and Harris.
(Review). 11'\4.

Equilibrium Theory of Classical Fluids. Frisch and
Lebowitz. (Review), 700.

Erdmann's salt: Detmng. perchlorate in presence
of other halogen acids by means of a coloured
liquid anion exchanger. Irving and Damo­
daran. 443.

Erythromycin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Hossi, 8!J.

Esters: Detmng. methanol by oxidation to form-
aldehyde and polarographic reduction.
Ranny. GG4.

Polarographic detmn. of methyl--. Hanny, 674.
Ethanol: Colorimetric detmn. of -- in blood

with vanadium oxinate. Gent and Kerrich. 33;3.
Ethion: See Tetraethyl S8'-methylene bis(phosphoro­

thiolothionate) .
8-N(-Ethoxycarbonyl-N-methylcarbamoylmethyl) di­

ethyl phosphorothiolothionate: Detmng. organo­
phosphorus pesticide residues in foodstuffs.
Bates. 4:33.

Ethyl alcohol: See Ethanol.
Ethyl methanesulphonate: Spectrophotometric

detmn. of alkylating agents with 4-picoline
and o-dinitrobenzene. Bender, Sawicki and
Wilson.G:30.

Ethyl p-toluenesulphonate: Spectrophotometric
detmn. of alkylating agents with 4-picoline and
o-dinitrobenzene. Bender, Sawicki and \,vilson.
630.

6-Ethylamino-4 - isopropylamino - 2 - methoxy-1, 3, 5­
triazine: Thin-layer chromatographic de'tmn.
of triazine herbicides in soil and water. Abbott,
Bunting and Thomson, 3ii6.

Ethylenediaminetetra-acetic acid: Detmng. traces of
nitrilotriacetic acid in --. Farrow and Hill.
241.

Effect of nitrilotriacetic acid impurity on stan­
dardisation of solutions of --. Farrow and

Hill,210.
Titrations: Introduction to Theory and Practice.

Flaschka. 2nd Edn. (Review). 120.
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Ethylene glycol: Detmng. benzotriazole in inhibited
glycol products. Harrison and Woodroffe, 44.

Eijlyleneimine: Detmng. traces of -- monomer
in air. Crompton, 107.

F

Fall-out nuclides: Sequential scheme for detmng.
-- in water. Wood and Richards, 606.

Fat(s): Analysis and Characterization of Oils, -­
and -- Products. Vol. 1. Boekenoogen.
(Review). 58.

Separating and detrnng. DDT in --. Dingle,
638.

Feeding stds: Analytical Methods for Pesticides,
Plant Growth Regulators and Food Additives.
Vol. III. Fungicides, Nematocides and Soil
Fumigants, Rodenticides and Food and Feed
Additives. Zweig. (Review), 63.

Detmng. sulphaquinoxaline (in --). Society
for Analytical Chemistry, Analytical Methods
Committee, Prophylactics in Animal Feeds
Sub-Committee, 531.

Fenthion: See Dimethyl 3-methyl-4-methylthio­
phenyl phosphorothionate.

Ferrites: Polarographic detmn. of iron, nickel,
manganese, zinc, copper and cobalt in magnetic
materials. Bush and Workman, 346.

Fenomanganese slag: Volumetric detmn. of silica
and its application to -- and silicomanganese
analysis. Morris, 32:3.

Fibre: Comparison of fibrous detmns. by official
(A.O.A.C.) method and dimethylsulphoxide
method. Zentner, 698.

Detmng. fibrous residue in wheat meals and in
brown and wholemeal breads. Zentner, 303.

Flame ionisation detector: Quantitative gas chroma­
tography of aqueous solutions: effect of water
on the hydrogen---. Foster and Murfin, 118.

spectrophotometry, high resolution: Detmng.
copper and magnesium in blood serum by --.
Warren, 549.

Fluids: Equilibrium Theory of Classical --.
Frisch and Lebowitz. (Review), 700.

Fluorescence: Detmng. tin in powder samples by
X-ray -- analysis. Carr-Brion, 9.

Sensitised delayed -- as an analytical method:
preliminary experiments. Parker, Hatchard
and Joyce, I.

Fluoride: Removal of interference by phosphate
and -- in mercurimetric titration of chloride:
application to oxygen-flask combustion tech­
nique. Colson, 35.

Fluorine Chemistry. Vol. V. Simons. (Review),
63.

Food: Analytical Methods for Pesticides, Plant
Growth Regulators and -- Additives. Vols.
II and III. Zweig. (Review), 63; Vol. IV, 185.

Detmng. ,II-carotene in a roller-dried --.
Bender and MacFarlane, 536.

Detmng. organophosphorus pesticide residues in
foodstuffs. Bates, 453.

Micro-Analytical Entomology for -- Sanitation
Control. Kurtz and Harris. (Review), 184.

-packaging: Detmng. traces of acrylonitrile in
liquid extractants used in assessing the suit­
ability of styrene - acrylonitrile copolymers
as -- materials. Crompton, 165.

Science and Technology. Pyke. (Review), 59.
Formaldehyde: Detmng. methanol by oxidation to

--and polarographic reduction. Ranny, 664.
Formothion: Detmng. organophosphorus pesticide

residues in foodstuffs. Bates, 453.'

Fructose: Active charcoal as adsorbent in clarifica­
tion of raw sugar solutions. Sawyer, 476.

Fuel-gas: Comprehensive -- analysis by gas
chromatography. Blakemore and Hillman,
703.

Fuel-oils: Detmng. sodium in heavy -- by
neutron-activation. Caddock and Deterding,
437.

Fungicides: Analytical Methods for Pesticides,
Plant Growth Regulators, and Food Additives.
Vol. III. --, Nematocides, and Soil Fumi­
gants, Rodenticides and Food and Feed
Additives. Zweig. (Review), 63.

Fused Salts. Sundheim. (Review), 641.

G

Galactose: Anthrone as reagent for detmng. carbo­
hydrate in rats' milk and related materials.
Mittwoch, 759.

Gas chromatography: See Chromatography.
Glucose: Active charcoal as adsorbent in clarifica­

tion of raw sugar solutions. Sawyer, 476.
Anthrone as reagent for detmng. carbohydrate

in rats' milk and related materials. Mittwoch,
759.

Automated micro-detmn. of blood -- with the
AutoAnalyzer. Faulkner, 736.

Glutathione: Micro-detmn. of -- and cysteine in
presence of each other. Wronski, 697.

Gluten: Chemistry of Wheat Starch and --.
Knight. (Review), 442.

Glycol: Detmng. benzotriazole in inhibited -­
products. Harrison and Woodroffe, 44.

Gold: Recovery, Properties and Applications. Wise.
(Review). 641.

Groundnut(s): Detcng. and detmng. aflatoxin in
-- and -- materials. IV. Routine assess­
ment of toxicity due to aflatoxin B,. Coomes,
Crowther, Francis and Stevens, 492.

Detmng. aflatoxin in -- products. Lee, 305.
meal: Spectrophotometric detmn. of aflatoxins

(in --). Nabney and Nesbitt, 155; Erratum,
378.

Gramicidin: Identification and assay of mixtures of
antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Gramoxone: See 1,1'-Dimethyl-4,4'-bipyridylium
cation.

H

Hafnium: Detmng. zirconium and -- in niobium
and other metals with catechol violet. Wood
and Jones, 125, 638.

Halide ions: Concentration-cell technique for
detmng. small amounts of -- and its use
in detmng. residues of organochlorine pesti­
cides. Roburn, 467.

Helium: Mass-spectrometric detmn. of trace impuri­
ties in gases (-- in nitrogen; hydrogen in
--). Parkinson and Toft, 220.

Heptachlor: See 1,4,5,6,7,10,10-Heptachlor0-4,7,8,9­
tetrahydro-4,7-methyleneindene.

Heptachlor epoxide: Identifying and detrnng.
chlorinated pesticides residues. Hamence,
Hall and Caverly, 649.

1,4,5,6,7,10,IO-Heptachlor0-4, 7,8,9 - tetrahydr0-4,7­
methyleneindene: Concentration-cell technique
for detmng. small amounts of halide ions and
its use in detmng. residues of organochlorine
pesticides. Raburn, 467.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.
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Herbage: See Plants.
Herbicides: Analytical Methods for Pesticides,

Plant Growth Regulators, and Food Additives.
Vol. IV. Zweig. (Review), 185.

Thin-layer chromatographic detmn. of triazine
-- in soil and water. Abbott, Bunting and
Thomson, 356.

Hexachlorocyclohexane: Concentration-cell tech­
nique for detmng. small amounts of halide ions
and its use in detmng. residues of organo­
chlorine pesticides. Roburn, 467.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

Hexachlorocyclopentadiene: Analysis of technical
-- by infrared spectrophotometric and gas ­
liquid chromatographic methods. Livaf' and
Hrivi'uik, 413.

1,2,3,4,lO,lO-Hexachloro-6,7-epoxy-l, 4, 4a, 5, 6, 7,8,
8a -octahydro-exo-l, 4-endo-5, 8-dimethano­
naphthalene: Concentration-cell technique for
detmng. small amounts of halide ions and its
use in detmng. residues of organochlorine
pesticides. Roburn, 467.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

1,2,3,4,10,lO-Hexachloro-6,7-epoxy -1, 4, 4a, 5, 6, 7,8,
8a-octahydro-exo-l,4-exo-5,8-dimethano-naph­
thalene: Identifying and detmng. chlorinated
pesticides residues. Hamence, Hall and
Caverly, 64ll.

1,2,3,4,lO,10-Hexachloro-l, 4, 4a, 5, 8, 8a- hexahydro­
exo-l,4-endo-5,8-dimethanonaphthalene: Con­
centration-cell technique for detmng. small
amounts of halide ions and its usc in detmng.
residucs of organochlorine pesticides. Roburn,
467.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

Humidity and Moisture: Measurement and Control
in Science and Industry. ,.vexler. Vol. l.
Ruskin. (Review), 513.

Hydrocarbons: Comprehensive fuel-gas analysis by
gas chromatography. Blakemore and Hillman,
703.

Sensitised delayed fluorescence as an analytical
method (detmng. impurities in --). Parker,
Hatchard and Joyce, I.

Hydrofluoric acid: Ultrapurification of
Kwestroo and Visser, 297.

Hydrogen: Comprehensive fuel-gas analysis by gas
chromatography. Blakemore and Hillman, 703.

Detmng. carbon and -- in organic compounds
containing mercury. Holmes and Lauder, :lO7.

Detmng. -- in sodium. Walker and Seed, 19.
Mass-spectrometric detmn. of trace impurities in

gases (-- in argon and helium; carbon
dioxide in --). Parkinson and Toft, 220.

Use of electrolytic hygrometers for detmng. water
and --. "Valker and Campion, 199.

Hydrogen peroxide: Detmng. potassium chromate
and -- in presence of each other. Farhataziz
and Mirza, 50!l.

Use of flO per cent. -- for wet oxidation of
organic materials. Taubinger and '-\Tilson, 429.

Hydrogen sulphide: Detmng. -- in the atmosphere.
Andrew and Nichols, 367.

p-Hydroxybenzaldehyde: New steroid colour re­
actions. Few, 134; Erratum, 248.

Hydroxylysine as growth stimulant in microbiological
assays for lysine. Hartley, Ward and Car­
penter, f;oO.

N-Hydroxyurethane: Detmng. -- in metabolic
studies. Mirvish, 244.

Hygrometers: Use of electrolytic -- for detmng.
water and hydrogen. '-\Talker and Campion,
Inn.

I

ICUMSA: See International Commission for Uniform
Methods of Sugar Analysis.

Infrared Analysis: Handbook of Industrial --.
White. (Review). 247.

Spectra: Interpreted --. Vol. 1. Szymanski.
(Review), 640.

Spectroscopy: Progress in Vol. 2. Szy-
manski. (Review), 639.

Inorganic chemistry: See Chemistry.
Insecticides: Analytical Methods for Pesticides,

Plant Growth Regulators and Food Additives.
Vol. If. Zweig. (Review), 63.

Detcng. thiophosphate -- on paper chromato-
grams with Congo red. Irudayasamy and
Natarajan, 50:1.

Spectrophotometric detmn. of carbaryl in -­
formulations. Yuen, fl69.

See also Pesticides.
Instruments: See Apparatus.
Interatomic Distances: Tables of -- and Con­

figuration in Molecules and Ions: Supplement
1956-1059. Sutton. (Review). 700.

International Commission for Uniform Methods of
Sugar Analysis: ICUMSA 1ethods of Sugar
Analysis. de Whalley. (Review), 184.

International Union of Pure and Applied Chemistry:
Chemistry of Natural Products 3. (Review),
314.

Iodoacetic acid: Spectrophotometric detmn. of
alkylating agents with 4-picoline and o-dinitro­
benzene. Bender, Sawicki and Wilson, 630.

l-Iodobutane: Spectrophotometric detmn. of
alkylating agents with 4-picoline and o-dinitro­
benzene. Bender, Sawicki and 'Nilson, 630.

Iodoform: Spectrophotometric detmn. of alkylating
agents with 4-picoline and o-dinitrobenzene.
Bender, Sawicki and Wilson, 6:10.

l-Iodo-octadecane: Spectrophotometric detmn. of
alkylating agents with 4-picoline and o-dinitro­
benzene. Bender, Sawicki and Wilson, 630.

Ion exchangers: Detmng. perchlorate in presence
of other halogen acids by means of a coloured
liquid anion exchanger. Irving and Damo­
daran, 443.

Iron: Amperometric detmn. of submillimolar con­
centrations of tervalent -- with mercury'
perchlorate. Stock and Heath, 40:1.

Detmng. zirconium and hafnium in niobium and
other metals (including --) with catechol
violet. Wood and Jones, 125, 638.

Polarographic detmn. of --, nickel, manganese,
zinc, copper and cobalt in magnetic materials.
Bush and Workman, :14G.

Rapid analysis for major clements in powdered
rock by X-ray fluorescence spectrography.
Ball, 2:'8.

Titrimetric detmn. of carbon in -- and steel.
Jones, Gale, Hopkins and Powell, 62:1. <

Iron-59: Detmng. activation products in irradiated
steels by anion-exchange separation and y-ray
spectrometry. Hilton and Reed. 54 L.

Isobutanol: Detmng. higher alcohols in potable
spirits: comparison of colorimetric and gas­
chromatographic methods. Singer and Stiles,
290.

Isoniazid: Colorimetric detmn. of -- in presence
of sodium aminosalicylate. Elliston and
Hammond, 298.
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L

M

Keto-acids: Analytical results for the paper­
chromatographic zone - strip technique. Shimi
and Imam, 564.

4- Isopropylamino - 6 - methylamino - 2- methylthio ­
1,3,5-triazine: Thin-layer chromatographic
detmn. of triazine herbicides in soil and water.

.Abbott, Bunting and Thomson, 356.
N-Isopropyl-N'-phenyl-p-phenylenediamine: Det­

mng. small amounts of --. Davies, 216.
IUPAC: See International Union of Pure and

Applied Chemistry.

Manganese-54: Detmng. activation products in
irradiated steels by anion-exchange separation
and y-ray spectrometry. Hilton and Reed, 541.

Sequential scheme for detmng. fall-out nuclides
in water. Wood and Richards, 606.

Mass-spectrometry: Mass-spectrometric detmn. of
trace impurities in gases. Parkinson and Toft,
220.

Mathematics: Mathematical Methods of Physics.
Mathews and Walker. (Review), 60.

Meat: Nitrogen factors for turkey. Society for
Analytical Chemistry, Analytical Methods
Committee, Meat Products Sub-Committee,
581.

Nitrogen factor for veal. Society for Analytical
Chemistry, Analytical Methods Committee,
Meat Products Sub-Committee, 256.

products: Nitrogen content of rusk filler. Society
for Analytical Chemistry, Analytical Methods
Committee, Meat Products Sub-Committee,
579.

Mecarbam: See S-(N-Ethoxycarbonyl-N-methylcar­
bamoylmethyl) diethyl phosphorothiolothionate.

Menazon: See S-(4,6-Diamino-I,3,5-triazin-2-yl
methyl) dimethyl phosphorothiolothionate.

Mercury: Apparatus for detmng. non-volatile
content of dental --. Chong and Chong, 370.

Detmng. carbon and hydrogen in organic com­
pounds containing --. Holmes and Lauder,
307.

Detmng. small amounts of -- in organic matter.
Society for Analytical Chemistry, Analytical
Methods Committee, Metallic Impurities in
Organic Matter Sub-Committee, 515.

Mercury I perchlorate: Amperometric detmn. of
iron lll with --. Stock and Heath, 403.

Metallurgy: Analysis of Ancient Metals. Caley.
(Review), 64.

Edelmetall-Analyse. Chemikerausschuss der
Gescllschaft Deutscher Metallhiitten- und
Bergleute e.V. (Review), 186.

Metallurgische Analysen. Milka. (Review), 440.
Methanol: Detmng. -- by oxidation to formalde­

hyde and polarographic reduction. Ranny, 664.
2-Methoxycarbonyl-I-methylvinyl dimethyl phos­

phate: Detmng. organophosphorus pesticide
residues in foodstuffs. Bates, 453.

Methyl alcohol: See Methanol.
Methyl esters: Detmng. methanol by oxidation to

formaldehyde and polarographic reduction.
Ranny, 664.

Polarographic detmn. of --. Ranny, 674.
2-Methylbutan-I-ol: Detmng. higher alcohols in

potable spirits: comparison of colorimetric
and gas-chromatographic methods. Singer and
Stiles, 290.

3-Methylbutan-I-ol: Detmng. higher alcohols in
potable spirits: comparison of colorimetric
and gas-chromatographic methods. Singer
and Stiles, 290.

Methylthymol blue as a reagent for spectrophoto­
metric detmn. of magnesium. Metcalfe, 409.

Mevinphos: See 2-Methoxycarbonyl-I-methylvinyl
dimethyl phosphate.

Microbiological assay: See Bioassay.
Microbiology: Introduction to --. Hugo. (Re­

view). 764.
Milk: Anthrone as reagent for detmng. carbo­

hydrate in rats' -- and related materials.
Mittwoch, 7,,9.

Colorimetric micro-detmn. of lactose in
Wahba, 432.

Leet, 574.

J

K

lIrIagnesium: Automatic detmn. of calcium, potas­
sium, -- and phosphorus in soil extracts.
Lacy, 65.

Detmng. copper and -- in blood serum by
high-resolution flame spectrophotometry.
Warren, M9.

Detmng. zirconium and hafnium in niobium and
other metals (including --) with catechol
violet. Wood and Jones, 125, 638.

Methylthymol blue as a reagent for spectrophoto­
metric detmn. of --. Metcalfe, 409:

Magnetic materials: Polarographic detmn. of iron,
nickel, manganese, zinc, copper and cobalt
in 0_-. Bush and Workman, 346.

IIa1athion: See S-[1,2-Di(ethoxycarbonyl)ethyl] di­
methyl phosphorothiolothionate.

Manganese: Polarographic detmn. of iron, nickel,
--, zinc, copper and cobalt in magnetic
materials. Bush and Workman, 346.

Rapid analysis for major elements in powdered
rock by X-ray fluorescence spectrography.
Ball, 258.

Spectrophotometric detmn. of -- after oxida­
tion with sodium perxenate. Bane, 756.

Joints: Plastic standard-taper

Laboratories: Chemistry and Biology --: Design ­
Construction - Equipment. Schramm. Trans­
lation Editor, Leytham. Translator, Jansen.
(Review). 765.

Lactose: Anthrone as reagent for detmng. carbo­
hydrate in rats' milk and related materials.
Mittwoch, 7,,9.

Colorimetric micro-detmn. of -- in milk.
Wahba, 432.

Lead: Colorimetric detmn. of traces of -- in
heat-resistant nickel - chromium alloy steel.
Stobart, 278.

Manual and semi-automatic methods for detmng.
-- content of urine. Browett and Moss, 715.

Polarographic detmn. of traces of -- in stainless
and other steels. Rooney, 545.

Lithium salts: Concentration-cell method for detmng.
traces of chloride in solutions of --. Emmott,
482.

Liver: Detmng. N -hydroxyurethane in metabolic
studies (detmn. in --). Mirvish, 244.

Lycopene: Detmng. tomato solids by detmng. --.
Darbishire, 439.

Lysine: Hydroxylysine as growth stimulant in
microbiological assays for Hartley,
Ward and Carpenter, 600.
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Minerals: Photometric detmn. of titanium in ores,
rocks and -- with diantipyrylmethane.
Jeffery and Gregory, 177.

Radiometric - spectrophotometric detmn. of
microgram amounts of niobium in rocks and

Esson, 488.
Moisture: Detmng. -- in plain cakes by microwave

attenuation. Ince and Turner, 692.
Humidity and --: Measurement and Control

in Science and Industry. Wexler. Vol. 1.
Ruskin. (Review), 513.

See also Water.
Molten salts: Fused Salts. Sundheim. (Review),

641.
Molybdenum: Polarographic detmn. of -- in

niobium-base alloys. H,eadridge and Hubbard,
173.

Monochromator: Detmng. copper and magnesium
in blood serum by high-resolution flame
spectrophotometry. Warren, 549.

Morpholine: Spectrophotometric detmn. of parts
per million of -- in boiler water. Stevens
and Skov, 182.

N

1-Naphthyl- N - methylcarbamate: Spectrophoto­
metric detmn. of carbaryl in insecticide formula­
tions. Yuen, 569.

Natural Products: Chemistry of -- 3. I.U.P.A.C.
(Review), 314.

Nematocides: Analytical Methods for Pesticides,
Plant Growth Regulators and Food Additives.
Vol. III. Fungicides, -- and Soil Fumigants,
Rodenticides and Food and Feed Additives.
Zweig. (Review), 63.

Neomycin: Identification and assay of mixtures of
antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Neutron-activation analysis: Detmng. sodium in
heavy fuel oils by --. Caddock and
Deterding, 437.

Nickel-base alloys: Detmng. zirconium and hafnium
in niobium and other metals (including --)
with catechol violet. Wood and Jones, 125,
638.

Colorimetric detmn. of traces of lead in heat­
resistant -- - chromium alloy steel. Stobart,
278.

Photometric detmn. of zinc in -- and -­
alloys for use in electronic devices. Andrew
and Nichols, 161.

Polarographic detmn. of iron, --, manganese,
zinc, copper and cobalt in magnetic materials.
Bush and Workman, 346.

Precipitation of the cyclohexane-l,2-dione di­
oxime (nioxime) compound of -- from homo­
geneous solution. Jones and Newman, 112.

Niobium: Detmng. zirconium and hafnium in -­
and other metals with catechol violet. Wood
and Jones, 125, 638.

Polarographic detmn. of molybdenum in --­
base alloys. Headridge and Hubbard, 173.

Radiometric - spectrophotometric detmn. of
microgram amounts of -- in rocks and
minerals. Esson, 488.

Nioxime: See Cyclohexane-l,2-dione dioxime.
Nitrate: Automatic detmn. of -- and nitrite in

fresh and saline waters. Henriksen. 83.
Nitrilotriacetic acid: Detmng. traces of -- in

EDTA. Farrow and Hill, 241.
Effect of -- impurity on standardisation of

solutions of EDTA. Farrow and Hill, 210.

Nitrite: Automatic detmn. of nitrate and -- in
fresh and saline waters. Henriksen, 83.

Nitrogen: Comprehensive fuel-gas analysis by gas
chromatography. Blakemore and Hillman, 703

content of rusk filler. Society for Analytical
Chemistry, Analytical Methods Committee,
Meat Products Sub-Committee, 579.

factors for turkey. Society for Analytical
Chemistry. Analytical Methods Committee,
Meat Products Sub-Committee. 581.

factor for veal. Society for Analytical Chemistry,
Analytical Methods Committee, Meat Products
Sub-Committee, 256.

Mass-spectrometric detmn. of trace impurities in
gases (helium in --). Parkinson and Toft,
220.

Nomenclature: Introduction to Chemical --.
Cahn. 2nd Edn. (Review). 185.

Novobiocin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi. 89.

Nuclear Reactor Materials: Analysis of Essential
Rodden. (Review). 512.

Nuclides: Sequential scheme for detmng. fall-out
-- in water. Wood and Richards, 606.

o
Oils: Analysis and Characterization of --, Fats

and Fat Products. Vol. 1. Boekenoogen.
(Review), 58.

Detmng. sodium in heavy fuel -- by neutron
activation. Caddock and Deterding. 437.

Oleandomycin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Optical density: Absorptiometer for the sugar
industry. Hill and Rundell. 681.

properties: Some Electrical and Optical Aspects
of Molecular Behaviour. Davies. (Review).
765.

scattering cross-section of small particles and the
design of photosedimentometers. Kaye and
Allen, 147.

Ores: Photometric detmn. of titanium in --.
rocks and minerals with diantipyrylmethane.
Jeffery and Gregory. 177.

Organic chemistry: See Chemistry.
Oxidation: Use of 50 per cent. hydrogen peroxide

for wet -- of organic materials. Taubinger
and Wilson. 429.

Oxydemeton-methyl: Detmng. organophosphorus
pesticide residues in foodstuffs. Bates, 453.

Oxygen: Comprehensive fuel-gas analysis by gas
chromatography. Blakemore and Hillman, 703.

Detmng. -- in sodium. Walker. France and
Edwards, 727.

P

Paper chromatography: See Chromatography.
Paraquat: See 1,1'-Dimethyl-4,4'-bipyridylium ca­

tion.
Parathion: See Diethyl 4-nitrophenyl phm/llhoro­

thionate.
Paromomycin: Identification and assay of mixtures

of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi. 89.

Particle-size: Control of particle characteristics in
precipitation and inter-relationship of size­
analysis techniques. Morris, 657.

-surface area: Control of particle characteristics
in precipitation and inter-relationship of size­
analysis techniques. Morris, 657.
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Peanut butter: Detcng. and detmng. aflatoxin in
groundnuts and groundnut materials. IV.
Routine assessment of toxicity due to aflatoxin
B1 • Coomes, Crowther, Francis and Stevens,
492.

Penbritin: Identification and assay of mixtures of
antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Penicillin(s): Analytical results for the paper­
chromatographic zone - strip technique. Shimi
and Imam, 564.

Identification and assay of mixtures of antibiotics
by electrophoresis in agar gel. Lightbown and
Rossi, 89.

Perchlorate: Detmng. -- in presence of other
halogen acids by means of a coloured liquid
anion exchanger. Irving and Damodaran, 443.

Perxenate: Spectrophotometric detmn. of manganese
after oxidation with sodium --. Bane, 756.

Pesticide(s): Analytical Methods for --, Plant
Growth Regulators, and Food Additives. Vols.
II and III. Zweig. (Review). 63; Vol. IV, 185.

Concentration-cell technique for detmng. small
amounts of halide ions and its use in detmng.
residues of organochlorine pesticides. Roburn,
467.

Detmng. organophosphorus -- residues in
foodstuffs. Bates, 453.

Identifying and detmng. chlorinated-- residues.
Hamence, Hall and Caverly, 649.
See also Insecticides. .

pH: Determination of --: Theory and Practice.
Bates. (Review), 61.

Pharmaceutical Society of Great Britain: Chemical
assay of senna fruit and senna leaf. Joint
Committee of the -- and the Society for
Analytical Chemistry on Methods for the
Evaluation of Drugs, 582.

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

Phenols: Colorimetric detmn. of total steam­
volatile -- in cigarette-smoke condensate.
Smith and King, 55.

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

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

Phosphate(s): Automatic detmn. of low-level con­
centrations of -- in fresh and saline waters.
Henriksen, 29.

Removal of interference by -- and fluoride in
mercurimetric titration of chloride: application
to oxygen-flask combustion technique. Colson,
35.

Phosphorus: Automatic detmn. of calcium, potas­
sium, magnesium and -- in soil extracts.
Lacy, 65.

Colorimetric detmn. of -- in organic compounds
on microgram scale. Salvage and Dixon, 24.

Photochemistry: Spectroscopy and -- of Uranyl
Compounds. Rabinowitch and Belford. (Re­
view). 310.

Photosedimentometers: Optical scattering cross­
sl!ction of small particles and the design of --.
Kaye and Allen, 147.

o-PhthalaIdehyde: New steroid colour reactions
(with --). Few, 134; Erratum, 248.

Physical chemistry: See Chemistry.
PhySics: Equilibrium Theory of Classical Fluids.

Frisch and Lebowitz. (Review), 700.
Mathematical Methods of --. Mathews and

Walker. (Review), 60.
Some Electrical and Optical Aspects of Mole­

cular Behaviour. Davies. (Review), 765.

Physics-continued
Taschenbuch fUr Chemiker und Physiker. Part II.

Lax and Synowietz. 3rd Edn. (Review). 59.
4-Picoline: Spectrophotometric detmn. of alkylating

agents with -- and o-dinitrobenzene. Bender,
Sawicki and Wilson, 630.

Plant(s): Colorimetric detmn. of copper in --.
Middleton, 234.

Detmng. caesium-137 in herbage and soil.
Vandervell and Morgan, 283.

Detmng. organophosphorus pesticide residues in
foodstuffs. Bates, 453.

Ion-exchange method for detmng. paraquat
residues in food crops. Calderbank and Yuen,
99.

Micro-detmn. of zinc and copper in a single digest
of small samples of -- material. Page, 435.

Plutonium: Rapid dissolution of plutonium dioxide
by a sodium peroxide sinter, followed by detmn.
of the--content by differential spectrophoto­
metry. Milner, Crossley, Jones and Phillips,
732.

Plutonium dioxide: Rapid dissolution of -- by
a sodium peroxide sinter, followed by detmn.
of the plutonium content by differential spectro­
photometry. Milner, Crossley, Jones and
Phillips, 732.

Polarography: Alternating Current -- and Tens­
ammetry. Breyer and Bauer. (Review). 60.

Bibliographia Polarografica (1922-1962), Part I;
and (1962), Part II. J ellici and Griggio.
(Review), 378.

Polyacrylonitrile: Detmng. traces of acrylonitrile
monomer in liquid extractants used in assessing
the suitability of styrene - acrylonitrile copoly­
mers as food-packaging materials. Crompton,
165.

Polarographic detmn. of residual acrylonitrile
and styrene monomers in styrene - acrylonitrile
copOlymers. Crompton and Buckley, 76.

Polymers: Conference on the Vibrational Spectra
of High --. Natta and Zerbi. (Review),442.

Determination of Molecular Weights and Poly­
dispersity of High --. Rafikov, Pavlova and
Tverdokhlebova. (Review), 702.

Detmng. traces of acrylonitrile monomer in liquid
extractants used in assessing the suitability of
styrene - acrylonitrile co-- as food-packaging
materials. Crompton, 165.

Polarographic detmn. of residual acrylonitrile
and styrene monomers in styrene - acrylonitrile
co-. Crompton and Buckley, 76.

Polymyxin: Identification and assay of mixtures of
antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Polystyrene: Detmng. traces of acrylonitrile in liquid
extractants used in assessing the suitability of
styrene - acrylonitrile copolymers as food­
packaging materials. Crompton, 165.

Polarographic detmn. of residual acrylonitrile
and styrene monomers in styrene - acrylonitrile
copolymers. Crompton and Buckley, 76.

Potable spirits: See Spirits.
Potassium: Automatic detmn. of calcium, --,

magnesium and phosphorus in soil extracts, 65.
Rapid analysis for major elements in powdered

rock by X-ray fluorescence spectrography.
Ball, 258.

Potassium chromate: Detmng. -- and hydrogen
peroxide in presence of each other. Farhataziz
and Mirza, 509.

Potassium thiocarbonate: Iodimetric and iodato­
metric detmn. of thiocarbonate sulphur. Johri
and Singh, 745.
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Praseodymium-l44: Sequential scheme for detmng.
fall-out nuclides in water. Wood and Richards.
606.

Precipitation: Control of particle characteristics in
-- and inter-relationship of size-analysis
techniques. Morris, 657.

Promethium-147: Sequential scheme for detmng.
fall-out nuclides in water. Wood and Richards,
606.

Prometon: See 4,6-Bisisopropylamino-2-methoxy­
1,3,5-triazine.

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

Prompt radiation: Rapid detmn. of carbon in steels
by measurement of -- emitted during
deuteron bombardment. Pierce, Peck and
Henry, 339.

n-Propanol: Detmng. higher alcohols in potable
spirits: comparison of colorimetric and gas­
chromatographic methods. Singer and Stiles,
290.

Propazine : See 2-Chloro-4,6-bisisopropylamino­
l,3,5-triazine.

Prostaphlyn: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Pyrethrin n: Infrared spectrophotometric detmn.
of --. Byrne, Mitchell and Tresadern, 362.

1-(2-Pyridylazo)-2-naphthol: Photometric detrnn. of
zinc in nickel and nickel alloys for use in elec­
tronic devices (test for purity of --). Andrew
and Nichols, 161.

Pyrolysis method in gas chromatography. Stanford,
266.

Q

Quantum Chemistry: Electronic Spectra and --.
Sandorfy. (Review). 185.

R

Radioisotopes and their Industrial Applications.
Piraux. (Review), 640.

Raffinose: Active charcoal as adsorbent in clari­
fication of raw sugar solutions. Sawyer, 476.

Rare Earth(s): Atlas and Tables for Emission
Spectrographic Analysis of -- Elements.
Kerekes. Edited by Lang. (Review), 31 I.

Rats: Anthrone as reagent for detmng. carbo­
hydrate in -- milk and related materials.
Mittwoch, 759.

Reagents: Organic -- for Metals and for Certain
Radicals. Vol. 2. Johnson. 5th Edn.
(Review), 122.

Resorcylicaldehyde: New steroid colour reactions
(with --). Few, 134; Erratum, 248.

Reviews. book: See Book reviews.
Rifamycin: Identification and assay of mixtures

of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Ring oven: Glass --. Heath,175.
Ristocetin: Identification and assay of mixtures

of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Rock(s): Photometric detmn. of titanium in ores,
-- and minerals with diantipyrylmethane.
Jeffery and Gregory, 177.

Radiometric - spectrophotometric detrnn. of
microgram amounts of niobium in -- and
minerals. Esson, 488.

Rapid analysis for major elements in powdered
by X-ray fluorescence spectrography.

Ball, 258.

Rodenticides: Analytical Methods for Pesticides,
Plant Growth Regulators and Food Additives.
Vol. III. Fungicides, Nematocides and Soil
Fumigants, -- and Food and Feed Additives.
Zweig. (Review), 63.

Rubber: Detrnng. small amounts of N-isopropyl-
N'-phenyl-p-phenylenediamine (in --).

Davies, 216.
Rubidium and Caesium. Perel'man. Translated

by Towndrow. Translation edited by Clarke.
(Review). 70 l.

Rum: Detrnng. higher alcohols in potable spirits:
comparison of colorimetric and gas-chromato­
graphic methods. Singer and Stiles, 290.

Rusk filler: itrogen content of -_. Society for
Analytical Chemistry, Analytical Methods
Committee, Meat Products Sub-Committee,
579.

s
Sea water: Automatic detrnn. of low-level concen­

trations of phosphates in fresh and saline
waters. Henriksen, 29.

