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THE STILL OF THE YEAR 
Lough borough wate r-sti II 

a firm favourite 

Film folk get steamed up about an Oscar. We get 
steamed up about our still - so does the still, and so, 
we believe, do the thousands of satisfied users of this 
apparatus in industrial, research, university and 
school laboratories, at home and overseas. 

The still is fitted with a robust, chromium-plated 
immersion heater (3kW. 250 volts rating) which will 
last for years. The condenser and steam trap are 

combined, which keeps the height down, 
simplifies assembly and gives a neater 

Write to us (Dept. A) for a leaflet. 

appearance. 
This still produces water con­

forming with BP 1953 require­
ments, pyrogen-free and suitable 
for injection. Typical analyses 
show that the water contains less 
than 1 part in 10 million of iron, 
copper, chromium or nickel. 

PRICE £19 • 12 • 9 
Output - 4 litres per hour 

LOUGHBOROUGH GLASS COMPANY LIMITED ® LOUGHBOROUGH, LEICESTERSHIRE 

M.2 
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ZONE MELTING 

-a 

The B.T.L. Zone Melting Apparatus, Semi-Micro Model 
-is developed from the original N.C.L. model 

and handles quantities from 0.15g. up to about 2g. 
It can be used for refining organic 

compounds to a very high degree of accuracy, 
or for concentrating impurities in samples for 

analysis. Three interchangeable metal guide 
sleeves with heating elements are provided, to 

accommodate glass tubes of 12mm, 8mm 
and Smm diameter, giving maximum 

temperatures of 210 °C, 250°C 
and 310°C respectively. 

The apparatus is compact and easily 
transportable; overall size 9"x 9"x 15". 

Cat. No. CI4/SIO. 

A Macro Model handling quantities 
of the order of lkg. is also available, 

Cat. No. Cl4/500. 

Please send for full details of each model. 

complete 

laboratory 

s e rvlce 

BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 

Branches in London, Manchester and Glasgow. Agents throughout U.K. and all over the world. 
TAS/BT.65 



June, 1960] THE ANALYST 

Atomic-absorption 

spectroscopy 

Unaffected by flame temperature 

Determines elements not excited in the flame 

Free from inter-element effects 

High sensitivity, even with 'difficult' elements 

Lead 

Magnesium 

Platinum 

Zinc 

Mercury 

Gold 

The Hilger atomic-absorption 

50 p.p.m. 

0·1 p.p.m. 

10 p.p.m. 

0·1 p.p.m. 

50 p.p.m. 

1 p.p.m. 

equipment can be used with the Uvispek, 

and spectrophotometers with a similar performance. 

Please send for full details, catalogue CH407 jp9. 

v 

98 ST PANCRAS WAY LONDON N.W.I 
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"QUICKFIT" Condensers 
are designed as individual units of the 

highest degree of versatility. The basic range can be 
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used for distillation in a vertical or sloping position 

as well as for reflux. Cones and sockets of the 

same size enable two or more condensers 

to be used in series. The "Quickfit" 

range, with surface areas sized between 13 cm2 and 

0.2 m2 , includes Liebig, air, coil and double 

surface condensers. The latter are of 

both the jacketed coil and the Davies type. 

There is a range of some six joint sizes. 
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Outstanding Performance 
.... now further enhanced 

Infrared instrumentation reaches its 
highest peak in the latest example of the 
Unicam SP. 100 Infrared Spectrophotometer. 

Spectroscopists and chemists seeking 
the highest standards of qualitative and 
quantitative analysis can obtain the most 
detailed information in the shortest time by­
means of this easily operated, versatile and 
powerful spectroscopic tool. 

Facts that speak for themselves 
Resolution : with grating-prism combination 
0.3 em-• at 900 em-• and 1.5 em-• at 3,000 em-•. 
With NaCl prism I cm-1 at 900 cm-1• 

Accuracy : routine quantitative intensity meas­
urement at high resolution at o. I% accuracy down to 
at least z% transmission level. 

Stray Light: better than o.I% at 650 cm-1 
(grating-prism combination). 

Reproducibility : transmission- better than 
±o.z%. 
wavenumber-better than o.s cm-1 at Iooo em-• . 

Versatility: wide range of operating variables 
allows ideal conditions to be selected for every 
analytical problem. The rotating prism and grating 
turntables provide for automatic interchange of the 
optical system. Vacuum conditions for the optical 
train eliminate unwanted absorptions. 

Reliability : correct design, high quality of 
construction, plug-in electronic chassis, built-in 
safety devices and monitoring system prevent 
accidental damage and ensure long-term reliability. 

Service: comprehensive service facilities are now 
available in many parts of the world. Full information 
will gladly be sent on request. 

UN I CAM SP.lOO Infrared 
Spectrophotometer 

UNJCAM INSTRUMENTS LIMITED ARBURY WORKS CAMBRIDGE 
U19l 
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STANTON 

~LJ!l'JMnTJ[ 
SINGLE PAN BALANCE 

STANTON 
no"" introduce 

CONSTANT 
LOAD 

into the design of their UNIMATIC :single 
pan balance. After exhaustive experiments and 
tests they are now able to offer this balance 
based upon the principle of weighing by sub­
stitution as an alternative to the already well 
established equal arm "Ultramatic" balance. 
The new Model avoids errors due to inequality 
of lever arms and slight variations in sensiti­
vity due to major changes in load. 

The Stanton synthetic sapphire knives and 
planes give longer life and the grouped con­
trols at bench level simplify operation. 

THE BEAM is p ressure die-cast of a special 
alloy in H section and it is buoyancy cor­
rected and stress relieved. 

THE ARRESTMENT is jewelled, and based 
on cone, vee and plane principle and operated 
by a large diameter cam which results in safe 
beam release without the addition of further 
mechanical devices or safeguards. 

WEIGHT LOADING is to 200 g. and incor­
porates taring device to 100 g. with a net 
range of 100 g. after taring. 

CONTROLS are grouped conveniently at 
bench level allowing even unskilled persons 
to acquire speed of weighing easily and 
quickly. 

• FAST • STURDY 

• SAFE. • SIMPLE. 

Send for Information Leaflet 
STANTON INSTRUMENTS LTD. 119 Oxford Street, London, W.l. Tel.: GERrard 7533 
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IDENTIFICATION 

INFRACORD 
Model t37 

Spectrophoto"'eter 

Versatile, easy to use 
Only three controls 

Manual setting of drum 

No run-back time 

Wavelenb-th range: 2.5-15p 

(Also available for 12.5-~,.) 

Reproducibility: O.Olp 

Double-beam, aspherical opt.ics 

Fully automatic operation 

Full range of accessories 

available 

Size: 27!' X 17' X 8!' 

(70 x 43 X 22cm) 

Made in Great Britain 

Spectroscopy is being used more and more in 
a great variety of applications. In a thousand­
and-one places (literally) it is Perkin-Elmer's 
Infracord · Spectrophotometer that provides 
research worker and control chemist alike 
with reliable and speedy information. It is 
quick and easy to use-any part ofthe spectrum 
can be recorded immediately. It takes up little 
space, and its price is most reasonable. We 
should like to send you full details. 

Perkin-Elmer 
ANALYTICAL INSTRUMENTS 

Beaconsfield, Bucks, Englanci • Telephone Beaconsfield 2020 
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THE 

PHOENIX SIXTY 

Accurately pressed 
External raised ribs 

FUNNEL 
in very large scale production 

Smooth interior 60° cone 
Three diameters 2", 3" and 4" 

Heat resisting glass 
Capillary Tubing 

We make these here from Phoenix cone pressings in a semi-automatic 
lathe of our own construction. 

They come through in very large quantities at a relatively cheap price, 
and all are fully annealed . 

WE ALSO MAKE A VERY LARGE AMOUNT OF ALL OTHER TYPES 
OF GLASSWARE-both heat resisting and soda and all are very well 
annealed! Have you tried any of it l 

TOWNSON & MERCER LTD. 
CROYDON Telephone: Thornton Heath 6262 ENGLAND 

SCOTTISH DIVISION--47 Teviot Place, Edinburgh 
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• • • ••• • • • • • • • 
But my dear chap, • • • • • • 

• • 
• 
• 

all the best people • 

• 
• 

• 

use Oertllng 

novvadays 

• • • • • • 
• • • 

• 

• 
• • • 

For speed, precision 

and long life, Oertling 

riderless micro-balances 

are to-day the world standard 

by which others are judged. They are backed by 

a maintenance service which is also the finest 

available. In the complete range, 

sensitivities run from 0.02 mg. 

to 0.002 mg. per division, 

direct reading. 

Have you sent for the latest catalogue? 

CIJI@IIQII MICRO-BALANCES 

L. Oertllng Ltd . , Cray Valley Works, St. Mary Cray, Kent 

Telephone: Orplngton 25771 

• 
• 

Overseas agents in Australia, Brazil, Canada, Holland, India, Pakistan, Union of S. Africa and U.S.A. 
provide soles and service. Enquiries should be sent in the first place to Head Office at the address above. 

TAS/OR 4:22 

Xl 
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nPE AND APPLICATION 
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MSl-G Mass Spectrometer 
For isotopic and chemical 
analysis of cases and volatile 
liquids. 

MSl-H Mus Spectrometer 
For analysis of hieh molecular 
weicht compounds and mass 
·measurement. 

MSl·X Mus SPectrometer 
For isotopic aRalysis of 
UF6 

MSl.S Mau Spectrometer 
For isotopic analysis of solids 
usinc thermal ionization. 

MS2-SG M ... Spectro.,eter 
For isotopic analysis Of solids 
and cues. 

THE ANALYST [June, 1960 

New Series of AE I 
Mass Spectt-ometers 
The MS2 Series of Mass Spectrometers takes full 

advantage of the latest spectrometric techniques. All five types which 
make up this new MS2 Series are integrated in a new design, 

of6-in radius, goo sector field instruments. They cover a 
very wide range ofspectaT~pplications while retaining basic common 

features. Details of the five instruments are shown in the 

Standard aas 

Heated cas 

Special UF, 
source 

Thermal 
ionization 

Standard cas 
and thermal 
ionization 

chart below. Please write [or further information. 

Double collector (or Double inlet (heated 
electron multiplier) also possible) 

Variable slit Heated system and 
double inlet. 

Double collector Special UF6 system 

Double collector or, 
alternatively, electron 
multiplier 

Double collector or, 
alternatively, electron Double inlet 
multiplier 

10-in potentiometric 
recorder or 6-channel 
photocraphic recorder 

10-in potentiometric 
recorder. or 6-channel 
photocraphic recorder. 

10-in potentiometric 
recorder 

10-in potentiometric 
recorder 

10-in potentiometric 
recorder 

Associated Electrical Industries Limited 
INSTRUMENTATION DIVISION-Scientific Apparatus & X-Ray Department 

Trafford Park, Manchester 17 
N/R901 
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FOR PROGRESSIVE LABORATORIES 

~~THE BOTTOM 
DROPPED OUT OF 
MY BARGE!" 

This was the problem someone recently faced. 
When we heard about it we were sympathetic, 
for the barge in question was a houseboat, and 
most of the owner's worldly goods had vanished 
in the catastrophe. 

Many people would not think of looking to 
bacteriology for the answer. But if they did they 
would learn that members ofthe Desulphovibrio 
group, which are commonly present in soil· and 
water, can corrode steel. 

These anaerobic organisms, first described 
in 1895 by Beijerinck, are capable of reducing 
sulphates to sulphides. Their activities, often 
accompanied by the production of hydrogen 
sulphide, may result in the corrosion of buried 
iron pipes and the steel hulls of barges. 

By the use of Baar's or Starkey's media they 
are comparatively easy to isolate as crude 
cultures. 

Electron micrograph: 
desulphovibr/o 
desu/phurlcans 

CULTURE MEDIA 

The use of Oxoid Culture Media ensures constant uni­
formity and quality in your laboratory technique. Abso­
lutely reliable, quick, convenient and economical, 
Oxoid Culture Media are available in tablet or granular 
form. If you would like the manual of all Oxoid prepara­
tions, write to: The OXOID Division of OXO Ltd., 
Thames House, Queen Street Place, London, E.C .4 
(Central 9781) . 
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Now manufactured in Britain! 

COULTER COUNTER 
I 

achieves a previously unattainable 

SPEED with ACCURACY in 
FINE PARTICLE MEASUREMENT 

The Coulter Counter represents a major advance in the 
technique of analysis measurement. In all those indus­
trial applications where fine particle measurement is used 
for research or quality-control, this instrument offers a 
speed and accuracy previously unattainable. In many 
cases it has made possible dynamic production control 
where this had been out of the question. In the Coulter 
principle a dilute suspension of particles in electrolyte is 
drawn into a small aperture through which an electric 
current is passed. Each particle changes the resistance 
in the aperture proportionally to its volume. The resultant 
series of pulses are amplified, scaled and counted. A 
proved success in America, where today over 800 Coulter 
Counters are being used in medicine and industry, this 
instrument is now available in Britain. Full details and 
technical literature will be sent by return. Please write to 
the manufacturers: 

* Response is linear with particle 
volume. * Calibration is direct. Simple 
preparatioll of the sample is 
readily reproducible. * High sensitivity (d3 response) 
and statistically particle counts 
with very low 'point scatter.' * The size range (0"5f£ to 300f£ 
and up) covers particle dia­
meters of countless materials 
vitally important in a wide 
range of industries. 

PRESENT APPLICATIONS OF THIS 
VERSATILE INSTRUMENT INCLUDE 
Food Processing, Teztiles, Cry&• 
tals, Minerals and I .. ubricants. 

~. COULTER ELECTRONICS LIMITED, 4 AURIOL MANSIONS, EDITH ROAD, LONDON, W.l4 

~ FULham 8033 

Patents have been granted or applied for in the following countries:-United 
Kingdom, Germany, France, Holland and most other countries in the world. 
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THE ANALYST 
PROCEEDINGS OF THE SOCIETY FOR ANALYTICAL CHEMISTRY 

JOINT MEETING 
A joiNT Meeting of the Society with the Iron and Steel Institute and the Institute of Metals 
was held on Tuesday and Wednesday, May 3rd and 4th, 1960, at Denison House, 296 Vauxhall 
Bridge Road, London, S.W.l. The subject of the meeting was "The Determination of Gases 
in Metals." The Chair was taken by Mr. H. A. Sloman, M.A., F.I.M., F.R.I.C., of the National 
Physical Laboratory. 

The following papers were presented and discussed in four sessions: "Sampling o! Liquid 
Metals," by Professor T. B. King (read by Mr. R. D. King); "The Determination of Oxygen 
in Metals: A Review," by W. T. Elwell, F.R.I.C.; "The Determination of Gases in Metals by 
Vacuum Fusion," by J. E. Still, B.Sc., F.R.I.C.; "The Determination of Gases in Metals by 
the Semi-micro Vacuum-fusion Technique," by A. Parker, B.Sc., A.R.I.C.; "An Assessment of 
Carrier-gas Methods for the Determination of Gases in Metals with Particular Reference to 
Steels," by C. E. A. Shanahan, B.Sc., F.R.I.C., F.I.M.; "The Determination of Oxygen in 
Beryllium by Activation Analysis," by R. F. Coleman, B.Sc., A.C.T., A.R.I.C.; "Emission 
Spectrometric Determination of Oxygen, Hydrogen and Nitrogen in Metals," by Professor 
V. A. Fassel (read by Mr. J. F. Duke); "The Determination of Oxygen and Nitrogen in Iron 
and Steel by an Isotope-dilution Method," by M. L. Pearce and C. R. Masson; "A Gas Measure­
ment System for Vacuum-fusion Equipment Yielding Both High Precision and Wide Range," 
by A. Bacon, A. Met.; "The Determination of Nitrogen in Metals: A Review," by J.D. Hobson, 
Ph.D., F.R.I.C., F.I.M.; "The Determination of Nitrides in Metals," by H. F. Beeghly, B.S., 
Chem.E.; "The Determination of Hydrogen in Metals: A Review," by R. Eborall, M.A. (read 
by Dr. C. E. Ransley); "The Determination of Hydrogen in Cast Iron," by J. V. Dawson and 
L. W. L. Smith, B.Sc.; "An Improved Carrier-gas Technique for the Determination of 
Hydrogen in Steel," by F. R. Coe, B.Sc., and N. Jenkins, A.Met.; "X-ray Emission Analysis 
and the Determination of Gases in Metals," by T. Mulvey; "Application of Internal Friction 
Measurements to the Study of Gases in Metals," by G. M. Leak, B.Sc., Ph.D., F.Inst.P., F.I.M. 

There was an attendance of over 330 registered delegates, including most of the recognised 
experts in the field from many parts of the world. The full proceedings, including all papers 
and the discussions on them, will be published by the Iron and Steel Institute as a Special 
Report before the end of the year. 

NORTH OF ENGLAND SECTION 
A DEMONSTRATION and Ordinary Meeting of the Section was held on Friday and Saturday, 
April 8th and 9th, 1960, at the Nuclear Chemical Laboratories, Liverpool College of Tech­
nology, 2 Blackburne Place, Liverpool. The Chair was taken at both meetings by the 
Chairman of the Section, Dr. J. R. Edisbury. 

At 7 p.m. on April 8th, an introductory lecture to the exhibition and demonstration on 
radiochemical methods was given by J. W. Lucas, B.Sc., F.R.I.C. The Ordinary Meeting 
was held at 2.15 p.m. on April 9th, when the following paper was presented and discussed: 
"The Application of Isotopes to Analysis," by D. Gibbons, B.Sc., Ph.D., A.R.I.C. 

SCOTTISH SECTION 
AN Ordinary Meeting of the Section was held at 7.15 p.m. on Friday, April 29th, 1960, at the 
Central Hotel, · Glasgow, C.l. The Chair was taken by the Vice-Chairman of the Section, 
Mr. A. F. Williams, B.Sc., F.R.I.C. 

The following paper was presented and discussed: "Chemical Services on British Railways," 
by G. H. Wyatt, B.Sc., Ph.D., F.R.I.C. 

385 
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MIDLANDS SECTION 

[Vol. 85 

AN Ordinary Meeting of the Section was held at 6.30 p.m. on Tuesday, April 26th, 1960, 
in the Mason Theatre, The University, Edmund Street, Birmingham, 3. The Chair was taken 
by the Honorary Assistant Secretary of the Section, Mr. R. Adkins, B.Sc. 

The following paper was presented and discussed: "The Analytical Chemistry of Titanium 
and Zirconium," by W. T. Elwell, F.R.I.C., and D. F. Wood, B.Sc., A.R.I.C. 

PHYSICAL METHODS GROUP 
THE seventieth Ordinary Meeting of the Group was held at 6 p.m. on Tuesday, April 5th, 
1960, at the Northern Polytechnic, Holloway Road, London, N.7. The Chair was taken 
by the Chairman of the Group, Dr. G. W. C. Milner, F.R.I.C., A.Inst.P. 

The following automatic analytical instruments were described and demonstrated: 
"Auto Analyzer," by A. L. J. Buckle, M.Sc., Ph.D., A.R.I.C.; "E.I.L. Model 24 Automatic 
Titrimeter," by G. Mattock, B.Sc., Ph.D., A.R.I.C.; "D.C.L. Null-balance Magnetic Oxygen 
Analyser," by C. W. Munday, B.Sc., A.R.I.C.; "Mervyn - CERL Automatic Sulphur Dioxide 
Recorder," by Mrs. M. W. Redfearn (see brief descriptions below). 

AuTo ANALYZER 
Described by Dr. A. L. J. Buckle (Techicon Instruments Co. Ltd.) 

THE Auto Analyzer is a completely automatic system that records the level of con­
centration of a given component in the test solution against a known concentration of that 
component in a standard control solution. No gravimetric or volumetric measurement 
is involved, but there is a continuous plotting of ratios (the concentration of the sought 
material in the unknown against its known concentration in the standard control). For 
this reason it is never necessary to bring a reaction to completion. The complete system 
may employ colorimetry, conductance, pH, flame spectrometry or the use of temperature­
sensitive elements as criteria of concentration. The Auto Analyzer system consists of 
a number of units or modules, each of which performs one of the various basic functions 
into which any chemical analytical procedure can be broken down. There are modules 
for sampling, metering, heating and cooling, digestion, separation, mixing, solvent 
extraction, end-point measurement and recording and so on. The Auto Analyzer can 
be used sequentially to perform analyses on large numbers of samples-it can handle 
analyses at up to sixty samples per·hour-or it can be used continuously to monitor process 
streams and even to control them and the processes they serve. 

E.I.L. MODEL 24 AUTOMATIC TITRIMETER 
Described by Dr. G. Mattock (Electronic Instruments Ltd.) 

THIS titrimeter consists of a control unit and a head unit, the former controlling the 
addition of titrant by the latter. The control unit consists essentially of a pH-meter 
amplifier (it may in fa:ct be used as a pH meter) plus a relay system governing the opening 
and closing of circuits in the volumetric head unit; the necessary signals are derived from 
a pair of potentiometric electrodes (e.g., glass or platinum electrode+ reference electrode), 
the e.m.f. from which is fed to the amplifier for eventual operation of the relays. 

The head unit incorporates the burette and solenoid-operated all-glass tap, together 
with a stirrer motor and the electrodes. In the rest position

1 
the tap is closed by a glass­

enclosed soft-iron slug. When the titration begins a field lrom one coil of the solenoid 
lifts the slug clear, at the same time lifting an upper capillary so as to permit free flow of 
titrant into the sample. Completion of the titration is effected at a pre-set pH or milli­
volts signal from the electrodes corresponding to the titration end-point. At a pre-set 
number of millivolts before this end-point, the first solenoid coil is de-energised, and a 
second energised. This causes the slug to drop slightly-not to close the tap but to 
permit the flow to be controlled by the capillary only. The object of this procedure is 
to reduce the rate of titrant addition just before the end-point to prevent overshoot. 
At the end-point e.m.f. this second coil is de-energised, and the slug drops to its rest 
position, thereby stopping titrant flow. The burette reading is then the titre value. 
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The provision of two head units allows an operator to set up one titration while 
another is being performed automatically, so permitting continuous application. Any 
type of potentiometric titration can be performed, including acid- base, redox, precipita­
tion and complex-forming. 

The demonstration illustrated the potentiometric titration of metal ions by EDT A­
particularly the determination of water hardness. 

D.C.L. NULL-BALANCE MAGNETIC OXYGEN ANALYSER 
Described by Mr. C. W. Munday (The Distillers Co. Ltd.) 

THE physical property of oxygen that distinguishes it from other common gases is its 
paramagnetism. This was discovered by Michael Faraday, who in 1851 demonstrated 
that a hollow glass sphere at the end of a horizontal rod supported by silk fibres was 
attracted to a magnet when filled with oxygen. 

In practical oxygen analysers based on this experiment, the convenience and sensi­
tivity of Faraday's arrangement are increased by having a sphere at both ends of a bar, 
forming a "dumb-bell," which is sealed, the gas under test surrounding it. The dumb-bell 
is suspended at its centre and biased so that the diamagnetic spheres are repelled to an 
equilibrium position on opposite sides of a permanent-magnetic field most intense at its 
centre. When the oxygen content of the surrounding gas changes, the equilibrium 
position of the dumb-bell changes also, and this movement is detected by a light beam 
deflected across a double photocell by a mirror on the dumb-bell. 

The D.C.L. Null Balance Magnetic Oxygen Analyser has been evolved as a result of 
research to attain the greatest refinement of this type of instrument. The analysis cell 
has been designed to give high sensitivity to oxygen changes, combined with extreme 
robustness, rapid response and minimal flow and level-sensitivity. A novel feedback 
circuit ensures strictly linear indication on each range and minimum electronic drift effects. 

The application of the instrument in the chemical industry was also briefly described. 

MERVYN-CERL AUTOMATIC SULPHUR DIOXIDE RECORDER 
Described by Mrs. M. W. Redfearn (Central Electricity Research Laboratories) 

THE Mervyn-CERL Automatic Sulphur Dioxide Recorder was developed initially at 
the Central Electricity Research Laboratories for monitoring the concentration of sulphur 
dioxide in the atmosphere. The instrument is intended for long periods of continuous 
operation at a fixed site and is sensitive to 1 part of sulphur dioxide in 100 million parts 
of air over the range 0 to 50 parts per hundred million. The range can be extended by 
simple adjustment. 

The sulphur dioxide in the air is absorbed by a hydrogen peroxide reagent in a 
continuous counter-current absorption column. This results in the formation of sulphuric 
acid in the reagent solution, and the increase in conductivity of this solution is measured 
and recorded on the chart. The recorded sulphur dioxide concentration depends on the 
ratio of flow of air to flow of reagent in the absorption column and the temperature at 
which. the conductivity measurements are made. To check that the instrument works 
properly when unattended, these three variables are monitored continuously, but to 
avoid the expense of a multi-pen chart recorder, switching arrangements have been 
designed so that characteristic marking lines appear on the chart of the one-pen recorder. 

The Mervyn-CERL instrument is now being used for atmospheric pollution work in 
many parts of the world. 

BIOLOGICAL METHODS GROUP 

AN Ordinary Meeting of the Group was held at 7 p.m. on Wednesday, April 13th, 1960, in the 
Meeting Room of the Chemical Society, Burlington House, London, W.l. The Chair was 
taken by the Chairman of the Group, Dr. J. I. M. Jones, F.R.I.C. 

The following papers were presented and discussed: "The Assay of Gonadotrophins in 
Body Fluids," by J. A. Loraine, M.D., Ch.B., M.R.C.P.; "Insulin Assay in Plasma by the Rat 
Diaphragm Method," by P. H. Wright, M.Sc., M.B., Ch.B. 
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Obituary 
FRANCIS WILLIAM FREDERICK ARNAUD 

FRANCIS WILLIAM FREDERICK ARNAUD died on March 15th, 1960. He was 81. He was 
born in Chester, his father, Samuel, having come from Paris and adopted British nationality. 
Francis was sent to school in Paris and then to the Sorbonne, but he came back to London and 
continued his studies at King's College. His professional life began with W. F. Lowe, public 
analyst and assayer at Chester, and continued with C. H . Cribb, with whom he was joint author 
of several papers. 

In 1906 he was appointed Borough Analyst for Portsmouth, where he stayed untill913, 
when he came to Maidstone as the first full-time County Analyst for Kent, which post he 
occupied until his retirement in 1946. 

His published work, alone or as co-author, dealt with the action of alkaline waters on iron, 
the determination of butter-fat and coconut oil in margarine, the determination of boric acid, 
losses in meat on cooking and oiled apple wraps. 

At the time of his death he was one of the oldest members of our Society, to which he was 
elected in 1903. Thus his connection with the Society of Public Analysts was long and also 
distinguished: he was Vice-President in 1922-23, Honorary Secretary, 1926-31, and President 
in 1932-33, and in addition to these periods of office he served on the Council for a total of 
21 years. With such a background it is not perhaps surprising that he was among those who 
were opposed to the transmutation into the Society for Analytical Chemistry. Arnaud also 
served for two periods on the Council of the Institute of Chemistry, as it then was. 

Apart from his profession he had many interests, of which perhaps Freemasonry and 
agricultural matters were the chief. In Freemasonry he became outstanding, being at one 
time Deputy Provincial Grandmaster of Kent: in gardening he was talented and enthusiastic 
and was prominent in many sides of the agricultural activities of Kent, the "garden of England." 
So far as can be discovered he originated, and he certainly fostered, the sale of shoddy and other 
rough nitrogenous manures at unit value, a method which, although not officially recognised 
by the Fertilisers and Feeding Stuffs Act or Regulations, is the only logical way of buying and 
selling these varied and variable products. After his retirement he acted for some time as 
adviser to a commercial group of farms in Kent. 

He was an all-round athlete and Victor Ludorum in 1900 and 1901 of King's College and 
Hospital. In those days he excelled most at running, but he remained very fit and could still 
play tennis at the age of seventy. During the first World War he served as a lieutenant in the 
Volunteer Battalion, Royal West Kent Regiment. In 1950 a stroke left him with badly 
affected speech and some paralysis, in spite of which he remained cheerful and active until the 
very last day of his life, when he died quite suddenly sitting in his chair watching television. 
He had married Hilda Betts in 1906: she died in 1957, and they are survived by their only 
child, Commander Dudley Arnaud, D.S.C., V.R.D., R.N.V.R. 

Arnaud served on many Committees, such as those of the local Conservative Party, 
museum and cricket clubs. He was at one time President of the Mid Kent Natural History 
and Philosophical Society and Chairman of the Loose Parish Council. He will thus be long 
remembered by his host of friends-for his absolute integrity, good company, simplicity, 
devotion to small children and great charm to all. 

H. E. MONK 
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The Determination of Vitamin Btz 

A Critical Review* 

Bv W. H. C. SHAW AND CHRISTINE J. BESSELL 
(Glaxo Laboratcwies Ltd., Greenford, Middlesex, and Sefton Park, Stoke Poges, Bucks.) 
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IN the 12 years since the independent, but almost simultaneous, isolation of crystalline 
pure vitamin B12, by Rickes, Brink, Koniuszy, Wood and Folkers1 in America and by Lester 
Smith and Parker2 in England, research on ~2 t and the many related compounds now 
known to exist has been intense. 

Various aspects of the field have been covered in nine symposia held from 1948 to date, 
and the proceedings of the later ones in London (1955),8 Hamburg (1956),• Rome and New 
York (1958), in so far as reports have yet been published, together with recent papers, reviews 
and monographs,6 •6 •7 •8 •9 •1o,u contain much valuable and detailed information. In particular, 
these publications cover aspects not directly related to the subject of this review, and these 
will not be considered further here. 

The earliest observations on the curative effect of raw liver in pernicious anaemia were 
made some 20 years before isolation of the anti-pernicious anaemia factor, ~2, in 1948. 
Why, it is pertinent to ask, should the task of isolation have taken so long, extending over 
a period in which several other vitamins were recognised, isolated, characterised and finally 
synthesised? The answer lies partly in the extremely small amounts occurring in liver 
(about 1 p.p.m.), to some extent in the absence, particularly at the early stages, of suitable 
extraction techniques and, by no means least, in the lack of any analytical methods (including 
animal tests) by which the various stages of purification could be controlled. 

At the time, the only known method for checking the partly purified fractions was 
clinical evaluation, with all its attendant inaccuracies, on cases of pernicious anaemia in 
relapse. The fact that pure ~2 was obtained with only this test as a guide is a great tribute 
to the care with which the clinical work was carried out. A step forward was made with 
the recognition by Shorb12 •18 in America that Lactobacillus lactis Domer would not grow 
satisfactorily in a medium free from ~2• All current microbiological methods derive in 
principle from this observation. Although it is now known that L. lactis responds to many 

• Reprints of this paper will be available shortly. For details, please see p. 456. 
t For brevity, the term "B12.'' unqualified, will be used here for vitamin B11 (cyanocobalamin). 
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substances besides ~2, Shorb's method of assay greatly facilitated the later stages of the 
American work. 

A search for more economic sources of ~~ than liver led to the discovery of its presence 
in the liquors derived from the commercial production of streptomycin by the then estab­
lished deep-fermentation methods for its large-scale production. It is now generally preferred, 
however, to carry out separate fermentations for~~ with Streptomyces or some other organism 
specially selected for its ability to produce ~~ free from analogues (see below). This is 
now the major commercial source of~~· 

To the analyst, ~2 poses problems ranging from an evaluation of the compound itself 
to the determination of the almost infinitesimal amounts in sea water. For a proper under­
standing of these problems, some preliminary consideration of the chemistry of ~2 is essential. 

In the later stages of isolating ~~ from liver and fermentation liquors, it became clear 
that a number of compounds closely similar in properties to ~2, but distinguishable from it 
by partition chromatography, were present in the original materials or were formed during 
the extraction processes then in use. These compounds, designated B12a. B12b and B12c, 

were later shown to be readily convertible to ~~· when it was realised that cyanide, in addition 
to co-ordinated tervalent cobalt, formed an essential part of the ~~ molecule. The cyanide 
can be displaced from B12 by photolysis or by certain reagents. Replacement with hydroxyl 
gives B12a and B12b, subsequently shown to be identical. Replacement with nitrite gives 
B12c. These substances, originally isolated from natural sources, may be converted to 
~~ by treatment with cyanide. The term "cobalamin" was coined to refer to the intact 
~~ structure without the cyanide group. Hence ~~ itself became cyanocobalamin, B12a and 
B12b hydroxocobalamin and so on. Other cobalamins may be formed by treatment with 
different reagents.14 Subsequently it was recognised that another series of compounds, 
differing more fundamentally from ~2, existed in such materials as fermentation liquors, 
bovine rumen contents, calf faeces and sewage sludge.16 ·Ie,I?,l&,Ie,so These compounds differ 
from ~~ in having in the nucleotide a base different from 5: 6-dimethylbenziminazole. Much 
confusion arose as to the identity of the various factors (known collectively as "~1 analogues") 
described by different workers; this cleared as their structures, summarised in Table I 
(seep. 398), became established. These analogues are without the haematopoietic activity 
of ~2• except, notably, factor I (B12 factor III), which was obtained from sewage sludge21 

and shown to have 5-hydroxybenziminazole as the nucleotide base.22,28 Apart from these 
natural analogues, others may be prepared by adding suitable precursors to the fermentation 
medium (biosynthesis). Of the limited number evaluated clinically, some, particularly 
those with benziminazole derivatives as the nucleotide base, have the full clinical activity 
of~~· 

The nomenclature of the ~2 group of substances was considered by a commission set 
up at the European Symposium on Vitamin ~~ and Intrinsic Factor, Hamburg, 1956.24 

Under the "Tentative Rules" for nomenclature subsequently recommended26 and, apart from 
the numbering of the nucleus, since adopted, ~2 itself, for example, becomes {J-(5: 6-dimethyl­
benziminazolyl) cobamide cyanide. 

CRYSTALLINE VITAMIN ~~-

Vitamin ~2 (see Fig. 1),26•27 •28 official as cyanocobalamin in the British, United States 
and other Pharmacopoeias, occurs as a tasteless, odourless red crystalline powder or as 
needle-like crystals, which after drying possess refractive indices ot 1·616, fJ 1·62 andy 1·664. 
It is hygroscopic and can take up appreciably more than the permitted 12 per cent. of moisture; 
this may be removed quantitatively by drying under reduced pressure at 105° C to give the 
anhydrous substance, which is extremely hygroscopic. When heated, the crystals darken, 
but do not melt below 300° C. Vitamin ~2 is soluble in water to the extent of 1·25 per cent. 
at 25° C; it is also soluble in lower alcohols and phenols, but insoluble in most other organic 
solvents. The optical rotation in aqueous solution has been recorded as [ot]:U = -59° ± 9°,u 
and [ot]:.S = -ll0° ± 10°,80 but the intense colour makes observation difficult. 

Complete identification of a substance as complex as ~~ presents some special problems. 
Cobalt and phosphorus may be detected and determined by conventional chemical methods 
after ashing or fusion with potassium hydrogen sulphate, and various degradation products 
may be identified after more or less vigorous treatment with acids, alkalis or oxidising agents. 
Physical methods are more promising. Infra-red absorptionao,at serves to differentiate ~~ 
from other cobalamins,32 but would only detect relatively large amounts of them in admixture 
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Fig. 1. Vitamin B,.1 (CaH110 14NuCoP); molecular weight 
1355·42 

Wavelength, mJJ 

Fig. 2. Absorption spectra: curve A, 0·002 per cent. of 
vitamin B,.1 in water; curve B, 0·003 per cent. of hydroxo­
-cobalamin in phosphate buffer (pH 3·0); curve C, 0·003 per 
cent. of hydroxocobalamin in phosphate buffer (pH 10); 
curveD, 0·003 per cent. of nitritocobalamin in water; curve 
E, 0·002 per cent. of vitamin-B11 dicyanide complex; curve F, 
·0·002 per cent. of pseudo vitamin B,.1 in water; curve G, 
0·002 per cent. of vitamin B 12 III (factor I) in water. 

For clarity, each curve has been displaced by 0·1 extinction 
-unit above the one below 

391 
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with B12• The ultra-violet and visible absorption curve in water shows maxima at 278, 
361 and 550 mp. (see Fig. 2), and this is probably the best single identification test, particularly 
when strengthened by the imposition of limits for the ratios of extinction values at these 
three wavelengths. However, the existence of Bt2 analogues with similar absorption spectra 
must not be overlooked, and for further differentiation reliance must be placed on other 
methods; these are considered in more detail below. Clearly, existing official monographs 
are by no means exclusive for Bt2, and they could well be amplified by the inclusion of at least 
one additional test. Biological assay with Ockromonas malkamensis (see p. 404), which 
most clearly approaches higher animals in the specificity of its requirement for Bt2, will 
differentiate Bt2 from the clinically inactive factors, but not from factor I (B12 III). By 
electrophoresis in· dilute acetic acid on paper, the presence of any basic or acidic substances 
can be detected, but electrophoretically neutral factors, in common with B12 itself, are not 
moved from the point of application. Since the main object of any additional test is the 
detection of Bt2 analogues, paper chromatography would appear to be the technique most 
deserving of official recognition. Although certain B12 analogues cannot be separated from 
each other by this means, all the known natural ones can be separated as a group from B12 and 
detected in trace amounts by application of the bio-autograph technique (see p. 401) on a 
medium seeded with an organism, such as Escherichia coli mutant 113-3, that responds to 
analogues as well as to B12• By careful selection of the strain of organism for use in the com­
mercial fermentative production of Bt2, the formation of analogues can be minimised, and 
crystalline Bt2 substantially free from them can be obtained. However, the possibility of 
production from sewage sludge, where Bt2 analogues are known to occur in appreciable 
amounts, suggests caution in accepting compliance with present official monographs as an 
indication of adequate purity. Unless a more comprehensive examination can be made, and 
for small amounts of Bt2 it is often uneconomic to do so, the integrity of the manufacturer 
must be relied on. 

PHYSICAL AND CHEMICAL METHODS FOR VITAMIN Bt2 

(a) DIRECT COLORIMETRIC AND SPECTROSCOPIC METHODS-
The simplest colorimetric method is that based on measurement of the red colour of 

Bt2 in a suitable colorimeter provided with blue filters30 or on a spectrophotometer at 550 mp.. 
The method has obvious limitations, but may be used as a check on the concentration of 
solutions of known origin, particularly in the presence of colourless substances having ultra­
violet absorption. Greater sensitivity may be obtained by measurement of the extinction 
at 361 mp. (E~::. = 207), and this is generally suitable for aqueous solutions down to about 
0·001 per cent. A measure of specificity is introduced by determining the ratios of the 
extinctions at 278, 361 and 550 mp. or at 341 and 376 mp., as proposed by Bruening, Hall 
and Kline.83 

Whatever wavelengths are selected, the ratios should be the same within reasonable 
limits as those for pure Bu. Preferably a full absorption curve is recorded. Several methods 
have been proposed for increasing the specificity and sensitivity of the spectroscopic approach, 
particularly so that it can be applied to samples of biological origin, in which the Bt2 may 
be present at extremely low concentrations and accompanied by analogues. 

When treated with an excess of cyanide in alkaline solution, Bt2 takes up one additional 
equivalent of cyanide to form the dicyanide complex; this is accompanied by a change from 
red to a purplish colour. Rudkin and TaylorM proposed a method based on this reaction 
and suitable for concentrations of at least 1 p.g per ml. Excess of cyanide is added to the 
sample, and the pH of the mixture is adjusted to 9·5 to 10·0. After allowing the solution to 
stand for several hours, to complete the conversion of other cobalamins to B12, sodium sulphate 
is added to give 20 per cent. wjv, and the solution is then extracted with benzyl alcohol. 
Chloroform is added to the combined benzyl alcohol extracts, and the Bt2 is re-extracted 
into water. After dilution to volume, the extinction at 582 mp. is measured on a portion 
of the solution adjusted to pH 5 to 6 and on another portion containing alkali and cyanide. 
The difference in extinction, ~ E~7::. =54, is then calculated as Bu. Similar methods were 
recommended subsequently by Carneri35 for liver extracts and for culture fluids by Janicki, 
Pawelkiewicz, Stawicki and Zodrow.36 In the former method, Bt2 as the dicyanide complex 
is extracted into benzyl alcohol and then re-extracted into water after the addition of chloro­
form. In the latter the Bt2 is extracted with benzyl alcohol and then re-extracted into water, 
which after saturation with ammonium sulphate is extracted with acetone. After evaporation 
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of the acetone under reduced pressure, the ~2 content is determined as the dicyanide complex 
at 588 mp. (E}.;, = 58·2). Another approach to the problem of obtaining spectroscopically 
pure ~2 from biological materials was proposed by Van Melle,37 who suggested column 
chromatography on Amberlite XE97 carboxylic cation-exchange resin for the assay of liver 
extracts for injection. After preliminary treatment with cyanide at pH 7·5, the sample, 
containing 125 to 150 p.g of B12 and adjusted to pH 4, is passed through the resin, and impuri­
ties are removed by a series of solvent washes. The retained ~~is then eluted with aqueous 
dioxan and determined by difference spectroscopy on the lines of Rudkin and Taylor's 
method.34 Good agreement was obtained with results given by microbiological assay with 
Lactobacillus leichmannii, but the method has since38 been found inadequate for distinguishing 
cobalamins from pseudo vitamin B12 and "red pigments." For the determination of~~ in 
cultures, Fisher39 proposed extraction of the dried culture with hot benzyl alcohol in the 
presence of cyanide and water at pH 7 to 8. For moist materials, extraction with n-propanol 
was preferred. The B12 is then determined by difference spectroscopy. 