Automatic detmn. of nitrate and nitrite in fresh
and saline waters. Henriksen, 83.

Sediments: Detmng. selenium in soils and -- with
3,3'-diaminobenzidine. Stanton and McDonald,
497.

Selenium: Detmng. -- in soil and sediments with
3,3'-diaminobenzidine. Stanton and McDonald,
497.

Detmng. traces of -- in water by ring-oven
technique. Biswas and Dey, 56.

Senna: Chemical assay of -- fruit and -- leaf.
Joint Committee of the Pharmaceutical Society
and the Society for Analytical Chemistry on
Methods for the Evaluation of Drugs, 582.

Sigmamycin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Silica: Volumetric detmn. of -- and its applica­
tion to ferromanganese slag and silicomanganese
analysis. Morris, 325.

Silicate rock: Rapid analysis for major elements
in powdered rock by X-ray fluorescence
spectrography. Ball, 258.

Silicomanganese: Volumetric detmn. of silica and
its application to ferromanganese slag and -­
analysis. Morris, 325.

Silicon: Absorptiometric detrnn. of -- in water.
V. Continuous automatic detmn. of reactive

Wilson, 270.
Rapid analysis for major elements in powdered

rock by X-ray fluorescence spectrography.
Ball, 258.

Silver: Radiometric detmn. of --. Smit, 366.
Simazine: See 2-Chloro-4,6-bisethylamino-l,3,5-tri­

azine.
Simetryne: See 4,6-Bisethylamino-2-methylthio­

1,3,5-triazine.
Smoke: Colorimetric detmn. of total steam-volatile

phenols in cigarette- -- condensate. Smith
and King, 55.

Society for Analytical Chemistry: Analytical Methods
Committee, Analytical Standards Sub-Commit­
tee. Sodium carbonate as a primary standard
in acid-base titrimetry, 251.

Analytical Methods Committee, Meat Products
Sub-Committee. Nitrogen content of rusk
filler, 579.

Analytical Methods Committee, Meat Products
Sub-Committee. Nitrogen factors for turkey,
581.
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Society for Analytical Chemistry-continued
Analytical Methods Committee. Meat Products

Sub-Committee. Nitrogen factor for veal. 256.
Analytical Methods Committee. Metallic Impuri­

ties in Organic Matter Sub-Committee.
Detmng. small amounts of mercury in organic
matter. 515.

Analytical Methods Committee. Prophylactics
in Animal Feeds Sub-Committee. Detmng.
sulphaquinoxaline. 531.

Chemical assay of senna fruit and senna leaf.
Joint Committee of the Pharmaceutical Society
and the -- on Methods for the Evaluation
of Drugs. 582.

Editorial: Critical review articles. Gross, 379.
Society of Chemical Industry: Analysis of Calcareous

Materials. (Review), 512.
Sodium: Detmng. carbon in --. Walker and

France. 228.
Detmng. hydrogen in --. Walker and Seed. 19.
Detmng. oxygen in --. Walker. France and

Edwards. 727.
Detmng. -- in heavy fuel oils by neutron­

activation. Caddock and Deterding. 437.
Sodium aminosalicylate: Colorimetric detmn. of

isoniazid in presence of --. Elliston and
Hammond. 298.

Sodium carbonate as a primary standard in acid­
base tritrimetry. Society for Analytical
Chemistry. Analytical Methods Committee,
Analytical Standards Sub-Committee. 251.

Sodium iodide: Polarography of thallium: detmng.
thallium in --. Athavale. Burangey and
Dhaneshwar. 635.

Sodium nitroprusside: Detmng. --: detmng. small
amounts of -- impregnated on cellulose
strips. Sewell. 507.

Sodium peroxide: Rapid dissolution of plutonium
dioxide by a -- sinter. followed by detmn.
of the plutonium content by differential
spectrophotometry. Milner. Crossley. Jones
and Phillips. 732.

Sodium perxenate: Spectrophotometric detmn. of
manganese after oxidation with --. Bane.
756.

Sodium tetraphenylboron: Identifying and detmng.
cationic surface-active agents with
Cross. 315.

Soil: Automatic detmn. of calcium, potassium.
magnesium and phosphorus in -- extracts.
Lacy. 65.

Detmng. caesium-137 in herbage and --.
Vandervell and Morgan. 283.

Detmng. selenium in -- and sediments with
3.3'-diaminobenzidine. Stanton and McDonald.
497.

Thin-layer chromatographic detmn. of triazine
herbicides in -- and water. Abbott. Bunting
and Thomson, 356.

Soil Fumigants: Analytical Methods for Pesticides.
Plant Growth Regulators and Food Additives.
Vol. III. Fungicides. Nematocides and --.
R'odenticides and Food and Feed Additives.
Zweig. (Review). 63.

Solubilities of Inorganic and Organic Compounds.
Vol. 2. Part 1. Stephen and Stephen.
(Review). 184; Part 2, 766.

Solvent Extraction of Metal Chelates. Stary.
Edited by Irving. (Review). 511.

Somogyi and Nelson's method: Interference of
ammonium ions in detmng. reducing sugars
by the colorimetric method of Somogyi and
Nelson. Falanghe. 242.

Spectra: Electronic -- and Quantum Chemistry.
Sandorfy. (Review), 185.

Interpreted Infrared --. Vol. 1. Szymanski.
(Review). 640.

Spectrography: Atlas and Tables for Emission
Spectrographic Analysis of Rare Earth Ele­
ments. Kerekes. Edited by Ling. (Review).
311.

Spectroscopy and Photochemistry of Uranyl Com­
pounds. Rabinowitch and Belford. (Review).
310.

Coincidence Tables for Atomic --. Kuba.
Ku~era, Plzak. Dvorak and Mraz. (Review).
513.

Developments in Applied --. Vol. 3. Forretti
and Lauterman. (Review), 121.

Progress in Infrared --. Vol. 2. Szymanski.
(Review). 639.

Spiramycin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi. 89.

Spirits, potable: Detmng. higher alcohols in --:
comparison of colorimetric and gas-chromato­
graphic methods. Singer and Stiles. 290.

Starch: Chemistry of Wheat -- and Gluten.
Knight. (Review), 442.

Statistics: Statistical Method in Biological Assay.
Finney. 2nd Edn. (Review). 183.

Steel(s): Colorimetric detmn. of traces of lead in
heat-resistant nickel - chromium alloy --.
Stobart, 278.

Detmng. activation products in irradiated -­
by anion-exchange separation and ,,-ray
spectrometry. Hilton and Reed. 541.

Detmng. aluminium in plain carbon --.
Dagnall. West and Young. 13.

Detmng. zirconium and hafnium in niobium and
other metals (including stainless --) with
catechol violet. Wood and Jones, 125. 638.

Polarographic detmn. of traces of lead in stainless
and other --. Rooney. 545.

Rapid detmn. of carbon in -- by measurement
of prompt radiation emitted during deuteron
bombardment. Pierce. Peck and Henry. 339.

Titrimetric detmn. of carbon in iron and --.
Jones, Gale, Hopkins and Powell. 623.

Steroid(s): New -- colour reactions. Few. 134;
Erratum, 248.

Streptozotocin: Identification and assay of mixtures
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Strontium: Detmng. barium, -- and calcium in
barium peroxide. Norwitz, 554.

Btrontium-89: Sequential scheme for detmng.
fall-out nuclides in water. Wood and Richards,
606.

Strontium-90: Sequential scheme for detmng. fall­
out nuclides in water. Wood and Richards. 606.

Structure: Electrons and Chemical Bonding. Gray.
(Review). 642.

Some Electrical and Optical Aspects of Molecular
Behaviour. Davies. (Review). 765.

Tables of Interatomic Distances and Configuration
in Molecules and Ions: Supplement 1956-1959.
Sutton. (Review), 700.

Styrene: Polarographic detmn. of residual acrylo­
nitrile and -- monomers in -- - acryloni­
trile copolymers. Crompton and Buckley. 76.

Sucrose: Absorptiometer for the sugar industry.
Hill and Rundell. 681.

Active charcoal as adsorbent in clarification of
raw sugar solutions. Sawyer, 476.

Sugar(s): Absorptiometer for the -- industry.
Hill and Rundell, 681.
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Sugar(s)-continued
Active charcoal as adsorbent in clarification of

raw -- solutions. Sawyer, 476.
Analytical results for the paper-chromatographic

zone - strip technique. Shimi and Imam, 564.
ICUMSA Methods of -- Analysis. de Whalley.

(Review), 184.
Interference of ammonium ions in detmng.

reducing -- by the colorimetric method of
Somogyi and elson. Falanghe, 242.

Sulphaquinoxaline: Detmng. --. Society for
Analytical Chemistry, Analytical Methods
Committee, Prophylactics in Animal Feeds
Sub-Committee, 531.

Sulphur: Iodimetric and iodatometric detmn. of
thiocarbonate --. Johri and Singh, 745.

Surface-Active Agents: Identifrcation and Analysis
of --: by Infrared and Chemical Methods.
Hummel. Translated by Wulkow. (Review),
123.

Identifying and detmng. cationic -- with
sodium tetraphenylboron. Cross, 3 I;'.

Sweeteners, synthetic: Detmng. cyclamates in soft
drinks. Rees, 568.

T

Tantalum: Detmng. zirconium and hafnium in
niobium and other metals (including --) with
catechol violet. Wood and Jones, 125, 638.

Tartar emetic: Detmng. tervalent antimony by
oxidation with N-bromosuccinimide. Barakat
and Shehab, 50.

TDE: See 1,1-Dichloro-2,2-bis(p-chlorophenyl)­
ethane.

Tensammetry: Alternating Current Polarography
and --. Breyer and Bauer. (Review), 60.

Terminology: See Nomenclature.
Tetracycline: Identification and assay of mixtures

of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Tetraethyl SS'-methylene bis(phosphorothiolothio­
nate): Detmng. organophosphorus pesticide
residues in foodstuffs. Bates, 453.

Tetraiodoantimonate(m) ion: Absorptiometric
detmn. of antimony: extinction coefficient for
the --. Washington, 502.

Thallium: Polarography of --: detmng. -- in
sodium iodide. Athavale, Burangey and
Dhaneshwar, 635.

Thermal analysis: Acetone as solvent in the enthalpi­
metric titration of acidic substances. Vaughan
and Swithenbank, 594.

Continuous-flow enthalpimetry. Priestley, Seb­
born and Selman, 589.

Thermal Methods of Analysis. Wendlandt.
(Review), 577.

Thiamine: Micro- and semi-micro-detmns. of -­
in pharmaceutical preparations. Said, Amer,
Girgis and George, 750.

Thiocarbonate: Iodimetric and iodatometric detmn.
of -- sulphur. Johri and Singh, 745.

Tin: Detmng. -- in powder samples by X-ray
fluorescence analysis. Carr-Brion, 9.

Dispersing agents for the -- - dithiol complex.
Ovenston and Kenyon, 55.

Titanium: Detmng. zirconium and hafnium in
niobium and other metals (including --) with
catechol violet. "Vood and Jones, 125, 638.

Photometric detmn. of -- in ores, rocks and
minerals with diantipyrylmethane. .1 effery
and Gregory, 177.

Titanium:-continued
Rapid analysis for major clements in powdered

rock by X-ray fluorescence spectrography.
Ball, 258.

Titrations: See Analysis.
Tomato: Detmng. -- solids by detmng. Iycopene.

Darbishire, 439.
Town gas: Comprehensive fuel-gas analysis by gas

chromatography. Blakemore and Hillman, 703.
Triacetyloleandomycin: Identification and assay of

mixtures of antibiotics by electrophoresis in
agar gel. Lightbown and Rossi, 89.

Triazine herbicides: Thin-layer chromatographic
detmn. of -- in soil and water. Abbott,
Bunting and Thomson, 356.

l,l,1-Trichloro-2,2-di-(4-chlorophenyl)ethane: Con­
centration-cell technique for detmng. small
amounts of halide ions and its use in detmng.
residues of organochlorine pesticides. Roburn,
467.

Identifying and detmng. chlorinated pesticides
residues. Hamence, Hall and Caverly, 649.

Separating and detmng. DDT in fat. Dingle, 638.
Trithion: Detmng. organophosphorus pesticide

residues in foodstuffs. Bates, 453.
Tungsten: Detmng. zirconium and hafnium in

niobium and other metals (including --) with
catechol violet. Wood and Jones, 125,638.

Turkey: Nitrogen factors for --. Society for
Analytical Chemistry, Analytical Methods
Committee, Meat Products Sub-Committee,
581.

U

Uranium: Spectroscopy and Photochemistry of
Uranyl Compounds. Rabinowitch and Belford.
(Review), :HO.

Urine: Manual and semi-automatic methods for
detmng. lead content of Browett and
Moss, 715.

v
Vacuum Microbalance Techniques. Vol. 4. ',Vaters.

(Review), 766.
Vamidothion: Detmng. organophosphorus pesticide

residues in foodstuffs. Bates, 453.
Vamidothion sulphoxide: Detmng. organophos­

phorus pesticide residues in foodstuffs. Bates,
453.

Vanadium: Detmng. zirconium and hafnium in
niobium and other metals (including --) with
catechol violet. Wood and Jones, J25, 638.

Vanadium oxinate: Colorimetric detmn. of ethanol
in blood with --. Gent and Kerrich, 335.

Vancomycin: Identification and assay of mixture
of antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Vanillin: New steroid colour reactions (with --).
Few, 134; Erratum, 248.

Veal: Nitrogen factor for --. Society for Analyti­
cal Chemistry, Analytical Methods Committee,
Meat Products Sub-Committee, 256.

Vegetables: See Plants.
Vinyl cyanide: See Acrylonitrile.
Viomycin: Identification and assay of mixtures of

antibiotics by electrophoresis in agar gel.
Lightbown and Rossi, 89.

Vitamin A: Rapid quantitative separation of
vitamin]) from --. Barua and Rao, 571.

Vitamin B,: See Thiamine.
Vitamin D: Rapid quantitative separation of -­

from vitamin A. Barna and Rao, 571.
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W

Water(s): Absorptiometric detmn. of chlorine in
Webber and Wheeler. 372.

Absorptiometric detmn. of silicon in --.
V. Continuous automatic detmn. of reactive
silicon. Wilson. 270.

Automatic detmn. of low-level concentrations of
phosphates in fresh and saline --. Henrik­
sen. 29.

Automtic detmn. of nitrate and nitrite in fresh
and saline --. Henriksen. 83.

Detmng. small amounts of -- in organic
liquids. Archer and Jeater. 351.

Detmng. traces of selenium in -- by the ring­
oven technique. Biswas and Dey. 56.

Evaluation of methods for detmng. residual
chlorine in --. I. Free chlorine. Nicolson.
187.

Ion-exchange method for detmng. paraquat
residues in food crops (and --). Calderbank
and Yuen. 99.

Quantitative gas chromatography of aqueous
solutions: effect of -- on the response of
hydrogen-flame ionisation detector. Foster
and Murfin, 118.

sea: See Sea water.
Sequential scheme for detmng. fall-out nuclides

in --. Wood and Richards, 606.
Spectrophotometric detmn. of parts per million

of morpholine in boiler --. Stevens and
Skov. 182.

Thin-layer chromatographic detmn. of triazine
herbicides in soil and --. Abbott. Bunting
and Thomson. 356.

Use of electrolytic hygrometers for detmng. -­
and hydrogen. Walker and Campion. 199.

See also Moisture.
Weighing: Vacuum Microbalance Techniques.

Vol. 4. Waters. (Review). 766.
Wet oxidation: Use of 50 per cent. hydrogen

peroxide for -- of organic materials. Tau­
binger and Wilson, 429.

Wetting agents: See Surface-active agents.
Wheat: Chemistry of -- Starch and Gluten.

Knight. (Review), 442.
meal: Comparison of fibrous-residue detmns. by

official (A.O.A.C.) method and dimethyl­
sulphoxide method. Zentner. 698.

Wheat-continued
meal: Detmng. fibrous residue in -- and in

brown and wholemeal breads. Zentner. 303.
Whiskey: Detmng. higher alcohols in potable

spirits: comparison of colorimetric and gas­
chromatographic methods. Singer and Stiles,
290.

x
X-Ray Analysis: Advances in --. Vol. 7. Mueller.
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IDo you realise you are using only -z a balance!
Unless you are using one of the new Oertling Preweighing balances, you are simply
not using a COMPLETE modern balance. Preweighing adds a new dimension to the
analytical balance ... makes it easier, faster, and more accurate to use ... helps you
do your job better I
Exclusive Oertling Preweighing on the R.20 tells you the weight of any sample to 200 mg
almost instantaneously! Then it's only a matter of dialling up the
preweighed reading and reading the micrometer scale to get .....
your answer to four decimal places.
We believe you cannot conscientiously buy new balances
without first seeing the new Oertlings with Preweighing­
the only COMPLETE modern analytical balances you
c"an buy.

OERTLING R.I0
'REWEIGHING ANALYTICAL BALANCES R.20

L Oenling ltd., Cray. V<;I!ley Works, Orpington, Kent. Tel: Orpington 25771 TASfOR.454
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Sensitised Delayed Fluorescence as an Analytical Method

Some Preliminary Experiments
The results of recent investigations of the phenomenon of sensitised

P-type delayed fluorescence are briefly reviewed, and their possible application
to organic trace analysis is discussed. Experiments have shown that the
delayed fluorescence from various compounds can be selectively sensitised
by means of suitable sensitisers. Tests with some aromatic hydrocarbons
indicate that, in favourable instances, impurity concentrations of less than
1 p.p.m. can be detected without prior separation. Further work is required
before the full potentialities of the technique can be decided.

C. A. PARKER, C. G. HATCHARD and THELMA A. JOYCE
Royal Naval Scientific Service, Admiralty Materials Laboratory, Holton Heath,
Poole, Dorset.

Analyst, 1965,90, 1-8.

The Determination of Tin in Powder Samples by X-ray
Fluorescence Analysis

X-ray fluorescence methods have been developed for determining tin
in powder samples. One is a non-destructive general method in which thick
films are used, and the second is an accurate internally standardised fusion
method. A special study was made of matrix and particle-size effects.

K. G. CARR-BRION
Warren Spring Laboratory, Department of Scientific and Industrial Research,
Stevenage, Herts.

Analyst, 1965, 90, 9-12.

The Determination of Aluminium in Plain Carbon Steel

A simple and rapid method is described for the spectrophotometric
determination of aluminium in plain carbon steel down to about 0·001 per
cent. The sample (0,1 to 2·0 g) is dissolved in acid, and iron is removed by
extraction with amyl acetate. The pH of the solution is adjusted to 5'5, and
cyanide and I,IO-phenanthroline are added as masking agents. Aluminium,
titanium and zirconium are then extracted into chloroform as their
8-hydroxyquinoline chelates. The titanium and zirconium are stripped
·out of the extract by equilibrating the latter with a pH 9·2 buffer solution,
and the optical density of the extract is measured directly at 385 m,... to give
1he aluminium content of the steel.

R. M. DAGNALL, T. S. WEST and P. YOUNG
Chemistry Department, Imperial College, London, S.W.7.

Analyst, 1965,90, 13-18.

The Determination of Hydrogen in Sodium

This paper describes a method for determining hydrogen in sodium
at the I p.p.m. level and upwards. Additions of known amounts of hydrogen
10 Sodium have been recovered satisfactorily. The reproducibility of the
method indicates a coefficient of variation of the order of 20 per cent. at
1he 0·5 and 1 p.p.m. levels.

..T. A. J. WALKER and H. SEED
United Kingdom Atomic Energy Authority, Reactor Materials Laboratory, \'Vigshaw
Lane, Culcheth, Warrington, Lanes.

Analyst, 1965,90, 19-23.
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The Colorimetric Detennination of Phosphorus in Organic
Compounds on the Microgram Scale

A method is described for determining phosphorus in 30- to 500-/-,g
samples of organic compounds. The sample is wet oxidised in a l-ml cali­
brated flask, the yellow molybdovanadophosphate complex is developed
in situ and its concentration is measured at 430 m/-, in a micro cell with a
Unicam SP600 spectrophotometer. Techniques for weighing solid and
liquid samples are described, and our results for the calibration of an
Oertling Decimicro balance Model QOI are included.

T. SALVAGE and Miss JEAN P. DIXON
"Shell" Research Ltd., Thornton Research Centre, P.O. Box J, Chester.

Analyst, 1965, 90, 24-28.

An Automatic Method for Determining Low-level Concentrations
of Phosphates in Fresh and Saline Waters

An automatic method for determining orthophosphates and acid­
hydrolysable phosphates in fresh and saline waters with the AutoAnalyzer
is described, together with details of the analytical system. The method is
based on a modification of the extraction procedure originally published by
Martin and Doty. The sampling rate is 12 samples per hour. In the range
o to 100 /-,g of phosphate-P per litre, the standard deviations are 1·2 and
1·9 /-,g of phosphate-P per litre for orthophosphates and acid-hydrolysable
phosphates, respectively, and the corresponding figures for the range 0 to 20/-,g
of phosphate-P per litre are both 0·8 /-,g of phosphate-P per litre. These
standard deviations are of the same order of magnitude as those obtained
with the manual method for determining phosphates. The lowest detectable
concentration of phosphorus achievable with the automatic method is 1 /-,g
of phosphate-P per litre.

The Student t-test performed on analytical results obtained from the
same samples by the manual and automatic methods indicates a 90 per cent.
probability that both methods will give the same value (within the range
given by their standard deviations).

A. HENRIKSEN
The orwegian Institute for Water Research, Oslo, Norway.

Analyst, 1965,90, 29-34.

The Removal of Interference by Phosphate and Fluoride in the
Mercurimetric Titration of Chloride: Application of the Method

to the Oxygen-flask Combustion Technique

Interference by phosphate and fluoride in the titration of chloride with
mercuric nitrate has been quantitatively examined, and a method has been
devised for suppressing the effect of these ions. In the method, the acidity
of the chloride solution is suitably adjusted, a small volume of thorium
nitrate solution is added and the titration with mercuric nitrate is carried
out in the presence of a high concentration of ethanol. The accuracy and
precision of the method are illustrated by results obtained with solutions
containing sodium chloride equivalent to about 2 mg of chlorine, and sodium
dihydrogen orthosphophate or sodium fluoride equivalent to 0 to 8·0 mg of
phosphorus or fluorine, respectively. Results are also given to show that
the method can be used, in conjunction with the oxygen-flask combustion
technique for determining chlorine in organic compounds with the accuracy
and precision required in elemental organic micro-analysis.

A. F. COLSON
Imperial Chemical Industries Limited, Research Department, Mond Division,
Northwich, Cheshire.

Analyst, 1965,90, 35-43.
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Stanton UNIMATIC
Thousands in use-in the
world's finest laboratories.

Speed: less than 30 seconds to
weigh an unknown object.
thanks to excellent pan
accessibility.

Simplicity in construction
giving maximum reliability.
low initial cost. low mainten­
ance cost.

Constant load. weighing-by­
substitution design for
maximum accuracy and ease
of use.

Three models: Cl1 0.1 mg. per
vernier division. Cl2 1.0 mg..
Cl30.01 mg.

Knives and planes of sapphire,
essential for long life
especially in constant load
balances.

"'-___ .__=..>

., r--.\·. '

Stanton Instruments ltd.,
119 Oxford St., london, W.1.
Telephone: Gerrard 7533.
Cables: Stanbal, london.
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The Determination of Benzotriazole in Inhibited Glycol Products

Gravimetric and polarographic methods are described for determining
benzotriazole in inhibited ethylene glycol. The gravimetric procedure is
based on the precipitation of the silver salt in the presence of ammonia
and ethylenediaminetetra-acetate. In the polarographic procedure use is
made of the reduction wave at -0,95 volt (versus the standard calomel
electrode) in 0·2 M hydrochloric acid. Both methods have been investi­
gated in their application to anti-freeze mixtures containing ethylene glycol,
water, dyes and inhibitors such as sodium benzoate, borate and nitrite.
The effect of small amounts of metals, including zinc, lead, copper, cobalt,
iron, tin and nickel, has also been examined.

STANLEY HARRISON and GORDON L. WOODROFFE
Research Department, Imperial Chemical Industries Limited,. Heavy Organic
Chemicals Division, Organic House, P.O. Box No.2, Billingham, Co. Durham.

Analyst, 1965,90, 44-49.

The Determination of Tervalent Antimony by Oxidation
with N-Bromosuccinimide

In the presence of dilute hydrochloric acid, N-bromosuccinimide readily
and quantitatively oxidises aqueous solutions of tervalent antimony. The
reaction takes place at room temperature, and N-bromosuccinimide is irre­
versibly reduced to succinimide. The determination of antimony trichloride
and tartar emetic by titration with standard N-bromosuccinimide solution
is described; the experimental error does not exceed ±2 per cent. Results
are reported for the comparative analyses of tartar emetic by the proposed
method and by the official iodine method.

M. Z. BARAKAT· and S. K. SHEHAB
Biochemistry Department, Faculty of Veterinary Medicine, Cairo University,
Giza, Cairo, Egypt.

Analyst, 1965, 90, 50-54.

Dispersing Agents for the Tin - Dithiol Complex

Short Paper

T. C. J. OVENSTON and C. KENYON
Royal Naval Scientific Service, Admiralty Materials Laboratory, Holton Heath,
Poole, Dorset.

Analyst, 1965, 90, 55.

An Improvement in the Colorimetric Determination of the Total
Steam-volatile Phenols Present in Cigarette-smoke Condensate

Short Paper

G. A. L. SMITH and D. A. KING
Carreras Research Division, Bruce Grove, Wickford, Essex.

Analyst, 1965,90, 55-56.

Determination of Traces of Selenium in Water by the
Ring-oven Technique

Short Paper

SHIB DAS BISWAS and ARUN K. DEY
Chemical Laboratories, University of Allahabad, Allahabad, India.

Analyst, 1965,90, 56-57.
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High speed photo (electronic flash at f116) shows degree of agitation obtained at maximum speed of approx. 2000
oscillations per minute. The high-speed movement of the flash is almost imperceptible.
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The B.T.L. Flask Shaker will
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and weights of flasks at one
time. It mixes solids and liquids
... oil and water. In fact,
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Switch on-and the contents
of the flask immediately
become a blur as every particle
is subjected to the most
thorough and efficient
physical mixing available
from a bench mixer.

All the old bugbears of flask
shaking have been eliminated­
clamps cannot be over­
tightened; flasks cannot work
loose. Speed control is
continuously variable.
There is almost complete
absence of bench vibration.

However, you won't be shaken
by the price! Just £31 complete.
Write now for leaflet No. TI58A

BAIRD & TATLOCK
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CHADWELL HEATH,
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New Chromosorb G
.. .the first support

specifically developed for
gas chromatography

-offers greater column efficiency, less adsorptive surface;
is much harder, less fragile and provides maximum uniformity and reliability

Chromosorb G is now available as a
column material to provide improved
performance over previously used sup­
ports in many separations. Chromo­
sorb G combines, to a substantial
degree, the high column efficiency and
good handling characteristics of Chro­
mosorb P with the comparatively non­
adsorptive surface of Chromosorb W.
As a column packing, Chromosorb G
is a relatively dense, hard material,
oyster-white in colour, with a low sur­
face area.
Chromosorb G has been designed for
use for the separation of polar com­
pounds where surface interaction is
frequently a problem. It is well suited
for use at relatively low liquid loadings.
Chromosorb G is available in three
treatments: Non-acid-washed, (NAW),
This is the standard form, without
additional treatment; Acid washed
(A W); Acid-washed, dimethyldichloro­
silane treatment (AW-DMCS). The
combination of acid washing and
DMCS treatment further reduces sur­
face acitivity. This is the most inert
form of Chromosorb G.
Each treatment is available in the
following mesh ranges: 30/60, 70/80,
80/100, 100/120.
Chromosorb G is a hard dense material
differing considerably in structure and
de'lsity from Chromosorb P and Chro­
mosorb W. It is 2·4 times as heavy as

Chromosorb G

METHANOL

Comparison of adsorption
effects under conditions
chosen to emphasize tallin&:.
Squalane liquid phase.

-. , . 6.,".

Conventional white support

METHANOL

. , . . . 10 MIN•

Comparison of Physical Properties of Chromosorb G. Chromosorb W
and Chromosorb P 60/80 Mesh. Non-acid Washed Grades

Chromo sorb G Chromosorb W Chrom.sorb P
Color Oyster white White Pink

free fall density, glce 0.47 0.18 0.38
Packed density, glee 0.58 0.24 0..47
Surface area, m2 /g 0.5 1.0 4.0
Surface area, m2/cc 0.29 0.29 1.88
pH 8.5 8·10 6·7

Wand 1·2 times as heavy as P. The
above table compares the physical
properties of the three grades:
For additional information on perform­
ance of Chromosorb G, write John­
Manville for Technical Bulletin FF-121.

!J~
PR.OPUCTS

JOHNS - MANVI LLE COM PANY LI MITED
Celite Division,
20, Albert Embankment, London, S.E.I
Telephones: RELiance 6464-7



xii THE ANALYST [January, 1965

0.04 ug{ml Zn in a pH 4.6
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line slope.
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For very high sensitivity, e.g. detection limit for Sn
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constituents e.g. standard deviation of 0.06% of
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Derivative and second Derivative presentation
For resolution of waves only 25 mV apart.
All the advantages of the single cell cathode ray
polarograph are retained:
High speed of presentation - polarogram repeated
every 7 seconds.
Excellent resolution of adjacent waves.
Controls simple to operate.
Reverse sweep facility for anodic reactions,
and Base line slope correction.
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For extreme sensitivity and speed
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Triplet D and triplet A may be the same or different molecular species, and process 2 can
occur provided that the sum of the triplet energies is greater than the excited singlet energy
of the acceptor. The excited singlet molecule formed by process 2 will emit its characteristic

Sensitised Delayed Fluorescence as an Analytical Method
Some Preliminary Experiments

By C. A. PARKER, C. G. HATCHARD AND THELMA A. JOYCE
(Royal Naval Scientific Service, Admiralty Materials Laboratory, Holton Heath, Poole, Dorset)

The results of recent investigations of the phenomenon of sensitised
P-type delayed fluorescence are briefly reviewed, and their possible application
to organic trace analysis is discussed. Experiments have shown that the
delayed fluorescence from various compounds can be selectively sensitised
by means of suitable sensitisers. Tests with some aromatic hydrocarbons
indicate that, in favourable instances, impurity concentrations of less than
1 p.p.m. can be detected without prior separation. Further work is required
before the full potentialities of the technique can be decided.

WITH modem equipment the measurement of well resolved fluorescence emission spectra of
organic compounds can now be made at concentrations as low as 10-10 M, and the technique
of spectrofluorimetry as a method of organic trace analysis can thus be compared favourably
with many of the techniques used for determining trace elements. As with inorganic trace
analysis, the practical problems frequently involve the analysis of complex mixtures and
necessitate separating a substance before its determination. Suitable separation procedures
can often be devised by using, for example, selective solvent extraction or chromatography,
but, besides the usual hazards of high reagent blank values and adventitious contamination,
organic compounds at low concentrations are liable to undergo decomposition during the
separation procedures. Any measurement that can distinguish between the components of
mixtures of related fluorescent compounds is, therefore, worth consideration as an analytical
method. With this in view, we are investigating the possibilities of applying the recently
discovered phenomenon of sensitised P-type delayed fluorescence. This paper provides a
description of the nature of the phenomenon and presents the results of some preliminary
attempts to apply it as an analytical method.

MECHANISM OF SENSITISED DELAYED FLUORESCENCE-
Investigations of the detailed mechanism of sensitised P-type delayed fluorescence have

been described in recent papers1 ,2,3 and in a recent review.4 Only those details of the
mechanism necessary to indicate its possible applications to analysis will be outlined here.
The production of sensitised delayed fluorescence depends on the ability of molecules in the
triplet state to transfer their energy to other molecular species. Parker and Hatchard5 have
described the relationship between triplet and singlet states. Two distinct types of triplet­
energy transfer are illustrated in Fig. 1. The first of these can be represented by the
process-

3D + A -+ D + 3A (1)
and involves the transfer of triplet energy from a donor molecule, D, in its lowest triplet
state to an acceptor molecule, A, in its ground state. The latter is thus raised to its triplet
state, and the donor is quenched to its ground state: Porter and Wilkinson6 have shown
that, for various donor - acceptor pairs, this process occurs on every encounter in solution,
provided that the triplet-energy level of the acceptor lies below that of the donor.

In the second type of transfer, known as triplet - triplet annihilation, or triplet - triplet
quent:hing, the triplet energy is transferred to a second molecule that is already in its triplet
state. As a result, one of. the pair is raised to its excited singlet state, A*, and the second
is quenched to its ground state-

1
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fluorescence, which will, of course, have the same spectral distribution as the prompt fluores­
cence excited by absorption of light by A in its ground state, but it will have a lifetime much
greater than that of the prompt fluorescence. The long-lived emission given out in this way
is known as P-type delayed fluorescence, and its intensity is proportional to the square of
the rate of absorption of the exciting light.4 The lifetime of the P-type delayed fluorescence,
TDF, is related to the lifetimes of the triplets, TD and TAl by the equation-

111-=-+-
TDF TD TA

With aromatic hydrocarbons in ethanol at room temperature (i.e., with the ~xamples to be
dealt with in this paper) triplet lifetimes are of the order of 1 to 10 milliseconds and the
delayed fluorescence is thus readily isolated from the prompt fluorescence by means of a
spectrophosphorimeter having an interruption frequency of 800 cyles per second.5

Consider now a de-oxygenated solution of a donor solute, D, containing a small con­
centration of acceptor solute, A, and illuminated with light absorbed by the donor (see Fig. 1).
The triplet level of the donor is populated, via its excited singlet level, by absorption of light
(process 3), and the processes given below take place-

hv
D ---* D* --+ 3D .. (3)

3D --+ D + heat. . (4)
3D + 3D --+ D* + D .. (5)

D* --+ D + hv' .. (6)
3D + A --+ D + 3A (rate = P.kr[3DJ[AJ) (1)

3A --+ A + heat. . (7)
3A + 3A --+ A* + A .. (8)
3D + 3A --+ D + A* (rate = PDAkr[3DJ[3AJ) (2)

A* --+ A +hv" .. (9)

Thus, in general, P-type delayed fluorescence will be observed from the donor (processes 5
and 6) and sensitised P-type delayed fluorescence will be emitted from the acceptor (process 9,
preceded by 8 or 2). The latter can arise in two ways, either by triplet self-quenching
(process 8) or by mixed-triplet quenching (process 2). In the above scheme, the bimolecular

Fig. I. Diagram of sensitised delayed fluorescence by the mixed­
triplet mechanism. The numbered transitions refer to the equations
in the text
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rate constants for the relevant triplet-energy transfer reactions have been represented as
the product of the rate constant for molecular encounters in solution, k" and a probability
factor, Pe or POA'

The general equations governing the efficiencies of sensitised P-type delayed fluorescence
produced via processes 1, 2 and 8, are somewhat complicated.4 If, however, we restrict
ourselves to very low concentrations of acceptor, so that only a small proportion of donor
triplet molecules are quenched (process 1) and only an extremely small proportion of acceptor
triplets are formed, then process 8 can be neglected, since it depends on the square of the
concentration of acceptor triplets, and the equation representing the efficiency of the sensitised
delayed fluorescence of acceptor, ()~, produced by the successive processes 3, 1, 2 and 9,
is as shown below-

(}'J..=PePoAla<PATA(kr<p'oTo)2[A].. (i)
If the probability factors, Pe and POA' are unity, and the triplet lifetimes of donor and acceptor,
TO and TA' are 5 milliseconds, then, with ethanol at room temperature (k r = 0·57 X 1010 litres
per mole per second at +22° C), equation (i) is approximately obeyed at acceptor concen­
trations of 10-8 M or less. With a rate of absorption of light, I a' of 5 X 10-6 einstein per
litre per second (i.e., typical of that obtained with a spectrophosphorimeter), a donor triplet­
formation efficiency, <P'o, of 0·1 and an acceptor fluorescence efficiency, <PA' of 0,5, then, with
an acceptor concentration of 10-8 M, the efficiency of sensitised delayed fluorescence, (};,:,
will be 10-3 , i.e., well within the capabilities of measurement of a good spectrophosphori­
meter. Further, for concentrations of 10-8 M and below, the intensity of delayed fluorescence
will be approximately proportional to the concentration of acceptor and will be independent
of the presence of other acceptors, provided that these also are present in concentrations such
that they do not quench the donor by more than a few per cent. (i.e., by processes corres­
ponding to process 1). Under these conditions, therefore, all acceptors present should
exhibit their own sensitised delayed fluorescence independent of the presence of the others.
Clearly, however, one acceptor present in high concentration will be sufficient to quench the
whole of the donor triplet, and the sensitised delayed fluorescence of the other acceptors
present in much lower concentration will not then appear.