(b) INDIRECT SPECTROSCOPIC METHODS-
By subjecting ~2 to physical or chemical degradation, various products can be obtained 

somewhat more amenable to determination than ~2 itself. In general, methods based on 
such reactions are of limited value, since they will be as subject to interference by ~2 analogues 
and some degradation products as are the direct spectroscopic ones. 

Fantes and Ireland,40 and subsequently Heinrich,41 proposed similar methods suitable 
for ~2 concentrates. These are based on hydrolysis of the ~2 with hot 5 or 10 N hydro­
chloric acid, esterification and extraction of the resulting red acids with heptyl or octyl 
alcohol and removal of impurities by dilution with light petroleum and washing with meth­
anolic hydrochloric acid. The colour of the purified extract is then determined. 

Exposure of ~2 to light causes release of cyanide, which can be recovered quantitatively 
if it is removed by aeration as it is formed. Boxer and Rickards42 •43 •44 •45 proposed methods 
based on the colorimetric determination of the cyanide released in this way. Any free cyanide 
in the sample is removed by preliminary aeration in the dark. Clearly these methods will 
distinguish B12 from other cobalamins, but not from analogues in their cyano forms. 

The same workers46 sought to exploit the presence of 5 : 6-dimethylbenziminazole in the 
~2 molecule. After hydrolysis with 0·1 N hydrochloric acid at 120° C, benzoylation and 
cleavage with concentrated sulphuric acid, the resulting 4: 5-dimethyl-o-phenylenediamine 
is treated with acetylacetone for colorimetric or with alloxan for fluorimetric determination. 
The method is then sensitive to 10 p.g of benziminazole. 

(c) POLAROGRAPHY-
In 0·025 M phosphate buffer at pH 7·4, B12 at concentrations of 0·005 to 0·020 p.g per ml 

exhibits a well defined polarographic step at -1·53 volts against a saturated-calomel 
electrode.30 •47 The step is surmounted by a characteristic maximum, the height of which 
is influenced by pH and may be affected by other constituents of the solution. For these 
reasons, the method has received little attention. 

(d) ISOTOPE-DILUTION METHODS-
Vitamin B12 has been labelled isotopically with 14C, which can be introduced into the 

cyanide group by simple chemical exchange,48 but the group is too labile for B12 labelled in 
this way to be of value. The phosphorus and cobalt are much more firmly bound,30 and no 
exchange can be induced. Though 32P may be introduced by fermentation in the presence 
of labelled phosphate49 and 60Co formed by neutron activation, in either event only low 
specific activities are attainable.50 •51 Suitably labelled cobalt salts may be added to the 
fermentation medium, and by this means highly active Co-labelled ~2 may be made. 52 Of the 
possible isotopes eoco (half-life 5·2 years) and 58(o (half-life 72 days) are generally the most 
useful; ~~labelled in this way (now available from the Radiochemical Centre, Amersham) 
has proved of great value for analytical, biochemical and clinical investigations.53 

Isotope-dilution assays are based on the principle that a small known amount of the 
radioactive substance to be determined (the "marker" or "tracer") is added to the sample, 
from which the pure substance is then isolated by any suitable means. From the activities 
and amounts of the marker and of the material isolated the amount of substance in the 
sample can be calculated. The method is of particular value for substances having no specific 
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properties that can be used analytically on crude samples or occurring together with closely 
related compounds from which they cannot be separated quantitatively. For B,.2, isotope 
dilution provides an "absolute" method, which can be adapted to the assay of either actual 
or potential · cyanocobalamin according as treatment with nitrite and cyanide is omitted 
or included.64 Analogues and degradation products may interfere unless they are eliminated 
by rigorous purification. Although low yields in the purification can be tolerated, the need 
for taking enough sample to give sufficient pure B,.2 both for counting (to determine dilution) 
and for spectroscopic analysis or microbiological assay (to determine the amount isolated) 
makes the method somewhat laborious. 

Numerous purification steps applicable in isotope-dilution assays are described by Bacher, 
Boley and Shonk65 ; these steps may be combined in various ways for different types of 
samples. The minimum amount of total cobalamins required for assay is about 100 p.g at 
a concentration of at least 0·1 p.g per ml; a standard deviation of ±4·3 per cent. is claimed. 
The assay of cobalamins in fermentation liquors serves as an example. A measured volume 
of sample containing a known amount of added marker is treated with nitrite and cyanide 
at pH 4 and is then boiled to convert all cobalamins to B,.2 and to liberate any cobalamins 
bound to peptides. The mixture is clarified with zinc acetate at pH 8, and the filtrate is 
submitted to extractions with mixtures of cresol, butanol and carbon tetrachloride, so that 
a partly purified solution of the B12 is obtained. Further purification on a mixed-bed ion­
exchange column normally yields an eluate suitable for spectroscopic assay and for counting. 
If the final solution is not spectroscopically satisfactory, re-purification by the same or 
additional steps is necessary. The principles of this method, with in some instances the 
refinement of paper chromatography,64 have also been applied to concentrates for oral use, 
feed supplements,65 liver extracts, pharmaceutical preparations56 and a variety of animal 
and vegetable materials.67,68 

Bruening, Neuss, Numerof and Kline38 in a collaborative study of an isotope-dilution 
method for B,.2 in concentrates and liver preparatiQils concluded that the method was specific 
for B,.2, and it has received official recognition in the U.S. Pharmacopoeia, 15th Revision, 
First Supplement, 1956. 

(e) REVERSED ISOTOPE-DILUTION ASSAYS-

The technique of reversed isotope dilution64 is applicable to the assay of radio-B,. 2 in, 
for example, the fermentation liquors arising in the preparation of (60Co) B,.2• A known 
excess of ordinary B,.2 is added to the sample, and pure B,.2 is then isolated as described 
above. The activity of the isolated material and its amount permit calculation of the level 
of radio-B12 in the sample on the lines of the normal isotope-dilution assay. 

(f) OTHER PHYSICAL METHODS OF ASSAY-

When fiuorimetric methods of assay can be applied, they usually have high sensitivity, 
and the development of commercial spectrofiuorimeters, in which both the activating and 
emitted radiation can be recorded, has given to fiuorimetric methods a measure of specificity 
of which the lack has hitherto been a serious limitation to their use. In a study of spectro­
fiuorimetry, Duggan, Bowman, Brodie and Udenfriend69 found that in phosphate buffer, 
pH 7, B,.2 had an activation maximum at 275 miL and a fluorescence maximum at 305 miL 
and that a practical sensitivity of 0·0031-'g of B12 per ml was attainable. 

These considerations suggest that spectrofiuorimetry may be a much needed addition 
to the few satisfactory physico-chemical methods for B12, particularly for coping with inter­
ference by analogues and other cobalamins, and should repay further study. 

METHODS FOR SEPARATING VITAMIN B,_2 FROM CRUDE MATERIALS AND FROM ANALOGUES 

Physico-chemical methods, with the exception of isotope · dilution, are more or less 
non-speci.fic for B,.2 ; before they can be applied to materials of biological origin some pre­
liminary concentration and purification of the B12 is essential. Methods currently in use 
derived largely from those evolved in the early studies that led to the isolation of B12 ; because 
B,.2 has few chemical properties of any analytical value, the methods are based on selective 
adsorption or on some form of partition between immiscible solvents. 

(a) ADSORPTION CHROMATOGRAPHY-

From what little has been published about the American work leading to the isolation 
of crystalline B,. 2 from liver, it is clear that chromatography of aqueous methanol solutions 
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on activated alumina played an important part8 in the later stages of purification. As long 
ago as 1936 adsorption on charcoal had been used80 for the initial concentration, and the 
method was employed in the early processes for commercial extraction of ~~ from fermenta­
tion liquors. Fantes, Page, Parker and Smithao also used charcoal, but found that better 
purification was attainable on columns of silica developed with suitable concentrations of 
aqueous ammonium sulphate solution; chromatography on bentonite formed one purification . 
stage in other parallel work on the isolation of ~2• In general, however, such methods show 
low resolving power and so require rather large columns; they have largely been abandoned 
in favour of partition and resin absorption processes. 

(b) PARTITION ANALYSIS-

Although based on the principle of partition between two immiscible or partly miscible 
solvents, in practice the processes employed fell into two distinct categories; in one, both 
phases are mobile (described simply as partition analysis or countercurrent distribution}, 
and in the other, one phase is immobilised on a relatively inert support and the other phase 
is made to flow past it (column and paper chromatography). 

The general theory of partition analysis has been considered by Heathcote and Duff,81 

who deal primarily with the separation of hydroxocobalamin and Bt2• For simplicity and 
convenience of calculation the chosen ratio of phase volumes is generally unity, as in the 
8-tube countercurrent distribution between benzyl alcohol and water proposed by Mader 

and Johl.62 In this system, ~~ has a partition coefficient (K = ~yl tal~ohol] = 1·2) 
wa er 

such that, after distribution is complete, the highest concentration of ~~ is attained in tube 
No.4, the contents of which may then be assayed spectroscopically or microbiologically and 
the amount of ~~ easily calculated in relation to the theoretical fraction that should appear 
in that tube. Hydroxocobalamin (K = 7·7), pseudo ~2, and non-cobalamin materials from 
fermentation broths and ~~ concentrates collect in the end tubes and are more or less com­
pletely separated from the ~2• A similar system, with phosphate buffer, pH 4, in place of 
water, is useful for the detection of traces of hydroxocobalamin in crystalline ~2• Nitrito­
cobalamin is not separated from the ~~· and it is therefore preferable to include a preliminary 
treatment with sulphamic acid to convert it to hydroxocobalamin. After distribution, the 
contents of the first and fourth tubes are assayed spectroscopically, and the components 
are then calculated from simultaneous equations based on their known partition coefficients. 
Rosenblum and WoodburyG proposed a single distribution between benzyl alcohol and water 
before radioactivity measurement as a test for the identity of (60Co) ~~ recovered in the 
assay of multivitamin preparations. 

The many water-immiscible solvents proposed for the extraction, concentration and 
partial purification of ~~ from crude materials include phenol, cresol and other alkyl phenols, 
often diluted with chloroform, carbon tetrachloride or butanol. The separated organic 
phase is washed before re-extraction of Bt2 into the aqueous phase, sometimes in the presence 
of benzalkonium chloride, which helps to retain impurities in the organic phase.66 Probably 
the most efficient single purification step, however, is extraction of ~2 as the dicyano complex 
into benzyl alcohol from alkaline solution containing excess of cyanide and a high salt 
concentration. s McLaughlan, Rogers, Middleton and Campbell67 recommended extraction 
in the presence of metabisulphite, instead of cyanide, as a means of eliminating pseudo ~ •• 
factor A and deoxyribosides in a spectroscopic assay of ~~ in crude materials; however, by 
this method factor ~~ III is only partly removed. 

(c) COLUMN AND PAPER PARTITION CHROMATOGRAPHY-

These two techniques played an important part in the isolation of ~~ and subsequently 
in the separation and recognition of the many ~2-like factors now known. In column 
chromatography the stationary aqueous phase may be water or buffer saturated with the 
organic phase and supported on silica, starch," kieselguhrli1 ·t~~,ee or cellulose.21 •87 The original 
partition systems, generally based on butanol- water, have undergone little change. Smith 
et al.61 •86 carried out chromatography on acid-washed kieselguhr treated with 2 per cent. 
phosphate buffer (pH 7) and eluted with water-saturated n-butanol. In a modification of 
this system 15 per cent. w jv of phenol was added to the n-butanol. For moderately pure 
materials the course of development may be simply followed by the movement of the pink 
cobalt-containing compounds down the column. Chromatography on paper may also be 
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used for small-scale preparative purposes and as a final stage in the purification of ~~~ in 
isotope-dilution assays. However, the main use of paper chromatography is in the separation 
of the many factors present in biological materials and often obtainable only in exceedingly 
small amounts. With 50 p,g or so of material, visible spots are obtained. For smaller amounts 
the necessary sensitivity may be obtained by the bio-autograph technique considered in more 
detail below. Chromatography is usually carried out on Whatman No. 1, 4 or 3MM paper 
developed with sec.-butanol saturated with water.51 The ~2 factors have a satisfactory 
range of RP values in this system, although the values are relatively low, and it is usually 
preferred to develop the chromatogram by the descending-solvent method for 16 to 18 hours 
in the dark, running the solvent off the bottom of the paper, which is serrated to promote 
even flow. RP values are then more conveniently expressed relative to that of ~2 taken as 
unity. A further refinementl5 is the addition of 1 per cent. w jv of either ammonia or acetic 
acid to the system. Somewhat different RP values are thereby obtainable for a given factor 
in the two systems (see Table 1). Improved resolution of certain factors is claimed if the 
sec.-butanol- water solvent is first saturated with potassium perchlorate,68 and the use of 
buffer-impregnated paper has been suggested. 69 As with paper electrophoresis, the addition 
of a trace of cyanide to the system ensures that the factors are maintained in the cyano form. 

(d) ION-EXCHANGE METHODs-
The recovery of ~2 from a series of Amberlite ion-exchange resins was studied by Marsh 

and Kuzel.56 They proposed this method as a means of separating ~2 from the other con­
stituents of multivitamin preparations. The most satisfactory purification was obtained 
with columns of mixed cation and anion exchangers, particularly on an 8-cm bed of IRA-400, 
in the hydroxyl form, overlaid with a 7-cm bed of a 1 + 1 mixture of the same resin and 
IR-120 (H+). The aqueous ~2 solution at pH 5 to 7 is passed through the column, and 
the appropriate pink fraction is collected for spectroscopic assay. Correction for loss on the 
column is necessary. Bacher, Boley and Shonk55 subsequently proposed a modification of 
the procedure as a final purification step in an isotope-dilution assay, when quantitative 
recovery of the ~2 is unnecessary. On the commercial scale, use of Amberlite IRC-50 resin 
has largely displaced earlier methods for the purification of ~~~ from fermentation liquors. 

(e) PAPER ELECTROPHORESIS-
The general technique of electrophoresis on filter-paper has been the subject of a review 

by Parker.7o This method, particularly as an adjunct to paper chromatography, provided 
valuable information in the studies that elucidated the structure of Bu. 71 It made possible 
analysis of the complex mixtures of basic, neutral and acid substances resulting from the 
acid hydrolysis of B12• In 0·05 N phosphate buffer, pH 6·5, on Whatman No.4 or 31 filter­
paper, cobalt-containing pigments are separated with groups differing in their number of 
ionic charges, whereas neutral substances, including ~2 itself, remain as a group at the 
point of application. 

It is usual to add a low concentration of cyanide to acid and neutral electrophoresis 
buffers, to maintain the compounds in their cyano forms and to avoid formation of additional 
zones from the hydroxo-derivatives. Alternatively, electrophoresis may be carried out in 
0·1 N potassium cyanide (pH 10), the acidic dicyano-cobalamin then moving as a purple 
zone towards the anode. The most satisfactory separations, however, are generally attained 
in buffers of low pH and low ionic strength at a potential of 8 to 10 volts per cm.15 In 0·5 to 
2·0 N acetic acid, for example, factors Bu III and pseudo ~2 and factor A, which cannot be 
separated chromatographically, may be resolved into separate zones. This method has been 
applied to the mixtures of ~2-like substances obtained from materials of biological origin66 •72 

and, in combination with microbiological assay, for the determination of ~2 in liver extracts. 59 

Paper electrophoresis may be combined with chromatography for two-dimensional separa­
tions15 and has also been used for preparative purposes.73 

PHARMACEUTICAL PREPARATIONS CONTAINING VITAMIN ~2 
INJECTION PRODUCTS-

Vitamin Bu, physiologically one of the most active substances known, may be adminis­
tered orally or by injection. For the treatment of pernicious anaemia and related conditions 
50 to 100 p,g or more of B12 in aqueous solution are administered. Intramuscular injection 
is preferable, since this avoids the uncertainties of absorption after oral administration. 
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Analysis of such simple preparations may be carried out, as in the official method, by calcu­
lating the extinction at 361 mp. as anhydrous cyanocobalamin. Care must be taken, however, 
to ensure the absence of any added bacteriostat that might invalidate the result. This may 
be checked by observing the ratios of the extinctions, as described for pure ~2, or by recording 
a full absorption curve on a suitable spectrophotometer. Partition methods have also been 
suggested as a means of ensuring that the ~2 used for preparing injections complies with the 
requirements for anhydrous cyanocobalamin content.74 Occasionally, other members of the 
vitamin-B complex may be added. For the routine control of such preparations, methods 
for the separation of spectroscopically pure~~ may be devised or variable reference solutions 
may be employed.75 For occasional use one of the microbiological assays is simpler and 
generally satisfactory. 

ORAL PREPARATIONS-

Oral preparations of ~2, chiefly tablets and liquids, are less restricted in scope than 
injection products. The American Drug Index (1958), for example, lists over 300 branded 
preparations in which ~2 is present with other vitamins, nutritional and mineral supplements, 
sedatives and anti-obesity drugs. The declared formulae are often of impressive length. 
Although providing an interesting, if time-consuming, task, a complete analysis of such 
products is rarely necessary. The ~2, often present only in microgram amounts, can usually 
be determined adequately by a suitable microbiological method, but some preliminary 
treatment, such as boiling under acid conditions in the presence of cyanide, may be necessary 
to ensure that the ~2 is available to the selected test organism under assay conditions. The 
amount of ~2 remaining may be often regarded as usefully indicating the stability of the 
preparation as a whole. All too frequently the deficiencies in ~~ found, particularly in 
samples from parts of the world where drug-control is not as strict as it might be, indicate 
clearly that the problem of formulating ~2 to ensure its subsequent stability has not been 
solved by the manufacturers concerned; at least, that is one possible explanation for some 
of the low results found. 

MICROBIOLOGICAL DETERMINATION OF ~2 IN NATURAL MATERIALS 

Microbiological assays for ~2 originated from early observations that refined liver 
extracts contained a growth factor essential for certain micro-organisms. Shorb12 found that 
L. lactis Dorner required the factor (LLD factor) in an amino acid plus tomato juice medium. 
The LLD content of refined liver extracts paralleled their haematopoietic activity. Skeggs, 
Huff, Wright and Bosshardt,76 assaying animal protein factor (A.P.F.) by L. leichmannii and 
mouse growth, noted that the liver factor could replace A.P.F. in both assays. Hutner 
et al.,11 investigating the nutritional requirements of the protozoon Euglena gracilis, found 
that refined liver extracts supplied an essential growth factor hitherto provided by crude 
casein. 

Methods for the determination of ~ 2 by means of bacteria, protozoa, birds or mammals 
were developed concurrently with elucidation of the complex chemistry of the ~2 group of 
substances. Discrepancies in results for various assay methods were the first indication of 
the existence of natural ~2-like substances besides the cobalamins.78 •79 When these analogues 
of ~2 were isolated,15,16 ,17,l8,19 ,20 it was found that several could replace ~2 for both Euglena 
and Lactobacilli. This prompted further search for an organism that would show a specific 
~2 requirement similar to that of birds and ·mammals. The chrysomonads 0. malhamensis80 

and Poteriochromonas stipitata81 appeared to satisfy this criterion. 
The sensitivity of micro-organisms~see Table II-permits direct estimation of the 

extremely low B12 content of some natural products, whereas prior concentration and purifica­
tion are needed for any physico-chemical assay. An understanding of the limitations of 
the various test organisms and of the nature of the sample is, however, essential to ensure 
that the method of assay and the sample treatment selected are capable of giving a specific 
and quantitative result. 

BOUND B12 AND PRE-TREATMENT OF SAMPLES-

Vitamin B12, cobalamins and B12 analogues are wholly or partly bound to protein in 
materials such as liver, milk, serum, gut mucosa, faeces and fermentation broths. The 
B12 in many of these complexes is not available to micro-organisms or animals, but in others 
it is utilised to different degrees.s2 •83 •84 ,85 Coenzyme forms of B12 and of two analogues have 
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recently been isolated by Barker and his co-workers86 ,87 •88•89 from bacterial fermentations 
and from rabbit liver. The coenzymes contain one molecule of adenine in place of cyanide 
and can be converted to ~~~ or the corresponding analogue by heating with cyanide under 
acid conditions. In addition, this same treatment usually serves to release ~2 bound to 
protein and to convert other cobalamins to~~· 

Liver and liver preparations-A method for treating liver preparations· is detailed in the 
report of the Analytical Methods Committee of the Society for Analytical Chemistry.90 For 
each gram of sample, at pH 4·6 to 5·0, 0·5 to 5·0 mg of sodium cyanide in 1 per cent. aqueous 
solution are added. After the reaction has proceeded for 30 minutes at room temperature 
and 30 minutes in a boiling-water bath, the mixture is cooled, spun in a centrifuge and diluted. 
Treatment with takadiastase may be necessary if starch is present in the supernatant liquid. 
The final concentration of sodium cyanide in the assay medium should not exceed 10 p.g per ml. 
This method is also satisfactory for "fish solubles," animal feeds and gut contents. 

Coates et al. 79 use 50 ml of 1 per cent. sodium acetate buffer solution, pH 4·8, and 
0·5 ml of 1 per cent. sodium cyanide solution for each 10 g of sample. The whole is heated 
in flowing steam for 30 minutes, cooled, and clarified by centrifugation. This treatment is 
satisfactory for assays with L. leichmannii or E. coli, but it should be noted that acetate 
ions are inhibitory to 0. malhamensis,80 the assay organism recommended by the Analytical 
Methods Committee. 

Milk-Gregory91 found that~~~ is not detectable in the ultra-filtrate of milk from many 
species and that some milks have a capacity for binding added ~11• To liberate the protein­
bound~~ in sows' or human milk, 1 ml of sample and 1 ml of 0·1 M sodium acetate buffer, 
pH 4·6, are warmed to 60° C in a water bath; 50 mg of papain and 1 drop of 1 per cent. 
w jv sodium cyanide solution are added. The mixture is held at 60° C for l hour and then 
steamed for 10 minutes to inactivate the enzyme. Good recovery of added ~~~ was obtained 
by this treatment. 

Serum-The blood sample should be allowed to clot. The separated serum may be stored 
at -20° C. For E. gracilis assays,92 •93 the bound~~~ may be liberated by diluting the serum 
with water and. assay medium at pH 3·6 and heating the mixture at W0° C for 13 minutes. 
If a dilution factor of at least l is employed, no precipitation of protein occurs. Uncombined 
~~may be determined by omitting the heat treatment or heating at only 56° C for 30 minutes. 
For the L.leichmannii assay described by Rosenthal and Sarett,86 it is necessary to precipitate 
the serum protein first by heating with five volumes of 0·2 per cent. acetate buffer solution, 
pH 4·6, for 30 minutes at woo C. An aliquot of the neutralised liquid is then taken for 
assay; this method has the advantage of eliminating the growth-stimulating properties of 
serum proteins. If the 0. malhamensis method is to be used, the serum protein is first 
precipitated by heating at pH 5·0 without acetate buffer. 96 

Urine-The work of Ross93 suggests that ~2 is not bound in urine, but care must be 
taken to avoid faecal contamination and subsequent bacterial growth. Baker, Sobotka, 
Pasher and Hutner,96 comparing assay methods for the determination of~~~ in urine, diluted 
the samples in a pH 4·5 buffer and autoclaved for 30 minutes. Concentration of urine 
before assay is sometimes necessary. Davis and Chow97 show that r~sting cells of L. leich­
mannii suspended in normal saline quantitatively adsorb ~2 ; this may be released for subse­
quent microbiological assay by heating the cells and adsorbed ~2 at 60° C for I hour. The 
technique is particularly useful for the determination of radioactive ~~ in urine (e.g., after 
the administration of small doses of ~2 labelled with SOCo), when the radioactive material 
is adsorbed on the cells and the activity may be counted directly. The method gave better 
recovery of added radioactive ~~ than did conventional butanol extraction. 

Fermentation broths-Fermentation broths normally require treatment to liberate the 
~~ from the cells; for example, Streptomyces griseus fermentation broths may be satisfactorily 
treated by mixing 10 ml of broth with 10 ml of 0·01 M phosphate buffer, pH 2·5, and 1 to 2 g 
of kieselguhr, heating the mixture (which will be at about pH 4·5) for 15 minutes in a boiling­
water bath, cooling, and adding 10 ml of potassium cyanide (16 mg per litre). After the 
mycelium has settled, an aliquot of the supernatant liquid is assayed. 

Some bacterial fermentation broths have been found to require the more complex 
treatment considered above under isotope-dilution assays.66 Other methods have recently 
been reviewed by Perlman. es 
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BIO-AUTOGRAPHS-

The distribution of B12 and B12 analogues in nature is now fairly well established. Animal 
tissues and body fluids normally contain only ~2 or cobalamins, but materials subject to 
bacterial fermentation, such as sewage sludge, faeces and gut contents, will probably contain 
many analogues in addition to ~2• Bio-autographs will readily detect the presence of such 
substances, which could invalidate a direct assay.99 •1oo Even the most discriminating test 
organism, 0. malhamensis (see Table II), will show a growth response to analogues containing 
substituted benziminazoles, e.g., the naturally occurring factor I (B12 III). 

To obtain bio-autographs, papers loaded with 10-p.l drops of suitably diluted samples 
and B12 at 0·1 to 1·0 Jl-g per ml are chromatographed in the usual way and, when dry, placed 
on nutrient agar seeded with an appropriate test organism, normally E. coli 113-3. After 
incubation, zones of exhibition are observed, corresponding to the positions of the factors 
on the developed chromatogram. 

The growth factors methionine and desoxyribosides can be detected with E. coli and 
L. leichmannii, respectively. 

Bio-autographs may be used for the quantitative determination of ~2 in materials 
containing factor I {B12 III) or a large excess of other analogues that would invalidate all 
direct microbiological methods (see Table II and 0. malhamensis method). Ford and Holds­
worth101 found that, when 0·13 per cent. of 2: 3: 5-triphenyl tetrazolium chloride was incor­
porated in the agar, the grown cells of E. coli contained a red pigment that increased the 
definition of the exhibition zones. A quantitative relationship was established by eluting 
the dye from excised growth zones with tetrahydrofuran. The colour density of the eluate 
was proportional to the log concentration of the B12 applied to the chromatograms. Fantes 
and O'Callaghan102 also used the bio-autograph technique for determining ~2 in the presence 
of an analogue. They established a log dose response curve for ~2 from the areas of the 
exhibition zones, as measured by their weight when cut from a photograph. This graph 
was used to determine the true B12 content of unknowns developed on the same chrom­
atogram. 

Bio-autographs have been used for estimating penicillin in mixtures103 .104 and for deter­
mining the synergistic components of antibiotic E129.106 With these techniques a methylene 
blue print is prepared, and the area of the inhibition zon{} is measured with a planimeter. 

MICROBIOLOGICAL-ASSAY METHODS WITH Lactobacillus lactis, Lactobacillus leichmannii, 
Escherichia coli, Euglena gracili!>, Ochromonas malhamensis AND OTHER 

MICRO-ORGANISMS 

Both tube dilution and agar cup-plate techniques are used for the assay of ~2 ; each 
requires a basal medium deficient in B12 but otherwise able to support dense growth of the 
test organism. The addition of sub-optimal levels of B12 will then elicit a growth response 
proportional to the dose. For tube dilution methods graded doses of standard and samples 
are added to sterile broth in uniform tubes. The growth response after incubation is deter­
mined directly, by turbidimetric or colorimetric measurement, or indirectly by titration of 
acid formed, according to the nature of the test organism. For agar cup-plate assays graded 
doses of standard and sample are introduced into uniform cups cut in the agar medium. 
After incubation, circular zones of growth are observed around the cups containing B12• 

The diameters of these exhibition zones should be proportional to the logs of the doses. The 
general principles of agar plate assays have been considered elsewhere.108 

Lactobacillus lactis METHODS-

As previously mentioned, L. lactis Domer= A.T.C.C. 8000 was the first bacterium 
found to have a growth requirement for B12• Wright, · Skeggs and Huff107 demonstrated 
that it also has a requirement for thymidine. Cuthbertson and Smith described a plate 
assy for ~2 with this organism; thymidine at 5 ~ per ml or more also gave exhibition 
zones, but these had characteristically indistinct edges and were readily distinguishable from 
those formed by ~2• Foster, Lally and Woodruffl08 also developed a '{>late assay; they 
claimed that the addition of sodium chloride (20 g per litre) eliminated the response to 
desoxyribosides, but that this possibly entailed loss of sensitivity. Other workers109 have 
found that hypertonic solutions are toxic to Lactobacilli and that samples rich in salts 
may give erroneous results. Cuthbertson et al.110·111 investigated the conditions in the 



402 SHAW AND BESSELL: DETERMINATION OF VITAMIN B12• A REVIEW [Vol. 85 

plate-assay method nec'essary for optimal response to ~2 and showed that control of aerobiosis 
is essential. Under anaerobic conditions B12 was not required for growth. 

Several attempts were made to establish turbidimetric assays with L. lactis Domer,112•113 

but these methods were not reproducible and have been superseded by L.leichmannii methods. 

Lactobacillus leichmannii METHODs-

L.leichmannii, like L.lactis, was known to have a nutritional requirement for thymidine 
desoxyriboside11" and also has a requirement for B12 when grown under strictly defined 
conditions.76 .m,us Tube essays have been developed with L. leichmannii 313, A.T.C.C. 
7830117,118 and with L. leichmannii A.T.C.C. 4797.116,118,119,120 

Turbidimetric measurements can usually be made after 20 to 24 hours, but titrimetric 
measurements require 72 hours' incubation. Constituents of the medium and its oxidation­
reduction potential are both critical factors in eliciting a satisfactory dose response from these 
organisms. 

Between 1949 and 1951 many workers developed satisfactory assay methods from the 
original observations. Stokstad et al.,118 .121 Skeggs et al.120 and Thompson, Dietrich and 
Elvehjem119 all developed media incorporating reducing agents and acid-hydrolysed casein 
in place of the enzymatic digest used previously. Stokstad selected thioglycollic acid, 
Thompson a mixture of ascorbic and fumaric acids, and Skeggs thiomalic acid as the best 
antioxidants for their respective basal media. The improved growth response to ~~ in 
the presence of the reducing agents was particularly marked for crude samples after 
autoclaving. 

It was later realised that this was caused by protection of the heat-labile B12a (B12b). 

Preliminary cyanide treatment of the sample or incorporation of cyanide in the medium 
converts other cobalamins to cyanocobalamin. These points in connection with L. leichmannii 
and L. lactis tube assays are discussed by Soars and Hendlin122 and by Cooperman, Drucker 
and Tabenkin.123 

Lees and Tootill12" and Emery, Lees and Tootill126 investigated conditions affecting 
the growth response to ~~ and found the Eh of the medium to be critical, showing a mathe­
matical relationship between the response of L. leichmannii and the depth of medium in 
the tube. 

The official method in the U.S. Pharmacopoeia, 14th Revision, requires a medium 
incorporating ascorbic acid, as reducing agent, and tomato juice, which may provide a growth 
factor or additional reducing substances. Tomato juice is a variable entity, and certain 
batches may prove unsuitable. Emery et al.125 found Crest brand (New Zealand) to be reliable, 
but other workers120,121 have preferred to eliminate it from the medium. 

The U.S. Pharmacopoeia method has been evaluated by Campbell et al.126 A (3 + 3) 
design was used to assay the ~2 contents of two liver extracts and two concentrates from 
fermentation sources on five consecutive days. The levels of 0·02, 0·04 and 0·08 mp.g of 
B12 per lO ml of medium were selected for the standard, eight replicate tubes of each dose 
of standard and three replicates tubes of each dose of appropriately diluted sample being 
used. All tubes were randomised before adding the basal medium and during autoclaving, 
incubation and titration, since it had been shown that position during these operations 
influenced the response. Titrations were made with bromothymol blue as indicator. The 
method was found to be precise and reproducible. The linear relationship between log dose 
and log response was valid and not influenced by the type of product tested. The statistical 
methods used are fully described. Using the assay over a period of many months, the authors 
found the limits of error to vary from ±5 to ±10 per cent. (P = 0·05), but the method 
will sometimes yield atypical responses for unknown reasons. · 

The logjlog relationship may also be applied to a 16- to 20-hour turbidimetric method 
with the U.S. Pharmacopoeia medium modified by omitting the tomato juice and reducing 
the concentration of glucose by 25 per cent. This application is also discussed byWood.127 

The U.S. Pharmacopoeia method and two modifications of it were compared with E. coli 
mutant and L. leichmannii plate assays for the determination of ~2 in liver extracts.128 

More sensitive methods with L. leichmannii have been described. Hoff-J~<Srgensen129 

developed a turbidimetric assay with A.T.C.C. 7830; he employed a standard range of 2·5 to 
20·0 p.p.g of ~2 per ml of broth and so approached the sensitivity of the E. gracilis assay 
considered below. One advantage of increased sensitivity is that greater dilution of samples 
minimises interference by desoxyribosides. This improvement was achieved by replacing 
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Na+ by K+ and NH,+ and by the use of small volumes of medium in narrow tubes (100 mm 
X 8 mm internal diameter). Tomato juice was omitted from the medium, but thioglycollic 
and ascorbic acids were incorporated as reducing agents, and the medium contained potassium 
cyanide. With triplicate tubes of each of the six standard doses and four doses of sample, 
the standard deviation of repeated independent assays of several crude materials was found 
to be about 5 per cent. 

Using L. leichmannii A.T.C.C. 4797 Rosenthal and Sarett9' developed a sensitive titri­
metric assay for determining ~2 in serum. They employed a modification of Thompson's 
mediumm developed by Register and Sarett,13° in which the ascorbic acid is added after the 
adjustment of the pH to 7·0. The standard range of 40 to 100 f'f'g of~~~ per tube permits 
sera to be diluted (1 + 10) during pre-treatment (see below). 

Girdwood131 also developed an assay sufficiently sensitive for sera. He further modified 
Thompson's medium by replacing the ascorbic and fumaric acids with thioglycollic acid. 
He determined the response turbidimetrically after overnight incubation. 

Noer,131 investigating the effects of omitting single constituents of several media used 
for L. leichmannii, found that several may be regarded as non-essential for a satisfactory 
growth response to ~2, but he has not been able to formulate a strictly synthetic medium. 

Uses and limitations of the L. leichmannii assay-Of the microbiological assays the 
L. leichmannii tube method is probably the one most susceptible to unpredictable variations; 
hence the many published modifications. The medium is expensive and laborious to prepare. 
The method was widely used for several years when it was thought to be specific for ~ •• 
but it is now known that analogues containing purines in the nucleotide can replace ~~ as 
growth factors for Lactobacilli. The modifications of the method with high sensitivityM,tso,taa 
provide a method for determining the B12 content of sera and body fluids when the absence 
of ~2 analogues can be assumed. The short incubation period of 16 to 20 hours can be a 
considerable advantage over the 5 to 6 days needed for the E. gracilis assay. 

Escherichia coli MUTANT PLATE AND TUBE ASSAY-

E. coli does not have a natural requirement for ~2• simple synthetic media being adequate 
to supply the nutritional needs of wild strains. In the hope of providing the basis for a simple 
microbiological assay for ~2, Davis and Mignioli133 used the penicillin technique of Davis 
and Lederberg1" to produce mutants of E. coli with an induced requirement for ~2• The 
isolate 113-3, A.T.C.C. 10799, A.T.C.C. 11105 and N.C.l.B. 8134 requires ~2 or methionine; 
it has proved a stable mutant and was found to give a graded dose response to ~2 (0·005 to 
5·0 ,.,g per ml) when grown in simple synthetic media in agar cup-plate assays.185•186 The 
method was developed for use with large assay plates.131 The addition to the agar of aspara­
gine (4 g per litre) and of the amino acids used by Burkholder186 at 10 mg per litre increases 
the density of the growth within the zones of exhibition. Zones obtained from methionine 
(at 1 mg per ml) are less dense and more diffuse than those obtained from much lower levels 
of B12• The quantitative and qualitative effects of a number of possible interfering substances 
have been investigated.139 

Burkholder138 described the development of a turbidimetric assay with E. coli 113-3. 
By incubating assay tubes on a shaker, half-maximum level of growth was found at 0·12 m,.,g 
of ~2 per ml. Turbidimetric methods with simple synthetic media have been described,l'6,m 
but they are not suitable for the determination of B12 in samples rich in amino acids. To 
assay sera, Grossowicz, Arnovitch and Rachmilewitz142 supplemented the basal medium with 
methionine-free acid-hydrolysed caesin. 

Advantages and limitations of the E. coli mutant methods-Factor B, which is B12 without 
the nucleotide, and any of the authenticated analogues (containing either purines or benz­
iminazoles in the nucleotide) but not desoxyribosides can replace the ~2-methionine require­
ment of the E. coli mutant 113-3. It is therefore the best test organism for bio-autographs. 

The moderately sensitive E. coli mutant assays are economical of time and material, 
but discrimination in usage is essential. 

Euglena gracilis METHODS-

Hutner et al.71 found that ~2 and thiamine were essential for the growth of the algal 
flagellate E. gracilis var. bacillaris. It showed a growth response proportional to concentra­
tions of 0·0015 to 0·15 m,.,g per ml of A.P.A. (B12) in a simple basal medium containing salts 
of citric, butyric and glutamic acids, trace metals and thiamine chloride. 
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The assay method was developed by Ross98 and by Robbins et al.148•1" The former 
described in detail the E. gracilis method used to assay~~~ in serum and body fluids. The 
medium was slightly modified and incorporated a higher level of thiamine. Incubation of 
illuminated assay tubes for eight days was necessary for an optimal dose-response curve 
between levels of 1·25 to 50 p.p,g of ~2 per ml. 

Heinrich and Lahann146 evaluated various methods, such as cell count, turbidity and 
alkali titrations, for measuring the response of E. gracilis var. baciUaris to B12 in a simple 
basal medium. Spectrophotometric determination of an extract of the chlorophyll formed 
gave greater sensitivity (0·001 p.p,g of ~2) and reproducibility. 

Hutner, Bach and Ross146 described an improved method with E. gracilis Z strain and 
an enriched medium. A denser growth response was obtained from both Z and baciUaris 
strains when sucrose and a dicarboxylic acid, together with sources rich in nitrogen (aspartic 
acid and ammonium ions), were incorporated in the basal medium. Under these conditions, 
the pH did not rise appreciably above the initial value of 3·6 during the growth of the culture, 
and adequately diluted sera showed no precipitation during the tests. The increased growth 
response to doses of 0·25 to 50 p.p.g of~~~ per ml was more marked from E. gracilis Z strain, 
which is therefore preferred for assays. Washing the inoculum increased the sensitivity 
and accuracy of assays, probably by removing a ~2-binding factor from the inoculum 
culture fluid. Incubation in an evenly illuminated water bath for 5 to 6 days was optimal. 
In a series of comparative assays, mean results from the old and new methods agreed to 
within 10 per cent. Recovery of ~~~ added to serum and urine was good, but even with the 
improved method some variation was experienced within assay batches.147 

Cooperl48 made a comparison of the E. gracilis var. baciUaris and E. gracilis Z strain 
methods for the assay of ~2 in serum. Both procedures were modified by the use of diluted 
but unwashed inocl.ila. The serum~~~ values obtained from the Z strain method were con­
sistently lower, though proportional to, those from the bacillaris strain, indicating non-specific 
growth response to serum protein by the latter. 

Ford80 obtained satisfactory results with E. gracilis incubated in the dark in the medium 
normally used for 0. malhamensis. 

The addition of cyanide to medium and samples does not appear to be necessary in 
E. gracilis assay methods. Hutner, Bach and Ross146 suggest that, as light tends to remove 
CN from the ~2 molecule, Euglena utilises hydroxocobalamin. 

Robbins, Hervey and Stebbinsl49 developed a filter-paper disc assay, with standards 
of 0·001 to 0·1 p.g of ~~~ per ml on agar plates seeded with E. gracilis var. bacillaris, but 
7 days' incubation in an illuminated temperature-controlled cabinet was necessary. 

Advantages and limitations of E. gracilis methods-The great sensitivity of the E. gracilis 
tube method constitutes its main advantage. E. gracilis, unlike bacteria, is insensitive 
to antibiotics in, for instance, sera, and sulphonamide inhibition160 can be overcome by 
adding p-aminobenzoic acid. 