Examples of sensitised delayed fluorescence of this type that have already been investi­
gated are anthracene sensitised by phenanthrene1 and naphthacene sensitised by anthracene.3

In both of these examples, the delayed fluorescence was readily detectable at room temperature
at an acceptor concentration of 10-8 M.

TABLE I
SELECTIVE SENSITISATION OF DELAYED FLUORESCENCE AT 22° C

Values of the efficiency of sensitised delayed fluorescence, (}A, refer to acceptor
concentrations of 10-6 M. Rates of absorption of light by the donors were 6 X 10-6,

5·5 X 10-6 and 11 X 10-6 einstein per litre per second at 436, 436 and 546 nm for
proflavine hydrochloride, acridine orange hydrochloride and eosin, respectively

fh x 10', with sensitisation by-
Triplet level A

~ proflavine acridine orange
Compound nm JLm- 1 hydrochloride hydrochloride eosin

Naphthalene 469 2·13 <0·02 <0·02 <0·02
Proflavine hydrochloride 585 1·71
Pyrene 595 1·68 0·2 <0·02 <0·02
1,2-Benzanthracene 606 1·65 0·9 <0·02 <0·02
Acridine orange hydrochloride /625 1·60
Anthracene 671 1·49 2 3 0·02
3,4-Benzpyrene .. 682 1·467 6 5 0·2
Eosin 694 1·44
Perylene 787 1·27· 0·8 2 5

• Calculated value.

At -75° C (a temperature readily obtainable by immersing the solution in an ethanol­
bath cooled with solid carbon dioxide), the situation is usually even more favourable. The
diffusion-controlled rate constant, k r , is reduced by a factor of about 20, so that quenching
of the donor triplet is greatly reduced, and equation (i) is approximately obeyed at acceptor
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concentrations greater than 10-8 M. At the same time, many triplet lifetimes increase by
a factor of 10 to 20 when the solution is cooled to this temperature, so that values of 0',;. for
a given acceptor concentration are often greater than at room temperature by a factor' of
up to 20 (see equation i).

SENSITISED ANTI-STOKES DELAYED FLUORESCENCE-
It should be noted that the possibility of triplet-energy transfer by process 1 depends

only on the relative heights of the triplet-energy levels and is independent of the relative
heights of the excited singlet levels, provided, of course. that the excited singlet level of the
acceptor is not greater than the sum of the donor and acceptor triplet-energy levels. Thus
it is possible to choose a system in which the height of the excited singlet level of the donor
is less than that of the acceptor (as indicated in Fig. 1), and it is then possible to excite the
system with light of long wavelengths (absorbed by the donor) and cause the emission of
delayed fluorescence of shorter wavelengths. The first examples of such anti-Stokes sensitised
delayed fluoresence were observed with the systems phenanthrene (donor) and naphthalene
(acceptor), and proflavine hydrochloride (donor) and anthracene (acceptor).2 Other systems
have since been found, as described in the next section.
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Fig. 2. Curves of sensitisation of perylene
fluorescence by eosin. Solution, 5 x 10-6 M eosin
disodium salt and 10-6 M perylene in ethanol at 22° C.
Curve 1, delayed fluorescence excited by 546 nm
(1'83 p.m-1 ) radiation at a rate of absorption of light
of 1·1 x 10-' einstein per litre per second; curve 2,
prompt fluorescence at 1400 times lower sensitivity
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Sensitisation in the anti-Stokes region has interesting analytical possibilities. since it

should be possible to excite selectively the delayed fluorescence of a substance in the presence
of other compounds absorbing strongly in the same spectral region.

SELECTIVE SENSITISATION OF DELAYED FLUORESCENCE-
Since the population of the acceptor triplet level by energy transfer (process 1) only

occurs if the acceptor triplet lies close to or below that of the donor, it should be possible to
sensitise selectively only certain components of a mixture of fluorescent compounds by choos­

. ing a sensitiser having an appropriate triplet level. The possibility of an attractive method
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Benzpyrene
I,

for the direct analysis of mixtures of fluorescent compounds thus presents itself. To test
t~e feasibility of this idea, combinations of six aromatic hydrocarbon acceptors with each
of three sensitisers (donors) were investigated. The methods for de-aerating the solutions,
for recording the spectra of prompt and delayed fluorescence and for calculating the efficiencies
of delayed fluorescence from the recorded spectra were all similar to those previously des­
cirbed.4 ,7 One example of the spectra obtained is shown in Fig. 2. (The spectral sensitivity
of the apparatus was the same as that previously reported.4,7) The efficiency of sensitised
delayed fluorescence found for each of the donor - acceptor pairs is given in Table I.
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Fig. 3. Curves of scnsitisation of 3,4-benzpyrene and pyrene by
phenanthrene. Solution, 10-3 M phenanthrene, ~10-· M 3,4-benz­
pyrene and ~10-· M pyrene in ethanol at 22° C. Curve I, delayed
Iluorescence excited by 313 nm (3,19 I'm-i) radiation at a rate of absorp­
tion of light of 10-6 einstein per litre per second; curve 2, as for curve 1,
but after 30 minutes' irradiation; curve 3, prompt Iluorescence at
600 times lower sensitivity

The concentrations of the donors were chosen to give an optical density per centimetre
of about 0·2 at the excitation wavelength, so that right-angle illumination could be employed.
The acceptor concentrations were all 10-6 M. This concentration is more than enough to
give strong sensitisation with those compounds for which the triplet level lies well below
that of the donors. Thus, it will be seen from Table I that, with proflavine hydrochloride,
sensitisation is strong with benzanthracene, anthracene, benzpyrene and perylene, weak with
pyrene (whose triplet level is only just below that of proflavine hydrochloride) and is negli­
gible with naphthalene whose triplet level lies higher. With the other two sensitisers
(acridine orange hydrochloride and eosin), which have lower triplet energies, strong sensiti­
sation is limited to compounds lower down the list and with eosin it is strong only for perylene.

Clearly the method works in principle. In practice there are several difficulties that
are at present under investigation, the most obvious of which is that, in sensitising a compound
high on the list, e.g., 1,2-benzanthracene, one must also accept the presence of sensitised
delayed fluorescence from compounds lower on the list, and the emission from these compounds
may overlap the delayed fluorescence from the compound whose determination is required.
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The method is not therefore of completely general application, but may still prove useful in
special instances, particularly for detecting or determining compounds with low triplet­
energy levels.

TRACE IMPURITIES IN AROMATIC HYDROCARBONS-

The detection of trace amounts of organic compounds in the presence of related compounds
is often limited by the amount of material that can be dealt with in the separation procedure
(e.g., chromatography). An example is the analysis of specimens of aromatic hydrocarbons
as used in investigations of photo- and semiconductivity, or photoluminescence. In
favourable circumstances the impurities can be determined by the direct application of
spectrofluorimetry, but this may be impossible if the absorption or fluorescence bands of the
host material are unfavourably situated, relative to those of the impurity. A few systems
of this type have therefore been considered as examples of the application of the method of
sensitised delayed fluorescence.

Phenanthrene, as normally prepared, contains a few per cent. of anthracene as an
impurity. This is difficult to remove by recrystallisation or zone refining, but its content
can be reduced to below 1 p.p.m. by treating the phenanthrene with maleic anhydride. The
determination of such small concentrations of anthracene by direct spectrofluorimetrywith
excitation at 366 nm (2'73 !-tm-I) is difficult, partly because of interference by the Raman
spectrum of the solvent, and partly because the fluorescence of the anthracene is masked
by the fluorescence of other trace impurities absorbing at 366 nm. In ethanolic solution,
phenanthracene strongly sensitises the delayed fluorescence of anthracene, and an anthracene
concentration of 10-8 M in a 10-2 M phenanthrene solution gave a readily detectable emission.!
As might be expected, this sensitisation by phenanthrene, which has a triplet level at 463 nm
(2,16 !-tm- I), seems to be quite general for aromatic hydrocarbons having lower triplet levels.
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Fig. 4. Curves of sensitised delayed fluorescence
of impurity in fluorene. Solution, 5 X 10-6 M fluorene
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For example, the simultaneous sensitisation of pyrene and 3,4-benzypyrene at a concentration
of· about 10-9 M is shown in curve 1 of Fig. 3.

An example of a system in which the observation of the delayed fluorescence spectrum
indicated the presence of an unsuspected impurity is shown in Fig. 4. This refers to a specimen
of fluorene that had been recrystallised and subjected to exhaustive zone refining. It gave
the expected prompt fluorescence spectrum (curve 2), i.e., that due to fluorene emission, but
the spectrum of delayed fluorescence (curve 1) was quite different from that of fluorene.
It closely resembled that of acenaphthene and was assumed to be due to a simple derivative
of the latter. Acenaphthene and its derivatives absorb at 313 nm (3·19 fLm-1) at which
wavelength fluorene is transparent. Nevertheless, the concentration of the impurity was too
low to be detected by direct wectrofluorimetry with excitation at 313 nm.
, The examples described above make use of the host material itself as a sensitiser of
delayed fluorescence. The use of an added anti-Stokes sensitiser is illustrated in Fig. 5.
This refers to the detection of 0·01 per cent. of anthracene in a specimen of pyrene that also
contained 0·01 per cent. of 1,2-benzanthracene. The application of direct spectrofluorimetry
to this sytem is difficult because the absorption spectrum of the pyrene overlaps that of the
anthracene. The use of pyrene itself as a sensitiser of delayed fluorescence is undesirable
because it would also sensitise the delayed fluorescence of the benzanthracene, and the latter
would overlap the emission from the anthracene. From Table I, it will be seen that the
triplet level of acridine orange hydrochloride lies below that of pyrene and benzanthracene,
but above that of anthracene. As predicted, the delayed fluorescence from the mixture
sensitised by acridine orange hydrochloride at an excitation wavelength of 436 nm (2,29 fLm-1)

showed bands due to anthracene, but none due to pyrene or benzanthracene.

LIMITATION OF THE METHOD-

The solution must be freed from all impurities capable of quenching the donor and
acceptor triplets. The main source of unwanted quenching is molecular oxygen, and the
solutions must be carefully de-aerated under high vacuum and the cell sealed off before
measurement.4 Although this procedure is somewhat time consuming, the de-aeration can,
with practice, be achieved reliably, and reproducible results can be obtained with the same
solute in the same batch of ethanol.
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Fig. 5. Curves showing detection of anthracene in
impure pyrene. Solution, 10-2 M pyrene, 10-6 M 1,2-benzan­
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litre per second; curve 2, prompt fluorescence at 4000 times
lower sensitivity
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Purification of the ethanol by the recommended method is quite simple,4,7 but must
be carried out in a room well separated from laboratories where large amounts of potential
quenching agents are being handled. As with all trace-analytical techniques, great care
must be taken to avoid adventitious contamination during the preparation of solutions and
cell filling. Exposure of open containers, even for short periods, in laboratories where
fluorescent quenchers are handled can give rise to sufficient contamination to cause inter­
ference.4

The process of sensitisation involves the transfer to the acceptor of a proportion of the
energy of the exciting light, which is large relative to the concentration of acceptor, and
photodecomposition, even at a small quantum efficiency, will result in the quite rapid dis­
appearance of acceptor from the irradiated volume of the solution. Thus, attempts to
increase the sensitivity of the method by using extremely high intensities of exciting light
may result in the occurrence of considerable amounts of photodecomposition during the
few minutes needed to record the delayed-emission spectrum. An example that has already
been described3 is the photodecomposition of naphthacene sensitised by anthracene. A
second example is shown in Fig. 3. On irradiation of the original solution (represented by
curve 1) with an extremely high intensity, the peak emission of the benzpyrene was observed
to decrease quite rapidly. The original intensity could at first be largely restored by shaking
the cell to expose fresh solution to the light beam. After prolonged irradiation, however,
almost the whole of the pyrene and benzpyrene had been decomposed, as indicated by
curve 2 of Fig. 3.

Apart from the practical difficulties of the technique, there are some major fundamental
limitations. All acceptors having triplet levels lower than that of the chosen donor will be
sensitised, and the mutual interference between these emissions may make identification
difficult. If one acceptor is present in a much larger concentration than the others, it will
quench the donor triplet almost completely, and the emission from the other acceptors will
not then be observed. In a complex mixture, that acceptor having the lowest triplet energy
can be the most easily detected, provided that a sensitiser (donor) can be found with a
suitably low triplet energy.

The fact that donors with high triplet energies will sensitise all those compounds having
lower triplet energies can be turned to practical advantage if the purity of such a donor
compound is in question. To test for purity it is simply necessary to measure the delayed­
emission spectrum of a relatively concentrated de-aerated solution of the donor compound.
The appearance of the delayed-emission characteristic of the donor compound itself will
confirm that there are no acceptor impurities (i.e., quenchers) present at high concentration.
The absence of other bands in the spectrum will then indicate the absence of trace amounts
of fluorescent acceptor impurities.

CONCLUSION

It must be admitted that there are some peculiar manifestations of sensitised delayed
fluorescence that are still not completely understood, particularly with ionisable donor com­
pounds such as those used to obtain the results in Table 1. Further, it appears that these
particular compounds do not always sensitise as efficiently as the simple theory would predict.
More investigations of these and other systems are therefore required before a complete assess­
ment of the analytical potentialities of the technique can be made. It seems, however, from
this preliminary work, that the technique is worth further consideration by the analytical
chemist.

This paper is published with the permission of the Navy Department, Ministry of
Defence.
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The Determination of Tin in Powder Samples by X-ray
Fluorescence Analysis

By K. G. CARR-BRION
(Warren Spring Laboratory, Department of Scientific and Industrial Research, Stevenage, Her/s.

X-ray fluorescence methods have been developed for determining tin
in powder samples. One is a non-destructive general method in which thick
films are used, and the second is an accurate intemally standardised fusion
method. A special study was made of matrix and particle-size effects.

IN studies of the concentration of tin from its ores, carried out at the Warren Spring
Laboratory, methods were required firstly for the non-destructive determination of tin in
small samples and secondly for assays of relatively high accuracy over a wide range of
concentrations. The method previously proposed for determining zincl appeared applicable
in the first instance and an internally standardised fusion method2~ee);l1ed the answer to the
second problem. As wide variations in composition and particle size were found in the
samples, the effect of matrix absorption and enhancement as well as of particle size was
studied in detail.

EXPERIMENTAL

NON-DESTRUCTIVE GENERAL METHOD-

Small riffled portions of a series of samples that had been accurately assayed by chemical
methods were ground by hand to less than 300 mesh and made into thick films with wax.
The excitation of tin ]{a radiation from a disc through these films was used to measure M as
previously described for zinc. l M is equal to-

I
A (JLv cosec ()v + JL s cosec: ()s) :

where A is the area of the film used,
JLv and JLs are the mass-absorption coefficients of the film for the primary and

secondary X-rays and ,
()v and ()s are the angles made by the primary and secondary X-ray beams with the

surface of the sample.

It can be predicted l that the corrected fluorescent intensity from the films, I'{?, should be
inversely proportional to M and, for a given M, directly proportional to the c9PC£lntration of
tin from the lowest detectable concentrations up to 100 per cent. If this is assumed to be true
and the corrected fluorescent intensity, I'{?, from each film is divided by the tin concentration
obtained chemically, the values obtained should be inversely proportional to M. This
relationship was found to hold within ±2 per cent., justifying the original prediction. The
concentrations of tin examined extended up to 78 per cent., and M ranged from 0·37 to 2·2.
As M and I'{? can be calculated from measurements on a single sample, this provides a general
method for determining tin non-destructively with good sensitivity and accuracy in relatively
small powder samples.

Two sources of error still required examination. Enhancement of tin]{a X-ray intensity,'
owing to elements in the sample emitting characteristic X-rays of wavelengths shorter than
the ]{ edge of tin, which are absorbed and re-emitted as tin ]{a radiation, is not corrected
by measuring M. However, the presence of these elements can be quickly established by
a rapid hand scan, and a simple correction, proportional to the ]{a intensity from the inter­
fering element in the film, was found adequate to compensate for this effect. The only
common element likely to interfere is barium. The percentage decrease in tin ]{a intensity
required to correct for 103 counts per second of barium ]{a radiation was found to be 0·8.

The second source of error is due to variations in particle size,3 which cause variations
in the characteristic X-ray intensity from a given concentration of an element. To study
these effects a massive crystalline sample of pure cassiterite (stannic oxide) was crushed
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and separated into fractions according to particle size by sieving. A portion of <300-mesh
material was further ground in a highly polished boron carbide mortar for 30 minutes.
Microscopic examination showed that the maximum particle size of this last fraction was
about 10 fL. Each fraction was then mixed with paraffin wax in the ratio of 5 parts of
cassiterite to 95 parts of wax, lO-g discs were prepared from these mixtures and the net tin
Ka. intensity from them measured, with excitation voltages of 30 and 50 kV. These values
were expressed as a proportion of the intensity obtained with the fraction of the smallest
particle size and plotted against the arithmetic mean of the upper and lower particle-size
limits for each fraction. Although the true mean value and the arithmetic-mean particle
size almost certainly would not coincide, the value used is adequate for this purpose. The
<300-mesh material produced by normal grinding techniques has a mean particle size of
26 fL, and it can be seen from Fig. 1 that the loss of intensity as compared to that of the
specially ground fraction is small. A very fine (less than 1 fL) chemically precipitated stannic
oxide was also examined. This gave a 10 per cent. increase in intensity over the most finely
ground cassiterite fraction.

INTERNALLY STANDARDISED FUSION METHOD-

By eliminating particle-size effects and allowing the synthesis of identical standards
and samples, fusion methods offer the most accurate method of sample preparation for X-ray
fluorescence analysis. It was decided to use them in the development of an accurate assay
method for tin.

Unfortunately, cassiterite proved very resistant to fusion in the fluxes normally used,
such as borates and pyrosulphates. Sodium peroxide, commonly used to fuse cassiterite for
chemical determinations, is unsuitable for use with X-ray fluorescence analysis on a routine
basis, since it is variable in composition, deliquescent and corrosive. Attempts were made
to use sodium peroxide - borax mixtures in various proportions, but these either possessed
the undesirable properties of the sodium peroxide or failed to dissolve the cassiterite quanti­
tatively. However, in the course of a comparative study of the suitability of a range of
crucible materials for use with borax fusions for X-ray analysis, it was observed that, with
stannic oxide, complete fusion only occurred with graphite or' carbon crucibles, even after
prolonged heating at temperatures up to 1250° C. Quantitative study showed that a high
degree of reproducibility was readily achieved, and no evidence of loss of tin or incomplete
fusion was found, even with relatively coarse mineral samples. The exact mechanism of
the fusion is unknown, but it may possibly involve reduction as the first stage.

After the chemically analysed samples had been checked to ensure that they were free
from significant amounts of antimony, they were fused in a graphite crucible with a borate
flux, by using antimony in the form of high-purity trioxide as internal standard, and tin
was determined in these. The results showed good agreement with the chemical analyses.
Attempts to avoid internal standardisation by using the ratio of tin Ka. intensity to back­
ground intensity resulted in appreciably lower accuracy.

NON-DESTRUCTIVE GENERAL METHOD

This is identical with the method previously described,l with the exceptions given below-

INSTRUMENTAL CONDITIONS-

X-ray tube: tungsten target operating at 50 kV, 6 mAo

PROCEDURE-

A tin disc is used instead of a zinc disc.

INTERNALLY STANDARDISED FUSION METHOD

ApPARATUS-

Crucibles-Graphite or vitreous carbon.
Furnace-Operating at 900° C.

REAGENTS-

Borax-glass powder.
High-purity antimony trioxide.
Assayed stannic oxide.
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INSTRUMENTAL CONDITIONS-

. These are the same as for the non-destructive ge.neral method except that the tube
current is increased to 20 rnA.

Tin found by
fusion method,

per cent.

12·6
23·7
36·8
49·9
56·3
75·2
46·8
78·0

Sample

7006
1015
1137
1083

NBS 137
NBS 138

10974
Stannic oxide
(precipitated)

PROCEDURE-

Weigh 0·1 g of sample, 0·1 g of antimony trioxide and 9·8 g of borax-glass powder into
a graphite or carbon crucible, and mix well. Place the crucible in the furnace and heat it
for 10 minutes without stirring the mixture. Cast the fused mixture on a cold aluminium
plate and place the holder, ring and bead into the X-ray spectrograph.4 Measure the back­
ground intensity at 12·80° 28, the antimony Ka. intensity at 13·45° 28 and the tin K a. intensity
at 14·04° 28, with the bead rotating. Subtract the background intensity from the antimony
and tin intensities, calculate the ratio of tin-to-antimony intensities and obtain the tin con­
centration from a calibration graph. The latter is prepared by fusing synthetic standards
containing known concentrations of assayed stannic oxide.

RESULTS

In Table I, the tin concentrations obtained by chemical analysis are compared with those
obtained by the thick-film and fusion methods.

TABLE I

EXAMINATION OF ANALYSED SAMPLES

Tin found by Tin found by
chemical analysis, thick-film method,

per cent. per cent.
12·8 12·6
23·6 24·0
36·8 37·6
49·5 50·1
56·6 56·6
74·8 74·5
46·6 48·5
78·6 86·5

REPRODUCIBILITY AND ACCURACY-

The results obtained from analysed samples indicate that the thick-film method gives
an accuracy of ±2 per cent., except when the tin is present as extremely fine particles,
beyond the normal range of laboratory grinding. In these samples, such as the precipitated
stannic oxide, errors of up to +10 per cent. may be found. The results suggest that an
accuracy of ±1 per cent. can be achieved by using the fusion method. The errors in the
fusion technique can be largely accounted for by statistical-counting and weighing errors.

CONCLUSIONS

The method proposed for the determination of tin with thick films is sensitive, flexible
and non-destructive. It can be applied to any powder sample whose particle size is dependent
on normal laboratory grinding, e.g., by hand or ball mill. The good reproducibility obtained
can be explained by the particle size - intensity variations shown in Fig. 1. Grinding to
<300 mesh takes the particle size almost down to the plateau region, where a marked
decrease in the dependence of tin intensity on particle size is found. It is then apparently

~ easy to obtain sufficient reproducibility with normal grinding techniques to give the accuracy
shown above. Closer control of the particle size would result in greater accuracy. As pre­
dicted by Claisse,3 a decrease in particle-size effects is found on increasing the excitation
voltage from 30 to 50 kV, and it appears probable that even higher excitation voltages
would further reduce these effects.

Sample 10974 gave an anomalously high tin Ka. intensity with the thick-film method.
It was examined for elements emitting X-radiation unresolved from the tin Ka. radiation by
the spectrometer, and for elements capable of causing enhancement of the tin intensity,
but none were present. The tin was shown to be present as cassiterite by X-ray diffraction,
so mineralogical differences could not account for the discrepancy. A probable explanation
is that abnormally fine particles were present in the sample before it was ground in the
laboratory.



12 CARR-BRION [Analyst, Vol. 90

The fusion technique gives a rapid, general, but destructive, method for determining tin
in antimony-free samples. With the improved counting statistics that would resultJfrom the
use of higher concentrations of tin and antimony in the melt, it should be possible to make

10
'-I·o:--'-..L.---L-.---'---:o.L·s,........;'----'-----L--'----'o.o

R' Intensity of K" radiation of tin fraction
atlo, Intensity of K" radiation of finest tin fraction

Fig. 1. Graph showing the variation of tin
X-ray intensity with particle size. Curve A, excita­
tion voltage, 50 kV; curve B, excitation voltage, 30 kV

it as accurate as the best chemical assay methods. Used in conjunction with a simple non­
dispersive X-ray meter,5 having triple balanced filters6 of palladium, silver and cadmium to
isolate the tin and antimony ]{" radiation, it should provide a cheap, accurate and rapid tin
assay.

I thank Mr. J. H. Sibley of Williams, Harvey & Co., for providing me with accurately
assayed tin concentrates.
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The Determination of Aluminium in Plain Carbon Steel
By R. M. DAGNALL, T. S. WEST AND P. YOUNG

(Chemistry Department, Imperial College, London, S. W. 7)

A simple and rapid method is described for the spectrophotometric
determination of aluminium in plain carbon steel down to about 0·001 per
cent. The sample (0'1 to 2·0 g) is dissolved in acid, and iron is removed by
extraction with amyl acetate. The pH of the solution is adjusted to 5'5, and
cyanide and 1,10-phenanthroline are added as masking agents. Aluminium,
titanium and zirconium are then extracted into chloroform as their
8-hydroxyquinoline chelates. The titanium and zirconium are stripped
out of the extract by equilibrating the latter with a pH 9·2 buffer solution,
and the optical density of the extract is measured directly at 385 miL to give
the aluminium content of the steel.

SEVERAL methods have been described in recent years for the spectrophotometric deter­
mination of aluminium in steels.! to 6 Generally, these methods suffer from disadvantages,
such as the length of time required for their completion or from the necessity of using
complicated separation processes based on multiple extractions with different complexing
agents at various pH values. It is our experience that many of the methods based on
repetitive solvent extraction are potentially subject to several errors, such as incomplete
and variable recovery of aluminium or of interfering elements, incomplete removal of the
organic reagents and phase-separation problems. Generally, these methods, which include
a preliminary separation by mercury-cathode electrolysis, are probably more reliable, but
they are relatively tedious. Further solvent-extraction procedures still have to be used to
remove elements that are not separated or are incompletely separated by electrolysis.

The object of this study was to develop a reliable and yet more rapid and simple spectro­
photometric method for determining aluminium in plain carbon steel. In the procedure
described below, after dissolution of the sample in the usual way, the bulk of the iron is
removed from the concentrated hydrochloric acid by extraction with amyl acetate, and the
remaining trace metals are complexed by l,lO-phenanthroline and potassium cyanide in
the presence of hydroxylammonium chloride at pH 5·5. The aluminium is then extracted
with a solution of 8-hydroxyquinoline in chloroform, and the co-extracted titanium and
zirconium, etc., are stripped from the extract by shaking the latter with an ammonia buffer
solution of pH 9·2. A small amount of sulphide ion is incorporated in the buffer solution to strip
out any trace metals that may not have been compIexed by the l,lO-phenanthroline and cyanide
at pH 5'5. The optical density of the extract is then measured at 385 mf-l- in a spectrophoto­
meter against a reagent blank solution. The method provides a simple and rapid means of
determining aluminium in steel; it does not involve repetitive extraction with different organic
reagents and it avoids the necessity for a mercury-cathode separation by using a preliminary
extraction of hydrogen tetrachloroferrite (HFeC14)7 with subsequent addition of selective
masking agents. A determination can be completed within three hours.

METHOD
ApPARATUS­

Spectrophotometer.
Silica or glass cuvettes, l-cm path length.
pH meter.

REAGENTS-
All reagents should be of analytical grade.
Hydrochloric acid, sp.gr. 1·18.
Nitric acid, sp.gr. 1·42.
Sulphuric acid, sp.gr. 1·84.
Acetic acid, glacial.
Hydrofluoric acid, 40 per cent. w/w.
Ammonia solution, sp.gr. 0·88.
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Isoamyl acetate.
Chloroform.
Hydroxylammonium chloride, 10 per cent. wjv, aqueous.
I,lO-Phenanthroline, 0·2 per cent. wjv, aqueous.
Potassium cyanide, 10 per cent. wjv, aqueous.
Sodium sulphide, 10 per cent. wjv, aqueous.
8-Hydroxyquinoline, 0·5 per cent. wjv, in chloroform.
Potassium hydrogen sulphate.
Electrolytic iron powder.
Aluminium solution, 0·01 N-Dissolve 4·7441 g of potassium aluminium sulphate,

Alz(S04Ja.KzS04.24HzO, in a small volume of hydrochloric acid and dilute the solution
to 1 litre with water. Dilute this stock solution as required.

Buffer solution, pH 9'2-Mix 50 ml of ammonia solution and 27 ml of acetic acid, and
dilute the mixture to 1 litre with water.

PROCEDURE-

Preparation of calibration curve-Dissolve 0'5-g samples of electrolytic iron powder in
1O-ml portions of concentrated hydrochloric acid contained in 250-ml beakers, warming the
acid to assist dissolution. Transfer by pipette 0·25- to l'OO-ml aliquots of the 0·01 N alumin­
ium solution into the beakers. Oxidise the iron by adding nitric acid and transfer the solutions
to 250-ml separating funnels, using 25 ml of concentrated hydrochloric acid as a wash solution.
Add 50 ml of amyl acetate to each funnel and shake each for 1 minute to remove the bulk
of the ferric iron. Run the lower aqueous phases into different 250-ml separating funnels
containing 30 ml of amyl acetate, and shake these funnels for a further minute. Transfer
the aqueous phases to 50-ml calibrated flasks. Add 10 ml of concentrated hydrochloric acid
to the first separating funnels containing the 50-ml amyl acetate extracts and shake the
funnels for 1 minute. Run the aqueous phases into the second amyl acetate extracts and
shake the funnels for a further minute. Add the aqueous phases to the 50-ml calibrated
flasks and dilute them to the marks with water.

Transfer by pipette 5-ml aliquots of the solutions from the 50-ml calibrated flasks into
250-ml beakers containing 20 ml of water and 5 ml of 10 per cent. hydroxylammonium
chloride solution to reduce any traces of ferric iron. Add 5 ml of 0·2 per cent. 1,1O-phenan­
throline solution, 5 ml of concentrated ammonia solution and 1 ml of 10 per cent. potassium
cyanide solution to each beaker. Adjust the pH of the solutions to 5,5, as determined with
a pH meter, by adding glacial acetic acid. Transfer the solutions to 250-ml separating

.funnels with a minimum of water. Transfer by pipette 10 ml of 0·5 per cent. 8-hydroxy-
quinoline solution into each funnel and shake each for 2 minutes. Run the lower chloroform
layers into different 250-ml separating funnels containing 20 ml of buffer solution (pH 9,2),
and add 2 ml of 10 per cent. sodium sulphide solution. Shake the funnels for 1 minute.
Allow the phases to separate, and transfer by pipette further 1O-ml aliquots of 0·5 per cent.
8-hydroxyquinoline solution into the first separating funnels containing the extracted
aqueous phases, and shake them for 1 minute to remove traces of aluminium. Run the first
chloroform extracts through 7-cm Whatman No.1 filter-papers into 25-ml calibrated flasks,
to remove traces of the aqueous phase. Transfer the second chloroform extracts to the
second separating funnels and shake them for 1 minute. After treating these extracts as
above, add them to the 25-ml calibrated flasks and dilute them to the marks with dry
chloroform.

Measure the optical densities of the solutions at 385 mf-lo in l-cm cuvettes against a blank
solution containing all the reagents (except aluminium) and taken through the procedure.

The graph of the optical density against the amount of aluminium is linear from 6·75
to 27 f-log of aluminium and passes through the origin.

1 ml of 0·001 N aluminium = 27 f-log of aluminium.
Determination of aluminium in plain carbon steel-Dissolve a suitable weight of steel

sample (usually 0·1 to 2·0 g) containing 67 to 270 f-log of aluminium in 10 ml of concentrated
hydrochloric acid contained in a 250-ml beaker and oxidise the iron with nitric acid. Transfer
the solution with the aid of 20 ml of concentrated hydrochloric acid through a small pulp
pad, into a 250-ml separating funnel (see Note 1).

Transfer the pulp pad and residue, which contains undissolved alumina, to a platinum
crucible and ignite it at about 9000 C. Continue the determination as described in the next
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paragraph. Meanwhile, add 50 ml of amyl acetate to the filtrate and shake the funnel for
1 r.ninute (see Note 2). Transfer the lower aqueous phase to a second separating funnel con­
taining 30 ml of amyl acetate (see Note 3). Shake the funnel for 1 minute and transfer the
aqueous phase to a 50-ml calibrated flask. Add 10 ml of concentrated hydrocWoric acid
to the first separating funnel containing the first 50-ml amyl acetate extract and shake it
for 1 minute. Run the aqueous phase into the second amyl acetate extract and shake the
funnel for 1 minute. Add the aqueous phase to the 50-ml calibrated flask.

Add a few drops of concentrated sulphuric acid and 40 per cent. hydrofluoric acid to the
platinum crucible containing the ignited residue. Heat the crucible to volatilize silicon
tetrafluoride and then continue heating to dryness. Fuse the residue with a small amount
of potassium hydrogen sulphate and, after it has been cooled, extract the fused residue with
water. Add the extract to the 50-ml calibrated flask and dilute it to the mark with water
(see Note 4). (This simple fusion treatment has proved adequate for our purpose, but
alternative fusion methods may sometimes be required.)

Finally, continue as in "Preparation of Calibration Curve," at the paragraph beginning
"Transfer by pipette ...", measuring the optical density against a reagent blank solution
taken through the procedure (see Note 5).

Determine the amount of aluminium present from the calibration curve.
NOTEs-

1. Washing the prepared pulp pad with concentrated hydrochloric acid replaces the water
present and so a concentrated acid solution of the steel sample is maintained.

2. If a sample of less than 0'1 g of steel is taken, one extraction with amyl acetate should be
sufficient to remove the bulk of the iron present.

3. A coloured aqueous phase will sometimes be seen at this stage owing to the presence of trace
metals such as nickel and copper. These will later be complexed with I,IO-phenanthroline and cyanide.