On the other hand, the long incubation period and the response of Euglena to some 
of the ~~~ analogues are in its disfavour. This non-specificity is not a serious drawback 
for the assay of body fluids, in which ~~~ analogues are normally not found. 

Ochromonas malhamensis METHODs-

In their general survey of the use of protozoa in analysis, Hamilton, Hutner and Prova­
soli161·162 drew attention to the unique position of certain photosynthetic chrysomonads, 
which are also phagotrophic, being able to utilise intact proteins. Since in a cheinically 
defined medium their nutritional needs included ~~~. thiamine, biotin and histidine, it was 
postulated that these micro-organisms might have a specific~~~ requirement similar to that 
of birds and mammals. The growth response to ~~~ and thiamine was linear for a wide 
range of concentrations. The ~~~ required could be spared, but not completely replaced 
by methionine. 

From these observations Ford80 developed a method suitable for the determination of 
~~in crude materials. To eliminate the growth stimulus sometimes observed from such 
samples and to obtain optimal responses in the dark, vitamin-free acid-hydrolysed casein 
was added to an enriched medium. 

The test organism Ochromonas malhamensis (Pringsheim isolate) was maintained by trans­
fer at 5-day intervals in a basal medium supplemented with 0·2 mp,g of ~~~ per ml incubated 
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at 27° C under a "Striplite" tungsten-filament lamp. One drop per assay tube of this culture 
was used as inoculum. Assay tubes were shaken at 28° to 30° C in darkness for 72 hours. 
A good dose-response curve was obtained from concentrations of 0·01 to 0·16 mp.g of ~~ 
per ml. 

The activities of several naturally occurring analogues were determined for 0. malhamensis, 
E. gracilis, L. leichmannii and E. coli. Neither factors A, B, C nor pseudo vitamin~~ could 
replace the ~~ required by 0. malhamensis. All were utilised by E. coli and all except 
factor B by L. leichmannii and E. gracilis. The activities of the analogues expressed as 
~2 varied according to the method or medium employed; moreover, unless two different 
substances, such as ~2 and factor B, show parallel dose-response curves, it is not legitimate 
to express the activity of one in terms of the other. 

Ford compared the ~~ activity of some natural materials by the 0. malhamensis and 
E. coli methods. High ~2 "values" from the E. coli method were found for samples known 
to contain analogues, whereas values by the two methods were in good agreement for samples 
known to contain mainly ~2• Fairly good recovery of added ~2 was obtained for all 
samples by both methods. This would normally be indicative of the validity of the assay 
and so illustrates the uselessness of such criteria when applied to non-specific methods. 

Ford163 found that the relation between the rate of growth and the concentration of 
cyanocobalamin is described by an equation in the form of an adsorption isotherm. The 
clinically inactive analogues were taken up by 0. malhamensis to about the same degree as was 
cyanocobalamin; they inhibited competitively the growth response to cyanocobalamin. 
apparently by blocking a cell mechanism for binding the vitamin, but, since at least a 100-fold 
excess of pseudo vitamin ~2 was necessary for this interference, it is unlikely that, in general, 
determinations by the 0. malhamensis method would give misleadingly low results. 

Advantages and limitations of the 0. malhamensis method--0. malhamensis shows to the 
~2 vitamins a selective response similar to that of birds and mammals. Only factor I 
(~2 III) of the known naturally occurring analogues can replace the ~2 required by this 
organism. Likewise, it is the only natural analogue found to be effective against pernicious 
anaemia in relapse.l64 

This organism provides the most selective microbiological method available for direct 
~2 determination, and its use has therefore been recommended by the Analytical Methods 
Committee.90 0. malhamensis responds to small doses of ~2 ; although unfamiliar to most 
bacteriologists, it is easily maintained in pure culture. 

ASSAY METHODS WITH OTHER MICRO-ORGANISMS-

A method of ~2 determination with Poteriochromonas stipitata was described by Barber 
et al.81 This chrysomonad shows a selective response to ~2 similar to that of 0. malhamensis. 

The use of other potential assay organisms, namely "Lochead 38," BaciUus stearothermo­
philus and Phormidium persicinum, has been reviewed by Ford and Hutner.165 

ASSAYS WITH HIGHER ANIMALS 

It was observed during the second World War that laboratory animals and chickens 
fed on wholly vegetable diets failed to grow satisfactorily and that their young had an un­
usually high mortality. These effects persisted when the diets were supplemented with all the 
vitamins and essential nutrients then known, but could be prevented by the addition of 
animal protein. A search for the "animal protein factor" was attended by considerable 
difficulties over the development of an assay for the missing factor, since most young appeared 
to have considerable reserve of the factor accumulated during lactation or transmitted in 
the egg. Initially the young of depleted parents were required for assays of the factor, 
but it was later found that the rate of depletion could be accelerated by subjecting the animals 
to a "stress factor,"158 such as could be induced by the excessive feeding of thyroid or iodinated 
casein combined with a high fat or other unbalanced diet. 

In 1947, Erschof£158 •157 and Betheil, Wiebelhaus and Lardy158 found that satisfactory 
growth of rats treated in this way could be restored by feeding whole liver; earlier, Rubin 
and Bird159 had shown that dried cow manure provided the missing factor for chicks. After 
the isolation of ~2 from liver had been achieved, Ott, Rickes and Wood180 and Nichol et az.tel 
found that addition of Bt2 to a deficient diet counteracted the thyrotoxic effect of iodinated 
casein and could replace completely the animal protein factor activity of condensed "fish 
solubles" and of injectable liver preparations. Erschof£182 also observed that depletion of 
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:S.2 in rats could be accelerated by a high-lactose diet, and Cuthbertson and Thornton168 

subsequently developed an assay based on this observation. 
Apart from the necessity for obtaining test animals with adequate :S.2 depletion, other 

difficulties beset assays of this type. Considerable quantities of B12-like substances are 
synthesised in the gut, from which direct absorption is possible. The animals must not 
have access to their own droppings. Some substances, particularly methionine, appear to 
have a :S.2-sparing effect, and the presence of any antibiotic in the diet may have a further 
disturbing influence. Although they are costly, time-consuming and subject to large errors, 
animal assays have a great advantage over microbiological methods for the assay of natural 
products, in that they measure only cobalamins. The one known exception is :S.2 III , which, 
although claimed to be effective clinically in man, has only about one-twentieth of the activity 
of :S.2 in chicks. Other factors do not interfere, provided that no antagonism to or potentia­
tion of the cobalamins occurs. 

For animal tissues, in which :S.2 activity is almost entirely due to cobalamins, good 
agreement between microbiological and animal methods is attained, but for products of 
microbiological origin, in which other factors may predominate, the discrepancies found 
will depend on the micro-organism selected for assay and can be large. By a suitable com­
bination of the physical and microbiological methods now available for :S.2• it is generally 
possible to identify the :S.2-like compounds present in any given material and to determine 
approximately the content of each. All the same, care must be exercised in any attempt to 
interpret the results in terms of "B12 activity" for a particular animal species. Not only do 
the various factors have different activities for different organisms, both higher and lower, 
but the form in which the :S.2-activity is bound may govern its availability to a particular 
species. With the introduction of commercial animal-feed concentrates containing :S.2 , 

which may be derived from a variety of materials and added in relatively crude form, a 
claim for :S.2-activity for a specified animal species is best supported by reference to the 
results of adequate feeding experiments with that species. 

A great many varied biochemical, nutritional and metabolic studies on :S.2-like compounds 
have been made with animals; these and other applications have been reviewed by Coates 
et al.lu ,m and by Johnson,166 who give many additional references. 

CLINICAL ASSAYS 

The effect of administering :S.2 in cases of anaemia associated with deficiency of the 
vitamin is two-fold. It results in an increase in the percentage of blood reticulocytes, 
lasting for about 5 days, and in a slow continuous rise in the total number of red cells until 
normal values are reached. Vitamin :S.2 is effective both by injection and orally, but much 
smaller doses are required for a given response by injection, and this is the route usually 
preferred in the treatment of anaemias. Absorption of :S.2 after oral administration is less 
certain, even with the necessarily higher dosage, particularly in cases associated with in­
sufficiency of intrinsic factor, normally secreted in adequate amounts by the stomach mucosa 
and upon which proper absorption appears to depend. 

The activity of materials containing :S.2 may be estimated by measuring the increase 
in red blood cells and the volume of packed cells in cases of pernicious anaemia in relapse 
15 days after the injection of a single dose equivalent to 10 to 160 p.g of :S.2• Over this range 
the effect is proportional to the logarithm of the dose, but it varies from patient to patient 
and depends to some extent on the initial red-cell count. As a method of assay, clinical 
response is cumbersome and inaccurate; nevertheless, before the development of micro­
biological methods it provided the only guide during the early work on the isolation of :S.2 
from liver. Of the natural :S.2-like substances, only the cobalamins and :S.2 III (factor I) 
have the haematological activity typical of B12 itself. However, the many unnatural 
analogues that can be made biosynthetically require careful clinical evaluation, as also do 
those compounds now known to have antagonism to :S.2• 

Many aspects of the physiological effects and of the therapeutic uses of :S.2 have been 
covered by Ungley117 and by the papers presented at the Hamburg Symposium (1956).• 

We thank all those who have assisted in the preparation of this review and Dr. K. H. 
Fantes and Dr. E. Lester Smith in particular for their advice and help so generously given 
throughout. 
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The Presumptive Detection of Preservatives in Canned 
Cured-meat Products by a Simple Yeast-growth Test 

BY D. A. A. MOSSEL, H. ZWART AND A. S. DE BRUIN 

(Central Institute for Nutrition and Food Research T.N.O., Utrecht, The Netherlands) 

A simplified test for detecting preservatives in processed cured-meat 
products, such as canned ham, is described. Two portions of the product 
are separately homogenised in a mixer with double-strength agar, and the 
pH values of the mixtures are adjusted to 3·6 and 7·0. The plates are then 
inoculated in streaks with a sodium chloride-tolerant yeast (Candida brumptii) 
and incubated for about 24 hours at 30° C. Absence of extensive growth of the 
test strain on the food - agar mixture indicates the presence of added anti­
microbial agents, provided that a blank experiment carried out with the 
same type of food known to be free from added preservatives exhibits copious 
development of the yeast. 

The proposed test is generally more sensitive than the fermentation test 
previously described by Mossel and is far more simple. Natural or authorised 
added constituents of cured-meat products, including phosphates, do not give 
rise to falsely positive results for preservatives. 

A FEW years ago a test was described for detecting preservatives in meat products, etc. ; 
an acid and an alkaline extract of the food product were tested for the presence of anti­
microbial agents by adding dextrose and sufficient cells of Saccharomyces cerevisiae to ensure, 
for unpreserved samples, copious fermentation within 48 hours' incubation at 25° C.1 This 
test was entirely satisfactory in that it was sufficiently sensitive for the purpose and never 
led to falsely positive results. However, the technique was found to be somewhat cumber­
some for use in smaller laboratories, as rather elaborate preparation of the extracts was 
necessary before the test was begun. When sufficient experience had been obtained with 
a recently developed simple growth test for detecting antibacterial antibiotics in foods, we 
therefore attempted to apply the same principle to test for preservatives in foods. In the 
former test the sample is homogenised with double-strength agar and is then inoculated in 
streaks with the bacteria used for the routine detection of antibiotics.2 

A prerequisite for the use of this principle in detecting preservatives in meat products 
is that the test organism used must be tolerant to curing salts in the concentrations present 
in such products and must also be sufficiently sensitive to detect the preservatives, which are 
occasionally used without authorisation. Several test organisms regularly used in this 
Institute for the tentative characterisation of antimicrobial agents detected in foods were 
tested for suitability. These organisms were Staphylococcus aureus, Streptococcus cremoris, 
Streptococcus faecalis, Lactobacillus plantarum, Lactobacillus casei, Bacillus cereus, Clostridium 
perfringens, Pseudomonas aeruginosa, Pseudomonas jluorescens, Acetobacter aceti, Serratia 
marcescens, Escherichia coli, Aerobacter aerogenes, Salmonella typhimurium, Proteus vulgaris, 
Saccharomyces cerevisiae, Candida brumptii, Neurospora sitophila, Aspergillus niger, Aspergillus 
oryzae, Fusarium lini, Mucor racemosus and Penicillin expansum; C. brumptii3 appeared to 
be the most sensitive of those organisms that developed copiously on mixtures of meat 
products and agar. 

In order to detect hexamine and acid preservatives, such as benzoic and sorbic acids,' 
the pH had to be fixed at as low a value as could be consistently tolerated by the test strain; 
this value was found to be 3·6. A parallel test' at pH 7 ·0 appeared to be necessary to detect 
the presence of boric acid, another occasionally used preservative. 

METHOD 
SUBSTRATE-

Prepare an agar containing 2 g of dextrose, 6 g of meat-extract paste, 10 g of powdered 
yeast extract and 30 g each of tryptone, dehydrated peptonised milk and agar in I litre of 
distilled water, and dissolve the ingredients by heating. If prepared for immediate use, 
this medium need not be sterilised, as the products to be tested will not usually be sterile. 
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By using a motor-driven mixer, homogenise an approximately 50-g sample of the meat 
product with 50 ml of the agar, heated (or cooled) to 60° C, and with sufficient of a sterile 
10 per cent. solution of sodium hydroxide to bring the pH of the mixture to 7·0 ± 0·2. 
Similarly homogenise a second 50-g sample with 50 ml of the agar and sufficient of a sterile 
25 per cent. solution of tartaric acid to bring the pH to 3·6 ± 0·1. 

Rapidly pour the viscous mixtures so obtained into Petri dishes, allow to solidify, and 
after solidification invert the layers of agar so that the smooth surfaces are uppermost. 
Dry the uncovered plates for about I hour at approximately 35° C. 

INOCULUM-
Prepare a subculture of C. brumptii by painting a streak on tubes containing an agar 

prepared from I litre of distilled water, 5 g of powdered yeast extract, 20 g of dextrose, 
60 g of sodium chloride and I5 g of agar and incubating for about 24 hours at 30° C. Emulsify 
a loopful of this subculture in sterile saline to obtain a density of the order of I06 viable cells 
per ml. 

INOCULATION AND INCUBATION-
By using an inoculating needle about 3 mm in diameter, paint on the prepared plates 

two streaks, each about 2 em long, in the shape of a V. Cover the plates with lids containing 
discs of filter-paper about 8 em in diameter and moistened with anhydrous glycerol.2 Incu­
bate at 30° ± 2° c for about 24 hours, and check the growth on the streaks with the naked eye. 

BLANK TEST-
Carry out the procedure described above with a sample of exactly the same type of meat 

product, but one known to be free from added preservatives. If necessary, adjust the 
concentrations of curing salts in the blank to about the same levels as those in the test sample. 

DISCUSSION OF RESULTS 
The results found for a few preservatives and one antifungal antibiotic (pimaricin5) are 

shown in Table I . For comparison, the levels of detection of the same antimicrobial agents 
found by the previously described fermentation testl are also shown. The hams to which 
these preservatives were added were of standard Dutch type, having pH values between 
5·5 and 6·5 and containing less than 6 per cent. of sodium chloride, less than 0·2 per cent. 
of potassium nitrate and less than 0·02 per cent. of sodium nitrite. The level of detection 
is defined as the concentration of antimicrobial agent in the meat product that gives rise 
to no growth or at best to a few punctiform colonies on plates inoculated with C. brumptii, 
copious development of the yeast being observed in a blank experiment. The results in Table I 
show that the proposed test is generally more sensitive than the fermentation test. 

TABLE I 

LEVELS OF DETECTION OF PRESERVATIVES IN HAM 

C. brumptii was used in the proposed test and S. cerevisiae in the fermentation test 
Level of detection by-

Antimicrobial agent 

Boric acid 
Hexamethylenetetramine 
Benzoic acid 
Ethyl monobromoacetate 
Sorbic acid 
Pimaricin 

proposed test, 
% 

5 X 10-1 

5 X 10-1 

5 X 10-• 
5 X IO-' 
2 X 10-1 

5 X 10-a 

fermentation test, 
% 

5 X 10-1 

1 X I0-1 

1 X 1Q-1 

1 X 10-• 
1 X 10-1 

2 X 10-a 

It was ascertained that exceptionally high concentrations of meat-curing salt~·2 per 
cent. of potassium nitrate and 0·02 per cent. of sodium nitrite-did not give rise to positive 
results for preservatives by causing inhibition of growth under the specified conditions. 
However, the presence of some naturally occurring substances might wrongly suggest the 
presence of added antimicrobial agents. For example, lactic acid6 or some unknown product 
formed from constituents of muscle during the curing process might be sufficiently anti­
microbial to inhibit growth of C. brumptii. To investigate this possibility, about twenty 
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samples of ham, some bought in the open market and some prepared in the Institute's labora­
tory of meat technology, were studied. Tests carried out with these samples appeared to be 
exact duplicates of each other; hence it is unlikely that natural variation between individual 
samples will cause interference with the test. 

The use of various phosphates as additives to cured-meat products has recently been 
suggested.7 Five brands of such phosphates were added to ground ham in concentrations 
up to 0·3 per cent., calculated as P 20 6• None of these phosphates inhibited or even retarded 
the growth of C. brumptii under the conditions of the test. 

To summarise, the proposed test is more sensitive and far more simple than the fermenta­
tion test,1 as well as being equally reliable; its use is therefore recommended. 

We thank our colleague, Mr. B. Krol, M.Sc., for preparing hams and for various valuable 
suggestions. 
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An Examination of the Occurrence of Honeydew in Honey 
BY K. C. KIRKWOOD, T. J. MITCHELL AND D. SMITH 

(Department of Chemical Technology, Royal College of Science and Technology, Glasgow, C.1) 

Honey containing honeydew, the sweet and sticky excretion of certain 
leaf-sucking insects, is not a safe food for bees; a simple means of distinguishing 
honeydew from floral honey is described. 

Forty-two honeys were analysed for moisture, colloid, nitrogen, dextrin, 
reducing sugars, free acidity and ash, and values for specific rotation and pH 
were measured. The experimental results were subjected to discriminatory 
analysis, and a linear discriminant function was evolved, based on the results 
for ash, pH and reducing sugars; the numerical value of this function for 
any sample serves to classify the sample as floral or honeydew in origin. 
Sixteen of the samples tested were found to contain honeydew. 

PLANTS normally produce sufficient nectar to supply the bee colony with enough honey to 
ensure its survival, but in periods of prolonged drought the flow of nectar greatly diminishes, 
and the bees must augment the supply of honey from supplementary sources of sugar. Under 
such conditions, they will often collect honeydew, a sweet and sticky fluid excreted on foliage 
by leaf-sucking insects, mainly aphids and scale insects. Several workers have analysed 
honeydew, and its composition has been found to vary greatly with the plant and insect 
producing it. Schoofs,1 Gontarski2 and Mawson3 found sucrose, glucose, fructose, water and 
dextrin to be the main constituents, but Tanret4 and Nottbohm and Lucius5 found that 
some samples contained large amounts of the trisaccharide melezitose. Smaller amounts 
of mineral ash were found by Biittner6 and Ermin, 1 and various acids, amino acids and 
phosphates by Gray and Fraenkel,8 Gray,9 Mittler10 and Fuchs and Pohm11 ; several complex 
sugars were found by Wolf and Ewart.12 

The collection of honeydew is a nuisance to beekeepers, since the honey then produced is 
often too dark and rank-flavoured for sale, and, more important, bees feeding on it are greatly 
weakened or killed. According to Temnov,13 the harmful constituents appear to be in the 
mineral matter, and Konoplev14 has shown that the high pH produced by the buffer action 
of these minerals may be harmful to bees and has described a method of counteracting 
this effect by artificially decreasing the pH of the honey. 
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Since the obvious method of preventing harm to the bees is to remove honeydew honey 
from the hive, its identification is important. As well as by its dark colour and rank flavour, 
it can be distinguished from floral honey by its higher contents of ash, dextrin,16 sucrosel' 
and reducing sugars,l7 its higher pH14•1a and free acidity18 and its dextro-rotation, compared 
with the laevo-rotation of floral honey.18·• In this paper the examination of the relative 
values of these properties for detecting honeydew in honey is described. 

METHODS 

ASH, COLLOID, pH AND FREE ACIDITY-

The cleaning of samples and determinations of sulphated ash, colloid, pH of a 10 per 
cent. solution and free acidity by titration against 0·1 N sodium hydroxide were carried out 
as described previously.111 

NITROGEN-

Nitrogen was determined by a modification11•11 of Hitchcock and Belden's11 semi-micro 
Kjeldahl method. 

REDUCING SUGARs-

Lane and Eynon's volumetric method,llt involving reduction of Fehling's solution and 
the use of methylene blue as internal indicator, was used. 

MoiSTURE-

Although Wedmore26 has shown that the refractive-index method when applied to 
buckwheat and honeydew honeys can give moisture contents up to 0·5 per cent. low, be 
also notes that the standard A.O.A.C. vacuum-drying method used by Chatawayllt can give 
errors up to ± 1 per cent. unless the analyst has special experience with honey. The refractive­
index method used by Mitchell, Donald and KeJsoll was therefore used, and the values of 
refractive index were converted to moisture contents by using corrected forms of Chataway's 
tables.• 

SPECIFIC ROTATION-

Approximately 10 g of honey were weighed accurately and dissolved in 50 ml of distilled 
water. The solution was made up to 100 ml with distilled water in a calibrated flask, and 
mutarotation was brought to completion by setting aside for 24 hours. The solution was then 
clarified by means of a diatomaceous-earth filter aid and a Whatman No. 42 filter-paper, 
and the polarisation was measured in a 200-mm tube at 20° C, a Hilger and Watts triple­
field polarimeter with sodium-vapour lamp illumination being used. 

DEXTRIN-

The method used was based on those described by Browne and Zerban for determining 
dextrin in honey117 and by Ruff and Withrow for dextrin in cane sugar.• 

Approximately 5 g of honey were weighed accurately into a 250-ml beaker and dissolved 
in 5 ml of distilled water. The solution was acidified with 0·5 ml of concentrated hydro­
chloric acid, and 50 ml of absolute ethanol were added, dropwise, from a burette, with con­
tinuous and vigorous stirring; the precipitate was allowed to settle overnight. A further 
10 ml of absolute ethanol were added to test for completeness of precipitation, and the 
precipitate was then separated on a Whatman No. 42 filter-paper and washed with five 
20-ml portions of absolute ethanol. The filter-paper was dried to constant weight in 
a vacuum oven at 40° C in a vacuum of 29 inches of mercury. The filter-paper was then 
washed with three 20-ml portions of boiling distilled water and dried to constant weight 
as before, the difference in weight being taken as the amount of dextrin in the sample. 
(Possible occlusions of sugar and ash in the precipitatell7 were neglected, as the test was only 
intended to compare results for honeydew and floral honeys.) 

RESULTS 

The results of the various tests, arranged in order of increasing pH, are shown in Table I; 
when no value is given, the determination could not be made because of the smallness of 
the sample. Table II shows the ranges of values obtained in some of the tests. 
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Moisture contents ranged from 12·6 to 22·3 per cent. (average 17·5 per cent.) and gave 
no indication of the source of the honey. 

Colloid contents also gave little indication of the type of honey, but it was noted that, 
although the colour of the floral honeys deepened as the colloid content increased, there was 
no corresponding change in colour for honeydew honeys. For samples having the same 
colloid content, honeydew honeys were much darker, possibly indicating that less of their 
colouring matter was present in a colloidal state. 

TABLE II 

RANGES OF VALUES FOR FLORAL AND HONEYDEW HONEYS 

Floral honey Honeydew honey 

Minimum Maximum Average Minimum Maximum Average 
Colloid content, % 0·05 4·28 0·62 0·10 1·68 0·56 
Nitrogen content, % 0·05 0·18 0·11 0·07 0·22 0·13 
Dextrin content, % 1·70 5·22 2·57 2·71 17·78 4·62 
Specific rotation, degrees .. -20·38 -2·02 -8·35 -10·36 +23·82 -0·17 
Free acidity, ml of 0·1 N NaOH 

per 100 g 20 64 40 38 80 57 
Reducing-sugar content, % 85·0 94·9 89·6 69·1 87·7 79·3 
Ash content, % 0·12 0·93 0·40 0·27 1·28 0·84 
pH .. 3·65 4·85 4·13 4·42 5·59 4·83 

Nitrogen contents showed too little variation to allow good differentiation between the 
two types of honey. 

The dextrin contents found for honeydew honeys, greater than those of the floral honeys, 
are in agreement with Johnson, Wright and Chapman's results.16 (This test was of limited 
use in detecting honeydew, because of the overlap in the ranges of values.) The high dextrin 
contents of a few of the floral honeys, which may lead to their mis-classification as honeydew 
honeys, may have been due to precipitation by the ethanol of substances other than dextrin, 
present owing to adulteration of the honey by the bees having collected molasses, jam, etc. 

Although the free acidity of the honeydew honeys was found to be greater than that 
of the floral honeys, the difference in free acidity between the two types of honey was much 
less than that reported by Chistov,18 who found that the free acidity of honeydew honey was 
3·3 times that of floral honey. 

Specific rotation was of limited application in detecting honeydew in honey, since, 
although all the dextro-rotatory honeys were found to contain honeydew, all the honeydew 
honeys were not dextro-rotatory, and a laevo-rotatory honey might or might not contain 
honeydew. 

The reducing-sugar contents of the honeydew honeys were markedly lower than those 
of the floral honeys ; this agrees with results previously found for some American honeys.17 

The higher pH values of the honeydew honeys, as compared with those found for the 
floral honeys, were consistent with the ranges of values found by Temnov13 and Chistov18 

for some Russian honeys. 
The ash contents of the honeydew honeys were appreciably higher than those of the 

floral honeys, the ranges of values found for both types being rather higher than those found 
by previous investigators.15 •16 There appeared also to be an over-all deepening in colour 
as the ash content increased, irrespective of the source of the honey, an effect previously noted 
by Schuette and Remy.29 

Since it was apparent that neither qualitative tests, such as colour, state or flavour, 
nor any of the quantitative tests described above, because of overlapping in the ranges of 
values for the two types of honey, could differentiate between floral and honeydew honey 
with certainty, the results were subjected to the statistical process of discriminatory analysis.80 

The general object of such an analysis is to find the rule for assigning individual samples to 
their correct groups, so as to make as few mistakes as possible over a large number of samples. 

For our purpose, a linear function, X (the discriminant function), of the nine quantitative 
analytical characteristics shown in Table I was sought, the condition being that the function 
should provide as efficient a criterion as possible for distinguishing between floral and honey­
dew honeys. It is usually found in such instances that only two or three of the analytical 
characteristics need be combined to form the discriminant function, extension beyond this 
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number merely increasing the complexity of the function without correspondingly increasing 
its discriminatory power. Mathematical investigation showed that an efficient discriminant 
function was given by the equation-

X = -8·3x1 - 12·3x2 + 1·4x3, 

in which x1 is the pH, x2 is the percentage of ash and x3 is the percentage of reducing sugars 
(for the derivation of this equation, see Appendix below). The mean values of X for authentic 
floral honeys and honeydew honeys are 86·7 and 57·6, respectively. 

In practice, therefore, any honey found to have a value of X greater than 73·1 (see 
Appendix) may be classified as floral, and a honey having a value less than 73·1 may be 
classified as honeydew; the lower the value of X, the greater the amount of honeydew likely 
to be present in the sample. Confirmatory evidence, which may be used in detecting honey­
dew in honeys having values of X close to 73·1, is the possession of a dark colour, an un­
pleasant flavour, dextro-rotation, a high dextrin content or a high value for free acidity. 
The high colloid content of heather honey may be used to distinguish it from honeydew 
honey. 

We gratefully acknowledge the valuable help given by many beekeepers, who supplied the 
samples of honey, and in particular by Dr. E. P. Jeffree, Aberdeen University, who arranged 
for the collection of samples. We also thank Mr. C. M. Fullarton for practical assistance. 

APPENDIX 

DERIVATION OF DISCRIMINANT FUNCTION 

Ten samples each of honeydew and floral honey (NH and Np, respectively) were chosen 
at random. The mean value of each variate, was calculated for each group, the units being 
those stated in Table I. 

Variate 

-*"1 
-*"• 
-*"s 

Value for floral 
honey (A) 

4·013 
0·313 

89·98 

Value for honeydew 
honey (B) 

4·863 
0·926 

79·46 

Value of (A-B) 
-0·850 
-0·613 
10·52 

The matrix of the sum of the squares and products about the means was-

-*"1 
0·073223 

-*"s 
0·022885 
0·032436 

where the number in the ith column of the jth row is­
(xi - xi) (xl - .X1) 

H.F~ NH + Np - 2 • 

The inverse of the above matrix is-
-*"1 

17·5881 
-*"a 

-12·4623 
39·7019 

-*"s 
0·028100 

-0·018278 
7·650000 

-*"a 
-0·0944 

0·1406 
0·1314 

The discriminant function, X, is given by the expression-
p 

X= ~ l,xi, 
i=1 

in which p is the number of variates and the coefficient li is given by­
p 

l, = ~ a'~ (.Xps- .XHs), 
j=l 

where a•s is the number in the ith row of the jth column of the inverse matrix and (.Xp1 - .XH1) 
is the difference between the mean values of x1 for floral and honeydew honey. 
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Evaluation of these coefficients gave-
~ -8·3036 
l 2 = -12·2652 
la = +1·3763 

The value of the discriminant function is therefore given by-
X = -8·3036.x1 - 12·2652.x1 + 1·3763.x8 • 

Substitution of the mean values of .x1, .x1, and .x3 in this equation gives-­
X8 = 57·6228 
J{F = 86.·6782 

The difference between these values is 29·0554. 

[Vol. 86 

To find the significance of this difference, the F test was used, F being given by the 
expression-

F = NHNF (NH + Np - p - I) X V 
(NH + Np) (NH + Np - 2) p 

in which Vis the variance of X, i.e., (XF- X8 ). The value ofF is therefore-
10 X 10 (10 + 10-3- I) 29·0554 _ 

43
.
045 (10 + 10) (10 + 10 - 2) X 3 - • 

The high value of F means that the discriminant function is likely to be effective and 
that there is a negligible chance of mis-classification. 

The standard deviations of X 8 and Xp were calculated, and a point was found that was 
an equal number of standard deviations from each of the means; this number was 73·095. 
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A Method for the Quantitative Separation of Fatty 
Acids from Unsaponifiable Matter 

BY H. G. SAMMONS AND SHEILA M. WIGGS 
(Metaboli& Research Unit, Little Bromwich General Hospital, Birmingham 9) 

Fatty acids have been separated from unsaponifiable matter by adsorp­
tion on alumina from solution in light petroleum. The acids are quantita­
tively removed by conversion in situ to their methyl esters-followed by elution 
with diethyl ether. The recovery of both unsaponifiable matter and fatty 
acids, as methyl esters, is greater than 90 per cent. 

4I7 

BEFORE the methyl esters of fatty acids are subjected to vapour-phase chromatography, 
the acids must first be separated from contaminants, such as unsaponifiable matter. Separa .. 
tion is usually carried out by shaking an aqueous alcoholic solution of the acids, as sodium 
or potassium salts, several times with diethyl ether1 or light petroleum.1 Pikaar and Nijhofl 
used light petroleum instead of diethyl ether for the micro-determination of fatty acids in 
blood serum. However, in either solvent, especially for faecal extracts, we found that soap 
emulsions were often formed; these emulsions could be broken only with difficulty and 
caused some losses. 

In I949, van de Kamer, Huinink and Weijers4 described a method for determining fatty 
acids in faeces, in which they extracted the saponifying medium, after acidification, with 
light petroleum. This method is ideal for determining total fatty acids by titration, but 
is unsuitable for the direct preparation of fatty acids, as much of the unsaponifiable material 
is extracted at the same time as the acids. Sylvester, Ainsworth and Hughes6 described 
a method for determining unsaponifiable matter in fats by adsorbing the fatty acids on 
alumina from solution in light petroleum. Clearly, if a method could be found to remove 
the fatty acids quantitatively from the alumina, then the two procedures previously described 
could be combined to give a simple method for preparing pure fatty acids from almost any 
source. No solvent was found to be suitable for this purpose, but it was finally achieved 
by forming the methyl esters in situ on the alumina and then eluting them from it with 
diethyl ether. 

METHOD 
REAGENTS-

Alcoholic potassium hydroxide solution-A 5 per cent. w jv solution of potassium hydroxide 
containing 0·4 per cent. of amyl alcohol. 

Hydrochloric acid, diluted (2 +I)-Analytical-reagent grade. 
Light petroleum, boiling range 40° to 60° C-Analytical-reagent grade. 
Diethyl ether-Analytical-reagent grade. 
Alumina-Chromatographic grade (obtainable from the British Drug Houses Ltd.). 
Hydrogen chloride solution, I per cent., methanolic. 

PROCEDURE-
Saponify an aliquot of an homogenate of faeces or food or a specimen of serum by heating 

gently under reflux for at least 60 minutes with 4·5 volumes of alcoholic potassium hydroxide 
solution on a bath of boiling water. (Faecal specimens consisted of a 24-hour collection 
diluted to I litre with distilled water and then homogenised.) Cool, add I·5 volumes of 
diluted hydrochloric acid (2 + 1), and extract liberated tatty acids and unsaponifiable matter 
into an equal volume of light petroleum by shaking in a separating funnel. Repeat the 
extraction twice, and combine the light petroleum extracts. Evaporate to dryness at below 
50° C under reduced pressure, and extract the residue with fresh solvent. Filter, and 
evaporate the light petroleum to small volume under reduced pressure. Add approximately 
1 g of alumina for each 25 mg of fatty acid present, shake the mixture for a few minutes, 
preferably mechanically, and decant the supernatant liquid through a filter. Extract the 
alumina four times with diethyl ether, filtering and combining the extracts. Remove the 
solvent from this mixture by evaporation to give the unsaponifiable matter, which can be 
wei~hed and analvsed. 
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Allow the ether to evaporate from the alumina, cover with methanolic hydrogen chloride 
solution, and set aside overnight in a glass- or plastic-stoppered flask at 37° C. (Heating 
under reflux, although more rapid, causes considerable bumping.) Remove the methanolic 
solution by filtration, wash the alumina with ether, and remove combined solvent and hydro­
chloric acid by evaporation under reduced pressure at low temperature. Carefully extract 
the residue, which contains some aluminium chloride, with light petroleum, and filter the 
mixture. Partially remove the solvent, add a small amount of anhydrous sodium sulphate 
to remove traces of water, filter, remove solvent, and weigh the methyl esters. 

RESULTS 

Slight manipulative losses appear to be inevitable, and recovery by the proposed method 
is normally between 90 and 95 per cent. For laboratory-reagent grade oleic acid, the results 
were-

Weight of sample, g 
Weight of methyl ester recovered, g .. 
Recovery, as fatty acid, % 

0·0874 
0·0843 

92·0 

0·6877 
0·6880 

93·0 

Samples of faecal lipids were prepared as indicated under "Procedure." Before treat­
ment with alumina, the light petroleum extracts were evaporated to dryness and weighed; 
the results of a series of recovery experiments are shown in Table I . 

TABLE I 

RECOVERY OF FAECAL LIPIDS BY PROPOSED METHOD 

Weight of Weight of fatty acids Weight of 
Weight of methyl esters equivalent to recovered unsaponifiable Total 
sample, recovered, methyl esters, matter recovered, recovery, 

g g g g % 
0·3075 0·2334 0·222 0·0586 92 
0·2754 0·2256 0·215 0·0333 91 
0·5638 0·2507 0·238 0·3233 98 
0·6446 0·2971 0·283 0·3205 94 
0·5818 0·4050 0·387 0·1545 92 
0·2694 0·1687 0·161 0·0908 94 
0·2025 0·1340 0·128 0·0576 91 

DISCUSSION OF THE METHOD 

The proposed method has been applied to the preparation of the methyl esters of the 
fatty acids present in faeces, foods and serum in a form suitable for analysis by vapour-phase 
chromatography. Although the entire procedure extends over 2 days, the working time 
from, say, the preparation of a faecal homogenate to placing the sample on the chromato­
graphic column is less than 5 hours. There appears to be a relationship between the amount 
of aluminium chloride produced during the formation of the methyl esters and the amount of 
fatty acids present, but this relationship has not been fully explored. Little or no aluminium 
chloride is formed if fatty acids are absent. The method has been successfully applied to 
the analysis of small volumes of serum containing only a few milligrams of fatty acid. 
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The Isolation and Determination of Volatile Compounds 
by Adsorption on Charcoal 

Bv J. H. DHONT AND C. WEURMAN 
(Central Institute for Nutrition and Food Research T.N.O., Utrecht, The Netherlands) 

The use of adsorption on and desorption from charcoal in the analysis of 
volatile compounds from foods has been investigated. The apparatus and 
methods used are described, and results for some alcohols and esters with 
low boiling-points are reported. No chemical changes took place in the 
compounds studied, and complete recovery was obtainable. 

ADSORPTION on charcoal from a stream of gas and subsequent desorption is used in the 
enrichment, isolation and determination of volatile compounds from foods.t,a,a However, 
no systematic investigation of the completeness of desorption or the occurrence of breakdown 
products in the desorbed compounds has been reported. The work described here was under­
taken in order to obtain more information on these matters and to assess the possibilities and 
limitations of adsorption on charcoal as a means of investigating volatile compounds in foods. 

The vapour-displacement technique was used for desorption, as high concentrations of 
desorbed compounds could be obtained by this method. The procedures and apparatus 
used in displacement chromatography have been adequately described by Claesson• and 
James and Phillips.~ 

APPARATUs-

A = U-tube 
B = Cool traf. 
C and D = Bal -joinu 
E = Galvanometer 
F = Katharometer 
G = Flask 

H =Column 
I = Saturator 
K = Flowmeter 
l = Gas-drying tube 
T1, T1 andT1 = 3-way stopcocks 

Fig. I. Apparatus for vapour-phase displacement chromatography 

METHOD 

Displacement chromatography was carried out with the apparatus shown diagram­
matically in Fig. 1; this apparatus is essentially the same as that used by James and Phillips. I 
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The main difference consists in the three-way stopcocks, T1,.T1 and T3• The stopcocks 
T1 and T 8 were inserted in the gas stream in order to direct the gas into the top of the column 
either with or without loading it with the displacer vapour. 

By means of T3 the gas stream could be directed into either the atmosphere or the 
katharometer, F. 

The gas leaving the katharometer could be condensed in a cool trap, B, which was 
kept protected from atmospheric moisture by a U-tube, A, filled with molecular sieve 4A 
{obtained from the Union Carbide and Carbon Corporation, New York). 

The katharometer consisted of a single-element platinum-wire conductivity cell having 
a resistance of 18 ohms. The wire was heated by a 6-volt accumulator and formed part of a 
Wheatstone bridge circuit. The out-of-balance of the bridge was indicated by a spotlight 
galvanometer having a sensitivity of about I0-8 amp per mm at a distance of I metre. 

The saturator, I, was constructed as described by Gage.6 

REAGENTs-

The alcohols, esters and dioxan used were of laboratory- or analytical-reagent grade 
obtained from well known suppliers. 

Activated charcoal-Norit ACS grade, obtained from Norit, N.V., Amsterdam, The Nether­
lands, was used; according to specification, the surface area was ll70 sq. metres per g, as 
determined by the BET method from the benzene isotherm at 20° C. 

PROCEDURE-

Before each experiment, adsorption tube H was about two-thirds filled with 2 g of 
activated chacoal. The compound being investigated was then placed on the top of the 
column as described below. 

A small glass tube was filled with 0·5 g of charcoal, and the total weight of tube and 
adsorbent was noted. The tube was then connected to a small gas-washing bottle containing 
a few millilitres of the liquid sample, and air, saturated with the vapour of the sample by 
passage through the wash-bottle, was aspirated through it. When the sample of charcoal 
was saturated with the vapour, the tube was disconnected and re-weighed. The amount of 
compound adsorbed, usually between 70 and 100 mg, was determined from the difference 
between the two weights. The contents of the tube were placed on the top of the column, 
and the column was immediately closed. 

The flow of nitrogen was set at about 20 ml per minute, and the temperature of the 
column was rapidly brought to 100° C by boiling water in flask G. The stream of gas was 
vented to atmosphere through T3 as long as water vapour condensed in the capillary connecting 
the column with T 3• {The column of charcoal was usually dry within 15 to 20 minutes.) 
When no more droplets were visible in the capillary, T8 was turned so that the stream of gas 
passed into the katharometer. By turning stopcocks T1 and T8 to the appropriate positions, 
the nitrogen bubbling through the saturator at I was then saturated with dioxan, and dis­
placement was begun. After 10 to 15 minutes, a trap consisting of a U-tube, 4 mm internal 
diameter and cooled in a mixture of dry ice and acetone, was connected by means of ball­
joints to the katharometer and the drying tube at D and'C, respectively. 