4. The small amount of iron introduced at this stage will be accounted for by the masking agents.
A high-silicon steel may cause the introduction of larger than usual amounts of ironIII. Under such
conditions, the addition of larger amounts of hydroxylammonium chloride, cyanide and 1,10­
phenanthroline solutions may be necessary.

5. Larger aliquots may be taken when very low amounts (less than 0·005 per cent.) of aluminium
are encountered. eliminating the necessity for large weights of sample. The use of small samples
may. however, introduce problems because of segregation.

RESULTS AND DISCUSSION
The results obtained by applying the proposed procedure to the analysis of various

British Chemical Standard certificated steels and several analysed samples obtained from the
British Welding Research Association are shown in Tables I and II, respectively.

TABLE I

ANALYSIS OF BRITISH CHEMICAL STANDARD CERTIFICATED...MILD STEELS
Certificate values for

Sample Aluminium found, aluminium,
per cent. per cent.

No. 271 0·008 0·008
No. 273* 0·060 0·06
No. 275* 0·022 0·02
No. 327 0·016 0·020

(0'016)
No. 328 0·047 0·048

(0'046)
No. 329 0·052 0·056

(0'052)
* Aluminium is a non-standardised element.

It is chiefly of interest to compare the results shown in Table I, since the certificate
values for aluminium content represent the average results of inter-laboratory tests carried out
independently by various procedures. Generally the agreement is very good. The certificate
results reported for British Chemical Standard Steels Nos. 273 and 275 are only approxi­
mations in the sense that, in these steels, aluminium is a non-standardised element. Perhaps
the most instructive point, however, is that the results obtained by the proposed method
are in every instance in particularly close agreement with those obtained by Rooney's8
polarographic procedure (bracketed terms in Table I), and that they are slightly lower than
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most of those obtained by a spectrophotometric Solochrome cyanine procedure. It is
probable that the explanation of this lies in the known tendency of Solochrome cyanine to
respond metalochromically to many trace metals.

TABLE II
ANALYSIS OF COMMERCIAL SAMPLES

Reported values
Sample Aluminium found, for aluminium,

per cent. per cent.
BW 1 Mild-steel welding wire 0·007 0·005
BW 4 Mild-steel weld metal 0·028 0·021
BW 5 Mild-steel weld metal 0·010 0·009
BW 8 Copper-coated mild-steel wire 0·161 0·17
BW 9 Mild-steel weld metal 0·046 0·05
BW 10 Copper-coated mild-steel wire 0·136 0·14
BW 11 Mild-steel weld metal 0·040 0·05
BW 12 Copper-coated mild-steel wire 0·622 0'59
BW 13 Mild-steel weld metal 0·218 0·23
BW B Plate. . 0·008 0·008
BW C Plate. . 0·003 0·003
BW D Plate.. 0·010 0·009
BW E Mild-steel plate 0·004 0·004
BW 2A Copper-coated mild-steel welding wire 0·008 0·008

The results recorded in Table II again show substantial agreement between the proposed
method and the routine procedure used by the British Welding Research Association.

The analyses reported in these two tables represent the mean of two analyses in almost
all instances, but in order to gain a better idea of the reproducibility of the procedure an
independent series of repeated analyses of some of the samples was carried out. The results
obtained in this series (see Table III) reveal that interpretation of the third decimal place

TABLE III

Reported value,
per cent.

0·008
0·14
0·05

Average,
per cent.

0·008
0·134
0·041

REPETITIVE ANALYSES OF SOME STEELS FOR ALUMINIUM
Found,

per cent.
0'007, 0,008, 0'008, 0·009
o· 135, 0,143, 0,133, 0,133, 0·126
0,036, 0,042, 0,037, 0'040, 0·050

Sample

BW 2A
BW 10
BW 11

should not be argued much closer than ±0·005 per cent. (absolute). However, the range of
results obtained by this procedure compares with the range reported by various laboratories
for the British Chemical Standard samples and, in this respect, since the latter is un­
doubtedly the mean results of series of analyses, the precision of the proposed method is
probably as satisfactory as that of accepted standard procedures. It should be noted,
however, that the samples listed in Table III are weld metals and may give an unfavourable
impression of the precision of this method, since such samples are subject to segregation.

EVOLUTION OF PROPOSED METHOD
Initially it was proposed to apply an 8-hydroxyquinaldine solution separation im­

mediately after the amyl acetate extraction of iron. As reported in the literature,a this
should remove most elements, except aluminium. The latter could subsequently be extracted
by 8-hydroxyquinoline solution and determined spectrophotometrically or wet-ashed with
perchloric acid and then determined by the well known Solochrome cyanine reaction. How­
ever, low results were always obtained after an 8-hydroxyquinaldine separation and we were
able to show that although aluminium does not precipitate or form a coloured product with
8-hydroxyquinaldine, it is extracted to a certain extent by chloroform. Initially, the dis­
crepancies were thought to be due to inadequacies in the Solochrome cyanine method used
or to the ashing procedure, but these possibilities were eliminated. The results tended to
suggest that, despite reports in the literature, aluminium was in fact being extracted by the
quinaldine reagent. Fig. 1 shows this effect at pH 5·9. The effect of a preliminary extraction
with 8-hydroxyquinaldine is to reduce the molar extinction coefficient from 6800 to an
apparent 1650. At pH 5·1 the loss in sensitivity is less serious, from 8000 to an apparent
5500, and at pH 4,2, from 8000 to an apparent 6500. However, at pH values lower than
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4·2 we have found, in common with others,9,lO that aluminium is incompletely extracted
by 8-hydroxyquinoline (pK1 ~ 5 and pK 2 ~ 10) and consequently the efficiency of the
weaker ligand, 8-hydroxyquinaldine (pK1 ~ 5 and pK2 ~ 11'5) will fall off for aluminium
and also for many other metal ions.

We were able subsequently to show that aluminium was extracted by 8-hydroxyquinal­
dine in chloroform by submitting the extract to examination by a double-monochromating
spectrofluorimeter. The extract showed characteristic strong excitation and emission peaks
at 370 and 480 miL that compare closely with the corresponding 8-hydroxyquinoline peaks
at 380 and 515 miL, respectively, but are sufficiently different and intense to remove any
doubts about any possible 8-hydroxyqinoline content of the 8-hydroxyquinaldine. The nature
of the extracted fluorescent species has been examined and will be reported at a later date
by the authors of the present paper. Although on one occasion evidence has been educed
for the existence of a complex formed between 8-hydroxyquinaldine and aluminium ions in
a non-aqueous medium,u this is apparently the first occasion on which the complex has been
detected in an aqueous solution (excitation, 360 miL; emission, 500 miL) and has been
extracted into an inert solvent.

As a result of these investigations, it became apparent that any method based on the
preliminary extraction of interfering elements by means of 8"hydroxyquinaldine would yield
significantly low results even at the pH most favourable for non-removal of aluminium­
8-hydroxyquinaldate.

Experiments conducted with other extractive reagents to remove elements other than
aluminium, e.g., iron, cobalt, nickel, copper, manganese, titanium and zirconium, proved
to be somewhat unsatisfactory, because it was sometimes difficult to remove the excess of
reagent, which occasionally interfered with the aluminium determination by forming coloured
products with the 8-hydroxyquinoline reagent. This behaviour was observed with cupferron
in particular. Attention was then turned to the possibility of using selective masking agents
to hold back the undesired traces. Cyanide successfully masked the 8-hydroxyquinoline
extraction of iron, copper, nickel and cobalt over a wide range of pH values, but manganese,
titanium and zirconium were still extracted. Subsequently it was found best to mask man­
ganese at pH values of 5 to 6 with I,lO-phenanthroline. The addition of hydroxylammonium
chloride at this point also proved to be beneficial, since its presence favoured the formation
of both ferrocyanide and the tris-l,lO-phenanthrolinium ironII ion, both of which are con­
siderably more stable than the corresponding ironIII complexes. The use of EDTA as a
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Fig. 1. Extraction of aluminium with and without pre­
liminary extraction with 8-hydroxyquinaldine. Curve A, ex­
traction of 1 to 10 ml of 10-4 N aluminium III plus 5 ml of pH 5·9
buffer solution and 100 ml of water with 10 ml of a 1 per cent.
solution of 8-hydroxyquinoline in chloroform. The extract was
dried and the optical density measured at 385 m,.. in a I-em
cuvette against a reagent blank solution with a Beckman D.B.
spectrophotometer; curve B, as for curve A, but with a pre­
liminary extraction with 10 ml of a 1 per cent. solution of
8-hydroxyquinaldine in chloroform and one wash with 10 ml of
chloroform
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masking agent6 gave disappointing results for manganese, zirconium and titanium, and
moreover had a definite depressing action on the extraction of aluminium 8-hydroxyquinolate.
Eventually, pH-control studies showed that, owing to progressive hydrolyses of their oxinate
complexes, zirconium and titanium were not extracted by 8-hydroxyquinoline in chloroform
at pH 9,2, whereas aluminium was. Moreover, an extract made at pH 5·5 and containing
aluminium, zirconium and titanium could readily be stripped of its zirconium and titanium
by shaking it with a pH 9·2 buffer solution. At this point, work was being done with a 1 per
cent. solution of 8-hydroxyquinoline in chloroform. At pH values of 9·2 to 10·5 this gave
rather high blank values, but reduction of the strength of the solution to 0·5 per cent. still
gave quantitative recovery of aluminium and reduced the blank value to an acceptable level.
(Log {folI} ~ 0·065 in a I-cm cell when compared with chloroform.) The addition of sulphide
to the pH 9·2 buffer solution was useful for removing traces of iron that occasionally
appeared to slip through the masking procedure at pH 5·5 and interfered at pH 9·2. The
optimum wavelength for measuring the optical density of the aluminium oxinate in chloro­
form at pH values ranging from 5·5 to 9·2 is 385 mfl-.

Although others6 have recorded that EDTA can be used as a masking agent to prevent
the extraction of other elements along with aluminium 8-hydroxyquinolate, we have noted
that this process results in a distinctly lower recovery of aluminium. The reaction between
aluminium and EDTA is kinetically a slow one and it is particularly upset by the presence
of large amounts of electrolyte. Thus it may, in certain circumstances (high salt concentration
and short reaction time), be possible to obtain quantitative recovery of aluminium by
8-hydroxyquinoline extraction from a solution containing EDTA, but the procedure is
unsound theoretically, and we have found it to be so in practice.

Although in this study we have found that the 8-hydroxyquinoline spectrophotometric
procedure shows sufficient sensitivity to allow the determination of aluminium in steel at
levels down to 0·001 per cent., we have made experiments showing that it is possible to
obtain a greater sensitivity by evaporating the chloroform extract to dryness, wet-ashing
with perchloric acid - sulphuric acid mixture and then applying a Solochrome cyanine
method. However, the time and extra operations involved did not seem to be justified in
view of the generally satisfactory nature of the simple procedure described above.

We are grateful to the British Welding Research Association for providing a research
grant to one of us (P.Y.) and in particular to Mr. F. Coe of the above association for supplying
analysed samples and for helpful discussions. We are also grateful to the Department of
Scientific and Industrial Research for providing the spectrofluorimeter that was used
ncidentally in this work.

REFERENCES

1. Scholes, P. H., and Smith, D. V., Analyst, 1958, 83, 615.
2. Pollack, F. F., and Pellowe, E. F., Metallurgia, 1950, 41, 281.
3. Wiberley, S. E., and Bassett, L. G., Anal. Chem., 1949, 21, 609.
4. Kassner, J. L., and Ozier, M. A., Ibid., 1951, 23, 1453.
5. Hynek, R. J., and Wrangell, L. J., Ibid., 1956,28, 1520.
6. Claassen, A., Bastings, L., and Visser, J., Anal. Chim. Acta, 1954,10,373.
7. Wells, J. E., and Hunter, D. P., Analyst, 1948,73, 671.
8. Rooney, R. C., Ibid., 1958, 83, 546.
9. Gentry, C. H. R., and Sherrington, L. G., Analyst, 1946, 71, 432.

10. Stary, J., Anal. Chim. Acta, 1963, 28, 132.
11. Ohnesorge, W. E., and Burlingame, A. L., Anal. Chern., 1962,34, 1086.

Received July 24th, 1964



January, 1965] WALKER AND SEED: DETERMINATION OF HYDROGEN IN SODIUM 19

The Determination of Hydrogen in Sodium

By J. A. J. WALKER AND H. SEED
(United Kingdom Atomic Energy Authority, Reactor Materials Laboratory, Wigshaw Lane, Culcheth,

Warrington, Lanes.)

This paper describes a method for determining hydrogen in sodium
at the 1 p.p.m. level and upwards. Additions of known amounts of hydrogen
to sodium have been recovered satisfactorily. The reproducibility of the
method indicates a coefficient of variation of the order of 20 per cent. at
the 0·5 and 1 p.p.m. levels.

THE liquid metals, sodium and sodium - potassium alloy, when used as reactor coolants,
present problems of compatibility with both the containment and the fuel-element cladding.
Impurities in the metal, particularly hydrogen, oxygen and carbon, have a significant effect
on the corrosion resistance and physical properties of the constructional materials. Hydrogen,
present in sodium in solution or as hydride or hydroxide, may cause embrittlement, and hence
a knowledge of the hydrogen content of the liquid metal is necessary.

Published methods for the determination of hydrogen in sodium depend upon either
(a) the diffusion of hydrogen through a metallic membrane or (b) isotopic dilution of hydrogen
with deuterium or tritium. Pepkowitz and Proud! developed a method for determining
hydrogen in organic and inorganic compounds that on heating with sodium give gaseous
hydrogen. The sample is heated in a sealed iron container held in vacuo at 600° to 700° C,
and the hydrogen that permeates through the walls of the container is measured by the increase
in pressure of the system surrounding the container. Holt2 described a method in which isotopic
dilution of deuterated hydrogen added to the sodium sample is used, and equilibration is
allowed to take place between the hydrogen in the sample and the deuterated hydrogen.
The decreased deuterium concentration in the gas phase above the sample is measured with
a mass spectrometer. The amount of hydrogen in the sodium sample is calculated from the
decrease in concentration. A development of this method3 involves the use of tritium and
subsequent counting.

This paper deals with the determination of hydrogen in sodium at the parts per million
level and is an extension of the method described by Pepkowitz and Proud.!

EXPERIMENTAL
PRELIMINARY CONSIDERATIONS-

The partial pressure of hydrogen from the dissociation of sodium hydride at 500° C is
approximately 600 mm of mercury.4 An operating temperature of 700° C therefore results
in quantitative removal of hydrogen from sodium metal. Similarly, sodium hydroxide
associated with the sample will be quantitatively decomposed at 700° C to sodium oxide
and hydrogen.!

Compatibility requirements suggest5 ARMCO iron and stainless steel for the capsule
material. Carbon steels, in general, have limited corrosion resistance to sodium at 700° C.
Ease of fabrication is also necessary, however, and as a compromise low-carbon mild steel
was selected.

The rate of permeation of hydrogen should be high enough to avoid lop.g extraction times
and to give a low total blank value. At 700° C this rate through,the capsule is calculated
to be 1·61 ml per minute for a hydrogen partial pressure of 1 f-L inside the capsule
and <10-2 f-L outside the capsule.6 This is rapid compared with the average extraction
time (about 1·5 hours).

OUTLINE OF METHOD-
There are three stages to the method, namely-

(i) Preparation and de-gassing of capsule and lid.
(ii) Sampling of liquid sodium at about 200° C, and welding of 'lid to capsule.

(iii) Extraction and measurement of hydrogen.
The thorough cleaning of capsule' and lid (see Fig. 1) with suitable solvents befor~ de­

gassing is necessary t6 remove grease:arid ·oil. In the procedure used, eight capsules and
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lids are de-gassed at 9500 C for three days (see Fig. 2). The residual hydrogen content of
each capsule is then of the order of 1 to 2 fLg of hydrogen. This is a satisfactory capsule
blank value for sample weights of about 8 g of sodium and is equivalent to 0·1 to 0·25 p.p.m.
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Fig. I. Diagram of capsule and lid.
Nominal composition of the capsule mat­
erial: carbon, 0·04 per cent.; manganese,
0·3 per cent.; chromium, 0·04 per cent.;
nickel, 0·02 per cent.

The capsules and lids are removed from the silica furnace tubes and placed in a suitable
container (e.g., a beaker with lid). This container and the requisite sampling equipment
are loaded into the evacuable glove box (see Fig. 3) attached to the liquid-sodium loop. The
glove box is then evacuated and filled with purified argon. Each capsule is half filled with
sodium (5 to 8 g) by using a nickel sampling bucket. The capsules with their lids in position

Vi

C

To rotary pump

V' = Leads to Variac transformer

F = Platinum-wound furnace

G = Pi rani gauge

. T = Tap

C = Cold trap

D = Mercury diffusion pump

Fig. 2. Diagram of Qe-gassing apparatus

are transferred in a closed stainless-steel pot from the sampling glove box to the welding
glove box. Contamination of the samples by atmospheric moisture is thus prevented.
The capsules and lids are removed from the stainless-steel pot in the welding glove box
and each lid is rim-welded to its capsule. A direct-current generator (on-load voltage,
12 volts) is used to provide the current (5 to 10 amps) for welding, which is done in an
atmosphere of purified· argon 'with a thoriated tungsten electrode held in a -British Oxygen
Co. Ltd. swivel-head torch. The welding operation is repeated to ensure a gas-tight joint.
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Side view End view

E = Glove ports
F = Chamber vacuum line
G = Glove evacuation line

A = Window and specimen removal port
B = Cooling jacket
C = Window
D = Connection for specimen chamber

Fig. 3. Diagram of evacuable glove box

The analytical system (see Fig. 4) consists of two furnace tubes that are attached to
a manifold and that are pumped by a glass-bodied mercury diffusion pump backing into a
calibrated volume. Supplementary volumes in the form of three I-litre bulbs may be

A T.
co 000
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"1;, C,

Ts F

To rotary pump

0,

A = Furnace tube
C••C. = Cold traps. -IBOaC
0 ••0. = Mercury diffusion pumps
F = Nichrome furnace for palladium

thimble

M••M. = McLeod gauges
P = Palladium thimble
S••S••S. = Supplementary volumes
T,.T. = Three-way taps
T. to T" = Taps

G = Pirani gauge

Fig. 4. Diagram of hydrogen-extraction apparatus
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included when large volumes of gas are handled. Two McLeod gauges (range 0 to 0·1 mm
and 0 to 2 mm of mercury) and a Pirani gauge are included in the system for pressure measure­
ment before and after diffusion of the hydrogen through a palladium thimble. Two cold
traps are incorporated in the system; one to protect the palladium thimble, the other to
prevent mercury from the pump reaching the furnace. The whole rig is evacuated by another
mercury diffusion pump backed by a rotary pump. Four welded capsules, one for the
blank and three for samples, are placed in each silica tube at a time and may be moved by
an external magnet into the centre of the work (heating) coil. The latter consists of five

'turns of i-inch nominal bore copper tube wound into a coil 3 inches in diameter and coupled
to a l-kW, 5-Mc/s high-frequency generator.

The silica furnace tubes are connected to the analytical rig and the whole apparatus
evacuated. Each furnace tube is de-gassed before use by heating the blank capsule to
9000 C, and the completion of this de-gassing is indicated when a blank rate of evolution of
0·1 fLl per hour of total gas is reached. Each sample is de-gassed at 7500 C until the rate
of evolution of gas is down to the original blank value. The hydrogen in the extracted
gases is measured by the difference in gas volume before and after diffusion of the hydrogen
through the palladium thimble. The weight of sodium is determined by deducting the
weight of an empty capsule and lid from the weight of a capsule containing sodium.

PREPARATION OF HYDROGEN STANDARDS-
Sucrose was chosen as a suitable standard as it is readily available in a pure state. Since

it is difficult to weigh accurately small amounts of solid for direct addition, a solution
technique was used. Sucrose (0'5 g) was dissolved in 100 ml of water and small amounts
of the solution were introduced into silica crucibles with an Agla micrometer syringe. The

Level,
p.p.ill.

1 to 2

4 to 6

10

TABLE I
RECOVERIES OF ADDED HYDROGEN

Hydrogen Hydrogen Total Net Hydrogen, p.p.m.
Weight added in "blank" hydrogen hydrogen ~ ........

of sodium, as sucrose, sodium, recovered, recovered, added recovered
g p.g p.g p.g p.g

7·4 1l'5 13·2 24·1 10·9 1·6 1·5
7·7 12·0 13·8 24·6 10·8 1·6 1·4
5·8 7·6 1l·9 19·6 7·7 1·3 1·3
5·1 8·4 13·4 21·2 7·8 1·6 1·5
4·1 8·3 10·7 20·1 9·4 2·0 2·3
6·6 8·8 15·1 22·2 7·1 1·3 1·1
5·5 9·2 12·6 23·2 10·6 1·7 1·9

7·3 27·2 7·3 33'5 26·2 3'7 3·6
6·9 27·1 9·9 35·9 26·0 3·9 3·8
7·7 30·8 7·8 37·5 29·7 4·0 3·9
6·4 32·2 27·0 61·1 34·1 5·0 5·3
5·8 43·0 7·8 53'5 45·7 7·4 7·9
5·3 30·8 10·9 39·9 29·0 5·8 5·5
4·8 36·3 11-1 48·4 37·3 7·6 7·8
7·0 37·0 16·1 51·0 34·9 5·3 5·0

6·6 66·1 27·8 95·0 67·2 10·0 10·2
5·9 73·1 8·0 85·4 77·4 12·4 13·1
5·2 74·4 7·0 85·2 78·2 14·3 15·0
5·8 66·3 15·3 80·6 65·3 11·4 11·3
4·7 67·6 12·3 80·6 68·3 14·4 14·5
6·0 66·4 13·7 78·5 64·8 11·0 10·8
7·2 68·7 16·4 82·2 65·8 9·6 9·1
6·1 70·2 14·0 81·4 67·4 1l-5 11·0

silica crucibles were designed to fit into the capsules and were washed with alcohol and ether
after manufacture. Before use the crucibles were heated to 9000 C in a muffle furnace and
allowed to cool before the standard solution was added. The water was removed by drying
the crucible at llO° C. During the above operations the crucibles were handled with clean
forceps, and care was taken to prevent contamination by dust and grease. The silica crucibles
containing sucrose were placed in the capsules after the sodium sample had solidified and
just before the lids were placed in position for welding. Standard additions of hydrogen
were made at the 10, 5 and 1·5 p.p.m. level, a 6-g sample of sodium being assumed.
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STANDARDS-

The recoveries of hydrogen from standard additions of sucrose to sodium are shown
in Table I. The amount of sodium in each capsule was determined by weighing the capsule
after the hydrogen extraction was completed. The hydrogen content of the "blank"
sodium was determined and the value used to determine the blank corrections for each
recovery determination.

REPRODUCIBILITY-

The reproducibility of the method has been ascertained at the nominal 0·5 and 1 p.p.m.
levels by using "rig" sodium and the results are shown in Table II.

Number of
Level determinations

Nominal 0·5 p.p.m. of hydrogen 12
Nominal 1 p.p.m. of hydrogen 8

9

TABLE II
REPRODUCIBILITY OF METHOD

Sample weight was 7 g of sodium

Hydrogen content
of sodium,

p.p.m.

0·5
0·8
0·9

Standard
deviation

0'1.
0·2.
0·2.

BLANK VALUES-

A survey of the residual hydrogen contents of the empty capsules, after the initial-de­
gassing, was carried out over a period of 12 months' routine operation. It was found that
the average residual hydrogen in 29 de-gassed cans was of the order of 1·8 fLg of hydrogen
with a standard deviation of 0·5 fLg. This is approximately equivalent to 0·3 p.p.m. of
hydrogen on a 7-g sample of sodium. .

CONCLUSION

A method has been described for determining hydrogen in sodium at the 1 p.p.m. level
and upwards. Additions of known amounts of hydrogen to sodium have been recovered
satisfactorily. A check on the reproducibility of the method indicates a coefficient of variation
of the order of 20 per cent. at the 0·5 and 1 p.p.m. level.
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Sample size ..
Flask size
Volume of sulphuric acid
Volume of perchloric acid ..
Volume of ammonium vanadate solution
Volume of ammonium molybdate solution

The Colorimetric Determination of Phosphorus in
Organic Compounds on the Microgram Scale

By T. SALVAGE AND MISS JEAN P. DIXON
("Shell" Research Ltd., Thornton Research Centre, P.O. Box I, Chester)

A method is described for determining phosphorus in 30- to 500-,.,.g
samples of organic compounds. The sample is wet oxidised in a l-ml cali­
brated flask, the yellow molybdovanadophosphate complex is developed
in situ and its concentration is measured at 430 m,.,. in a micro cell with a
Unicam SP600 spectrophotometer. Techniques for weighing solid and
liquid samples are described, and our results for the calibration of an
Oertling Decimicro balance Model QOI are included.

THE determination of phosphorus in organic compounds consists essentially of two parts:
the degradation and oxidation of the compounds, and the determination of orthophosphate
ions in the resulting solution. Both these steps can be carried out in several ways and both
are subject to errors, depending on the conditions of experiment and the type of compound
under examination.

A semi-micro method has been described by Saliman,l in which wet oxidation of the
sample at a controlled temperature is carried out in a calibrated flask before determination of
the phosphate by the standard colorimetric method with the yellow molybdovanadophosphate
complex. By the courtesy of the author, we have used this method, on the micro scale, for
almost two years, and have readily obtained good results, even on compounds that have
proved difficult to analyse by other methods. At first we were attracted by the speed and
simplicity of the method, since the digestion time is very short and transfer of solutions is
eliminated. Our experience in the application of the method to a wide variety of phosphorus
compounds has shown that the rapid digestion at a controlled temperature ensures complete
decomposition of the most refractory organic phosphorus compound, and also complete
oxidation of phosphorus to orthophosphate ion. We therefore considered the possibility of
adapting this method to the microgram scale of analysis, since only the manipulative part of
the determination would require modification. The entire procedure was scaled down by a
factor of 100. In Table I are compared the amounts of reagents used in the two methods.

TABLE I
COMPARISON OF AMOUNTS FOR THE MICRO AND MICROGRAM METHODS

Micro method Microgram method
3 to 50 mg 30 to 500 ,.,.g

100 ml 1 ml
3 ml 30,.,.1

0·5 ml 5,.,.1
5 ml 50,.,.1

10 ml 100,.,.1

In Fig. 1 are compared the calibration graphs for the two scales of operation.

EXPERIMENTAL
\VEIGHING VESSELS AND COUNTERPOISING-

The amount of material (say 100 p.g) taken for analysis is only just visible to the naked
eye, and therefore it is essential that the method for sample transfer from balance to reaction
vessel is efficient. Sample containers must be closely counterpoised, since the full torsion
on the balance pan (the Oertling Decimicro balance Model QOl was used in this work) is
equivalent to only about 1 mg. Small boats made from platinum or aluminium foil have
been used as sample containers in other microgram work, and polythene foil, cotton wool
and linen or cotton thread have also been used as sample supports.

In the determination of phosphorus described here, alternative methods for sampling
were required. Transfer from a metal boat to the reaction flask (1 ml) was impracticable,
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and the u. e of polythene foil or cotton wool was not suitable for a wet-oxidation procedure.
We have devised sampling procedures for both solids and stable liquids that are well suited
to this phosphorus determination and are likely to be useful for other microgram methods.

METHOD
ApPARAT s-

Solid samples-Sample containers with detachable handles (see Fig. 2) are constructed
from "melting-point" tubing ancl polythene tubing, as described below.

(a) (b)

0·8 0·8

.~ 06 0·6
c

"."
"'

-;;;
VV .., 04..,
0-0-

0 0

0·2

0L------7-~_t:_---,';,....--~
5 10 1520

Phosphorus, fJg per nil

Fig. 1. Calibration curves for the determination of phosphorus by (a) the
micro method and (0) the microgram method

Seal one end of a "melting-point" tube, and cut off 0·5 em to make a container. Seal the
end of the remaining tubing and cut off another container. Repeat this operation several
times. Make a handle by sealing both ends of an 8-cm length of "melting-point" tubing.
Connect a container and the handle with a piece of polythene tubing. The lightest container
is used as the counterpoise. When the containers are fairly accurately cut, there is usually
little difficulty in counterpoising them and in obtaining a suitable balance rest-point.

B7
ground-glass

joint --_I

1

'r
1·3 em'

0·5 em

Fig. 2. Diagram of sample container with detachable handle Fig. 3. Diagram of I-ml calibrated
flask

Hold the weighing handle in one hand, detach the container with forceps and weigh it
roughly. (It is necessary to know the approximate balance point for the empty container,
in order to decluce the amount of sample added to it.) Replace the container on the handle
and introduce the sample. Detach the container and weigh it. (Adjust the sample weight
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if necessary.) Replace the container on the handle, transfer the sample to the reaction
vessel, remove the container and re-weigh it.

TABLE II
CALIBRATION OF THE BALANCE

A 35-cm length of fine platinum wire, which weighed 15·260 mg, was cut
into 16 pieces, each weighing less than I mg

Scale readings
A

Rest-point
Weight on

microbalance,
(no load) With wire Difference Total mg

00556 09346 08790

}00558 09289 08732 35094 3·88900561 09671 09111
00560 09021 08461
00560 09626 09065 100562 09742 09181 36260 4·01200561 09621 09059
00563 09519 08955 J
00566 09283 08719

}00562 08991 08429 34938 3·87300563 09571 09007
00565 09347 08783
00564 06860 06296 100565 07966 07399 31451 3·47000568 09507 08939
00568 09385 08817 J
00567

Total weight of platinum pieces on microbalance 15·244 mg
Number of divisions corresponding to platinum pieces on microgram balance 137740

.'. One division corresponds to 15·244
137740 mg

= 0·11067 /Lg

TABLE III

09044
09045
09043
09044
09043
09043
09044
09044
09043
09044

DifferenceTest weight
09607
09608
09607
09608
09606
09606
09606
09606
09605
09601;

CALIBRATION OF THE BALANCE

Repeated weighing of I-mg test weight
Scale readings

,,- AA --,

Rest-point
(no load)

00563
00563
00563
00564
00563
00562
00563
00561
00562
00561
00561

Average difference

.'. One division ..

09044
1

= 09044 mg

= 0·11057/Lg

Liquid samples-Stable liquids are weighed by difference from small glass cups, 5 mm in
qeight and 3 mm in internal diameter. A lighter cup is used as a counterpoise, to which
silver sand or fine lead shot may be added to balance the weight of liquid in the sample cup.

Place the liquid sample in a cup on the right-hand balance pan, and adjust the weight
of the counterpoise. Set the torsion head and read the rest-point. Transfer a sample from
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the cup by dipping a piece of cotton thread (0'5 em), held in forceps, into the liquid. Drop
the thread into the base of the reaction flask. Adjust the torsion head and read the rest-point.
. The amount of sample transferred is controlled by the duration of contact between the

thread and the liquid, and by the viscosity of the liquid. A little practice in this operation
permits the required amount to be transferred.

Calibrated flasks-Flasks, conical in shape, 1 ml in volume and fitted with B7 ground­
glass joints, are made to the dimensions shown in Fig. 3.

To calibrate a flask, 1 ml of water is introduced from a grade A pipette, and a mark
etched on the neck of the flask.

Reagent dispensers-Dispensing bottles (50 ml) with polythene stoppers and teats are
used. The glass dropping-tube is drawn down to a capillary of about l'5-mm diameter for the
5-fLl dispenser, and 3-mm diameter for the others (30, 50 and 100 fLI). The end of the tube
is tapered, to facilitate removal of the liquid drops. To calibrate a capillary, the appropriate
volume of water is introduced from an Agla micrometer syringe, and a mark etched on the
capillary. Extreme accuracy is not required, repeatability being the more important factor.

Hot plate-The hot plate used for the wet oxidation of samples is fitted with a thermo­
meter, mounted vertically on the upper surface of the plate, in order to indicate the correct
temperature (2500 to 3000 C).

Micro-cell attachment-The micro-cell attachment is supplied for use with the Unicam
SP600 spectrophotometer. The basket holds four cells, and can be moved along the light
path by rotating a dial. The cells are conveniently rinsed and filled with solution from a
melting-point tube used as a pipette.

REAGENTS-
Ammonium molybdate solution, 10 per cent. wjv, aqueous-Dissolve 10 g of ammonium

molybdate in 100 ml of warm water.
Ammonium vanadate solution, 1 per cent. wjv in 2 N nitric acid-Dissolve 1 g of

ammonium vanadate in aboqt 50 ml of water and 12·8 ml of concentrated nitric acid. Dilute
the solution to 100 ml.

De-mineralised water-Prepare this by percolating distilled water through a mixed-resin
bed containing Amberlite 1R-120(H) and Amberlite 1RA-400(OH).

Perchloric acid, 70 per cent. wjv-Use analytical-reagent grade material.
Sulphuric acid, sp.gr. 1·84--Use analytical-reagent grade material.
Standard orthophosphate solution, containing 1 fLg of phosphorus per 10 fLl-Dissolve

0·4393 g of dry potassium dihydrogen orthophosphate in 1 litre of water.

PREPARATION OF CALIBRATION CURVE-
Transfer by use of a syringe burette 0-, 25-, 50-, 75-, 100-, 125-, 150- and 200-fLl aliquots

of the standard phosphate solution into separate I-ml digestion flasks. Add 30 fLl of con­
centrated sulphuric acid and 5 fLl of 70 per cent. perchloric acid.

Digest the mixtures on the hot plate at 2500 to 3000 C in a fume chamber and continue
heating for a further 30 seconds after fumes of perchloric acid are evolved. Remove the
flasks from the hot plate, cool them and add 0·5 ml of de-mineralised water from a syringe.
Add 50 fLl of ammonium vanadate solution, and then add 100 fLl of ammonium molybdate
solution; dilute to 1 ml with water, mix and allow 15 minutes for colour development.

Read off the optical densities of the solutions at 430 mfL in the micro cells.
Plot a graph of concentration, in micrograms of phosphorus per millilitre, against optical

density.
PROCEDURE-

Weighing-Samples are weighed by difference into I-ml flasks, either the detachable
weighing handle (solids) or 0'5-cm pieces of cotton thread (stable liquids) being used. Through­
out this work we used an Oertling Decimicro balance Model Q01, which we calibrated
according to the maker's recommendation, by using pieces of fine platinum wire. Calibration
by repeated weighing of a I-mg test weight was also carried out.

Treatment of the sample-Add to the sample in a I-ml flask 30 fLl of concentrated sulphuric
acid and 5 fLl of 70 per cent. perchloric acid, and digest the mixture on the hot plate at 2500

to 3000 C in a fume chamber. Continue heating for 30 seconds after fumes of perchloric
acid are evolved. Complete the procedure as described for the calibration.