Desorption, which under these conditions took about 40 minutes, was followed by 
means of the galvanometer. When true displacement occurred, two deflections of the gal­
vanometer were observed. The first deflection indicated the entrance of the displaced 
compound into the katharometer, and the second was caused by break-through of the dis­
placing dioxan. The trap was disconnected 3 to 5 minutes after the second deflection, and 
0·1 ml of dioxan was added to its contents. Both ends were then closed by ball-joint stoppers, 
and the trap was allowed to attain room temperature. Its contents were then thoroughly 
mixed, and their volume was measured by aspiration into a calibrated 0·5-ml syringe. 

A 5-p.l sample of the mixture was analysed by vapour-phase chromatography, a 3-metre 
column of Carbowax 1540 at 70° C being used; the results were plotted on a 1-m V full-scale 
automatic recorder. When the chromatogram was complete, the ratio of the height of the 
peak for dioxan to the height of the peak for the desorbed compound was calculated. This 
ratio was then compared with those obtained from chromatograms of mixtures containing 
known amounts of dioxan and the compound being investigated, and the ratio of desorption 
of the compound was deduced. {The relative error in determining the peak-height ratios for 
mixtures of known composition was of the order of 4 per cent.) 
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DISCUSSION OF THE METHOD 

The adsorption and desorption of some aliphatic alcohols and esters having fairly low 
boiling-points were studied by the proposed method; the results are shown in Table I. 

TABLE I 

RECOVERY OF ALIPHATIC COMPOUNDS AFTER DESORPTION 

Compound 

Methyl formate .. 
Ethyl formate .. 
isoPropyl formate 
n-Propyl formate 
Ethyl acetate 
Methanol 
Ethanol .. 
isoPropyl alcohol 
n-Propyl alcohol 

Number of Mean recovery 
tests (n) from n tests, % 

4 4·4 
4 90·8 
5 49·2 
4 79·0 
3 85·5 
3 1-3 
3 22·5 
4 88·8 
4 83·9 

Standard deviation 
of a single observation 

3·58 
9·64 
2·87 
8·22 
9·04 
0·60 
3·48 
3·97 

18·1 

No indications of breakdown products liberated during desorption were observed on 
the final chromatograms of any of the compounds studied. Small shoulders on the fronts 
of the alcohol peaks were attributed to the formation of the corresponding formate esters on 
the Carbowax column. 7 It was noticed that formate was also formed from the standard 
alcohol- dioxan samples, i.e., there was no interference with the determination. 

Table I shows that the recoveries of methanol and methyl formate were extremely low. 
With these samples, no separate galvanometer deflections during displacement were observed 
before the deflection produced by dioxan, and the low recoveries were considered to be 
caused by losses during elution with nitrogen ih the drying period. For methyl formate, 
this explanation was shown to be correct by the experiment described below. 

The same apparatus was used as in the proposed method, but between T3 and D, instead 
of passing through the cooled trap, B, the gas stream was bubbled through an accurately 
measured excess of standard sodium hydroxide solution cooled in ice - water mixture. The 
column was loaded with charcoal saturated with methyl formate or ethyl acetate, and the 
stream of nitrogen was passed through the first of two gas-washing bottles during the drying 
period; during displacement by dioxan, T8 was turned so that the gas stream passed through 
the second gas-washing bottle. After the ester had been hydrolysed, the excess of sodium 
hydroxide solution in each bottle was determined by titration against hydrochloric acid. 
The results are shown in Table II, from which it can be seen that the recovery of methyl 
formate was nearly 100 per cent. 

TABLE II 

RECOVERY OF METHYL FORMATE AND ETHYL ACETATE 

Recovery during Recovery during Total 
Sample drying period, displacement period, recovery, 

% % % 

{92·0 4·5 96·5 
Methyl formate 81·3 9·8 91-1 

90·1 8·0 98·1 

{100·0 100·0 
Ethyl acetate Nil 98·7 98·7 

100·5 100·5 

The loss of methyl formate when condensation was used for trapping the desorbed 
compound was therefore maihly caused by elution during the drying period. The results for 
ethyl acetate indicate that this compound was completely desorbed from the charcoal. The 
ohly reasonable explanation for the 15 per cent. loss in the first series of experiments is that 
the trapping mechanism was less efficient than collection in sodium hydroxide solution. In 
flavour research, therefore, careful attention should be given to the trapping mechanism. 
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Differential Electrolytic Potentiometry 
Part III.* An Examination of the Variables of the Method Applied to 

Inactive Reductants 

Bv E. BISHOP 
(Washington Singer Laboratories, The University, Exeter) 

By using the determination of hydrazine with potassium bromate as a 
test reaction, a study has been made of the electrical variables in the differen­
tial electrolytic potentiometry of irreversible reductants, i.e., applications 
in which the electrolytic anode is inactive, and experimental design criteria 
have been formulated. The effects have been examined of (a) isolating 
individual electrolysis electrodes, (b) varying the electrolysis current with 
fixed electrode area, (c) reducing the size of the electrodes to the micro and 
ultra-micro scales, (d) varying the electrode area at fixed current and (e) 
variation in source potential and stabilising series resistance of the elec­
trolysis current. All these factors exert considerable influence on the 
characteristics of the titration curves, and the differential effect depends on 
functions of the anode and cathode current densities and inversely on a 
function, probably the square root, of the ballast load (product of the source 
voltage and the ballast resistance). There is a maximum tolerable cathode 
current density (dependent also on anode current density) and a minimum 
ballast load, above which the titration-curve forms become distorted. Accu­
rate results may still be extracted outside these limits, but it is deemed best 
to work within them. 

THE applications of differential electrolytic potentiometry to redox titrimetry on the macro1 

and ultra-micro scales2 have been surveyed, and some observations on the nature and 
mechanism of the method have been made.1 The method consists essentially in passing a 
minute heavily stabilised electrolysis current across a pair of stationary electrodes immersed 
in the stirred titration solution and measuring the resultant potential set up across the 
electrodes. It has already been noted that these electrodes behave independently of each 
other; that, in comparison with the behaviour of an indicator electrode, the potential of the 
electrolysis anode leads and the potential of the electrolysis cathode lags behind the potential 
of the indicator electrode; and that, if one of the chemical species is not reversibly electrolysed, 
the appropriate electrode maintains a more or less steady potential, but the other shows 
a magnified change in potential. 

A single reaction was selected for a detailed examination of the influence of the electrical 
variables in order to gain some understanding of the mechanism and experimental design 
criteria of the method. The grounds of selection were (a) high analytical accuracy and precision 
to minimise chemical aberrations, (b) one inactive electrode to simplify the effect of the elec­
trical variables and (c) advantageous changes in potential to allow latitude for the detection 
and delineation of adverse effects, yet changes so restricted in range as to eliminate alterations 
in the nature of electrode surfaces, such as formation of platinum oxides. Preference was 

• For details of Parts I and II of this series, see reference list, p. 431. 
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accordingly given to a reaction of type 2 (b)l with as nearly irreversible a primary anodic 
process as possible; to the reaction producing the greatest peak height on the differential 
potentiometric curve among the reactions examined; and to a reaction involving reactants 
that can readily be purified, dried and weighed, so being as nearly as possible ultimate titri­
metric standards. The hydrazine- bromate reaction was chosen. Hydrazine appears to be 
completely non-oxidisable at the anode; the inflexions appearing on the anode curve being 
due rather to bromide ion, which, although not appreciably oxidisable at the experimental 
potentials, appears to control the anode potential with the help of free bromine produced 
in the reaction. The cathodic reaction is not the reduction of bromate ion, but, as the 
potentials indicate, reduction of free bromine produced chemically in the system. 

The solutions are stirred, and the currents are normally well below diffusion level, so 
that concentration polarisation is negligible. An investigational approach from the view­
point of straight-forward electrolysis was therefore adopted. On a basis of simple ohmic 
circuitry, it therefore appears that the variables are (i) the magnitude of the electrolysis 
current, (ii) the sizes of the electrodes, (iii) the source voltage, (iv) the ballasting resistance 
and (v) the distance apart of the electrodes. Although variables (i) and (ii) may be combined 
as current density, the current densities on both electrodes must be separately considered. It 
can be predicted from Ohm's law that the height of the differential peak will be increased (a) 
the greater the current density (the larger the current and the smaller the electrodes), (b) the 
greater the source voltage and the smaller the ballast resistance (greater current density and 
smaller ballast load) and (c) the greater the distance between the electrodes. From the concept 
of the apparent surface impedance of indicating electrodes in "dead" or irreversible systems, 
developed some years ago for irreversible reductants,3 it may further be predicted that 
factor (c) should have little if any effect. This is because the ohmic resistance of the ionic 
solution is smaller by a factor of I0-6 than the apparent surface impedance of the electrodes. 
Consequently, effects predicted on a basis of the apparent resistance over the whole electrode­
solution dimension are much greater than those predicted from the simple ohmic resistance 
of the ionic solution. Since the effect of this phenomenon is concentrated in the electrode -
solution boundary layers, the physical distance between the electrodes has little influence. 
This hypothesis also explains why calculations based on the total-surface area of circular 
wire electrodes give results similar to those based on the exposed-surface area of flat electrodes 
having insulated backs and edges. Although, since it is the sigmoid of many imperfectly 
understood factors, the apparent electrode - surface impedance cannot be pressed quantita­
tively, the concept is qualitatively useful, and some idea of the magnitude may be formed by 
Ohm's law calculations from the changes in differential potential and electrolysis current 
through the end-point. For example, tl.E j tl.I for the cerate - ferrocyanide reaction1 is 24 meg­
ohms, and for the bromate- thallium! reaction1 the resistance appears to be 23·4 megohms 
under the same electrical conditions. The apparent electrode - surface impedance bears some 
relationship to the source voltage and ballast resistance, as will be shown. For comparison 
purposes, the ballast resistance divided by the apparent electrode - surface impedance has 
been designated the "ballast ratio"; in the above-mentioned examples the ballast resistance 
was 300 megohms, giving ballast ratios of 12·5 and 12·8, respectively. It is not always 
possible, however, to predict the value of tl.I or to measure it with ordinary equipment, and 
it is convenient and often sufficiently informative in practice to work with the product of 
the source voltage and ballast resistance, designated the "ballast load" or volt-ohm load. A 
source of 600 volts in the above-mentioned examples gives a ballast load of 18 x 1010 volt-ohms. 

The purpose of this paper is to record an investigation with ordinary equipment of the 
various influential electrical factors in reactions of type 2 {b) and to discuss the effects of 
these factors on the experimental design criteria and analytical usefulness of differential 
electrolytic potentiometry. 

APPARATUS 

The apparatus and procedure used were essentially those previously described,1 except 
that in the electrical circuit the ballast resistance was furnished by a decade resistance box 
made up from high-stability ±I per cent. 2-watt resistors giving a range of 0 to 1000 megohms 
in 10-megohm steps and that facilities were included for using a Tinsley mirror galvanometer 
(type 4500) having a sensitivity of 1500 mm per p.A for measurements in the lower current 
ranges. Facilities were also included for accurate positioning of the electrolysis electrodes. 
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BROMATE • HYDRAZINE REACTION 

The chemical conditions and requirements of this reaction have been thoroughly investi­
gated and will form the subject of a separate communication. The presence of bromide 
in addition to that produced by reduction of bromate is necessary for complete reaction, 
and it has been found convenient to work in solutions 1·0 M in hydrochloric acid and 0·1 M 
in potassium bromide at the end-point of the titration. Under these conditions, accuracy 
and precision (replicability) are satisfactory. 

FUNCTION OF ELECTRODES 

If what has previously been said about the function of the electrodes1 be allowed, then 
the electrolysis anode in the bromate - hydrazine reaction is electrolytically inactive and 
behaves principally as a damped indicator electrode. The chief influence on the form of the 
differential curve is exerted by the cathode. Consequently, if the anode be isolated from 
the titration solution its potential should remain steady, and the anode inflexion together 
with the upward peak of the differential curve should disappear. The differential curve 
should then become simply an inversion of the cathode curve, running negative when the 
cathode potential joins the ordinary indicator-electrode curve after the end-point. Curves 
having just this form, as shown at a in Fig. 1, were produced by placing the anode in a filter 
stick (porosity No. 4) filled with a supporting electrolyte of 1·0 M hydrochloric acid and 0·1 M 
potassiUm bromide to above the level of the titration solution to prevent diffusion of the 
titration solution into the anode compartment. 

(o) (b) 

Volume of 0·01667 M bromate added, ml 

Fig. 1. (a) Isolation of the electrolysis anode; (b) isolation of the 
electrolysis cathode: curve A, differential potential; curve B, anode 
potential against calomel cell; curve C, cathode potential against 
calomel cell; curveD, indicator-electrode potential against calomel cell 

Cathode area 0·105 sq. em; anode area 0·107 sq. em; current 
0·100 p.A, from 48 volts and 450 megohms 

(a) 
(b) 

Potentiometric, 
ml 

24·805 
24·805 

End-points 

Anode, 
ml 

24·80 

Cathode, 
ml 

24·805 
24·79 

Differential, 
ml 

24·805 
24·805 

Similar isolation of the cathode should give a differential potential that follows the anode 
potential. Although, bearing in mind the reflected magnification of the active-electrode curve, 
the cathode might be expected to show some disturbance at the end-point, the differential 
potential should be more or less steady. This was in fact so, as shown at bin Fig. I. The 
supporting electrolyte in the filter stick showed no detectable generation of bromine when 
containing the isolated anode in a titration lasting 103 minutes. 
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Fig. 2 

Volume of 0·01667 M bromate added (I small division - 0·1 ml) 

Fig. 3 

Fig. 2. Response of individual electrodes at various currents: curves lettered as for Fig. 1, except 
that curve E is the electrolysis current 

Anode and cathode 1 inch of 22 s.w.g. platinum wire, set 1 em apart; electrode area 0•668 sq. em 

Current, p.A • • 
Source potential, volts . • 
Ballast resistance, megohms 
Current density, p.A per sq. em 
liE., mV . . 
liE,, mV . . . . .• 
Differential peak potential, mV .. 
li V anode -cathode, ml . . . . 
Anode error, ml .. 
Cathode error, ml .. 

Differential error {inflexion, mi.· 
peak, ml .. 

{

potentiometric, ml .. 
anode, ml . . . . 
cathode, ml. . . . 

End-points differential­
inflexion, ml .. 
peak, ml 

current, ml 

w ~ 00 ~ 00 ~ ~ 
11·64 6·41 l-li9 0·616 0·07 0·014 0·001026 

1200 1200 300 120 12 12 1·018 
110 200 200 200 200 990 990 

20·6 11·3 2·80 1·08 0·123 0·025 0·0018 
14 15 30 40 140 160 322 

880 868 852 832 716 652 815 
946 895 848 812 610 552 558 
0·08 0·015 0·01 0·005 0 0·008 0·008 
0 -0·005 0 +0·005 0 0 0 

+0·08 +0·01 +0·01 +0·01 0 +0·008 +0·008 
+0·08 +0·005 
-0·005 -0·002 0 0 0 0 0 

24·72 24·715 24·72 24•77 24·716 24·667 24·717 
24·72 24·71 24·72 24·775 24·715 24·667 24·717 
24·80 24·725 24·73 24·78 24·716 24·675 24·725 

24·80 24·72 
24·715 24·713 24·72 24·77 24·715 24·667 24·717 
24·721 24·69 

Fig. 3. Differential curves corresponding to Fig. 2 
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MAGNITUDE OF ELECTROLYSIS CURRENT 

A study of the effect of different current magnitudes was made, the electrodes used 
being set 1 em apart and consisting of l-inch lengths of 22 s.w.g. platinum wire. Families 
of curves for the individual electrode potentials are shown in Fig. 2, and the differential curves, 
separated for clarity, are shown in Fig. 3. 

DIFFERENTIAL CURVES-

Other things being equal (the ballast load was not maintained constant in these experi­
ments), the height of the differential peak and the change in potential at the end-point 
increase with increasing current, as expected, but two additional important factors emerged. 
First, there is a limiting current above which the curve form changes and increasing errors 
may arise. Instead of rising to a peak and falling abruptly and vertically to near zero, 
the differential curve after the peak falls gradually, the spread increasing with increasing 
current, before making the abrupt descent, and the vertical part of the curve lies after the 
equivalence point. This is discussed later. The inflexion in the electrolysis current under 
these conditions is marked and often after the equivalence point. Under the conditions 
described, the maximum tolerable current is rather less than 6 p,A, and the altered shape 
of the curve is clearly apparent at 11·64 p,A. 

Secondly, it was expected that, for very small currents, the differentiating effect of 
the electrolysis would decrease and become vanishingly small, but, although there is a 
decrease in the effect, it is by no means proportional, and perfect differential curves were 
formed at the lowest current detectable with the equipment described above (1·025 x 10-• 
amp). The significance of this phenomenon will be discussed in a later paper dealing with 
measurements made with d.c. amplifiers. 

ANODE CURVEs-

The magnitude of the change in anode potential increases with decreasing current, 
slowly at first, and then more rapidly as the current becomes very small, which is contrary 
to the trend in cathode- and differential-potential changes. The anode reaction is therefore 
highly irreversible at large currents, although the curves still show slight inflexions, even 
with excessive currents. · With large currents, the anode lead (error) is appreciable and the 
inflexion precedes the equivalence point. Below the maximum tolerable current, inflexion 
and equivalence points are in close agreement. With further decrease in current, the anode 
becomes increasingly active, inflexion becomes more pronounced and the anode-potential 
curve approaches closer to the ordinary potentiometric (indicator-electrode) curve. A curious 
and unexpected feature is that this change does not cease when coincidence of anode and 
indicator curves is achieved, but eventually, at I0-9 amp, the anode curve falls below the 
indicator-electrode curve (see curves at g in Fig. 2). This is attributed to a type of electron 
polarisation that will be enlarged upon later. 

CATHODE CURVES-

The magnitude of the negative reach of the cathode diminishes with decreasing current, 
as expected, but is somewhat dependent on the time allowed for equilibration at lower 
currents. With large currents, the cathode lag (error) is considerable and the inflexion 
is late. Below the maximum tolerable current, the inflexion coincides with the equivalence 
point. The diminished anodic inflexion at higher currents, which would reduce the height 
of the upward rise to the differential peak, is in some degree compensated for by a downward 
peak in the cathode curve. This cathode dip diminishes as the current decreases, vanishes 
at about one-tenth of the maximum tolerable current and is replaced by either a rising curve 
or some irregularities in potential. 

REPRODUCIBILITY AND RATE OF EQUILIBRATION OF POTENTIALS-

After the end-point the potentials of all electrodes quickly become identical, except at 
very high currents, and the differential potential rapidly vanishes. The reproducibility of all 
electrode potentials is excellent after the end-point, and before the end-point the same is true of 
anode and cathode potentials, but not of indicator-electrode potentials on the reduced side. 
This is unimportant, since these potentials have no real meaning until sufficient bromine has 
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been generated for the reversible oxidant system to assume control of the potential and stabilise 
the electrode.3 Before this point the indicator electrode exhibits a fugitive potential anywhere 
within a range of some 300 mV, largely dependent on the time allowed for equilibration. 
All electrodes after the end-point and the active electrode at all times reached equilibrium 
within 3 minutes. Before the end-point, the indicator electrode is sluggish and erratic and 
will continue to drift at more than I m V per minute for 3 hours or more. The anode at 
very low currents approaches the behaviour of the indicator electrode and so becomes 
sluggish, but not erratic. This effect is noticeable for the curve at e in Fig. 2 and pronounced 
for those at f and g. At higher currents, the anode rapidly attains equilibrium. Under 
similar conditions, the electrolysis electrodes attain equilibrium some 10 to I5 times more 
rapidly than does the indicator electrode. The rate at which the differential potential attains 
equilibrium is, of course, dependent on the equilibration rate of the anode and is rapid at 
high and moderate currents, but sluggish at very low currents. This, however, is no deterrent 
to rapid titration at low levels of current, since the fall in potential at the end-point is so 
large and its location so precise that complete equilibrium need not be awaited; 70 per cent. of 
the maximum attainable potential is reached in 5 minutes even with currents below I0-8 amp. 

It may be concluded that, for a given reaction and set of electrodes, there is a maximum 
tolerable current, above which the form of the curves becomes distorted and errors may arise, 
and that the optimum working conditions for ease of manipulation, accuracy and rate of 
potential equilibration lie within 1 to 20 per cent. of this maximum tolerable current. 