Blank determination-Carry out a blank determination with each series of samples.
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TABLE IV
PHOSPHORUS CONTENTS OF SOLID COMPOUNDS

Phosphorus, per cent. w{w
ACompound

Triphenylphosphine
(C.H.).P

Diethyl-l-hydroxycyclohexylphosphonate
.C.H10(OH)PO(OC.H.).
Phenylphosphinic acid

(C.H.)HPO.OH
Dipheitylphosphorochloridothionate

(C.H.O).PSCI
I-Phenyl-l-thiophosphorane

C.HlOPSC.H.
Vinyldiphenylphosphine oxide

(CH.= CH) (C.H.).PO

Theoretical

11·8

13·1

21·8
(21,3 by micro method)

10·9

14·7

13·6

Found

11·8
11·9
11·6
11·6
12·9
13·7

21·4
20·9
10·8
10·5

14·7
14·3

13·1
13·9

TABLE V
PHOSPHORUS CONTENTS OF LIQUID SAMPLES

9·4
9·5

7·2
7·3

7·7
7·9

7·9
8·1
7·2
6·6

8·0
8·0

8·1
8·0

Found

8·8
8·4
8·8
8·0

8·4

8·0

8·2

7·8

6·9

9·6

7·1

8·4

Phosphorus, per cent. w{w
A

I

Theoretical

Tri-m-tolyl phosphate·

( r, ° )",=/- - PO
CH3 / •

• Commercial-grade material.

Compound

Tri-o-tolyl phosphate

(Q-o-)PO
CH. 3

Di(2,6-xylyl)phosphorochloridate

(O~-)POCI
"CH. •

Diphenyl lauryl phosphorothionate
(C.H.O).PS[O(CH.)UCH3]

Phenyl bis-(N-dibutyl)-phosphonodiamidothionate
C.H.PS [N (C.H.).].

Diphenyl-(2-ethylhexyl)-phosphorothionate
(C.H.o).PS [OC.H10C.H.J

Diphenyl tridecyl phosphorothionate
(C.H.o).PS[OC,.H.,J
Commercial additive

RESULTS

Tables II and III show the results for the calibration of the balance and Tables IV and V
the results obtained for phosphorus determinations by the above method on both solid and
stable liquid samples. .
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An Automatic Method for Determining Low-level

Concentrations of Phosphates in Fresh and Saline Waters*

By A. HENRIKSEN
(The Norwegian Institute for Water Research, Oslo, Norway)

An automatic method for determining orthophosphates and acid­
hydrolysable phosphates in fresh and saline waters with the AutoAnalyzer
is described, together with details of the analytical system. The method is
based on a modification of the extraction procedure originally published by
Martin and Doty. The sampling rate is 12 samples per hour. In the range
o to 100 p.g of phosphate-P per litre, the standard deviations are 1·2 and
and 1·9 ,.,.g of phosphate-P per litre for orthophosphates and acid-hydrolysable
phosphates, respectively, and the corresponding figures for the range 0 to 20,.,.g
of phosphate-P per litre are both O·g ,.,.g of phosphate-P per litre. These
standard deviations are of the same order of magnitude as those obtained
with the manual method for determining phosphates. The lowest detectable
concentration of phosphorus achieved with the automatic method is 1 ,.,.g
of phosphate-P per litre.

The Student t-test performed on analytical results obtained from the
same samples by the manual and automatic methods indicates a 90 per cent.
probability that both methods will give the same value (within the range
given by their standard deviations).

MANY water analyses are based on colorimetric methods. This is primarily owing to the
low concentration of the components of interest in water. Many colorimetric methods are
tedious and time consuming, especially when many samples have to be analysed. Therefore,
it becomes desirable to automate these methods in order to increase the analysing capacity.

The Technicon AutoAnalyzer allows various colorimetric manipulations to be carried
out automatically, including sampling, diluting, adding reagents, mixing, filtering, heating
or cooling, extracting, and measuring and recording transmission values relative to those of
standard and blank solutions. The AutoAnalyzer is widely used for clinical and biochemical
analysesl ,2,a as well as for many other purposes. The basic AutoAnalyzer, which has been
discussed and described in detail elsewhere,l,a consists of a sampling unit, proportioning
pump, mixing and time-delay coils, dialysing or filter unit, heating bath, and a colorimeter
equipped with a 15-mm tubular flow cell. The output of the colorimeter is coupled to a
range expander and strip-chart recorder.

Some of our routine analyses have been performed automatically on the AutoAnalyzer.
This paper deals with the application of the jnstrument for determining phosphates in fresh
and saline waters.

DETERMINATION OF ORTHOPHOSPHATE AND ACID-HYDROLYSABLE PHOSPHATES-

Phosphorus is generally recognised as one of the most important limiting substances
for the biological production of organic materials in aquatic environments. The phosphorus
content of natural waters is generally very low. Since domestic sewage, agricultural "run-off"
and much industrial waste are usually rich in phosphorus, analysis of the phosphorus content
of waters in areas of human activity can give information on the degree of pollution in
these areas.

,The manual method used for determining phosphates at this Institute is the extraction
method originally published by Martin and Doty4 and later modified by the Association of
American Soap and Glycerin Producers5 and by Henriksen. 6 This method was chosen for
two reasons; firstly, interference from other ions normally found in water, including chloride,
is almost eliminated by the extraction step. Secondly, the method differentiates between
orthophosphates and acid-hydrolysable phosphates. The former includes free orthophosphate

• Parts of this paper were presented at the Technicon 25th Anniversary International Symposia
1964; Paris, October 1st; Frankfurt, October 5th; London, October 12th.
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ions in solution, and the latter also includes phosphates adsorbed to particulate matter, and
bound phosphorus, which may be converted to orthophosphate by boiling with dilute sulphuric
acid. It has been demonstrated6 that this acid treatment hydrolyses inorganic polyphosphates
and phosphorus bound as P-O-P, but not that bound as P-O-C or P-C.

THE MANUAL METHOD
A portion (200 ml) of the sample in a 500-ml graduated extraction funnel is saturated

with 17 ml of isobutanol by shaking; 50 ml of acidified ammonium molybdate (made from
equal volumes of 8 N sulphuric acid and 10 per cent. wIv ammonium molybdate solution)
and 50 ml of isobutanol are added, and the mixture is shaken vigorously for 1 minute. When
the phases have separated, 25 ml of the organic layer are transferred to a 50-ml calibrated
flask. One millilitre of a solution of 0·125 g of stannous chloride in 100 ml of glycerol is added,
and after the contents have been mixed, the flask is filled to the mark with 2 per cent. vIv
methanolic sulphuric acid solution. The colour is measured after not less than 10 minutes
in 4-cm cuvettes in an Evans Electroselenium Ltd. photometer with a deep-red filter (609).

The sum of orthophosphates and acid-hydrolysable phosphates is obtained when the
sample is first boiled with 25 ml of 8 N sulphuric acid for 40 minutes. After it has been
cooled, the hydrolysed sample is transferred to the extraction funnel and diluted to 225 m!.
The sample is saturated with 17 ml of isobutanol, and 50 ml of isobutanol and 25 ml of 10 per
cent. wIv ammonium molybdate solution are added. The procedure is then as described
above. The amount of acid-hydrolysable phosphates present is then found by difference.
Hereinafter, the term hydrolysable phosphates refers to the sum of orthophosphates and

. acid-hydrolysable phosphates.
This method could not be adapted directly to the AutoAnalyzer because it resulted in

a "noisy" reagent base-line, which was clearly owing to the difficulty of mixing glycerol with
methanol and isobutanol. An attempt to mix the glycerolic stannous chloride and the
methanolic sulphuric acid solutions before introduction into the machine was unsatisfactory,
because the stannous chloride was rapidly oxidised in this solution.

Mixing reagents of different specific gravities was found to be difficult (as also pointed
out by Britt7), and the stannous chloride was therefore dissolved in isobutanol, the iso­
butanolic sulphuric acid solution being substituted for methanolic sulphuric acid solution.
These modifications proved successful and resulted in a stable base-line even when the range
expander was set at X 10 expansion. Further, the isobutanolic sulphuric acid and stannous
chloride solutions could be mixed beforehand without any noticeable oxidation of the latter
during the day's work.

THE AUTOMATIC METHOD
The flow scheme of the method finally adopted for acid-hydrolysable phosphates is shown

in Fig. 1. The samples are aspirated from a specially constructed sampler described below,
then segmented with air and mixed with dilute sulphuric acid. The hydrolysis takes place
in a double-coil heating bath for 8 minutes. The air is taken out through an extended
T-junction. The sample is re-introduced, again segmented with air and mixed with isobutanol
and ammonium molybdate solution. The extraction takes place in a mixing coil (inner
diameter of tubing is 3 mm). After extraction, the phases separate easily, and the air is
pumped out through an extended T-junction. The separated phases enter another extended
T-junction from which the upper organic layer is pumped out, re-introduced and again
segmented with air. The heavy phase and excess of isobutanol are discarded. A solution
of stannous chloride in isobutanolic sulphuric acid is mixed with the organic phase. Colour
development takes place in a "half" time-delay coil.* The air is taken out before the stream
enters the flow cell. Only part of the stream is drawn through the flow cell by the pump.

To analyse for orthophosphate only, the system is short-circuited before the stream is
mixed with the sulphuric acid, and the reagent tube used for adding neutral ammonium
molybdate is replaced by one of double capacity for adding acidic ammonium molybdate
solution.

The sampling rate is 12 samples per hour, with It minutes spent for aspiration of sample
and 3t minutes for washing out the tubes. This relatively long washing time is necessary
to ensure that the tubes are thoroughly washed out between samples. Appropriate standard
solutions should be run every day.

... Time-delay coils are available in three sizes: half, standard and double.
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At the end of the day's run, the system should be washed out by placing the reagent
tube for adding reducing mixture into concentrated hydrochloric acid and the other tubes
into water with the machine still running. Wash the tubes for about 30 minutes. If the
system is to be used the next day, leave the tubes filled thus overnight. If not, place the
reagent tube for reducing mixture into water and wash it for about 15 minutes. Every week,
the coil used for mixing the reducing mixture and the organic phase, the time-delay coil and
flow cell should be washed with chromic acid, because slight deposition may otherwise occur.

REAGENTS-

All reagents should be of analytical grade.
Ammonium molybdate solution, 10 per cent. wlv, aqueous-Dissolve 100 g of ammonium

molybdate in about 600 ml of water by gentle heating and dilute the solution to 1 litre. Store
it in a brown-coloured bottle. Filter the solution before use.

Sulphuric acid, 8 N-Dilute 222 ml of concentrated sulphuric acid to 1 litre with water.
Sulphuric acid, 9 N-Dilute 247·5 ml of concentrated sulphuric acid to 1 litre with water.
Acidic molybdate reagent-Mix equal volumes of 10 per cent. wIv ammonium molybdate

solution and 8 N sulphuric acid. Store the reagent in a brown-coloured bottle. Filter the
solution before use.

I sobutanol.
Isobutanolic sulphuric acid-Add cautiously 30 ml of concentrated sulphuric acid to

500 ml of isobutanol, shaking the mixture vigorously during the addition. Dilute the
solution to 1 litre with isobutanol.

Stock stannous chloride solution-Dissolve 0·2 g of hydrated stannous chloride, SnCI2.2H20,
(clear crystals), in about 50 ml of isobutanol, warming it gently to 30° to 40° C. Dilute the
solution to 100 ml with isobutanol. This solution is stable for not more than 2 days.

Reducing mixture-Dilute 30 ml of the stock stannous chloride solution to 250 ml with
isobutanolic sulphuric acid. This solution must be renewed every 7th hour.

From flow cell

-Reducing mixture

Re-introduction

-Dilute sulphuric acid.

- Air

Sample

Air ouf

0·056 incht

()·03:5 incht

0·110 inchl

Waste _F0-:.·O\lo!.l!c.J.!.!'n!o!.!....+-..J

0·045 inch~

for :orthophosphate

t .Shqr~
'. cIrcuiting

Cooling
coil

r-~'--_+'-0...:.O;o.;56:....;;.in:.:;ch..:.t'-l- Air

0·090 inch· Air out

0·056 inctf· Upper phase
'Lower phase .out

0·035 incht,..------If-'-'-'--'-'-+_-- --- - Ammon; um .molybdate
sojlJtion·· .

r-+O_.0__7_3_;n_c:...h..:.t+- lsobutan~1

L-__---''--....+_-+0;o.;...:.08;o.;I:....;;.in:.:;ch..:.t'-l- Air

0·100 incht

Mixing coil

Recorder

Fig. 1. Flow scheme of the AutoAnalyzer as used in the automatic method for determining ortho­
phosphates and acid-hydrolysable phosphates. Materials: * Acidftex tubing; t Tygon tubing; t Solvaftex
tubing. Internal diameters are quoted
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, Standard solutions-Dissolve 0·8780 g of potassium dihydrogen orthophosphate in water
and dilute the solution to 1 litre. This is solution (a) and contains 200 mg of phosphate­
phosphorus (phosphate-P) per litre. Dilute 50 ml of solution (a) to 1 litre with water. This
is solution (b) and contains 10 mg of phosphate-P per litre. Dilute 25 ml of solution (b) to
1 litre. This is solution (c) and contains 0·25 mg ,of phosphate-P per litre (250 fJ-g of
phosphate-P per litre). Prepare appropriate standards from solution (c). Add 1 ml of
chloroform to each of the stock solutions. These are stable for several months.

DISCUSSION OF THE AUTOMATIC METHOD
THE SAMPLER-

The standard sampler used with the AutoAnalyzer is constructed in such a way that
air is aspirated between samples. The sample cups have a capacity of 2 ml. In clinical
analyses, for which this instrument is mostly used, the concentration of the components of
interest is usually high, so that the amount of sample introduced into the analytical system
is small compared with the total amount of liquid in the system. Consequently, the excess of
air introduced between samples does not influence the analysis appreciably. When traces of
components are to be determined, however, such as in water analysis, the amount of sample
to be examined is large compared with the amount of reagents added. The excess of air
introduced between samples (by the standard sampler) and the small capacity of the sample
cups prohibit low-level determinations. A sampler that could aspirate wash water between
samples and hold sample cups of greater capacity was therefore constructed. This sampler
consists of three electrically connected parts: an aspirator, a turntable and a programmer.
The aspirator, to which the sample tube is connected, aspirates wash water from a constant­
head reservoir between samples. The turntable is equipped with a sample plate that holds
40 glass cups each of lO-ml capacity. The programmer operates the aspirator and the
turntable at a fixed sequence of operations. It is equipped with knobs for selecting the
desired washing and sampling times.

THE EXTRACTION STEP-
The orthophosphate ions form, in an acidic solution of ammonium molybdate, a yellow

molybdophosphate that is almost quantitatively extracted with isobutanol, the partition
coefficient being-

Cwater = 3.9 X 10-4

CisobutanoJ

Consequently, a short extraction time is sufficient to transfer the yellow complex into the
organic phase. In the system described above, the use of a standard-length mixing coil
gives quantitative extraction.

The volume of the extension in the extended T-junctions through which the air and the
organic phase are pumped out is not critical, but should be between 0·5 and 1·0 ml.

WASH WATER-.
When fresh-water samples are analysed, phosphate-free water is used as wash water as

well as for preparing standards. For analysis of sea water, however, sea water of low
phosphate content is used as wash water and for preparing standards. The use of sea water
in the latter instance is necessary to prevent interfaces in the flow cell owing to the density
difference between extracts from fresh and saline water.

The phosphate content of sea water can be reduced by storing the water in polythene
bottles for several months at room temperature and by filtering it through a glass-fibre filter
before use, or better, by bringing it into brief contact with phosphorus-deficient di-atoms,
as described by Kuenzler, Guillard and Corvin.s If the phosphorus content of the wash
water exceeds 1 fJ-g per litre, it should be analysed manually, and the results should be
corrected accordingly.

SENSITIVITY OF THE METHOD-
The lowest detectable concentration of phosphorus achievable with the method described

is 1 fJ-g of phosphate-P per litre. For our purpose this sensitivity is sufficient, but the method
can be made more sensitive by increasing the proportion of sample to isobutanol. The
proportion in the system described above is about 1 to 1.
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The range expander is used mainly at X 10 expansion, and occasionally at X ~ expansion.

In both instances the calibration curves are approximately linear.

PREPARATION OF SAMPLES-

Immediately after arrival at the laboratory, the samples were treated in the manner
described below to prevent biological action during storage. For orthophosphate determina­
tion, a portion of the sample was filtered through a glass-fibre pad. A portion (25 ml) of the
filtered sample was placed in a polythene bottle of 50-ml capacity and stored at ,....",22 0 C.
For determinations of acid-hydrolysable phosphates, 25 ml of the unfiltered sample were
[laced in a similar polythene bottle and 0·2 ml of 8 N sulphuric acid was added. The bottles
were stored at +5 0 C. Experiments have shown that this treatment does not significantly
alter the phosphate content of the samples after they have been stored for at least one month.

TABLE I
STANDARD DEVIATIONS OF RESULTS OBTAINED BY ANALYSING FOR ORTHOPHOSPHATES

AND ACID-HYDROLYSABLE PHOSPHATES WITH THE AUTOANALYZER

\

acid-hydrolysable
phosphates

0·8
1·5
2·4
2·9
3·1
1·91·2

ortho-
phosphates

0·8
1·1
1·7

Standard deviation, .p.g of PO.-P
per litre

A
\

acid-hydrolysable
phosphates

21
18
10
16
6

71

Number of samples-
A

103

ortho-
phosphates

41
33
19

Range, in
ILg, of PO.-P

per litre

o to 20
20 to 40
40 to 60
60 to 80
80 to 100
oto 100

TABLE II
COMPARISON OF STANDARD DEVIATIONS OF RESULTS OBTAINED BY THE MANUAL AND

AUTOMATIC METHODS FOR DETERMINING ORTHOPHOSPHATES AND
ACID-HYDROLYSABLE PHOSPHATES

Number of samples
A

Standard deviation, fLg of PO.-p
per litre

A

Method
Manual
AutoAnalyzer

ortho­
phosphates

44
103

\

acid-hydrolysable
phosphates

36
71

ortho­
phosphates

1·2
1·2

\

acid-hydrolysable
phosphates

1·7
1·9

TABLE III
COMPARISON OF RESULTS OBTAINED WITH BOTH MANUAL AND AUTOMATIC METHODS

FOR DETERMINING ORTHOPHOSPHATES AND ACID-HYDROLYSABLE PHOSPHATES

Number Mean value,
of fLg of PO.-P Calculated Calculated

Component Method samples per litre F-value t-value

Orthophosphates Manual 32 33·6 1·15 O·llIAutomatic 35·3

Acid-hydrolysable phosphates Manual
29

61·0
1-16 0·183Automatic 62·9

COMPARISON OF THE PRECISION OF THE MANUAL AND AUTOMATIC METHODS

In order to evaluate the precision of the automatic methods for determining orthophos­
phates and acid-hydrolysable phosphates, their standard deviations were determined.

Table I gives the results for the automatic method. The samples were analysed in
duplicate, partly successively, partly after 1 hour to 2 days' storage. All samples were,
however, preserved according to the procedure given above. Table I shows that the standard
deviation of both automatic methods increases with the phosphorus concentration of the
samples, the "percentage" deviation being almost constant. In Table II the standard
deviations obtained from duplicates by using the manual methods are compared with the
results given in Table I. The results given in Tables I and II were not obtained from
identical samples.
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In order to compare the manual and automatic methods, samples containing 2 to 120 fLg
of phosphate-P per litre were analysed by both procedures. In Table III are given the mean
values and the F- and t-values obtained.

Comparison of the F-values with a statistical table for F-distribution shows that the
standard deviations for the manual and automatic methods are of the same order of magni­
tude. Further, a comparison of the t-values with a statistical table for t-distribution indicates
a 90 per cent. probability that the differences in mean values are due to random errors.
The analytical error is the same for both fresh- and sea-water samples.

CONCLUSIONS

The automatic method for determining phosphates described above has been used
successfully at this Institute for nearly a year in connection with surveys of lakes, rivers
and fjords in Norway. As a result, the analytical capacity of the laboratory has increased
considerably. A skilled analyst is able to perform manually between 2 and 4 analyses per
hour when analysing series of samples. With the automatic method it is possible to carry
out 12 analyses per hour and little attention is required. Only 6 ml of sample are required
per analysis, whereas the manual method requires 200 ml.

I thank Mr. R. 0verby for helpful suggestions and assistance during development of the
automatic method, and Miss U. Hanssen for performing the manual analyses.
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The Removal of Interference by Phosphate and Fluoride
in the Mercurimetric Titration of Chloride: Application

of the Method to the Oxygen-flask Combustion Technique

By A. F. COLSON
(Imperial Chemical Industries Limited, Research Department, Mond Division, Northwich, Cheshire)

Interference by phosphate and fluoride in the titration of chloride with
mercuric nitrate has been quantitatively examined, and a method has been
devised for suppressing the effect of these ions. In the method, the acidity
of the chloride solution is suitably adjusted, a small volume of thorium
nitrate solution is added and the titration with mercuric nitrate is carried
out in the presence of a high concentration of ethanol. The accuracy and
precision of the method are illustrated by results obtained with solutions
containing sodium chloride equivalent to about 2 mg of chlorine, and sodium
dihydrogen orthophosphate or sodium fluoride equivalent to 0 to g·O mg of
phosphorus or fluorine, respectively. Results are also given to show that
the method can be used, in conjunction with the oxygen-flask combustion
technique, for determining chlorine in organic compounds with the accuracy
and precision required in elemental organic micro-analysis.

THE mercurimetric titration of halogens other than fluorine has attracted attention for many
years and may be regarded as an established method. Various aspects of the procedure,
including the choice of indicator, the significance of pH value and the advantages of titration
in the presence of organic solvents, have been investigated and the method has been applied
to the oxygen-flask combustion technique.l,2 The procedure is accurate and precise under
controlled conditions, but is subject to interference by certain ions, including molybdate,
chromate, sulphite, sulphate, phosphate and fluoride,I,3 although non-interference by the
three last-mentioned ions has been reported.4 According to White,3 sulphate can be removed
by adding barium nitrate and interference by up to 2·0 mg of phosphorus or 5·0 mg of
fluorine, can be suppressed by adjusting the acidity of the test solution. Since the deter­
mination of chlorine in the presence of still larger amounts of phosphorus and fluorine was
of interest, an attempt was made to devise an alternative method for their removal, or at
least their reduction to acceptable levels.

Consideration of the solubilities of various phosphates in dilute mineral-acid solution,
suggested that interference by phosphate might be prevented by adding thorium nitrate to
the test solution. This was confirmed by experiment, and further investigation showed that
interference by fluoride could similarly be suppressed. In conjunction with the oxygen­
flask combustion technique, the method was subsequently applied successfully to the deter­
mination of chlorine in organic compounds containing one or both of these interfering ions
in the presence or absence of sulphur.

EXPERIMENTAL
INTERFERENCE BY SULPHATE--

Since the determination of chlorine in compounds containing both fluorine and sulphur
was of interest, a quantitative examination of the effect of the sulphate ion was carried out
before interference by fluoride or phosphate was investigated. For this purpose, different
amounts of sodium sulphate were added to a series of equal volumes of sodium chloride solution
measured out by means of a 2'0-ml-content pipette.5 After dilution of each solution to 15·0 ml
and the addition of 0·05 ml of 0·1 per cent. bromophenol blue indicator solution, 0·1 N nitric
acid was added until the yellow colour of the indicator just appeared. A further 0·5 ml of
acid, 100 ml of ethanol and 0·5 ml of 0·1 per cent. diphenylcarbazone indicator solution were
then added and the solutions were titrated with 0·005 M mercuric nitrate. The first appear­
ance of a permanent violet colour was taken as the end-point, and it was observed that with
the exception of those solutions containing more than 3·0 mg of sulphur, the addition of one
drop of titrant in excess, produced a pronounced increase in colour intensity at the end-point.
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The results obtained (see Table I) show that significant interference occurs in the presence
of more than amg of sulphur.

TABLE I

4·0
1·855
4·20

INTERFERENCE BY SULPHATE IN THE MERCURIMETRIC TITRATION OF
SODIUM CHLORIDE (=1·936 mg OF CHLORINE)

Sulphur present. mg 0·0 1·0 2·0 3·0
Chlorine found, mg. . 1·920 1·910 1·915 1·890
Error, per cent. 0·80 1·30 1·10 2·40

THE REMOVAL OF INTERFERENCE BY SULPHATE-
The use of barium nitrate for removing sulphate was examined and found to be satis­

factory. The tests described above were repeated up to the addition of sufficient nitric acid
to produce the yellow colour of the indicator, and 0·25 ml of a saturated solution of barium
nitrate was added to each solution. The solutions were then neutralised with 0·1 N sodium
hydroxide to the blue colour of the indicator and the yellow colour was restored by the
addition of 0·1 Nnitric acid. A further 0·5 ml of acid, 100 ml of ethanol and 0·5 ml of diphenyl­
carbazone indicator solution were added and the solutions titrated as before. The results
obtained (see Table II) were satisfactory and the sharp end-points were sensitive to further
small additions of titrant.

TABLE II
THE USE OF BARIUM NITRATE FOR THE REMOVAL OF INTERFERENCE

BY SULPHATE IN THE MERCURIMETRIC TITRATION OF
SODIUM CHLORIDE (=1·936 mg OF CHLORINE)

Sulphur present, mg 0·0 2·0 3·0 4·0
Chlorine found, mg . . 1·920 1·930 1·920 1·930
Error, per cent. 0·80 0·30 0·80 0·30

INTERFERENCE BY PHOSPHATE AND FLUORIDE-

':" The procedure already described for the investigation of interference by sulphate was
applied to a series of solutions of sodium chloride containing different amounts of sodium
dihydrogen orthophosphate or sodium fluoride, and it was found that significant interference
occurred in the presence of more than 2·0 mg of phosphorus or 0·5 mg of fluorine (see Table III).
With increasing amounts of these elements, the colours at the end-point became less sensitive
to further small additions of titrant, and in the presence of 2·0 mg of fluorine no precise
end-point was observed.

TABLE III

5·0
1·850
4·44

1·0 2·0
1·89 <1·7
2·37 >12·2

INTERFERENCE BY PHOSPHATE AND FLUORIDE IN THE MERCURIMETRIC
TITRATION OF SODIUM CHLORIDE (=1·936 mg OF CHLORINE)

1·0 2·0 3·0 4·0
1·910 1·910 1·890 1·880
1·34 1·34 2·37 2·90

Phosphorus present, mg 0·0 0·5
Chlorine found, mg .. 1·920 1·910
Error, per cent. 0·83 1·34

Fluorine present, mg 0·0 0·5
Chlorine found, mg .. 1·92 1·91
Error, per cent. 0·83 1·34

THE REMOVAL OF INTERFERENCE BY PHOSPHATE AND FLUORIDE-
. The results obtained in the experiment described below suggested that interference by
~hosphate could be overcome by taking advantage of the low solubility of thorium phosphate
in dilute mineral acid solution. A solution containing sodium chloride equivalent to 2·0 mg
of cWorine, and sodium dihydrogen orthophosphate equivalent to 4·0 mg of phosphorus, was
diluted to 15·0 ml and neutralised with 0·1 N nitric acid to the yellow colour of bromophenol
blue indicator solution. After the addition of a further 0·5 ml of acid and 0·5 ml of 15·0 per
cent. thorium nitrate solution, the precipitate was removed by filtration and the amount
of phosphorus in the filtrate was determined and found to be 0·3 mg. Since it was known
that this amount of phosphorus could be tolerated in the mercurimetric titration of chloride
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(see Table III), the procedure was applied to a series of solutions containing sodium chloride
equivalent to about 2·0 mg of chlorine and amounts of sodium dihydrogen orthophosphate
equivalent to 0 to 8·0 mg of phosphorus. In these tests the solutions were titrated with
mercuric nitrate solution in the presence of the precipitated phosphate. The results obtained
were satisfactory and the procedure was found to be equally suitable for the suppression of
interference by fluoride (see Table IV). The end-points of the titrations were unambiguous,
although less sensitive to small excesses of titrant than in the absence of phosphorus or
fluorine. Further tests were carried out with one solution of sodium chloride containing
6·0 mg of phosphorus, and another containing 7·0 mg of fluorine, to determine the pH of the
ethanolic solutions immediately before titration. The values found were 2·80 and 3,0,
respectively, and were within the range reported to be suitable in the mercurimetric titration
of chloride. l

TABLE IV

2·180 (0'5)
2·185 (0'5)
2·180 (0'5)
2·185 (0'5)
2·185 (0'5)
2·190 (0'75)
2·185 (1'00)
2:190 (1'00)
2·184
0·004

Chlorine found, mg, * in the presence of-
r A ~

phosphorus fluorine

2'180 (0'5) 2-180 (0'5)
2·185 (0'5)
2·180 (0'5)
2·180 (0'5)
2·185 (0'5)
2·185 (0'5)
2·185 (0'5)
2'180 (0'5)
2·180 (0'75)
2'180 (0'75)
2·182
0·0025

THE USE OF THORIUM NITRATE FOR THE REMOVAL OF INTERFERENCE
BY PHOSPHATE AND FLUORIDE IN THE MERCURIMETRIC TITRATION

OF SODIUM CHLORIDE (=2·175 mg OF CHLORINE)

Weight of additional
element,

mg

0·0
0·5
1·0
2·0
3·0
4·0
5·0
6·0
7·0
8·0

Mean value, mg
Precision (standard deviation). mg

* All figures in parentheses denote the volume, in ml, of thorium nitrate solution added.

ApPLICATION OF THE METHOD TO THE OXYGEN-FLASK COMBUSTION TECHNIQUE-

Although a mixture of sodium hydroxide and hydrogen peroxide is commonly used as the
absorbent in the oxygen-flask combustion technique for the determination of chlorine, the
use of dilute hydrogen peroxide solution alone has been proposed.6,7 Since we wished to'
avoid the introduction of relatively large amounts of sodium, tests were carried out with'
chlorobenzoic acid as the sample and a mixture of 2·0 ml of 30 per cent. hydrogen peroxide
with 3·0 ml of water as the absorbent. After decomposition of the samples, the absorption
solutions were titrated with mercuric nitrate solution in the usual manner without further
adjustment of acidity. For comparison purposes, further tests were carried out with a,
mixture of 2·0 ml of 0·1 N sodium hydroxide with 2·0 ml of 30 per cent. hydrogen peroxide
and 1·0 ml of water as the absorbent. In this series of tests the acidity of each solution was
adjusted before titration by adding sufficient 0·1 N nitric acid to give the yellow colour of
bromophenol blue indicator solution, and then a further 0·5 ml of acid was added. The
results obtained in the two series of analyses were satisfactory (see Table V).

Attempts to extend the use of hydrogen peroxide as the absorbent to the analysis of
organic compounds containing phosphorus were unsuccessful because the thorium nitrate
reacted with the absorbent to give an insoluble precipitate accompanied by disturbance
of the pH of the test solution. Although it was appreciated that phosphate is used as a
stabiliser for hydrogen peroxide, the possibility of reducing the amount of peroxide to an
acceptable level by boiling the test solution was examined, but no improvement was in fact.
effected by boiling the acid or alkaline test solution for 15 minutes. Further experiments
showed that with alkaline solutions about 10 per cent. of the hydrogen peroxide remained,
undecomposed after this treatment. Although the use of water alone has been previously
suggested,6,7 it has been reported to give unsatisfactory results in the determination of,
chlorine unless a small amount of carbon black is added.s In a re-examination of this.
absorbent. several analyses were carried out with 5·0 ml of water in the oxygen flask. The
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samples were decomposed in the usual manner, and after the stopper, etc., had been washed
with 10·0 ml of water the solutions were titrated in the presence of ethanol without further
adjustment of the pH. The results obtained were satisfactory (see Table VI). Further
confirmation of the suitability of water as an absorbent for chlorine was provided by the
results given in a publication9 that appeared after the completion of the present investigation.

TABLE V
THE USE OF HYDROGEN PEROXIDE ALONE OR MIXED WITH SODIUM HYDROXIDE

AS THE ABSORBENT IN THE OXYGEN-FLASK COMBUSTION TECHNIQUE

The test substance was chlorobenzoic acid (=22·65 per cent. of chlorine)

Absorption solution

Hydrogen peroxide

Sodium hydroxide
plus hydrogen peroxide ..

Chlorine found,
per cent.

22,90, 22,60, 22,60, 22,90,
22,40, 22'80. 22·90. 22·80.
22'50. 22·80. 22·60. 22·30.
22'90. 22'80. 22·80
22,80, 22'80. 22·90. 22,80,
22·80. 23'00, 23,00, 22·70.
23·00. 22·70. 22,90, 22·90

Mean value, Precision
per cent. (standard deviation)

22·70 0·19

22·90 0·12

TABLE VI
THE USE OF WATER AS THE ABSORBENT IN THE OXYGEN-FLASK

COMBUSTION TECHNIQUE FOR DETERMINING CHLORINE

Compound

Chlorobenzoic acid
Chlorodinitrobenzene

Chlorine present.
per cent.

22·65
17'51

Chlorine found,
per cent.

22,80, 22·70. 22·80
17,40,17'55,17'35.17'55

Mean value,
per cent.

22·75
17·45

Satisfactory results were also obtained with water as the absorbent in a series of analyses
of organic chlorine compounds containing phosphorus or fluorine. For each test, about
8 mg of the halogen compound, accurately weighed, were mixed with a known weight of a
phosphorus or fluorine compound and decomposed in an oxygen flask containing 5·0 ml of
water. After the sample holder, etc., had been washed with 10·0 ml of water, the solution
was neutralised with 0·1 N sodium hydroxide to the blue colour of bromophenol blue indi­
cator solution; 0·75 ml of 15 per cent. thorium nitrate solution, 0·5 ml of diphenylcarbazone
indicator solution and 100 ml of ethanol were added, and the chloride was titrated with
0·005 M mercuric nitrate. Some typical results are shown in Table VII.

In order to establish the accuracy and precision of the method, further analyses were
carried out with mixtures of about 8 mg of chlorobenzoic acid, accurately weighed, with
amounts of a phosphorus or fluorine compound equivalent to 4·0 mg of phosphorus or 8·0 mg
of fluorine, respectively. The results obtained (see Table VIII) show that the accuracy and
precision of the method are satisfactory in the presence of relatively large amounts of the
interfering elements. In the analyses recorded in Tables VII and VIII no attempt was
made to measure the pH of the test solutions before titration, but an indirect estimate was
made as described below. The procedure described above was applied to a mixture of
chlorobenzoic acid with an amount of benzenephosphinic acid equivalent to 4·0 mg of
phosphorus, but after the addition of ethanol the solution was filtered and the pH of the
filtrate determined. The value found was 3·0. In a similar test with a mixture containing
an amount of trifluoromethylbenzoic acid equivalent to 8·0 mg of fluorine, the pH value
found was 2·80. The removal of interference by phosphate or fluoride by simple adjust­
ment of the acidity of the absorption solution3 was examined at this stage, and the failure
of the method in the presence of more than 2·0 mg of phosphorus or 5·0 mg of fluorine3 was
confirmed. A mixture of chlorobenzoic acid with an amount of benzenephosphinic acid
equivalent to 3·0 mg of phosphorus was decomposed in the usual manner, by using a mixture
of 6·0 ml of 0·1 N sodium hydroxide with 2·0 ml of 30 per cent. hydrogen peroxide as the
absorbent. The solution was then neutralised with 0·1 N nitric acid to just past the yellow
colour of bromophenol blue indicator solution. A further 0·5 ml of acid, and 100 ml of
ethanol were added and the solution was titrated with mercuric nitrate solution. The
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result obtained was 23·06 per cent. of chlorine (calculated percentage is 22·65). In a similar
experiment with a mixture containing an amount of trifluoromethylbenzoic acid equivalent
to 8·0 mg of fluorine, the result obtained was 23·30 per cent. of chlorine. For this second
experiment the ethanol was added before the acidity of the absorption solution3 was adjusted.

TABLE VII
THE MERCURIMETRIC DETERMINATION OF CHLORINE IN THE PRESENCE

OF PHOSPHORUS OR FLUORINE OR BOTH WITH WATER AS THE
ABSORBENT IN THE OXYGEN FLASK

Compound

Chlorobenzoic acid plus triphenyl­
phosphine ..

Chlorodinitrobenzene plus bcnzene­
phosphinic acid

Chlorobenzoic acid plus trifllloro­
acetanilide

Chlorodinitrobenzene plus trifluoro­
methylbenzoic acid

Chlorobenzoic acid plus benzcne­
phosphinic acid plus trifluoro­
acetanilide

Chlorodinitrobenzene plus benzene­
phosphinic acid plus trifluoro­
acetanilide

Phosphorus
present,

mg
1·0
2·0
3·0
1·0
2·0
3·0

4·0

4·0

Fluorine
present,

mg

1·0
2·0
4·0
1·0
2·0
4·0

3·0

5·0

Chlorine Chlorine
found, present,

per cent. per cent.

22·70
22·80 22·65
22·75

17'50
17·60 17·51
17·70

22·55
22·75 22·65
22·80

17·40
17·35 17·51
17·45

22'50, 22'50,
22·40. 22'50. 22·65
22,60, 22'50

17'50,17'30, 17·5117·60, 17·65

TABLE VIII
THE MERCURIMETRIC DETERMINATION OF CHLORINE IN CHLOROBENZOIC ACID

(CALCULATED PERCENTAGE OF CHLORINE = 22,65) IN THE PRESENCE
OF 4·0 mg OF PHOSPHORUS OR 8·0 mg OF FLUORINE

Phosphorus or fluorine
compound added

Denzenephosphinic acid

Trifllloromethylbenzoic acid

Chlorine found,
per cent.

22'75, 22'60, 22,70, 22,55,
22,80, 22'70, 22,60, 22,75,
22,65, 22·80, 22'70, 22·70
22'70, 22'60, 22,45, 22'50,
22'55, 22,40, 22,60, 22,60,
22,80, 22,70, 22,75, 22·60

Mean value.
per cent.

22·70

22·60

Precision
(standard deviation)

0·08

0·12

The use of water as the absorbent in the analysis of chlorine compounds containing
phosphorus and sulphur was next examined, and it was found that the sulphur dioxide formed
during the combustion of the samples interfered in the mercurimetric titration. This difficulty
was easily overcome by boiling the test solutions at a suitable stage in the procedure, and
satisfactory results were then obtained with mixtures containing chlorine, phosphorus and
sulphur; chlorine, fluorine and sulphur, or all four elements together. About 8 mg of the
halogen compound, accurately weighed, were used in each of these analyses; 5·0 ml of water
were used as the absorbent in the oxygen flask and after the decomposition of the sample the
sample holder, etc., were washed with 15·0 ml of water. The solution was then heated
directly over a bunsen flame and boiled for about 60 seconds with continuous swirling of the
solution to avoid loss by spirting. After the addition of 0·5 ml of a saturated solution of
barium nitrate, the solution was cooled and neutralised with 0·1 N sodium hydroxide to the
blue colour of bromophenol blue indicator solution. The solution was then titrated after
0·75 ml of 15 per cent. thorium nitrate solution, 100 ml of ethanol and 0·5 ml of diphenyl­
carbazone indicator solution had been added. Typical results are shown in Table IX. In
these analyses it was observed that the amounts of sulphuric acid present in the test solutions
after they had been boiled for 60 seconds were extremely variable. For example, in all
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three analyses of the first mixture (see Table IX) no precipitate was observed on the addition
of barium nitrate, whereas copious precipitation occurred in each analysis of the second and
eighth samples. Copious precipitation was also observed in two analyses of the third and
ninth samples, and in one analysis of the seventh sample. Separate weighed portions of the
first three samples in Table IX were submitted to the procedure described above, as far as
the addition of ethanol. The pH values of the ethanolic solutions were then measured.
The values found were 2,82, 2·80 and 2,80, respectively.

TABLE IX

Chlorine
present,
per cent.

22·65
17·51
17·49
22·65
22·65
17'51
22·65
17·51
17·49

Chlorine found,
per cent.

22'50, 22'75, 22·60
17'70, 17'30, 17·50
17,30, 17,75, 17·60
22,90, 22,65, 22'50
22,55, 22,70, 22·60
17,40,17,60,17,45
22,50, 22,85, 22·70
17,40,17,65,17,40
17'60,17,55,17,60

THE MERCURIMETRIC DETERMINATION OF CHLORINE IN THE PRESENCE
OF PHOSPHORUS, FLUORINE AND SULPHUR WITH WATER

AS THE ABSORBENT IN THE OXYGEN FLASK
(P = benzenephosphinic acid,S = beniyldisulphide, F = trifluoroacetanilide)

Additional element
present, mg

A

Compound P S F

l. Chlorobenzoic acid plus P plus S .. 4·0 4·0
2. Chlorodinitrobenzene plus P plus S 4·0 4·0
3. S-benzylthiouronium chloride plus P 4·0 1·6
4. Chlorobenzoic acid plus S plus F .. 4·0 3·0
5. Chlorobenzoic acid plus S plus F .. 4·0 5·0
6. Chlorodinitrobenzene plus S plus F 4·0 3·0
7. Chlorobenzoic acid plus P plus S plus F .. 3·0 2·6 2·0
8. Chlorodinitrobenzene plus P plus S plus F 3·0 2·6 2·0
9. S-benzylthiouronium chloride plus Pplus F 3·0 1'5 5·0

Interference by phosphorus or fluorine in the mercurimetric titration of iodine or bromine
was not examined in detail, since these halogens are best determined by other more sensitive
volumetric methods, such as Leipert's method for iodine and oxidation to bromate by sodium
hypochlorite for bromine. A few tests were carried out, however, with mixtures of an iodine
or bromine compound with amounts of a phosphorus or fluorine compound equivalent to
4·0 mg and 7·0 mg of phosphorus or fluorine, respectively. For each analysis about 10 mg
of the halogen compound, accurately weighed, were used. The samples were decomposed
in an oxygen flask containing a mixture of 4·0 ml of water with 1·0 ml of a saturated solution
of sulphur dioxide. Residual sulphur dioxide was removed by boiling the absorption solutions,
and the analyses were then completed as already described for the determination of chlorine
in compounds containing sulphur in addition to phosphorus or fluorine. Satisfactory results
were obtained in the presence of fluorine (see Table X), but in the presence of phosphorus
the results (not given in Table X) were low and variable.

TABLE X

THE MERCURIMETRIC DETERMINATION OF IODINE OR BROMINE IN
THE PRESENCE OF FLUORINE

Weight of fluorine
Compound present, mg

Iodobenzoic acid plus trifluoro-
acetanilide 7·0

Bromobenzoic acid plus trifluoro-
acetanilide 7·0

Iodine or bromine
found, per cent.

51,35,51,15,50,95

39,80, 39'95, 39·85

Iodine or bromine
present, per cent.

51·17

39·75

The use of water as the absorbent in the oxygen flask, for the determination of chlorine
in a compound containing no hydrogen, was next examined as a matter of interest, since
the conventional absorbent, a mixture of 0·1 N sodium hydroxide with hydrogen peroxide,
has been reported to give unsatisfactory results with halogen compounds containing little
hydrogen,lO and alternative absorbents, including ammonia solution alonelO or mixed with
hydrogen peroxide,1l.12 have been proposed. Analyses of hexachlorobenzene were carried
out with 5·0 ml" of water as the absorbent in the oxygen flask. After decomposition of the
samples, the absorption solutions were titrated in the usual manner without further adjust­
ment of the acidity. The mean value of the results obtained in a series of twelve determina­
tions was 74·55 per cent. of chlorine (calculated percentage is 74,69) and the precision
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expressed as standard deviation was 0·32 per cent. These results were considered to be
satisfactory, since the weight of sample used for each analysis was about 2 mg and a titration
ertor of only 0·01 ml therefore corresponds to 0·2 per cent. of chlorine in the sample. The
formation of hypochlorous acid was expected under the conditions of the analyses, and this
was confirmed by the results of a further series of tests in which small amounts of hexachloro­
benzene were decomposed as before and the absorption solutions examined for the presence
of hypochlorite. Relatively small amounts were found as expected, since some hydrogen
was contributed by the paper in which the samples were wrapped before decomposition in
the oxygen flask. The results are given below-

""eight of hexachlorobenzene, mg ..

""eight of hypochlorous acid found. mg

1,88.2,37.3,15,3,26.3'65.3,71.
3·76.3·78.3·83.4·15.4'39.5·14

0·03. 0·02. 0·23. 0·04. 0·04. 0·08.
0·09. 0·29. 0·13. 0,10, 0·09. 0·13

It has been suggested that more satisfactory results can be obtained in the analysis
of chlorine compounds containing little hydrogen, if the sample is mixed with a hydrogenous
compound. 6 ,lo This modification was therefore applied to a series of analyses of hexachloro­
benzene, each sample being mixed with about 10 mg of cane sugar, and the determination
completed as before. The results obtained were less accurate and precise than in the absence
of cane sugar. The mean value of 18 determinations was 74·18 per cent. and the precision
was 1·29 per cent. For comparison purposes, further analyses were carried out with a mixture
of 2·0 ml of 0·1 N sodium hydroxide with 1·0 ml of water and 2·0 ml of 30 per cent. hydrogen
peroxide as the absorbent in the oxygen flask. The analyses were carried out as before, except
that after decomposition of the samples, the pH of the absorption solutions was adjusted by
adding nitric acid3 before titration with mercuric nitrate solution. Contrary to expectation,
the results were significantly less accurate and precise than those obtained with water as the
absorbent. For a series of eighteen determinations the mean value was 73·85 per cent. and
the precision 1·14 per cent. In these tests the formation of chlorate in the absorption solu­
tion was suspected, but none was detected in the combined absorption solutions from a
separate series of twelve tests with hexachlorobenzene as the sample.

The most satisfactory results for the determination of chlorine in hexachlorobenzene
were obtained in a final series of experiments in which water containing a little sulphur
dioxide was used as the absorbent. The weighed samples were decomposed in an oxygen
flask containing a mixture of 5·0 ml of water with 0·25 ml of a saturated solution of sulphur
dioxide, and after the sample holder had been washed with 10·0 ml of water, the solution was
heated with 0·2 ml of 30 per cent. hydrogen peroxide for about 60 seconds at 60.0 to 70° C
to oxidise the residual sulphur dioxide. The sulphuric acid formed was removed by adding
1·5 ml of a saturated solution of barium nitrate and the solution was then neutralised
with 0·1 N sodium hydroxide to the blue colour of bromophenol blue indicator solution. The
yellow colour of the indicator'was restored by adding 0·1 N nitric acid, and after the addition
of a further 0·5 ml of acid the determination was completed in the usual manner. The mean
value of the results obtained in twelve analyses was 74·80 per cent. of chlorine and the pre­
cision expressed as standard deviation was 0·24 per cent. The calculated percentage of
chlorine in hexachlorobenzene is 74·69. These results therefore compare favourably with
the values 74·55 per cent. and the precision 0·32 per cent. obtained with water only as the
absorbent.

METHOD
ApPARATUS-

Oxygen flask, 500-ml capacity-A conical flask provided with a B24 ground-glass stopper,
sealed at the lower end to a glass tube 5 mm in external diameter. The lower end of this
tube is sealed and flattened to form a slight flange. The length from the lower edge of the
ground portion of the stopper to the flanged end of the tube is 70 mm. The sample holder is
constructed from 80-mesh platinum gauze in the form of a cylinder 6 mm in diameter and
about 10 mm long. It is closed at one end and fastened to the flanged tube by a length of
O'5-mm diameter wire, one end of which is bent over the edge of the open end of the cylinder
and pinched so that the ganze is firmly gripped. This arrangement is described in some
detail, since it has been found to have significant advantages over the usual type of sample
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holder. The platinum gauze and wire can be renewed with ease, and the thermal capacity
of the assembly is relatively small.

Magnetic stirrer.
Content pipette, 2'0-ml capacity-Conforming to B.S. 1428.5

Microburette, lO-ml capacity-Conforming to B.S. 1428.13

REAGENTS-

Sodium hydroxide, 0·1 N.

Nitric acid, 0·1 N.

Bromophenol blue indicator solution-Dissolve 50 mg of bromophenol blue in 50·0 ml
of ethanol.

Diphenylcarbazone indicator solution-Dissolve 20 mg of diphenylcarbazone in 20 ml of
ethanol. Keep the solution in the dark and renew it after 2 weeks.

Sulphur dioxide solution-Saturate 50 ml of water with sulphur dioxide. Renew it
after 2 to 3 days.

Hydrogen peroxide, 100-volume-Micro-analytical reagent grade.
Barium nitrate solution-A saturated aqueous solution of analytical-reagent grade barium

nitrate.
Thorium nitrate solution-Dissolve 15·0 g of analytical-reagent grade thorium nitrate

tetrahydrate in water and dilute the solution to 100·0 ml.
Ethanol, absolute.
Mercuric nitrate, approximately 0·005 M-Dissolve 3·5 g of mercuric nitrate in 570 ml of

0·01 N nitric acid and set the solution aside for at least 2 days. Filter off any precipitate
and dilute the filtrate to 2 litres.

Sodium chloride, 0·025 M.

STANDARDISATION OF THE MERCURIC NITRATE SOLUTION-

Measure out 2·0 ml of 0·025 M sodium chloride solution by means of a content pipette,S
dilute to 15·0 ml with water and add 0·05 ml of bromophenol blue indicator solution. Add
0·1 N nitric acid until the yellow colour of the indicator appears and then add a further
0·5 ml of acid. After the addition of 100 ml of ethanol and 0·5 ml of diphenylcarbazone
indicator solution, titrate the solution with the mercuric nitrate solution to the first appearance
of a permanent violet colour. The solution should be stirred magnetically throughout the
titration period. The use of a content pipette for measuring the sodium chloride solution
is recommended, since it has been found that the reproducibility of repeated titrations is
better than that obtained with, for example, a 5'0-ml delivery pipette, in conjunction with
0·01 M sodium chloride solution. The titration carried out as described must be corrected
for the indicator blank value, obtained by the titration of 15·0 ml of water. This blank
value is usually less than 0·05 ml of mercuric nitrate solution, but much higher values have
been obtained occasionally, and these have been found to be due to the presence of chloride
in the ethanol. In such instances, a suitable stock of ethanol may be mixed with a pre­
determined volume of the mercuric nitrate solution, sufficient to reduce the blank value to
less than 0·05 ml.

PROCEDURES-

The procedures described below are restricted to the determination of chlorine in organic
compounds containing phosphorus or fluorine, or both, in the presence or absence of sulphur.
For compounds containing little if any hydrogen, a preferred alternative procedure is given.
The determination of iodine or bromine in the presence of phosphorus or fluorine is not
included since the determination of these halogens is in this instance best completed by other
well known volumetric methods, such as Leipert's method for iodine and oxidation to
bromate for bromine.

Compounds containing Phosphorus or fluorine, or both-Weigh out an amount of sample
corresponding to 1·0 to 2·0 mg of chlorine and decompose it in an oxygen flask containing
5·0 ml of water. Wash the stopper and sample holder with 10·0 ml of water, add 0·1 ml of
bromophenol blue indicator solution and neutralise the solution with 0·1 N sodium hydroxide
to the blue colour of the indicator. Add 0·75 ml of thorium nitrate solution, 0·5 ml of di­
phenylcarbazone indicator solution and 100 ml of ethanol, and titrate the stirred solution
with standard mercuric nitrate solution to the appearance of a permanent violet colour.
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Compounds containing sulphur and either phosphorus or fluorine, or all three together-'
Proceed as before up to the washing of the stopper, etc. Boil the solution for 60 seconds,
holding the flask directly over a small bunsen-burner flame and swirling the solution con­
tinuously. Add 0·5 ml of barium nitrate solution, 0·1 ml of bromophenol blue indicator
solution and sufficient 0·1 N sodium hydroxide to produce the blue colour of the indicator.
After the addition of thorium nitrate, complete the determination as before.

Compounds containing phosphorus or fluorine, or both, but little ifany hydrogen-Decompose
the weighed sample in an oxygen flask containing 5·0 ml of water and 0·25 ml of a saturated
solution of sulphur dioxide. Wash the stopper, etc., with 10·0 ml of water, and complete
the determination as described for the analysis of compounds containing sulphur. In this
procedure the volume of barium nitrate should be increased if 0·5 ml is found to be insufficient
for complete precipitation of the sulphate.

Blank determinations on the reagents, etc., should be carried out in conjunction with
each of the procedures described above. These blank values should not exceed about 0·2 ml
of 0·005 M mercuric nitrate.

I thank Mr. C. G. Scott for assistance with much of the experimental work.
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The Determination of Benzotriazole in Inhibited
Glycol Products

By STANLEY HARRISON AND GORDON L. WOODROFFE
(Research Department, Imperial Chemical Industries Limited, Heavy Organic Chemicals Division,

Organic House, P.O. Box No.2, Billingham, Co. Durham)

Gravimetric and polarographic methods are described for determining
benzotriazole in inhibited ethylene glycol. The gravimetric procedure is
based on the precipitation of the silver salt in the presence of ammonia
and ethylenediaminetetra-acetate. In the polarographic procedure, use is
made of the reduction wave at -0,95 volt (versus the standard calomel
electrode) in 0·2 M hydrochloric acid. Both methods have been investi­
gated in their application to anti-freeze mixtures containing ethylene glycol,
water, dyes and inhibitors such as sodium benzoate, borate and nitrite.
The effect of small amounts of metals, including zinc, lead, copper, cobalt,
iron, tin and nickel, has also been examined.

REFERENCES in the literature to benzotriazole (azoimidobenzene) go back to about 1883.
It is only recently, however, that benzotriazole has been discovered to be a most versatile
compound in its commercial applications. 1 It is now used in photographic developers as
an anti-fogging agent and as an indicator in colour-film processing. It is being incorporated
in anti-freeze mixtures and lubricating oils as a corrosion inhibitor. In the field of plastics
it is finding increasing use as an initiator in polymerisation and as a stabiliser for azo dyes
in varnishes and for alkylaryl suIphonates used in hot climates. More recently benzotriazole
has found use as a fungicide and also as a plant-growth regulator for use in agriculture.

Despite this wide variety of uses, there is a distinct lack of published information on its
analytical determination, though there are some papers on its use as a precipitant for deter­
mining various metals such as silver, copper and zinc. l to 5 The amphoteric nature of the
compound suggests some possible methods of analysis, such as titration of basic nitrogen in
glacial acetic with perchloric acid as titrant, but we found this to be unsatisfactory. Con­
sideration of the properties of benzotriazole indicated that a gravimetric method might be
developed in which silver ions are used as the precipitant, and that polarography might offer
a useful alternative.

The methods described below were developed for application to anti-freeze mixtures
that contained ethylene glycol, water, dyes and inhibitors such as sodium nitrite, benzoate
and borate. For such mixtures, the benzotriazole would probably be in the concentration
range 0·05 to 0·2 per cent.

GRAVIMETRIC METHOD
EXPERIMENTAL-

The procedure investigated was based on that described by Cheng5 for the gravimetric
determination of silver with 1,2,3-benzotriazole. A mixture of ammonia solution and solutions
of disodium dihydrogen ethylenediaminetetra-acetate and silver nitrate was added to the
sample containing benzotriazole. The mixture was heated at 80° C for approximately
10 minutes, cooled, and the precipitate filtered off, dried and weighed. The reaction is
shown below-

Ag+ + /l~~ ~ (r-~ + H+

"\A/ ~),,/
NH NAg

Table I shows the results obtained from the determination of benzotriazole in mixtures
of different composition. The standard benzotriazole solutions were made up in aqueous
ethylene glycol containing dyes, e.g., fluorescein, phenol red, Solway green 150, and 1·5 per
cent. w/w of sodium borate, 3·0 per cent. w/w of sodium benzoate and 0·25 per cent. w/w
of sodium nitrite.
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The results indicate that it is desirable to have a minimum of 50 mg of benzotriazole
present in order to obtain adequate quantitative recovery. It would appear that differences
in 'Composition of the mixtures examined had no appreciable effect on the percentage recovery
of benzotriazole.

TABLE I
RECOVERY OF BENZOTRIAZOLE FROM MIXTURES OF VARYING COMPOSITION

Glycol Silver Benzotriazole Benzotriazole
anti-freeze, nitrate 0·1 N, Water, added, found,

ml ml ml g g
12·5 25 37·5 0·0125 0'0077, 0·0090

2·5 25 7·5 0·010 0,0075,0'0071
12·5 25 37·5 0·0125 O·OllO, 0·0107

2·5 25 7·5 0·010 0,0094, 0·0097
20 25 55 0·020 0,0187,0,0190

5 25 Nil 0·020 0·0187
Nil 25 5 0·020 0·0193
5 50 Nil 0·020 0·0192

Nil 25 10 0·040 0·0396
12·5 25 37·5 0·050 0,0495, 0,0493,

0,0501, 0·0493
Nil 25 15 0·060 0·0601
15 25 Nil 0·060 0·0586
15 50 Nil 0·060 0·0601

Influence of metal ions-The effects of various metals, e.g., nickel, cobalt, zinc, lead,
copper, iron and tin, on the analytical method were investigated.

Table II shows some of the results obtained. In each of the determinations listed, 10 ml
of EDTA solution and 7 ml of ammonia solution were used.

TABLE II
RECOVERY OF BENZOTRIAZOLE IN THE PRESENCE OF METAL IONS

In each experiment, 50 mg of benzotriazole and 100 mg of metal were added

Metal Benzotriazole recovered,
mg

49·5

48·5

49·2
50·3
67- 65-
53t 52t 54t

- High results in the absence of tartrate (see text)
t Obtained in the presence of tartrate

TinlV

Zinc ~Lead
Copper
Cobalt
Nickel
Ironl II

For Table II the benzotriazole was prepared as a 0·1 per cent. solution in ethylene glycol
containing inhibitors (as described in Table I).

Stannous and ferrous ions were also tested and found to cause the reduction of silver
ion to metallic silver. As the results in Table II show, of the metals tested, only the presence
of stannic ion caused high results to be obtained as shown by the figures marked with an
asterisk. The addition of tartrate reduced, but failed to eliminate, this effect, as shown
in the three final figures.

METHOD OF ANALYSIS
REAGENTS-

Silver nitrate solution, 10 per cent. wlv, aqueous.
A mmonia solution, sp.gr. 0·88.
EDTA solution-Add 40 g of disodium dihydrogen ethylenediaminetetra-acetate to 50 ml

of water. Add sufficient ammonia solution to dissolve the salt, and dilute the solution
to 100 ml with water. .
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PROCEDURE-

Place 10 ml of EDTA solution, 5 ml of silver nitrate solution and 10 ml of water in a
250-ml beaker. Heat the solution to about 50° C. Add 7 ml of ammonia solution and
50 ml of sample. Heat the solution to about 900 C and maintain it at that temperature for
15 minutes. Cool the solution and filter it through a weighed, sintered-glass crucible (No.4).
Wash the precipitate with six lO-ml portions of water and dry it at 1200 C for 15 minutes.
Cool the crucible and weigh it.

CALCULATlON-

. Weight of precipitate X 0·523
Benzotnazole content, per cent. w/w = W . ht f I X 100

, elg 0 samp e

POLAROGRAPHIC METHOD
EXPERIMENTAL-

Mark and Reilley6 describe the analysis of certain organic compounds containing basic
nitrogen by measuring the catalytic current produced when nickel ion is reduced polaro­
graphically in the presence of a small amount of pyridine. This did not prove to be satis­
factory with benzotriazole, but it was found that in strongly acidic solution benzotriazole
gave a well defined cathodic wave and, with a concentration of 0·2 M hydrochloric acid,
half-wave potentials of -0·98 volt and -1,09 volts were recorded against a standard
calomel electrode and a mercury-pool anode, respectively.

Study of the polarographic wave by using a reverse sweep on the cathode-ray polaro­
graph and a.c. polarography on the Cambridge instrument showed a marked decrease in
sensitivity, characteristic of an irreversible reaction. It was also found that the reduction
corresponded to a one-electron change, possibly owing to the mechanism shown below-

In acidic solution-

(~-~ +
~A/

NH

Polarographic reduction-

2(r-~ +
~A'/, NH

2
+

Linear variation of current with benzotriazole concentration was shown over the range
0·01 to 5·0 mg per 25 ml of solution, by using a cathode-ray polarograph. Thereafter the full
diffusion current was not attained. These results are shown in Table III. With pen-recording
instruments (Cambridge, and Tinsley Mark 19) powerful maximum effects were encountered,
but these could be satisfactorily eliminated by adding a 0·004 per cent. aqueous solution of
methyl cellulose or gelatin. By using the cathode-ray polarograph a maximum was also
discernible at a benzotriazole concentration greater than 5 mg per 25 ml of solution, but the
presence of a little ethylene glycol suppressed this completely..

Effect of hydrochloric acid concentration-Polarograms were recorded for benzotriazole in
hydrochloric acid concentrations from 0·01 to 2 M. Well defined cathodic waves were
observed between 0·1 and 2 M, but at concentrations below this the benzotriazole wave
tended to shift to more negative potentials and eventually merged into the hydrogen wave.

Effect of ethylene glycol-The presence of up to 4 per cent. of ethylene glycol in the final
solution does not seriously alter the polarographic wave, although there is a progressive
weakening of the wave form, and at concentrations above 5 per cent. the wave is markedly
distorted.

Effect of inhibitors-By using 0·2 M hydrochloric acid as supporting electrolyte in the
examination of inhibited glycol containing 3·0 per cent. of sodium benzoate, 1·6 per cent. of
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sodium borate and 0·3 per cent. of sodium nitrite, the benzoate and borate were completely
inert, but sodium nitrite gave two reduction waves at -0,85 volt and -1·15 volts. However,
it 'proved possible to remove this interference completely by acidifying the sample with 0·2 M
hydrochloric acid and boiling it for 15 minutes.

TABLE III
RELATIONSHIP BETWEEN BENZOTRIAZOLE CONCENTRATION AND PEAK CURRENT

Concentration
of benzotriazole,

mg per 25 ml
of solu tion.

C
0·01
0·02
0·05
0·10
0·20
0·50
1·00
2·00
4·00
6·00
8·00

10·00

El
(versus mercury pool),

volts
-1,03
-1,05
-1·06
-1·07
-1·08
-1·09
-1·09
-1·09
-1,10
-1,11
-1-14
-1-14

i p ,

p.A

0·10
0·22
0·46
0·92
1·80
4·44
9·00

17·92
35·6
51·0
65·0
80·0

i p

C
10·0
11·0
9·2
9·2
9·0
8·9
9·0
8·96
8·90
8·50
8·12
8·00

Influence of metal ions-Trace amounts of zinc, copper, iron, nickel, lead and tin were
found not to interfere in the determination of benzotriazole (see Table IV). Zinc, with a
half-wave potential of -1·15 volts, would cause serious interference when present in con­
centrations greater than 50 p.p.m., but such a concentration would be rarely met in practice.

i p ,

p.A

0·480
0·492
0·492
0·480
0·492
0·480
0·480
0·480

-1·08
-1·09
-1,09
-1·08
-1·08
-1,08
-1,08
-1,08

Added.
p.g.

25
25
50
50
25

100
as above

Ion

CuH

ZnH

FeH

NiH
PbH

SnH

all above

TABLE IV
EFFECT OF METAL IONS ON THE BENZOTRIAZOLE WAVE

El
(versus mercury anode),

volts
Renzotriazolc.

mg

0·5
0·5
0·5
0·5
0·5
0·5
0·5
0·5

METHOD OF ANALYSIS
ApPARATUS-

A suitable cathode-ray or pen-recording polarograph.

REAGENTS-
Hydrochloric acid, 0·2 M.

Methyl cellulose solution, 0·004 per cent. w/v, aqueous.
Argon or nitrogen (oxygen-free).
Standard solutions of benzotriazole-Accurately weigh I g of benzotriazole and dissolve

it in water. Dilute the solution to I litre in a calibrated flask. Transfer with a pipette 10 ml
of this solution into a lOO-ml calibrated flask and dilute it to 100 m!. This is solution A.

I ml of solution A == 0·1 mg of benzotriazole.

Place 10 ml of solution A in a lOO-ml calibrated flask .and dilute it to 100 m!. This IS

solution B.
I ml of solution B == 0·01 mg of benzotriazole.
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PROCEDURE-

Accurately measure 10 ml of inhibited glycol and dissolve it in 20 ml of 0·2 M hydrochloric
acid. Heat the solution to boiling for 15 minutes to destroy any nitrite that may be present.
Cool the solution and dilute it with 0·2 M hydrochloric acid to 50 ml in a calibrated flask.
Transfer with a pipette 5 ml of this solution into a 25-ml calibrated flask and dilute it to the
mark with 0·2 M hydrochloric acid. Addition of methyl cellulose solution is only necessary
when maxima are encountered.

Transfer this solution to a polarographic cell containing a few millilitres of mercury as
the anode, and decoxygenate it by passing argon for 5 minutes. Record a polarogram with
the start potential at -0,75 volt and measure the peak height at -1,09 volts.

Record polarograms for the appropriate amount of standard solution, A or B, that has
been diluted to 25 ml with 0·2 M hydrochloric acid, so that a peak of similar height to that
of the sample is obtained.

CALCULATION-

If HI height due to sample at -1,09 volts,
H2 height due to standard at -1·09 volts and
W benzotriazole in standard used, mg, then-

B . I / HI W 50 100enzotnazoecontent,percent.w v= H
2

X 1000 XlO X 5 ·

RESULTS AND DISCUSSION

Benzotriazole determinations were carried out on factitious mixtures of ethylene glycol
containing 3·0 per cent. of sodium benzoate, 0·3 per cent. of sodium nitrite and 1·6 per cent.
of sodium borate plus fluorescein, phenol red and Solway green 150, by using both gravimetric
and polarographic procedures. The re~1ts are given in Table V.

TABLE V
COMPARISON OF POLAROGRAPHIC AND GRAVIMETRIC METHODS

Concentration of
added benzotriazole.

per cent. wIv
0·0446
0·0664
0·0879
0·109
0·129
0·150
0·169

Found, per cent. w lv, by-
r--- A-- ~

polarographic method gravimetric method
0·0454 0·0399
0·0669 0·0611
0·0875 0·0761
0·109 0·100
0·126 0·120
0·149 0·145
0·165 0·161

Table VI gives the results obtained with a series of actual samples and again agreement
is of an extremely high order.

TABLE VI
COMPARISON OF POLAROGRAPHIC AND GRAVIMETRIC METHODS

Benzotriazole found, per cent. w lv, by-
A

I

polarographic method

0·072
0·066
0·068
'()·096
0·092

gravimetric method

0·069
0·062
0·064
0·092
0·092

These methods provide two convenient and independent techniques for determining
benzotriazole in anti-freeze mixtures and other commercial preparations containing benzo­
triazole.
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Sodium mercaptobenzothiazole is not likely to be used in conjunction with benzotriazole,
but a brief examination indicated it would, if present, interfere with the gravimetric deter­
mination, but not with the polarographic method.

The gravimetric method has the advantage of being a simple, direct procedure that
could be easily carried out in any laboratory with standard equipment. The polarographic
method is more rapid and probably more specific and would be preferred in those laboratories
where suitable polarographic equipment is available.

The authors thank Messrs. B. Chapman and K. Browell for their valuable assistance in
this work, and the Directors of Imperial Chemical Industries Limited, Heavy Organic Chemicals
Division for their permission to publish this paper.
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The Determination of Tervalent Antimony by Oxidation
with N .Bromosuccinimide

By M. Z. BARAKAT AND S. K. SHEHAB
(Biochemistry Department, Faculty of Veterinary Medicine, Cairo University, Giza, Cairo, Egypt)

In the presence of dilute hydrochloric acid, N-bromosuccinimide readily
and quantitatively oxidises aqueous solutions of tervalent antimony. The
reaction takes place at room temperature, and N-bromosuccinimide is irre­
versibly reduced to succinimide. The determination of antimony trichloride
and tartar emetic by titration with standard N-bromosuccinimide solution
is described; the experimental error does not exceed ± 2 per cent. Results
are reported for the comparative analyses of tartar emetic by the proposed
method and by the official iodine method.

ANTIMONY potassium tartrate is commonly used in the treatment of schistosomiasis.1

Further, tartar emetic is a component of certain expectorants in the National Formularies,
e.g., the compound mixture of opium and glycyrrhiza2 and the compound syrup of squilI.3
This continued use in medicine has stimulated our interest in the determination of tervalent
antimony.

Various titrimetric methods have been extensively applied to the determination of
tervalent antimony, the oxidising power of the antimonyIII cation being used as the basis
of the reaction for its determination. Certain defects undoubtedly exist in all previous volu­
metric methods.4 With tartar emetic the Chloramine B method is not accurate because
the end-point is not sharp.5 The accuracy of the method of the British Pharmacopoeia6

can be improved, firstly by treating the sample with hydrochloric acid and then by neutralising
it with sodium hydrogen carbonate.

This paper describes the use of N-bromosuccinimide as an oxidising agent for deter-
mining tervalent antimony, as represented by the equation-

CH2-CO CH2-CO
I )NBr + SbCl. + 2HCl ---'J> I )NH + SbCl. + HBr
CH2-CO tH2-CO

The mechanism of this reaction has been established by experiment.
Similarly, N-bromosuccinimide is quantitatively and rapidly reduced to succinimide by

antimony potassium tartrate at room temperature, as represented by the equation-

CH2-CO) CH(OH)·C02SbO
I NBr + I + 5HCl ---'J>
tH2-CO CH(OH) ·C02K

CH2-CO) CH(OH)'C02H
I NH + I + SbCl. + KBr + H.o
CH2-CO CH(OH)·C02H

N-Bromosuccinimide is an oxidising agent, often highly selective,7 and can decolorise
methyl red in an aqueous acidic medium, but it oxidises tervalent antimony preferentially.
The red colour of the indicator remains unchanged until all the antimonyIII ions present
have been oxidised. The slightest excess of N-bromosuccinimide added after all the tervalent
antimony has been oxidised decolorises the methyl red.8

Comparative determinations of tartar emetic have been made by the proposed method
and the iodine method given in the British Pharmacopoeia 1958. N-Bromosuccinimide is
analogous to iodine, but it is superior to iodine, since it can be used for determining small
amounts of tartar emetic, giving more accurate results (see Tables II and III). Further,
the accuracy of the proposed method is not influenced by an appreciable increase in the
concentration of the acid; thus it· is "better than the previously known Chloramine T or
permanganate methods.4
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EXPERIMENTAL

REACTION BETWEEN N-BROMOSUCCINIMIDE AND ANTIMONY TRICHLORIDE-

Since 1 millimole of antimony trichloride reacts with 1 millimole of N-bromosuccinimide,
a 0·2281-g portion of antimony trichloride (0,001 mole) was placed in 20 ml of water, and
concentrated hydrochloric acid was added dropwise with shaking until dissolution was com­
plete. Then 0·178 g of N-bromosuccinimide (0,001 mole) was added to the solution and well
stirred. If any turbidity appeared, concentrated hydrochloric acid was added dropwise
until the solution was clear.

The presence of quinquevalent antimony was established by treating 5 ml of the clear
solution with 5 ml of 10 per cent. potassium iodide solution; any iodine liberated was detected
by the blue colour developed with a few drops of starch solution. A slight excess of N-bromo­
succinimide would react with potassium iodide to give free iodine. AntimonyIII compounds
do not give this reaction.

When hydrogen sulphide was passed into 5 ml of the clear solution, an orange-red
precipitate of antimony pentasulphide was deposited, which dissolved in concentrated hydro­
chloric acid, leaving an insoluble precipitate of sulphur.

The presence of hydrobromic acid was confirmed by treating 5 ml of the clear solution
with nitric acid and 10 per cent. silver nitrate solution; a yellowish-white precipitate of silver
bromide was formed. Another test was made by adding chlorine water dropwise to 5 ml of
the clear solution to which 2 ml of chloroform were added. The mixture was shaken, and
the chloroform layer acquired a reddish-brown colour after being allowed to stand. Succinimide
was isolated by placing a 0·9124-g portion of antimony trichloride in 50 ml of water and
by adding to it concentrated hydrochloric acid dropwise, with shaking, until all the solid
had dissolved. Then 0·712 g of N-bromosuccinimide was dissolved in 100 ml of hot water.
After the N-bromosuccinimide solution had cooled, it was added gradually, with shaking,
to the cold antimony trichloride solution. During the addition a white precipitate of the
basic antimony salt was deposited. The reaction mixture was filtered off, the clear filtrate
was distilled under reduced pressure and the solid residue was crystallised from benzene.
The colourless crystals (0,22 g, m.p. 1240 to 1250 C) were identified as succinimide by melting­
point and mixed melting-point determinations with a pure sample.

VALIDlTY OF THE REACTION FOR QUANTITATIVE DETERMINATION-

Before the reaction was applied to the determination of tervalent antimony in test
solutions, it was decided to verify quantitatively the reaction between N-bromosuccinimide
and antimony trichloride. An accurately measured volume of solution containing 0·2281 g
(0'001 mole) of antimony trichloride per 100 ml was placed in a 50-ml conical flask, and an
equal volume of 20 per cent. vIv hydrochloric acid and 2 drops of 0·04 per cent. methyl red
indicator solution in 95 per cent. ethanol were added. The mixture was titrated with 0·178 per
cent. wIv N-bromosuccinimide solution (0'001 mole per 100 ml), added dropwise from a
microburette, with continuous shaking after each addition. When the red colour of the
indicator faded, another drop of indicator 'was added, and the titration was continued until
the red colour completely disappeared. A similar series of experiments was carried out with
N-bromosuccinimide solution containing twice the number of molecules of solute as in the
first solution. It was found that the reaction was stoicheiometric in the presence of dilute
hydrochloric acid at room temperature. The results were-

Volume of antimony trichloride solution
(1 mmole per 100 ml), ml 10 5 4 3 2 1

Titre of N-bromosuccinimide (1 mmole per
100 ml), ml 10·00 5·05 4·05 3·00 2·05 0·98

Titre of N-bromosuccinimide (2 mmole per
100 ml), ml 5·00 2·45 1·95 1·50 0·99 0·50

METHOD
REAGENTS-

Methyl red solution, 0·04 per cent. wlv, in 95 per cent. ethanol.
Diluted hydrochloric acid, 20 per cent. vlv, aqueous.
N -Bromosuccinimide solution, 0·1 per cent. wIv , aqueous-This solution should be freshly

prepared before use and kept in a dark-glass bottle.
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PROCEDURE-

To an accurately measured volume (e.g., 5 ml) of the antimony trichloride solution in
a 50-ml conical flask add an equal volume (i.e., 5 ml) of 20 per cent. hydrochloric acid and
2 drops of methyl red indicator solution. Titrate the mixture with 0·1 per cent. wIv N-bromo­
succinimide solution, added dropwise from a microburette graduated at O'OI-ml intervals,
with continuous shaking. The end-point is reached when the last drop of titrant discharges
the red colour. A blank experiment should be carried out simultaneously and this reading
should be subtracted from the titre before calculation. Calculate the antimony trichloride
content of the sample solution from the expression-

A . . hI 'd 228·1 VCntlmony tnc on e present, mg = 178

where V is the titre of N-bromosuccinimide solution, in ml, and
C is the concentration of the N-bromosuccinimide solution, in mg per ml.

ApPLICATIONS OF THE METHOD

DETERMINATION OF ANTIMONY TRICHLORIDE-

A 1 per cent. stock solution of antimony trichloride was prepared by dissolving 1 g of
pure antimony trichloride in 20 ml of concentrated hydrochloric acid and by diluting the
solution with water to 100 ml in a calibrated flask. A solution containing 0·1 per cent. of

TABLE I
RECOVERY OF ANTIMONY TRICHLORIDE BY THE PROPOSED METHOD

Antimony
trichloride
content,

mg

1
2
3
4
5
6
7
8
9

10

Titre of
O· I per cent. wIv

N -bromosuccinimide
solution,

ml

0·77
1·58
2·30
3·10
3·85
4·65
5'40
6·20
7·00
7·80

Antimony
trichloride

found,
mg

0·99
2·02
2·95
3·97
4·93
5·96
6·92
7·95
8·97

10·00

Error,
per cent.

1·00
1·00
1·67
0'75
1·40
0·67
1·14
0·63
0·33

TABLE II
COMPARISON OF RESULTS FOR ANTIMONY POTASSIUM TARTRATE BY THE PROPOSED

METHOD AND BY TITRATION AGAINST IODINE SOLUTION

With O· I per cent.
N-bromosuccinimide as titrant- With 0·01 N iodine as titrant-

,- A

Tartar tartar tartar
emetic emetic emetic
content, titre, found, error, titre, found, error,

mg ml mg per cent. ml mg per cent.

10 5·30 9·94 0·60 6·10 10·18 }·80
9 4·75 8·91 }·OO 5·30 8·85 }'67
8 4·30 8·07 0·88 4'70 7·84 2·00
7 3·75 7·04 0·57 4·30 7·}8 2·57
6 3·20 6·00 3·70 6'}8 3·00
5 2·70 5·07 1·40 3·10 5·17 3·40

antimony trichloride was then prepared by diluting 10 ml of the stock solution with 20 per
cent. hydrochloric acid to 100 ml in a calibrated flask. The antimony trichloride content
of various volumes of this pure solution was then determined by the proposed method; the
results are given in Table 1.



January, 1965J ANTIMONY BY OXIDATION WITH N-BROMOSUCCINIMIDE 53

DETERMINATION OF TARTAR EMETIC-

. A series of experiments was carried out in which a 0·1 per cent. wIv solution of tartar
emetic was determined by the proposed method with 0·1 per cent. wIv N-bromosuccinimide
solution, and by titration against 0·01 N iodine. Under these conditions-

1 ml of 0·1 per cent. N-bromosuccinimide solution == 1·876 mg of C4H407SbK.tHP
and 1 ml of 0·01 N iodine == 1·669 mg of C4H407SbK.tHp.

The results, each of which is the mean of at least two determinations, are shown in Table II.
The titration process in which 0·1 per cent. N-bromosuccinimide solution was used was

not affected provided that a volume of concentrated hydrochloric acid at least equal to that
of the tartar emetic solution was added. Only the blank reading was relatively increased
according to the concentration of the added acid.

DETERMINATION OF TARTAR-EMETIC INJECTIONS-

Portions (2 ml and 1 ml) of an injection solution containing 60 mg of tartar emetic per ml
were accurately measured, and each portion was introduced into a 100-ml calibrated flask
and then diluted to the mark with 20 per cent. hydrochloric acid. Thus two samples contain­
ing 120 and 60 mg per 100 ml, respectively, were available for analysis and 5-ml aliquots
of each were used. The results are shown in Table III.

TABLE III
DETERMINATION OF TARTAR EMETIC IN INJECTION SOLUTION (5 ml)

BY THE PROPOSED METHOD

Tartar­
emetic content,
mg per 100 ml

}20

60

Titre of 0·1 per cent.
N-bromosuccinimide,

ml
3·15
3·20
1·60
1·61

Tartar
emetic found,
mg per 100 ml

118·19
120·06

60·03
60·41

Error,
per cent.

}·50
0·05
0·05
0·68

DETERMINATION OF TARTAR EMETIC IN CATTLE BLOOD-

Tartar emetic (100 mg) was dissolved in cattle blood and the volume was adjusted to
100 ml in a calibrated flask with blood. To 5 ml of this blood sample were added 5 ml of
20 per cent. trichloroacetic acid and the mixture was spun in a centrifuge for 10 minutes.
A portion (5 ml) of the supernatant clear solution (equivalent to 2·5 ml of blood) was trans­
ferred by pipette into a 50-ml flask, and 5 ml of 20 per cent. hydrochloric acid and 2 drops
of methyl red solution were added. A 0·1 per cent. N-bromosuccinimide solution was added
dropwise with shaking from a microburette until the red colour of the indicator just
disappeared. A blank experiment was carried out simultaneously on an equal volume of
the original blood. The blank reading was subtracted from the titre before the tartar-emetic
content of the blood was calculated. The results are shown in Table IV.

TABLE IV
RECOVERY OF TARTAR EMETIC FROM BLOOD BY THE PROPOSED METHOD

Volume of 0·1 per cent.
N-bromosuccinimide used, ml-

Volume of Tartar- .A ----, Tartar
blood emetic blank corrected emetic

filtrate, content, titre (A) value (B) (A-B) found, Error,
ml mg mg per cent.

5 2·50 2·45 HO }·35 2'53 1·20
4 2·00 1·85 0·80 }'05 }'97 1·50
3 }·50 }·40 0·60 0·80 }·50
2 }·OO 0·95 0·41 0·54 1·01 1·00

DISCUSSION OF RESULTS

The accuracy of the British Pharmacopoeia 1958 iodine method appears to depend on
the concentration of tartar emetic in the solution. Results show that the experimental
error seems to increase as the concentration of tartar emetic in the sample solution decreases.
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The results in Table II show that the iodine method is only accurate to within ±3·5 per
cent., particularly when the amount of tartar emetic in the sample is as small as 5 mg.

The results in Tables I, II and III show that the proposed method is superior to the
official iodine method in accuracy and sensitivity.
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Dispersing Agents for the Tin -Dithiol Complex

By T. C. J. OVENSTON AND C. KENYON

(Royal Naval Scientific Service, Admiralty Materials Laboratory, Holton Heath, Poole, Dorset)

IN Board and Elbourne's recent paper on this subject,l reference was made to our preliminary
note2 in which we reported that Belloid T.D. and Dispersol L. stabilised the tin - dithiol suspension.
To complete the record we wish to point out that these two dispersants can only succeed if added
immediately after, and not before, the formation of the complex. For obvious reasons it would
be better to use a dispersant that could be added before the reaction, and in our main paper3 we
made this clear and recommended the use of sodium lauryl sulphate as satisfactory. This paper
was not cited by Board and Elbourne, though it gives support to their findings.
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An Improvement in the Colorimetric Determination of the Total

Steam-volatile Phenols Present in Cigarette-smoke Condensate

By G. A. L. SMITH AND D. A. KING
(Carreras Research Division, Bruce Grove, Wickford, Essex)

IN the colorimetric determination of the total steam-volatile phenols previously described by US,l
the molar extinction coefficients of the azo dyes, prepared by coupling the diazonium salt of
p-nitroaniline with p-substituted phenols in alkaline solution, were small compared with those of
dyes similarly prepared from phenols substituted in the 0- and m-positions. The molar extinction
coefficients of the acid form of the azo dyes, formed as above from p-substituted phenols, are much
greater when extracted into carbon tetrachloride, so, by converting the dyes into their acid forms
and extracting them into carbon tetrachloride, a more accurate measure of these compounds can
be accomplished.

In the method previously described by us, the tar on the Cambridge filter was extracted with
methanol before steam-distillation. We have now found it better to place the Cambridge filter
directly into the distillation flask, and steam-distil it until 250 ml of distillate have been collected,
a 25-ml aliquot being taken for the determination. The colour procedure was now followed, but
instead of the optical density of the colour produced being measured at 490 mp.., the solution was
transferred to a 250-ml separating funnel, 0·6 ml of 2 N sulphuric acid was added, and the dyes
were extracted successively with 25-, 10- and lO-ml volumes of·carbon tetrachloride, which were
combined, filtered into a 50-ml calibrated flask and made up to volume with carbon tetrachloride.
The optical density of the solution was measured at 365 mp.. against an extracted blank reagent
solution, in l-cm cells with a Unicam SP500 spectrophotometer.
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The absorption maxima and molar extinction coefficients of fourteen phenols were determined
as described above; they are given in Table I.

TABLE I

ABSORPTION MAXIMA AND MOLAR EXTINCTION COEFFICIENTS OF SOME PHENOLS

Azo compound of-

Phenol
o-Cresol
m-Cresol
p-Cresol
Guaiacol
2,3-Xylenol
2,4-Xylenol
2,5-Xylenol
2,6-Xylenol
3,4-Xylenol
3,5-Xylenol
o-Ethylphenol
m-Ethylphenol
p-Ethylphenol

Absorption maximum
in

carbon tetrachloride,
mp'

358
347
365
339
395
380
354
385
360
354
375
375
377
344

Molar extinction
coefficient in

carbon tetrachloride

23,400
23,000
23,200
27,700
41,900
32,900
51,200
48,500
19,200
51,200
53,700
40,900
51,200
43,600

It will be noted that the absorption maxima of all the dyes are at similar wavelengths.
A linear calibration graph was obtained by using this extraction procedure.
A comparison was made, in which two types of plain cigarette were used, between both the

published colorimetricl and thin-layer chromatographic2 methods and the improved colorimetric
method described here (see Table II).

TABLE II

COMPARISON OF COLORIMETRIC AND THIN-LAVER METHODS FOR DETERMINING
PHENOLS IN CIGARETTE-SMOKE CONDENSATE

Total steam-volatile phenols, p.g per cigarette, found by using-
A

Cigarette 1 ..
Standard deviation
Cigarette 2 ..
Standard deviation

colorimetric
method'

250
+10·0
-255
±1l·0

improved
colorimetric

method
300

+6·0
-310
±5'0

thin-layer
method2

295
+5·0
-300
±5·0
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Detennination of Traces of Selenium in Water by the Ring-oven
Technique

Bv SHIB DAS BISWAS· AND ARUN K. DEY

(Chemical Laboratories, University of Allahabad, Allahabad, India)

TRACES of selenium serve as a micronutrient, but at the same time are slightly toxic and injurious.
Several methods are known for determining traces of selenium with a spectrophotometer and
diaminobenzidine as the reagent. l ,2,3,4 Neutron-activation analysis is perhaps suitable, but has
limited applicability 6 on account of the cost of equipment.

* Present address: Department of Oral Biology (Biochemistry), University of Manitoba, Winnipeg-3,
Canada.
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This paper describes the rapid determination of traces of selenium by the ring-oven technique.6

The equipment is inexpensive and the total determination does not require more than 3 hours.
The method has been used for determining selenium in a sample of waste water from the
Allahabad distillery.

EXPERIMENTAL

For extracting selenium from water, a modification of the method of Robinson and co-workers7

was used. Ten litres of water were collected, treated with sodium peroxide and evaporated nearly
to dryness. The residue obtained was distilled with 10 ml of bromine solution and 100 ml of
40 per cent. hydrobromic acid. The bromine and hydrobromic acid were added gradually and
the mixture shaken constantly and gently. The distillate, containing selenous acid together with
selenium and other volatile metals, e.g., arsenic, was collected in a receiver and evaporated to
a small volume (15·2 ml).

The separation of selenium from arsenic was achieved with the ring oven by using a magnesia
mixture that precipitated arsenic as ammonium magnesium arsenate and was retained at the
centre of the filter-paper. The washing was done thrice with a 50 per cent. aqueous solution of
ethanol, which caused the selenium to migrate to the ring zone.

The selenium ring was developed with a 5 per cent. aqueous solution of thiourea and the
selenium determined quantitatively by ring-colorimetry. For the quantitative determination,
many suitable standard scales and test rings were prepared. This method was suggested by
Knodel and Weisz8 as it eliminated much of the practical error caused by visual comparison of
the standard rings and test rings. The standard rings were prepared with even numbers of drops
of a standard solution of selenous acid (1 g of selenium per litre), by using a self-filling micropipette
(about 1·5 ,.d) , were numbered II, IV, VI, VIII and X, and contained 2, 4, 6, 8 and 10 drops of
solution, respectively. The test rings were prepared with 1, 3, 5 and 7 drops and were numbered
I, III, V and VII, respectively. This numbering was arbitrary and done simply for practical
convenience. The total number of test rings was compared with the total number of standard
rings, thus eliminating a single "guess" that had caused larger error than the error obtained by
a series of "guesses."

The amount of seleniumIv present was determined by direct comparison of the intensities
of the rings formed from the test drops with those formed from the standard drops. The standard
rings were prepared as described above, i.e., by spotting various amounts of selenous acid, ranging
from 1·5 to 7·5 fLg, on filter-paper.

A study was made of the accuracy of the visual comparison of rings at three different concen­
trations of selenium1v Four test rings containing 1·5 fLg of selenium1v were compared inde­
pendently with a standard ring containing 1·5 fLg of selenium1v and perfect matching was obtained.
Similar results were obtained with 4 test rings containing 4·5 and 4 test rings containing 7·5 fLg
of selenium1v• It is evident from the results that an amount of selenium1v as low as 1·5 fLf!, could
easily be determined. The amount of selenium1v in the sample of waste water was determined,
the method of concentrating the selenium in water being as described above. The amount was
calculated in parts per million after comparison of the test rings with standard rings. The ratio
of the total number of drops of standard selenous acid solution (1 g of selenium1v per litre) to
the total number of drops of test solution was 1 to 6,5, and the total amount of selenium found
in the sample was 0·23 p.p.m. .

As is evident from this result, it is possible to detect and determine selenium in water at
a level as low as 0·23 p.p.m.

We are grateful to the Council of Scientific and Industrial Research, New Delhi, for supporting
this work and for granting a fellowship to one of us (S.D.B.).

REFERENCES

First received April 7th, 1964
Amended September 15th, 1964

I.l(
2-+
3".­
4,(
5.
6.

7.

8.

Cheng, K. L., Anal. Chem., 1956,28, 1738/
Haste, J., and Gillis, J., Anal. Chim. Acta, 1955, 12, 158.0/
Strenge, K, Arch. Gewerbepath. Gewerbehyg., 1958, 16, 588; Chem. Abstr., 1961, 55, 239f. v­
Cummins, L. M., Martin, J. L., Maag, G. W., and Maag, D. D., Anal. Chem., 1964, .36, 382. V
Okada, M., Nature, 1960, 187, 594.
V\Zeisz, H., "Micro-analysis by the Ring-oven Technique," Pergamon Press, Oxford and London,

1961.
Robinson, W.O., Dudley, H. C., Williams, K. T., and Byers, H. G., Ind. Eng. Chem., Anal. Ed.,

1934, 6, 274.
Knodel, W., and Weisz, H., Mikrochim. Acta, 1957, 417.



58 BOOK REVIEWS

Book Reviews

[Analyst, Vol. 90

ANALYSIS AND CHARACTERIZATION OF OILS, FATS AND FAT PRODUCTS. Volume 1. Edited by
H. A. BOEKENOOGEN. Pp. xiv + 421. New York, London and Sydney: Interscience
Publishers, a division of John Wiley & Sons Ltd. 1964. Price 84s.

This book is the first in a series and contains nine chapters. Each chapter deals with a special
subject and has been written by one or more authors, experts in the particular field being considered.

Analytical methods for the examination of oils and fats can be roughly assigned to two periods,
pre- and post-1920. During the first, the methods used were mainly empirical and designed for
some specific purpose, such as detection of adulteration, performance in use and indication of
deterioration such as splitting or oxidation. Whereas since 1920 such objectives of analysis have
not been lost sight of, the newer methods have tended to become increasingly influenced by the
accumulating knowledge of the fundamental chemistry and physical properties of natural fats and
pure glycerides. In this book, according to the subject of the chapter, there is a variation in the
degree to which the contents are affected by the methods of both these eras, but always the
subject is dealt with factually and critically.

Chapter I, Classical Chemical Methods in Fat Analysis, covers the methods in use pre-1920
plus a few of the later era, such as ester fractionation and determination of thiocyanogen values,
both of which contributed to the marked step forward of enabling reliable fatty-acid compositions
to be ascertained.

Specialists in the analysis of oils and fats will be well acquainted with many of the methods
described in this chapter and will therefore be inclined to be more critical of it than of some others,
the subjects of which they may have little or only slight knowledge. Opinions of the value of
many of the tests described, and more especially the techniques for carrying them out, will also
be greatly influenced by national standards, e.g., B.S.!., German or American Oil Chemists' Society
methods. British readers may therefore disagree with some of the contents of this chapter, which
has a tendency to emphasise German Standards and publications. I am, however, delighted
to see the emphasis placed on the hydrogen-iodine value, a determination that merits more
attention and application as a check on results of the measurement of the unsaturation of unknown
fatty material by halogen-absorption methods.

The chapters on The Analysis of Butter and Cheese and The Determination of Foots in
Oils, especially Linseed Oils, are essentially reviews of very specific interest, and the methods
described in them are mainly more characteristic of those of the pre-1920 era. The "Foots"
problem is of undoubted commercial importance, but, in view of the comment by Dr. Boekenoogen
quoted on p. 288, it is a pity that scientists have had to spend so much time trying to solve a
fundamentally insoluble problem.

The chapters on Nuclear Magnetic Resonance Spectroscopy as a Tool in Fat Chemistry and
on The Use of Ion Exchangers for the Analysis of Detergents are more typical of the new era
in the analytical examination of oils and fats. They contain a great wealth of fundamental
and scientific knowledge. Primarily, their contents are of value to those engaged in analytical
research, or in difficult analyses for which established methods do not give all the information
required.

The remaining four chapters are The Assay of Essential Fatty Acids, The Application of
Urea Inclusion Compounds in Fat Analysis, Dilatometry of Fats and The Analysis of Mono­
glyceride and Related Emulsifiers. The contents of these are, to me, the most satisfying part
of the book. This judgment, however, may be somewhat biased by over 40 years' experience of
the last two subjects. Reading these chapters conveyed the feeling that the writers had happily
combined the direct objectives of the analytical methods of the pre-1920 era with basic, funda­
mental knowledge since acquired.

The chapter on "Dilatometry" is a most comprehensive account and contains valuable
information not hitherto generally available. Dilatometry was undoubtedly a landmark in the
analytical examination of fats and has been responsible for great industrial progress. There are
two minor criticisms of the contents of this chapter. The first is the inclusion in it of the section
dealing with slip-points, etc. Most of these tests are more akin in quality to those of the pre-1920
era, and on account of this would be more appropriately assigned to Chapter!. Further, users
of them in some instances have their own strong preferences for conditions other than those
outlined in the chapter. The second is that credit should be assigned to A. H. Salway as well
as to Bertram for discovering the value of dilatometric examination of fats. As a result of Salway's
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work (at about the same time as that of Bertram) dilatation measurements were made in this
cO~Jntry and in some overseas countries for 10 years before the first publications on the subject
by Normann in Germany and Jensen in England in 1931.

"Determination of monoglycerides, etc." is not a subject of such wide application as "Dilato­
metry," but the description of it in this chapter is equally praiseworthy to that of the latter subject.
Historically, factually and critically it is the best available account.

The various European contributors who have written in English are to be congratulated on
their efforts. There are a few expressions that will be somewhat strange to English readers,
but there is no serious difficulty in appreciating their meaning. The hypercritical English reader
should envisage his own efforts in writing scientific articles in French or Gennan.

Primarily (except possibly for the chapters on "Butter and Cheese" and "Foots in Oils")
this book is a scientific work of high standard and not a laboratory reference book for routine
analysts. All those engaged in the control of analytical laboratories in which oils and fat are
examined, from whatever source, and all research workers whose results are dependent upon the
selection and use of accurate methods for the analysis of oils and fats will fmd it of great value.

The printing and layout of the book are satisfactory and the price reasonable for the value
of the contents. The publishers of this type of work may find it profitable also to issue some of
the chapters singly as monographs. Young chemists, who otherwise would solely rely on library
copies of the complete work, might purchase such monographs as are of special interest to them

P. N. WILLIAMS

FOOD SCIENCE AND TECHNOLOGY. By MAGNUS PYKE, B.sc., Ph.D., F.R.I.e., F.R.S.E. Pp. xu
+ 211. London: John Murray. 1964. Price 30s.

Food science and technology is a vast subject. Dr. Pyke has attempted to cover the whole
field within one short book.

'He starts off by giving the reader some modern conceptions of chemistry, physics and biology­
so that the subsequent reading matter might be better undel'stood.

He proceeds to enumerate traditional methods of processing food and the scientific significance
of these, and then goes on to practical technology. Under this heading is given some insight
into cereal chemistry; meat, fish and poultry; milk, cheese and eggs; fruit and vegetables; and,
finally, some of the modern technological processes used in the canning industry.

There is nothing in the book for the analyst, but there is a lot for anybody wishing to obtain
a superficial knowledge of food technology. As with all Dr. Pyke's books, this is very readable,
and certainly reviews the subject right up to date.

r am not quite sure for what audience the book is intended, as it seems to fall between the
stools of technological expert and casual reader. For the former the book is too superficial, and
for the latter it is possibly too technical. R. F. MILTON

TASCHENBUCH FUR CHEMIKER UNO PHYSIKER. PART II. ORGANISCHE VERBINDUNGEN. Edited
by Dr.phil. ELLEN LAX, assisted by Dr.rer.nat. CLAUDIE SYNOWIETZ. Third Edition.
Pp. viii + 1178. Berlin, Gottingen and Heidelberg: Springer-Verlag. 1964. Price DM 48.

The greater part of this book, almost exactly three-quarters, is occupied by a list, in alpha­
betical order with certain modifications, of about 7000 organic chemicals, giving structural
formulae, molecular weights, physical properties (melting-point, boiling-point, density) and, as
appropriate, crystalline character, odour, solubility, specific rotation, refractive index and deriva­
tives useful for purposes of identification. Each item carries a literature reference, to books
(e.g., the Fiesers for steroids, Manske for alkaloids, Organic Syntheses), to recent journals, other­
wise to Beilstein or, most exceptionally, to a German Patent. The scope is thus very similar to
that of Heilbron's Dictionary, but is rather less ambitious.

The first section (50 pages) deals with Nomenclature generally and even includes a passing
reference to the I.U.P.A.C. Tentative Rules, Section C (1962), now undergoing much needed
revision. The principles enunciated are not necessarily followed throughout in the main tabulation,
but this need not cause difficulty in locating a particular compound, since there are many cross­
references and, in the last resort, there is a formula index (86 pages) on the lines of that issued
by Chemical A bstj'acts. In the higher regions, where difficulties might arise, there are usually only
single trivial names in use, e.g., strychnine, violaxanthin, and in such instances, reference to a
formula index is not necessary. The general index fits comfortably on a single page.
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There are tables for melting-points (69 pages) ranging from -190° C to 622° C and for
boiling-points (49 pages) from -190° C to 550° C. In the latter list, the problem of coping with
the various pressures is resolved by neglecting them for determining the order, though, of course,
they are cited; thus, tetrachlorofuran (b.p. 107-8/15 mm) is followed by isobutyronitrile (b.p.
107-8/743 mm). The remaining pages cover thermochemical data and critical data.

Errors of commission and of omission can occur only too easily in compiling a book of this
kind. Very few of the former have been detected, but the latter are more numerous; to take one
example, refractive indexes for the several dichloropropenes are available from several places in
the literature. It is unrealistic to cite this property for organic liquids to five places of decimals
when, for most of them, even the fourth place is somewhat doubtful.

This is a handy book, nicely produced and not difficult to use even by those whose knowledge
of German is limited; from its size, however, it would be uncomfortable in the pocket.

B.A.ELLIS

ALTERNATING CURRENT POLAROGRAPHY AND TENSAMMETRY. By B. BREYER and H. H. BAUER.
Pp. xx + 288. New York and London: Interscience Publishers, a division of John Wiley
& Sons. 1963. Price 90s.

This book is a valuable addition to the sparse literature of a.c. polarography, and provides
a welcome compendium of a.c. polarographic analytical techniques developed before 1960, at
which time the authors' literature review ended (as they acknowledge in their Preface).

The text is divided into 5 chapters of widely varied length and somewhat varied merit. The
historical introduction is of interest to the general reader in tracing some of the early stages
of research in this field, culminating in a brief section on the rectifying properties of electron­
transfer reactions, from which properties several important recent methods for the study of elec­
trode kinetics have been derived. The second, theoretical chapter usefully reduces the equations
of some 90 papers to a common symbolism, which will be of assistance to those wishing to com­
pare the predicted wave-shapes and their dependence on frequency, etc. In experimentally
verifiable instances the results are often complicated by prior chemical reactions and adsorption,
or both, and theoretical treatments of these conditions are represented by a short section of older
papers. The third chapter of the book, entitled "Instrumentation," is largely of academic interest
to British polarographers, as it deals principally with polarographs of Japanese origin, none of which
were represented in the exhibition held at the recent Polarographic Congress in Southampton,
although their manufacturers may have British representatives. However, sixty references (a few
a trifle obscure) provide a wide survey of instrumental methods before 1960. It is the fourth
chapter, "Analytical Applications," that forms the vigorous heart of this work, and that renders
the book of great value to the analyst. In this, the a.c. polarographic behaviour of forty-one simple
ions and a large number of organic species is noted in a far-ranging literature survey, in which some
of the references might easily prove inaccessible without this compilation. It is unfortunate that
frequencies of a.c. measurements are not always given, but this may reflect deficiencies in the
original papers rather than in their reporting. The chapter ends with a section on the tensammetric
investigation of non-reducible substances. The final chapter, "Elucidation of Electrode Processes,"
is short and does not show the methods, both theoretical and experimental, that have been proposed
or used, in recent years, for the clarification of fast or complex processes. It will serve as an intro-
duction to this subject for the general reader. A. W. GARDNER

MATHEMATICAL METHODS OF PHYSICS. By JON MATHEWS and R. L. WALKER. Pp. xii + 475.
New York and Amsterdam: W. A. Benjamin Inc. 1964. Price $13.75.

"This is a book," say the authors, "about mathematics,jor physicists" (authors' italics). Chemists
nowadays, and particularly analytical chemists, must practise a good deal of physics: physicists,
indeed, seem to be doing a good deal of chemistry in exchange. In any case, this book covers a
good deal of ground common to the two disciplines, both of which lean heavily on mathematics
for their explication. The orientation is primarily mathematical, aimed at Part II Honours
Physics courses and a little beyond, and the choice of subjects is flavoured by their usefulness in
physics, the rigour of treatment reflecting current practice in theoretical physics. The physical
bias, however, is largely in the eyes of the beholder, one author professing quantum field theory,
the other neutron sources, y-ray spectroscopy and the interaction of y-rays with matter as their
research interests, and many of the problems discussed have a familiar ring to chemists.

The emphasis of the book is on problem solving, and on passing under review the array of
mathematical tools at our disposal for this purpose. Consequently, if there is, "little effort to teach
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physics in this text," there is equally not much background mathematical explanation. Rather
is there an abundant and rewarding exploration of the potentialities and power of the mathematical
methods. An acquaintance with mathematics of about A level, with perhaps a little more on
complex variables, is assumed, although Legendre functions are well discussed and there is an
appendix containing a brief review of the theory of functions of complex variables. Mathematics
to subsidiary or additional degree level would permit the fullest value to be extracted from the
text. Practically the whole of the book, even including tensor analysis, is relevant to the problems
of chemistry. Of particular value are the treatments of numerical methods, group theory and
probability theory.

Not only should this book be of material assistance in stating, laying out and solving compli­
cated analytical problems, but it should also help in the programming of calculations for computer
operation, a field in which chemists are becoming increasingly involved. In this respect particu­
larly, it is perhaps a pity that Boolean algebra is not treated, but it is otherwise hardly competent
in a non-mathematical specialist to criticise the coverage or treatment. The balance seems good,
and there is a refreshing unconventionality in places. Notable are the exposition of the Fredholm
solution of linear integral equations, the discussion of dispersion relations, and some related integral
equations and especially the applications of probability theory to fitting of experimental data.
Remarkably few errors catch the uninstructed eye, and the layout of the text is clear and pleasing.

E. BISHOP

ADVANCES IN ANALYTICAL CHEMISTRY AND INSTRUMENTATION. Volume 3. Edited by CHARLES
N. HEILLEY. Pp. viii + 523. New York, London and Sydney: Interscience Publishers,
a division of John Wiley and Sons, Inc. 1964. Price 113s.

vVhen the first volume of this series appeared about three years ago, the declared objective
was to present up-to-date information on new analytical developments, and provide critical
comprehensive articles surveying various topics on a high level to satisfy the needs of specialists
and non-specialists alike.

Analytical chemistry has made such rapid advances in recent years, that even the dedicated
analyst finds it difficult to keep abreast with developments in his particular field, and this is even
more unfortunate when some new chemical or physico-chemical technique, developed for another
purpose, might have useful applications in his laboratory. This continuing series of publications
will go a long way to meeting the needs of analysts who come within this category.

Each of the eight sections in this present volume, as in the earlier volumes, contains contri­
butions of almost equal length, by authors of international repute.

The subjects covered are: Atomic-absorption Spectroscopy, Photometric Titration, Analytical
Applications of Enzyme-catalysed Reactions, Ion Sources and Detectors for the Mass Spectroscopic
Study of Solids, Galvanic Analysis, Linear Elution Adsorption Chromatography, Concepts and
Column Parameters in Gas Chromatography and Thin-layer Chromatography.

In addition to author and subject indexes, a cumulative index covers the three volumes now
published.

This is a book that the progressive analyst should read, but the price is likely to deter the
average reader from wishing to make it a personal possession. W. T. ELWELL

DETERMINATION OF pH: THEORY AND PRACTICE. By ROGER G. BATES. Pp. xvi + 435. New
York, London and Sydney: John Wiley & Sons Inc. 1964. Price 100s.

There has been a great deal of activity in this field since the first edition appeared ten years
ago (reviewed Analyst, 1955,80,779), and a revision of Dr. Bates' classic text is timely and welcome.
The new edition has been expanded by 100 pages, and the literature has been substantially covered
up to 1962 with several citations from 1963. The whole text has been re-set: the material of the
first edition, being still pertinent, is retained in whole with minor additions and revisions as well
as expansion where necessary to bring the literature coverage up to date. Among the new, or
substantially enlarged, sections are the chapters on measurement of acidity with indicators (which
accounts for the change in the title of the book), acidity and basicity in non-aqueous solutions,
and pH and other acidity functions for non-aqueous media, and a useful p(aHYCI) tabulation for
a dozen or so solutions over the temperature range 0° to 60° C. Curiously, Bates again excludes
his own name from the Author Index, but the whole text is clearly illumined by his own personal
experience. Perhaps this tendency to restrict the field to matters of personal experience explains
why, for example, there is very little about measurements at high temperature and pressures,
or about commercial instrumentation. The growing importance of measurements 'mder extreme
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conditions does at least warrant mention of Schwabe's useful monograph (Verlag Chemie G.m.b.H.,
Weinheim/Bergstr. 1960). The author excuses himself from dealing with the profusion of com­
mercial pH instrumentation on the grounds that it now exceeds the scope of the book. Certainly,
Ross Taylor's chapter in Mattocks' "pH Measurement and Titration" is a first-class account of
the subject up to the late fifties, but the restriction of Bates's treatment essentially to the Beckman
model G remains a lacuna in a text to which one would wish to turn for a complete account of
all aspects of laboratory pH determinations. Nevertheless, the authority and definitiveness of the
first edition are maintained and enhanced in the second. Anyone concerned with the theory or
practice of pH measurement or interpretation who missed the first edition is urged to acquire
the new one, and many whose first edition has been thumbed to the point of disintegration will
find the new one a profitable investment. E. BISHOP

PRACTICAL CHROMATOGRAPHIC TECHNIQUES. By A. H. GORDON, B.A., Ph.D., and J. E. EASTOE,
B.sc., Ph.D., A.R.C.S., D.I.e. Pp. viii + 200. London: George Newnes Ltd. 1964. Price 42s.

Chemists with little or no experience of chromatography can obtain from this book a sound
understanding of the principles underlying separations on differing media and will benefit from
the authors' considerable practical experience.

A short historical survey is followed by chapters dealing with the principles of chromato­
graphy, apparatus, adsorption, paper chromatography and ion-exchange chromatography. The
final chapter deals with specialised chromatographic systems and includes sections on the use of
modified celluloses and dextrans, together with a short section on thin-layer chromatography.
Gas chromatography is not included, but is dealt with in another volume in the same series. The
book is well written in simple terms, and is adequately supported with diagrams, tables and
over 100 references. The practical applications given are mainly in the organic field, and it is
unfortunate that inorganic aspects do not receive more attention.

The real value of this volume is in the wealth of detailed practical information that it contains,
and which would be invaluable to anyone attempting chromatographic separations for the first time.

D. M. PEAKE

AN ADVANCED COURSE IN PRACTICAL INORGANIC CHEMISTRY. By D. N. GRINDLEY. Pp. xvi + 184.
London: Butterworth and Co. (Publishers) Ltd. J 964. Price 17s. 6d.

This book has been prepared for use by students taking a variety of degree-level courses
in the U.K. Its contents are divided into six sections-

Section
A
B
C
D
E
F

Contents
Exercises on Fundamental Techniques: Single Analyses
Preparations
Double A nalyses and More Complex Nlethods
Investigat-ion of Reactions
Complexometric Methods
Problems.

Section A is subdivided into four parts: "Gravimetric methods," "Volumetric exercises," "Reductor
exercises" and "Colorimetric methods." Appendixes containing logarithms and atomic weights
(based on carbon-12) and an index complete the text.

On the whole, an interesting set of exercises has been compiled. In Section A the technique
of precipitation from homogeneous solution is strongly featured; some of the simpler volumetric
exercises are omitted because they will have been covered in more elementary courses; the colori­
metric exercises involve the use of Nessler tubes. Although the preparations in Section Bare
not claimed to be other than simple, they bear a familiar look and are rather disappointing. The
more advanced gravimetric and volumetric analyses in Section C, several involving industrial-type
samples, are each for two or more constituents. Though separation by solvent extraction is
employed, no application of ion exchange seems to have been included. The reactions for investi­
gation in Section D are mostly redox in character. It is the author's intention that these, together
with the problems in Section F, should require a greater degree of interpretation of results by the
student than in normal analytical exercises. In this context, I was pleased to note the absence
throughout the whole text of factors to facilitate calculation of results. The complexometric
methods in Section E involve only EDTA as a complexing titrant, but a variety of indicators is
employed. An excessive bias towards metallurgical applications might have been avoided by
introducing one or two indirect determinations of anions.

The main emphasis of the author is directed to development by the student of reliability
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and accuracy in the primary analytical skills (his constant use of estimation as an exact equivalent
to determination is rather confusing in this context). I agree with his preference for personal
demonstration of actual technique instead of expecting the student to read about it. On the
other hand, I am not too happy with the tendency for exclusion of theory from the text or its
simplification. Although the necessary theory can certainly be dealt with in the lecture room,
it is usually not. This leads to a greater emphasis on analysis rather than on analytical chemistry,
and undoubtedly contributes to the lower status that those in this field enjoy.

The author seems to regret the increasing use of instrumental methods of analysis. While
it is true that not all new advances in analytical chemistry involve expensive instruments, much
analytical chemistry is today concerned with the detection and determination of trace amounts.
The more classical analytical techniques are often then of little value. A modern teaching course
in analytical chemistry should provide a balance between the two extremes. M. WILLIAMS

.\:"ALYTICAL METHODS FOR PESTICIDES, PLANT GROWTH REGULATORS AND FOOD ADDITIVES.
Edited by GUNTER ZWEIG. Volume II: INSECTICIDES. Pp. xviii + 619. Price 164s.;
(for subscribers to the series, 143s.); Volume III: FUNGICIDES, NEMATOCIDES AND SOIL
FUMIGANTS, RODENTICIDES AND FOOD AND FEED ADDITIVES. Pp. xiv + 237. Price 86s.;
(80s.). New York and London: Academic Press. 1964.

The first volume in this series having dealt with general methods of formulation and residue
analysis (Analyst, 1964,89, 230), the present volumes are devoted to monographs on individual
pesticides. There are 47 such monographs on insecticides in Volume II, and 25 monographs,
comprising 13 individual fungicides and one group (the dithiocarbamates), 5 nematocides, warfarin,
coumachlor, ethylene and propylene glycols and the poultry-feed additives Zoalene and its reduction
product, 3-amino-5-nitro-o-toluamide, in Volume III. These have been written by a total of
46 authors, mainly American, from university, industry and government service. Each monograph
is made up of three parts. The first part consists of a systematic presentation of structural and
empirical formulae, alternative names, the source of analytical standards, a brief history and the
biological, chemical and physical properties of the pesticide and the principal methods of its
formulation and use. The second and third parts are concerned with formulation analysis and
residue analysis, respectively: for warfarin, however, no residue method is available. y-BHC is
a notable omission from Volume II.

Editorially, the volumes have been well planned and well executed: the various authors,
each expert in his own field, have achieved a substantially uniform and high standard of presenta­
tion. Analytical methods are briefly reviewed for each pesticide; full practical details for a selected
method (normally one only) of analysis are then given, including illustrations of any special
apparatus required. A brief discussion then usually follows, in which such matters as the extent
of the applicability of the method described, or its specificity or special interferences to which it
may be subject are noted. In a few instances, general methods of analysis, for which the reader
is referred to Volume I, are invoked, for example, for total organic chlorine or for gas-chromato­
graphic examination. There is no attempt at an exhaustive literature survey of methods, but most
significant papers to 1961 (and sometimes to 1962 or 1963) are indicated. Nomenclature is a local
difficulty, a preference for registered trade names being evident in several instances; the matter is
quite well handled in the indexes, however, despite some uncertainty about dichlone.

Coming almost a decade after the first modern standard reference book on residue and
formulation analysis, this compilation is most welcome. The whole field of pesticide analysis is
still far from static; but given that the remaining volume in the series (on herbicides) maintains
the present standard, the set will itself become a standard reference work. H. EGAN

FLUORI;\iE CHI;;MISTRY. Volume V. Edited by J. H. SIMONS. Pp. xvi + 505. New York and
London: Academic Press. 1964. Price 118s.

"Fluorine," derived from the Latin verb, "fluere" to flow, is an apt name for an element
derived from fluorspar, a flux that has been used for centuries to improve the flow properties of
the silicate slags of many molten materials.

There are many compounds of fluorine that now have a ubiquitous use. The fluoride ion,
added to our water supplies, inhibits the prevalence of dental caries, the polymeric organo-fluorine
plastics possess unique electrical and physical properties, hydrogen fluoride and boron trifluoride
are important catalysts in industrial manufacture, and elemental fluorine is the most powerful
of chemical rocket oxidants. Half the present volume deals in a most comprehensive fashion with
the industrial and utilarian aspects of fluorine chemistry, and provides a rich source of scientific
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data and general information. One important chapter deals with the radiochemistry of fluorine.
The fluorine radionuclides, although short-lived, have most valuable applications in tracer
researches of all types. Occasionally they also have a nuisance value, fluorine-17, formed by,the
deuteron irradiation of oxygen, being one of the major y-ray emitters in nuclear reactors moderated
by heavy water.

Other chapters present in excellent detail (a) the general chemistry of inorganic fluorine
compounds of all kinds and (b) the physical chemistry of the fluorocarbons.

The chemical and physical data presented for both the inorganic and organic compounds
are extensive and detailed, and cover thermodynamic functions, {surface tension, viscosity, etc.

The more recently discovered complex fluorine compounds of the inert gases are not dealt
with in the present publication.

This is an extremely valuable reference work on fluorine chemistry, and is certain to find
its way into the libraries of the most modern laboratories. D. T. LEWIS

ANALYSIS OF ANCIENT METALS. By EARLE B.. CALEY. Pp. xii + 173. Oxford, London, Edin­
burgh, New York, Paris and Frankfurt: Pergamon Press. 1964. Price 70s.

Information on the composition of ancient materials often provides a vital clue in establishing
the age of a specimen and the sources from which the various metallic constituents were derived.
This information has always been valuable to the archaeologist, but interest in recent years seems
to have increased.

Compared with the numerous metals and alloys in use today, the number known centuries
ago is very small, but includes most of the present-day common metals, like copper, tin, lead and
iron, and their most important alloys, such as brass, bronze, pewter and steel.

Problems associated with the analysis of these materials arise, to a large extent, from the
heterogeneous nature and restricted weight of sample available. The limited amount of sample
available for analysis may be unavoidable, but in many instances this is dictated by a desire to
preserve the specimen, as nearly as possible, in its original form.

In the analysis of these materials on an occasional basis, analysts invariably use procedures
that are closely linked with their everyday work, e.g., procedures in which a preliminary spectro­
graphic examination of the solid specimen, or sample solution, is made, with subsequent analysis
of a master solution, by using spectrophotometric, polarographic and atomic-absorption methods.
The author implies that acceptable alternative procedures such as these are available, but makes
it clear that the methods contained in the book are procedures that have been found, over his
25 years' experience, to have the best practical application. Thus, whilst due recognition, and
use, is made of spectrographic equipment in the determination of trace constituents and in the
examination of corrosion products, emphasis is placed on simple tests and procedures that require
a minimum of apparatus. Hence the book will have a special appeal to analysts who lack the
expensive equipment that might otherwise afford an easier approach to the problem.

Because of this critical and selective treatment, some procedures are given in full detail,
some are outlined and others are merely mentioned.

The book contains 64 tables, most of which detail analytical data on typical samples, and
over 100 references, divided throughout the eight chapters, with about 450 addi:tional references,
from widely scattered sources, covering the more general aspects of the subject.

Chapters are devoted exclusively to the analysis of gold, silver, copper and iron, and their
related alloys, with a final chapter on the interpretation of analytical data and hints on presenting
the information in reports.

The specialist and non-specialist alike should find this book most useful, and it is safe to
assume that it will be regarded as an authoritative source of information on the subject, by analysts
as well as by archaeologists and museum curators. W. T. ELWELL

Errata
JUNE (1964) ISSUE, p. 385, 6th line under "Diazo Colorimetric Methods". For "nitrate" read

"nitrite".
DECEMBER (1964) ISSUE, p. 759, 8th line. For ",\" read "'\k,".
IBID., p. 800, 3rd line of paper. For "cystein" read "cysteine".
IBID., p. 802, 3rd line of paper. For "chloretone-l,I,I-trichloro-t-butanol" read "chloretone-

2,2,2-trichloro-t-butanol" .
IBID., p. 802, Fig. 1. For "2N NaOH = extract" read "2N NaOH extract".

IIn-".,.-,
j;""

to Ike-·IO
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CLASSIFIED ADVERTISEMENTS
The ,aJ.e for classified advertisements is 55. a line (or space
equivalent of a line), with an extra charge 0/ Is. for the
use of a Bo% Number. Semi-displayed classified
advertisements are 60s. per single-column inch.

BRADFORD lNSTITUTE OF TECHNOLOGY

DEPARnIE:-IT OF CHEMICAL ENGINEERING

RESEAI<CI-I ASSISTANTS

Honours graduates in Clwlllieal Enginccring', Physics or
General Science arc invited to apply for all appointment as a
D.S.I.R. H.escarch Assistant for work 011 the evaluation and
comparison of methods of particle-size analysis.

Salary. dt'pending- on experience and qualifications, will
be in the range £7;,O-£JOOO.

There are also vacancies for [esc-arch assistants to work
on power tcchnolog-y, alltornation of chemical plant. the lise
of computcrs in design. low-temperature cngince.-ing and
solvent ex traction.

Further jnfonnation is obtainable from J\1r. J. C. Williams,
Department of Chemical Enginl'cring, Ref. GtJYjL:G, Bradford
Institute of Technology, Bradford, 7.

C~~:~~~Y~iJ~r:'ad~~;e2o~t~eqa~irl:~S:o;~~o~~a:,s: ~:r:~~~~~
lion of pesticide residues at Chesterford Park Research
Station ncar Saffron Walden. Highly interesting, progressive,
pensionable post. Applications (quoting no. 1948) to Per­
sonnel Officer, I"isons Pest Control Limited, Chesterford
Park, near Saffron Walden.

YARSLEY TESTING LABORATORIES LTD.,

Clayton Road, CI-IESSINGTON, Surrey

ANALYST (A.R.l.e.) required to take charge of analytical

section of independent laboratory dealing mainly with plastics.

rubber and similar compositions. Vacancy also for

SENIOR ANALYTICAL ASSISTANT (H.N.C.). Work

isnon-routine. ranging from elemental analyses to investigation

of complex compositions, contamination problems and

litigation matters. Canteen, pension scheme, 5-day week.

!l-f).30.

MIDLAND SILICONES LIMITED
A member of the Albright & Wilson Group of Companies, have a vacancy for an

ASSISTANT TECHNICAL OFFICER
male or female. in the Analytical Department.

The successrul applicant will be engaged on the analysis of a varied nature on Research and Development
products and raw materials. The post would also i.nvolve some supervision of junior staff.

Age 21-28; minimum educ<ltiomll Qualification H.N.C. chemistry; experience in an analytical laboratory
would be an <ldvantage.

Conditions of service are excellent. Apply in first instance to The Group Staff Officer,

ALBRIGHT & WILSON LTD.
I Knightsbridge Green,
London, S.W.I. (Ref. 377)

WOOLWICH POLYTECHNIC
Department of Chemistry

RECENT DEVELOPMENTS IN ANALYTICAL CHEMISTRY

A special short course of six lectures on Thursday evenings at 7 p.m.
28th January-4th March, 1965

28th January "Some New Organic Precipitants in Analytical Chemistry,"
Dr. W. I. Stephen, University of Birmingham.

4th February "Thin Layer Chromatography,"
Dr. E. V. Truter, University of Leeds.

11th February "Colorimetric Reagents, Methods and Instrumentation,"
Dr. M. Malat, Charles University, Prague.1

18th February "Thermal Methods in Analytical Chemistry,"
Dr. J. P. Redfern, Battersea College of Technology.

25th February "Modern Trends in Activation Analysis,"
Dr. D. Gibbons, Wantage Research Laboratory.

4th March "Atomic Absorption Spectroscopy,"
Mr. R. Lockyer, Hilger & Watts Ltd.

Fee for the course: £1 5s. Od.

Further details and forms of application may be obtained from the Secretary, Woolwich
Polytechnic, Wellington Street, London, S.E.18.
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CONTROL AND DEVELOPMENT CHEMIST

Pharmacist or Chemist (preferably under 35) required by expanding Scottish
Pharmaceutical Company (part of a large Industrial Group). Experience in modern
pharmaceutical analysis techniques essential. and preferably the ability to develop
analytical methods for new products.

The position offers a good commencing salary. pension scheme and excellent
prospects.

Please apply Box No. 4078. The Analyst. 47 Gresham Street. London, E.C.2.

UNIVERSITY OF BRISTOL
SCHOOL OF CHEMISTRY

M.Sc. COURSE IN ANALYTICAL CHEMISTRY
OCTOBER. 1960-66

Applications are invited from persons who hold, or expect
to be awarded, an appropriate Honours degree or equivalent
qualification. The Department of Scientific and Industrial
Research has accepted the above course as suitable for the
tenure of its Advanced Course Studentships.

The Curriculum is based on the following topics:­
Complexometric, redox, precipitation titrations; poten­

tiometry, conduclometry, polarography and other voltametric
techniques; chronopotentiometry; coulometric methods;
ultra-violet, visible and infra-red spectrophotometry; ftuO[4
escence analysis; flame and emission spectroscopy; X-ray
fluorescence and diffraction; thermoanalytical techniques;
analyticalseparations; solvent extraction and chromatographic
techniques (paper, ion-exchange and gas) ;kineticsinanalytical
chemistry; analytical problems; theory of error and presen­
tation of experimental results; computation rules.

The aim is to develop a research approach to Analytical
Chemistry and investigations of certain problems will fonn a
major part of the course.

Applications and enquiries should be sent to the Registrar
The University, Bristol 2, as soon as possible.

DURHAM COUNTY COUNCIL

APPOINTMENT OF DEPUTY COUNTY ANALYST

Salary Scale-£IS05-£2075 (ultimately (2140)

(i.e. two-thirds oj Grade H)

Applications are invited for the above appointment from
analysts holding th~ Branch 'E' diploma.

The County Council operate a 5·day week; help in finding
rented housing accommodation is given by co-operation with
the Development Corporations of Newton AycJifieand Peterlee,
both within reasonable distance of Durham City; restaurant
facilities are available at the County Council Hall, which
is a new building on the outskirts of Durham.

Details of the appointment can be obtained from the under­
signed, to whom applications giving full details and names of
two referees must be sent by January 30th, 196a.

J. T. BROCKBANK,

Cle,k of the County Council.

County Hall.

Durham.

HEFFER'S
OF CAMBRIDGE

are always glad to buy

SCIENTIFIC JOURNALS
especially complete sets and long runs of

THE ANALYST

also scientific and technical libraries, early books, books on the history of
science, etc.

w. HEFFER & SONS LTD, Petty Cury, Cambridge, England
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GOVERNMENT OF NORTHERN IRELAND

SENIOR SCIENTIFIC OFFICER

Applications are invited for the pensionable post of Scnior
Scientific Officer in the Ministry of Health and Local Govern·
ment. Qualifications-Honours Degree in Chemistry or
Biology or other appropriate Professional Qualifications and
preferably with membership of the Institute of Sewage
Purification. Experience in the Chemist Contra) of sewage
disposal works and trade effluents or of River Pollution Con­
trol is essen tial and the successful candida le will also be
required to advise on the control and operation of watcr
treatment plants. Facilities for laboratory work and research
will be available. Salary sc..1.1c £1481-£1825. entry point
according to experience. Preference for ex-Service applicants.
Application (orms obtainable (rom the Secretary, Civil
Service Commission, Stormont. Belfast, 4, must be returned
by 6th February, 1965.

CHIEF ANALYST
Well known Food Industry Group wishes
to appoint an experienced man aged about
35-45 to take charge of well equipped
Analytical Laboratory in the City of Lon­
don. F.R.I.C. (E) qualification essential.
Attractive salary, good prospects. Pen­
sion Scheme. Applications in strict con­
fidence to Box No. 4077, The Analyst, 47
Gresham Street, London, E.C.2.

GAS
CHROMATOGRAPHY

Keep current in

Gas Chromatography

Send for

FREE

monthly subscription of
AEROGRAPH

RESEARCH NOTES

Wilkens Instrument & Research
(U.K.) Ltd.

Wythenshawe Civic Centre
Haletop

MANCHESTER, England

~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111I~

GROUP LEADER • ANALYTICAL
I@I CHEMISTRY

An InstrumentaliMethods Group is being
formed to explore the application of Solid
Source Mass Spectrometry and Emission
Spectrography to the problems of the
analysis of raw materials being studied in
solid state research.

A Group Leader is required who will lead
a small team responsible for analytical
investigations in this field. Suitable
candidates will have an honours degree
or equivalent qualifications, practical ex­
perience in either mass speclrometry or

emission spectrography, and preferably
some experience of general analytical

research.

The Research Laboratories are situated
half-way between London and Brighton
in rural surroundings. Attractive salary
and working conditions are offered.

If you are interested, please write, quoting
reference 737/AN to Dr. S. A. Ahern,
Mullard Research Laboratories, Redhill,
Surrey. (Telephone Morley 5544.)

WilllllllllllllllllllllllllllllllllllllllllllllllllllillI11I11I11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111rr.:



THE NEW SP.SOO ULTRAVIOLET & VISIBLE SPECTROPHOTOMET

1 chart shift control

2 second sample position

3 beam balance smoothing cam

4 SP.800 red-sensitive mOl

5 large sample compartml

6 flat bed recorder

The product of all the Unicam U.V. experience and know-how is contai
within the new SP.800, the latest Ultraviolet & Visible Recording Spec
photometer. It is unrivalled for accuracy and yet is extremely simpli
operate; it is robust and ideal for routine work.
The wide range of accessories and unique features of the SP.800 mal
ideal for organic research, pharmaceutical analysis and quality control,
study of reaction kinetics, general analytical research and every fieli
analysis and investigation where the requirement is for a low-cost U.\
Visible Recording Spectrophotometer with maximum versatility.
The SP.800 is available in four models recording in wavelength
wavenumber - with special red-sensitive versions offering a total ra
of 190-850m ;L-52.500-11.500cm-'
For full information on the many outstanding facilities provided by thisl
concept in modern U.V. instrumentation write today for the SP.800 boo
or a demonstration.

INSTRUMENTS LIMITED
York Street
Cambridge UNICAM PRECISION SPECTROPHOTOMETE
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SOUTHERN

ANALYTICAL

LIMITED

THE ANALYST

WHY HAVE VACANCIESt

FILL THEM BY ADVERTISING

IN THESE COLUMNS.

Please write or telephone to:

XVll

Promotion within the Company has

created the following vacancy

SENIOR

ANAL YTICAL

CHEMIST

required to take charge of a small analy­

tical applications laboratory. The work

is interesting and varied, calling for an

appreciation of instrumental techniques,

and the ability to apply them to a wide

range of problems.

Previous experience of polarography is

essential, preferably with modern instru­

ments, and a knowledge of trace analysis

would be helpful. There are good oppor­

tunities for original analytical work, and

the publication of this work is actively

encouraged by the Company.

The post will probably suit an honours

graduate, G.R.I.C. or A.R.LC., of 25-35,

and the salary will be fully commensurate

with age and experience.

Write in confidence in first instance to:-

Personnel Manager,

SOUTHERN INSTRUMENTS LIMITED

Frimley Road, Camberley, Surrey

47, GRESHAM STREET,

LONDON, E.C.2.

Telephone: MONARCH 7644.

MASS
SPECTROMETRY
SYMPOSIUM
A one-day Symposium on applications
of the AEI MS10 Mass Spectrometer
will be held on 13th April. 1965 at
Imperial College, London.

Subjects include

General Gas Analysis
Isotopic Measurement
Impurity in Gases at the ppm level
Age Determination of Rocks
Vacuum Monitoring
Gaseous Diffusion through Membranes
Applications in Physical Chemistry
Research
Analysis of Small Gas Samples
Surface Reaction Studies
Process Monitoring
Flame and Combustion Analysis
Vacuum Fusion Analysis

The meeting, though primarily intended
for users of the MS1 O. will be of interest
to potential entrants to the Mass
Spectrometry field. Places are limited
and early application is advisable.

Address enquiries to:

Mr. A. J. Bullough,
Associated Electrical
Industries Limited,
Scientific Apparatus Department,
Barton Dock Road, Urmston,
Manchester.

11014



XVlll THE ANALYST LJ anuary, HI05

U LTRA-VERSATI LE
ULTRA­
MICRO
VACUUM
BALANCE

And we really mean that. The RG
Electro-balance will record weight
change in vacuum, controlled atmo­
sphere, or room air; lets you choose
the range and sensitivity you want
-up to 1 gram down to 0·1 micro­
gram. Recorder range variable while
recording-wide to stay on scale over­
night, narrow to show up those small
changes. With the RG it's your choice-for TGA, surface chemistry, magnetic
susceptibility and many other applications.
~ Ask for details or a demonstration.

~ INSTRUMENT CO LTD 27 ESSEX RD. DARTFORD KENT Dartford 21540

for ultra-fine grinding and
homogeneous mixing of samples

high-speed MIXER MILLS

~ in analytical chemistry
~ spectroscopy
~ biochemistry
~ geochemistry
~ electron microscopy
~ powder metallurgy
~ foundry control etc.

For faster and accurate
sample preparation

• Samples up to 100 ml homogeneously
mixed in 2 minutes or less.

• Ultra-fine particle size obtained in only
a few minutes.

• Up to 20 gm ground in one load. Larger
high-speed Mixer Mill M.400 against
special orders.

• Even a few milligrams can be ground and
mixed.

• Strict control over contamination by large
choice of appropriate accessories.

• Dust-proof due to the use of closed
contai ners.

• Automatic. Timer switch enables the
Mixer-Mills to run without attention.

• Any type of container, vial or capsule can
be used for dry or wet grinding, mixing,
blendi ng, diluting, dispersing, emulsifyi ng,
etc.

Please ask (or leaflet A/36/MM with price list.

~ THE RED HOUSE, 37 THE BROADWAY, STANMORE.

~ MIDDLESEX. TEL.: GRIMSDYKE (LONDON) 4211
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AMINO ACID
ANALYSER

xix

GRADED RESINS

AMINO ACID MIXTURE

High Sensitivity Unit gives determinations

with less than ·025 micromole per m!. of most

amion acids, to ± 3%.

An automatic instrument for the separation and

quantitative analysis of amino acids, the study

of the growth and metabolism of plants, animals

micro-organisms; the structure of proteins,

enzymes and;polypeptides; the stability of food

products; the purity of amino acids and the

processes of continuous fermentation.

British-made apparatus developed as a
commercial model in conjunction with Arthur
Guinness Son & Co. (Park Royal) Ltd.

We have now installed equipment for the hydraulic
fractionation of resins and these are now available.

Supplied in packs of 12 bottles, each bottle containing
2 mls. of 18 mixed amino acids suspended in buffer at
2.2 pH. Each acid at a concentration of 1 micromole
(proline 2 micromoles). Guaranteed accuracy of ±O.1 %.

Full details of the "EEL" Amino Acid Analyser and/or "EEL" Resins and Mixtures on request.

EVANS ELECTROSELENIUM
Sales Division 12, St. Andrew's Works, Halstead, Essex

Telephone: Halstead 2461

LTD

SALES AND SERVICING AGENTS THROUGHOUT THE WORLD
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BRITISH CHEMICAL and

SPECTROGRAPHIC STANDARDS

New Mild Steel Residual Series

B.C.5. 320-325 (5.5. 50-55) for Ni, Cr,
Mo, W, Ti, As and 5n

B.C.5. 326-330 (5.5. 56-60) for Mn, CU,
V, Co, AI, Pb, Band 5b

Full particulars in List No. 408 available.
on request.

BUREAU OF ANALYSED SAMPLES LTD.

Newham Hall, Newby. Middlesllrough

ANALOID
SYSTEM OF ANALYSIS

NEW METHOD SHEET FOLDER
NOW AVAILABLE

INCLUDES NEW AND REVISED METHODS
FOR THE DETERMINATION OF

phosphorus, manganese, silicon, chromium, vanadium,
nickel, molybdenum and copper in iron, steel, ferro·

alloys and certain non·fcrrous metals.

Price I6s. (post free in the U.!(.)

RIDSDALE & CO. LTD.
Newham Hall, Newby, Middlesbrough

Accurate
pH control

by unskilled staff
The Johnson range of COMPARATOR &
UNIVERSAL test papers permits immediate
accurate readings within the range pH 1.0 to
pH 11.0. Inexpensive and simple to use, even by
unskilled operatives, they are eminently suitable
for many aspects of works control in a variety
of industries.

Comparator Books. Each of 20 leaves with
six colour matches inside cover.

No.1 035 for pH 1.0 to 3.5 in steps of 0.5 pH
No.3651 " pH 3.6" 5.1 0.3 pH
No. 5267 " pH 5.2" 6.7 0.3 pH
No. 6883 " pH 6.8" 8.3 0.3 pH
No.8410 " pH 8.4" 10.0 0.3 pH

Universal Books. Each of 20 leaves with
11 colour matches inside covers.
Range:- pH 1.0 to pH 11.0 in steps of 1.0 pH

HENDON·LONDON·NW4

You can be SURE about what

LOMBARD ROAD
MORDEN FACTORY ESTATE
LONDON SW19
PHONE liBerty 8121/2/3
GRAMS ENDFILT LONDON

.....==­-=C)
c:

OQ

ENDECOTT TEST SIEVE
I

an

B.S. 410,62~
U.S. and other National Standards

eNo crevices

eNo blind spots

eProjector selected wire cloths

Unsurpassable for the separation of powder
and aggregates, particle analysis, and micro
sieving problems. Recovering Service.
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PERGAMON

PRESS

PUBLICATIONS

Interpretation of the Ultra-Violet
Spectra of Natural Products

A. I. Scoll, Professor of Organic Chemistry, University
of British Columbia, Vancouver.

Provides a valuable introduction to ultraviolet spectro­
copy. The first part is devoted to a tabular survey of
the absorption characteristics of many naturally
occurring systems whose light absorption can be in­
terpreted in a significant way. The second part deals
with examples of the application of the principles
developed earlier in the solution ofstructural problems
in organic chemistry. An appendix is included on
ultraviolet light absorption of steriods.

International Series of Monographs all Organic Chern­
is/ry. Volume 7.

456 paaes, 84s. ($12.50)

The Solvent Extraction
in Metal Chelates

J. Stary, University of Pragur.

Edited, with a Foreword, by H. frying, University 0/
Leeds.

Deals with the theory of metal chelate solvent extrac­
tion and its application in analytical, inorganic and
nuclear chemistry and technology. The book covers
the composition and stability of metal complexes, the
general theory of metal extraction and the principle of
separation and determination of metals with this
method. The extraction systems are treated system­
atically. and selective procedure for isolation and deter·
mination of many metals are given.

256 palles, 60s. ($8.50)

Methods in
Polyphenol Chemistry

Proceedings of the Plant Phenolics Group Symposium
held in Oxford.

Edjted by J. B. Pridham. Lec/urer in Organic Chemistry.
Vepartment of Chemistry, Royal Holloway College,
University 0/ London.

Well-known experts have contributed chapters covering
the modern techniques which are being u')ed with
polyphenolic compounds, including spectrophotometry?
chromatography, and electrophoresis. Special atten·
tion is paid to thin layer, polyamide and gas-liquid
chromatography and N.M.R. spectroscopy, four of the
latest techniques being used with polyphenols.

156 paaes, 50s. (approx. $7.50)

Nuclear Techniques in
Analytical Chemistry

A. J. Moses, Atomics International, Division 0/ North
American Aviation Inc., California.

Introduces the analytical chemist to the capabilities of
nuclear techniques with emphasis on their high sen·
sitivity. Many recent advances are covered including
neutron, positive ion, and photon activation analysis;
radiation scattering and absorption; isotope dilution
analysis; tracer investigations of analytical techniques;
radiometric measurements and exchange reactions as
analytical tools.

International Series 0/ Monographs on Analytical
Chemistry, Volume 20.

152 palles, 45s. (approx. $6.50)

Edta Titrations

An Imroductioll to Theory and Practice.

H. A. Flascha, Professor of Chemistry. Georgia Institute
of TechnoloKY, A tlanla, Georgia.

"The Author 1s well known for his contributions to this
subject and his treatment is authoritative. . . this is
an excellent book for its purpose; there is a wealth of
practical knowledge and analytical 'know how'
scattered throughout its pages."

144 paaes, 42s. (approx. $6.50)

Offered for Sale by

Robert Maxwell & Co Ltd

International University and Industrial
Booksellers

U.K.

Waynftete Building, 4 St. Clements, Oxford

2 & 3 Teviot Place, Edinburgh I

4 & 5 Fitzroy Square, London, WI

Western Hemisphere

44-(1I 21st Street, Long Island City I, New York

France

24 Rue des Ecoles, Paris Ye

Germany

Kaiserstrasse 7S Frankfurt·am·~fain
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Sulphur dioxide liquefied
in 500 9 canisters

THE BRITISH DRUG HOUSES l TO.
B.D.H. laboratory Chemicals Division
Poole Dorset

a new
laboratory
package

12s.6d.
67s.6d.
10s.0d.

B.D.H. are happy to p.esent a new

package for laboratory supplies of

S02 that is more convenient, cheaper

and safer than the glass siphon

which has been prominent in labora­

tories for more than half a century.

The new package is a sealed alumi­

nium canister containing 500g of S02.

The canisters are supplied singly or

in cartons of six. An interchangeable

valve screws firmly on to the canister

in a few seconds; it is supplied

separately and can be replaced when

it becomes severely corroded.

In future there will be no storage

problems with sulphur dioxide: no
glass siphons to return: no breakage

hazards. Simply unscrew the valve,

fit it to a fresh canister and throw the

empty one away.

Single canister
Six canisters
Interchangeable valve

diio
SIlII

SORb



ELEMENTS
Johnson'~Matthey

Increasing preclSlon in spectrographic analysis
demands elements and compounds of ever higher
purity for use as reliable reference standards.

The Johnson Matthey range of spectrographically
standardised substances is wide and now embraces
metals and compounds representing 70 elements.

All the materials are of the highest practicable
degree of purity and are subjected to stringent
analysis before despatch. The report that accom­
panies every batch states the amount of each
metallic impurity in parts per million and also
the method of determination. . •

A comprehensive cotalogue ;s free on request.

JOHNSON,
73--83 Hatton Garden,
Vittoria Street, Birmingham, I.

SSS/130

MATTHEY & CO., LIMITED
E.C.I Telephone: Holborn 6989 Telex: 21465
Telephone: Central 8004. 75-79 Eyre Street, Sheffield. I. Telephone: 292/2
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