SIZE OF ELECTRODES 
USE OF MICRO ELECTRODES--

The IR drop, i.e., the differential potential, should be increased by reducing the size 
of the electrodes. Micro electrodes at moderate currents gave potential differences far 
beyond the range of the meters and erratic and erroneous results. More reasonable results 
were achieved with J-shaped electrodes consisting of 2 mm of 45 s.w.g. platinum wire placed 
2 mm apart at a current of O·IOO p.A, but curve distortion indicated that this current was 
still well above the maximum tolerable value. Current magnitude is therefore not the 
controlling parameter, but rather a function of current, electrode-surface areas and, perhaps, 
distance of separation. Reduction of the current to I3 x I0-9 amp gave smooth and 
satisfactory curves on the verge of excessive current. 

Setting the J-shaped electrodes closer together with a smaller overlap (I·I mm) and still 
further reducing the current gave most satisfactory results. Under these conditions, the 
cathode curve on its positive-going change crossed the anode curve, so giving a small negative 
differential potential. This is attributed to the adhesion of the anode to the indicator­
electrode behaviour and to its slightly lower rate of equilibration in circuit with a high-capacity 
calomel cell. That the anode - calomel circuit gave slightly spurious potentials was confirmed 
by the fact that the measured differential potential was less than the calculated algebraic 
difference between the measured anode and cathode potentials under these conditions. 

It thus became clear that, provided the current was kept sufficiently small, extremely 
small electrodes could be used. A pair of electrodes, each consisting of I mm of 45 s.w.g. 
platinum wire, set 0·5 mm apart was made up, and titrations at 2 to 5 X I0-9 amp were made 
for all the reactions previously described1 ; smooth curves resulted, giving excellent end-points. 
Reduction of the scale of working from macro to semi-micro (2 ml) and micro (O·I ml) caused 
no trouble, so this form of paired micro electrodes was evolved into an ultra-micro titration 
platform, and ultra-micro titrations were performed with unexpectedly good results.• 

RELATIVE SURFACE AREA OF ELECTRODES--

Although it seemed that the cathode exerted the major formative influence on the 
differential curves, it was not unlikely that the anode made some contribution. A set of pairs 
of bright platinum-foil electrodes having nominal areas of 0·01, O·I and I·O sq. em was 
prepared, the backs and edges being covered with fused glass, and series of titrations were 
performed at various fixed currents with the several permutations of electrode combination. 
The titration curves for one such series are shown in Figs. 4 and 5, the differential curves 
being separated for clarity. . The selected current for this series is excessive with the smallest 
electrodes, but is chosen as illustrating most of the points that have emerged and as giving 
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Fig. 4 

Volume of 0·01667 M bromate added (I small division- 0·1 ml) 

Fig. 5 

Fig. 4. Behaviour of individual electrodes of various sizes at constant current : curves lettered as 
for Figs. 1 and 2 

Current 0·100 p.A, from 48 volts and 400 megohms; electrodes set 1 em apart 
(a) (b) (c) (d) (e) (f) (g) (h) (t) 

Cathode area, sq. em •• 0·0195 0·0195 0·0195 0·105 0·105 0·105 1·00 1-00 1-00 
Anode area, sq. em 0·024 0·107 1·02 0·024 0·107 1-02 0·024 0·107 1·02 
Current density-

5·12 5·12 5·12 0·952 0·952 0·952 0·100 0·100 0·100 cathode, p.Apersq. em 
anode, p.A per sq. em •• 4•16 0.935 0·098 4·16 0·935 0·098 4·16 0·935 0·098 

AE •• mv 33 48 253 32 50 222 32 48 312 
!J..E.,mv 822 879 759 720 634 625 441 491 528 
Di11erential peak poten-

820 872 700 715 595 415 440 460 340 tial, mV 
!J. V anode -cathode, ml 0·01 0·03 0·065 0 0·005 0·01 0·017 0 0 
Anode error, ml +O 0 -0·02 +0·01 -0·005 0 -0·012 0 0 
Cathode error, ml +0·01 +0·03 +0·045 +0·01 0 +0·01 +0·005 0 0 
Differential error-
in:fl.exion, ml +0·015 +0·035 +0·04 
peak, ml -0·01 0 -0 +0·005 -0·002 +0·005 -0 0 0 

End-points-
24·80 24·80 24·845 24·84 24·885 24·835 24·805 potentiometric, ml 24·837 24·805 

anode, ml 24·80+ 24·80 24·825 24·85 24·88 24·835 24·825 24·805 24•805 
cathode, ml .. 24·81 24·83 24·89 24·85 24·885 24·845+ 24·842 24·805 24·805 
difterential-

in:fl.exion, ml .• 24·815 24·835 24·885 
peak, ml 24·79 24·80 24·84+ 24·845 24·88+ 24·84 24·835 24·805 24·805 

Fig. 5. Difterential curves corresponding to Fig. 4 
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rapid equilibration with even the largest electrodes. (It should be noted that several hundred 
titrations have been carried out with many batches of standard solutions closely similar in 
concentration, so that variation in titre from experiment to experiment is without significance; 
the potentiometeric results were always within ±0·005 ml of the theoretical values.) 

ANODE CURVES-

The change in potential of the anode over the range -0·05 to +0·05 ml of titrant round 
the inflexion point, tl.Ea, first increases slowly with decreasing anode current density and then 
rapidly as the anode current density becomes very low. As the anode current density 
decreases, there is a break-in, after which the anode rapidly becomes active, and the anode 
curve approaches the potentiometric curve, giving differential curves intermediate between 
those for reactions of types 1 and 2 (b). Indeed, below 2 x I0-9 amp [per sq. em the anode 
curve crosses the potentiometric curve (see curves at gin Fig. 2). 

Except at very low anode current densities, tl.Ea is notably constant for a given anode 
and is independent of cathode current density. 

The anode lead (error) is generally small and may become a lag at high current densities, 
as in the curves at d. Although the anode inflexions are reasonably sharp and the precision 
of location is fair, the inflexions are small and the precision not as good as with the other 
curves; errors are therefore less easy to detect and assess accurately. There appears to be 
a tendency for the error to increase with increasing disparity in electrode areas. 

CATHODE CURVEs--

The negative reach of the cathode over the range -0·05 to +0·05 ml of titrant round the 
inflexion point, tl.E •• increases with increasing cathode current density. At moderate cathode 
current densities (about 1 ~-tAper sq. em) tl.E. increases with increasing anode current density, 
but at low cathode current densities the relationship is reversed. At high cathode current 
densities tl.E. at first increases and then decreases with increasing anode current density. 

The cathode lag (error) increases with increasing cathode current density. At low cathode 
current densities it is negligible, but at high cathode current densities it is appreciable and 
increases rapidly with decreasing anode current density. At moderate cathode current 
densities, the lag is negligible at comparable anode current densities, but becomes detectable 
at high or low anode current densities. 

DIFFERENTIAL CURVES-
The differential-potential peak increases sharply with increasing cathode current density 

and less sharply with increasing anode current density. 
As the cathode current density increases, the form of the curve changes from a sharp 

peak and then a vertical drop to a peak and then a falling $-shaped inflexion. For curves of 
the latter type, if the peak be taken as the end-point there is little error, often negative, 
but if the falling inflexion is taken as the end-point, positive errors arise; these errors increase 
with increasing cathode current density and decreasing anode current density. There is 
also a loss of precision in locating the peak on such a curve, and any deviation from verticality 
is undesirable. 

By using the pipette-dilution method,' the slope of the drop after the peak was checked 
under conditions corresponding to the curves at d, e, f, g, h and i in Fig. 4; it was found 
to be practically vertical, an increment of reagent considerably less than 0·01 ml being 
sufficient to bring the potential from the peak value to within a few millivolts of zero. 

Curves having the shapes shown at a, b and c in Fig. 5 and at a and b in Fig. 3 were 
originally drawn with rounded tops, and the $-shaped falling inflexion was taken to be the 
end-point, whieh naturally gave positive errors. Experimentation with the shapes of the 
curves, however, showed that if the curve through the points plotted when the potential 
was rising was extended instead of being bent over and the curve through the points plotted 
when the potential was beginning to decrease just before its steep descent was likewise 
extrapolated backwards, the intersection of these two curves gave a peak, as shown in the 
examples quoted, in close agreement with the theoretical equivalence point. The validity 
and precision of this intrapolation were checked in three ways: (i) by repeated re-drawing 
of the curves by the same and different individuals, resulting in a replicability of about 
0·005 ml, (ii) by careful large-scale plotting of anode and cathode curves, measuring the 
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difference in potential from these, and plotting the differential curve and (iii) by pipette­
dilution titration, passing through this region in 0·005-ml increments, which again confirmed 
the existence and location of the peak. This peak is, of course, dependent on the anode 
and disappears when the anode is isolated (see curves at a in Fig. l). Under these conditions 
no excess of current can be tolerated, as the point of inflexion has to be taken as the end-point. 
The maximum tolerable current (or current density) is defined as that at which deviation from 
verticality in the differential curve becomes just detectable. 
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Volume of 0.01667 M bromate added, ml 

Fig. 6. Effect of ballast load : curves lettered as for Figs. I and 2 
Cathode area0·I05 sq. em; anodearea0·I07 sq. em; electrodes set I em apart ; current graphed 

Source potential, volts 
Ballast resistance, megohms 
Apparent electrode - surface impedance, megohms 
Ballast ratio .. .. .. . . .. 
Ballast load, volt-ohms 
Mean current density,~ per sq. em 
AE.,mv 
AE., mv 
Differential peak potential, m V 
AV anode - cathode, ml 
Anode error, ml 
Cathode error, ml .. 
Differential error, ml 

{

potentiometric, ml .. 
anode, ml . . . . 

End-points cathode, ml • • . . 
differential, ml . . 
current, ml . . . . 

(a) 
2 

10 
11·68 
0·86 

20 X 101 

I·65 
825 
46 

810 
0·01 

+0·005 
+0·015 

0 
24·805 
24·81 
24•82 
24·805 
24·815 

(b) 
12 

100 
68 

1•47 
12 X 101 

1-23 
681 

40 
678 
0·01-

-0·003 
+0·007 

0 
24·803 
24·80+ 
24·81 
24·805 
24·81 

(c) 
168 
990 
690 
1·436 

16·6 X 101° 
1·885 
710 

45 
694 

0 
0 
0 
0 

24·805 
24·805 
24•805 
24·805 

Series of experiments in which the cathode current density was held constant over 
various sizes of cathode and the area of the anode was varied led to similar conclusions to 
those outlined above. It is therefore evident that, alone, neither current nor cathode current 
density is the controlling factor, but rather a combination of current and area of both anode 
and cathode. 

BALLASTING AND SOURCE POTENTIAL 

Assuming that the distance apart of the electrodes is without marked influence, the 
supply voltage and the value of the ballasting resistance remain to be considered. Only 
supply voltages above the back e.m.f. of the cell will be considered here. 
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A sample set of curves, taken fairly close to the maximum tolerable current density 
with electrodes 0·1 sq. em in area and different values of source voltage and ballast resistance 
are shown in Fig. 6. Strict comparison cannot be made with these curves, as the currents 
are rather different, but Fig. 6 shows the different behaviour of the current during titration. 
Broadly speaking, for a given reaction, current and set of electrodes, a decrease in ballast 
load produces the same effects as does an increase in current density. 

Two further points emerge. First, the ballast ratio shows only small variation, but the 
apparent electrode - surface impedance is apparently proportional to the square root of the 
ballast load (this will be discussed in the further paper previously mentioned). Secondly, 
aside from the general effect noted above, there is a considerable qualitative effect. With 
the current used, equilibration is rapid with all electrodes, but, as the ballast load is decreased, 
the potentials become unsteady and erratic. The curves in Fig. 6 are smooth, but in sets 
a and b, particularly a, irregularities in potential are common before the end-points. These 
irregularities disappear after the end-points and are ironed out as the ballast load increases. 
It is therefore best to work with moderately high ballast loads, but a practical limitation 
renders extremely high ballast loads at high currents inconvenient, as leakage currents and 
hand-capacitance effects become more pronounced and less controllable. 

Variations in current are evident at low ballast loads, becoming more pronounced as the 
ballast load decreases and giving inflexions often in agreement with the equivalence point. 
By using d. c. amplifiers, variation in current has been shown to persist with ballast resistances 
up to 1010 ohms. 

CONCLUSIONS 
Experimental design criteria can now be formulated for the application of differential 

electrolytic potentiometry to reactions of type 2 (b), i.e., those in which a reversibly elec­
trolysable oxidant is used to titrate a reductant that is not reversibly electrolysed. The anode 
current density should be equal to or greater than the cathode current density, which should 
be within the range 0·1 to 1·5 pAper sq. em, and the ballast load should be not less than 
101 and preferably 1010 volt-ohms. Higher current densities favour greater changes in 
potential and higher rates of potential equilibration, but the current should not be sufficiently 
large to cause deviation from verticality in the differential curve. 

Increase in current density or decrease in ballast load gives rise to increases in the 
height of the differential peak and the value of !iE0 and to a decrease in the value of !iE0 , 

so rendering the anodic process more irreversible. Cathode current density is not solely 
responsible for the form of the differential curve; the anode current density and ballast 
load also exert considerable influence. 

I thank Imperial Chemical Industries Limited and the Baker Platinum Division of 
Engelhard Industries Limited for the loan of apparatus and instruments used in this work. 
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The Gravimetric Determination of Mercury by 
Precipitation with Sodium Tetraphenylboron* 

BY ANT. HEYROVSKY 
(Laboratory of the 2nd Medical Clinic, Charles University, Prague, Czechoslovakia) 

Diphenylmercury is quantitatively precipitated when a solution con­
taining mercuric ions is treated with an excess of sodium tetraphenylboron 
solution. A method in . which mercury is determined as diphenylmercury 
is described. 

MucH research has been carried out on the use of sodium tetraphenylboron in chemical 
analysis since Wittig prepared this compound and recognised its properties in I949. The 
reag~nt is an excellent precipitant for potassium, rubidium, caesium, thallium and am­
monium ions and for numerous organic bases, including alkaloids and bases of pharmaceutical 
or biochemical interest. These compounds are usually determined by gravimetric analysis 
of the precipitates or by indirect methods, e.g., argentimetric titration of the tetraphenylboron 
moiety of the precipitate.t,2 

During an investigation into the possibility of a mercurimetric determination of tetra­
phenylborons we found that, when tetraphenylboron ion was titrated with a solution of 
mercuric nitrate or perchlorate, the reaction proceeded in two steps. Both steps can be 
followed when the titration is carried out potentiometrically or polarometrically.8 In the 
first step, 3 equivalents of Hg2+ are consumed per mole of tetraphenylboron, I·5 moles of 
diphenylmercury and I mole of phenylboric acid being produced. As the titration proceeds, 
Hg2+ ions react with diphenylmercury and phenylboric acid; as a result, a phenylmercuric 
salt is formed in the second step, with the consumption of a total of 8 equivalents of Hg2+ per 
mole of tetraphenylboron.8 There are also two steps in the reverse titration, i.e., that of 
mercuric ions with a solution of sodium tetraphenylboron. A phenylmercuric salt is formed 
initially and reacts with further additions of tetraphenylboron to form diphenylmercury 
quantitatively in the second step. For reactions in this direction, precipitation of mercury 
as diphenylmercury requires the addition of I mole of tetraphenylboron for each 2 moles of 
mercuric salt; the equation for the over-all reaction is-

2Hg{N01)1 + Na[B(C,H6)c] + 3H10 = 2C1H 6·Hg·C1H 5 + H1B01 + NaN01 + 3HN01 • 

Since a gravimetric determination of Hg2+, as diphenylmercury, after precipitation by 
phenylboric acid had been described,' we decided to test the possibility of a gravimetric 
determination with sodium tetraphenylboron as precipitant. 

METHOD 
REAGENTS-

Water distilled from an all-glass apparatus was used throughout. 
Sodium tetraphenylboron solution-A freshly prepared 2 per cent. solution in twice-distilled 

water; if turbid, the solution was clarified by treatment with alumina.~ The sodium tetra­
phenylboron used (Kalignost) was obtained from Heyl and Co., Hildesheim, Germany. 

Standard mercury solutions-Weighed amounts of thrice-distilled mercury were dissolved 
in nitric acid, and the solutions were heated to expel oxides of nitrogen and then diluted with 
distilled water to the desired volumes. 

PROCEDURE-

To the sample solution, which should contain between 5 and IOO mg of Hg2+ at a con­
centration of about I mg or less per ml and should be nearly neutral or faintly acid, add a few 
millilitres of a saturated solution of analytical-reagent grade sodium acetate and then an excess 

• Part of a communication presented at the Third Congress of Analytical Chemistry, Prague, September 
1st to 8th, 1959. 
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of sodium tetraphenylboron solution, drop by drop, with stirring. Separate the precipitate 
on a sintered-glass crucible (medium porosity), wash with a saturated aqueous solution of 
analytical-reagent grade diphenylmercury, allow to dry in a desiccator, and then weigh. 

1 mg of diphenylmercury s 0·5654 mg of mercury. 

DISCUSSION OF THE METHOD 

CONDITIONS OF PRECIPITATION-

Results were good when sample solutions were buffered with sodium acetate. In acid 
solutions results were high, probably owing to the formation of the free acid, H[B(C8H 5) 4], 

which is insoluble and may be carried down with the precipitate of diphenylmercury; pre­
cipitates from acid solutions did, in fact, contain different amounts of boron. Further, in 
unbuffered solutions there may be local formations of acidity,6 in accordance with the 
equation-

Na(B(C,H,),] + 4Hg(N01) 1 + 3H10 = 4C1H 6·HgN01 + NaN03 + 3HN03 + H 1B01• 

In moderately acid solutions (pH 1 to 5) there is a positive error, which increases with the 
time of contact between the precipitate and the solution. However, when the precipitate is 
separated immediately, reproducible results can be obtained. In presence of sodium acetate 
solution, results were correct even when some hours elapsed between precipitation and 
filtration. Precipitation is satisfactory in the pH range 6·5 to 9·0. 

The excess of precipitant should not be too great, as some of the reagent may be adsorbed 
on the precipitate; further, the reagent is relatively expensive. The necessary excess can 
be obtained by adding the precipitant from a graduated pipette. During the addition, the 
precipitate first formed re-dissolves, owing to the formation of a phenylmercuric salt. When 
the turbidity is persistent, the volume of precipitant added should be noted, and a further 
addition equal to 1·5 times the volume already added should be made. 

If the precipitate is dried at temperatures between 60° and 110° C, results are somewhat 
low; correct results are obtained after drying at room temperature in a desiccator. If dried 
under reduced pressure with silica gel as desiccant, precipitates usually attain constant weight 
after 4 to 6 hours; drying overnight may be convenient. 

INTERFERENCE-

The determination cannot be carried out in presence of cations forming insoluble precip­
itates with sodium tetraphenylboron, e.g., silver, thallium, potassium, caesium, rubidium and 
ammonium, or of anions forming insoluble phenylmercuric salts, e.g., chloride, bromide, 
iodide and thiocyanate. Mercurous ions should not be present, as they react with the reagent 
to form a grey precipitate consisting of diphenylmercury and metallic mercury. Interference 
from metal ions precipitated as hydroxide or basic salt at the pH used can be overcome by 
using an appropriate chelating agent; in preliminary experiments, results were satisfactory in 
presence of an excess of various ions when ethylenediaminetetra-acetic acid was used. 

REsuLTS 

Results found by the proposed method for standard solutions of mercuric nitrate or 
perchlorate are shown in Table I. The error does not usually exceed 1 per cent. 

TABLE I 

RECOVERY OF MERCURY BY THE PROPOSED METHOD 

Mercury present, 
mg 
5·0 
5·0 

10·0 
10·0 
15·0 
15·0 
20·0 
20·0 
30·0 
30·0 

Weight of precipitate, 
mg 
8·8 
8·9 

17·9 
17·7 
26·4 
26·6 
35·5 
35·7 
53·0 
53·2 

Mercury found, 
mg 
4·97 
5•03 

10·10 
10·00 
14·95 
15·05 
20·00 
20·10 
29·95 
30·05 

Error, 
% 

-0·6 
+0·6 
+1·0 

0·0 
-0·3 
+0·3 

0·0 
+0·5 
-0·2 
+0·2 
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When mercury was determined in various mercury compounds, organic mercurials and 
pharmaceutical preparations containing mercury, after suitable mineralisation, there was 
good agreement with results found by standard methods. 

I thank Heyl and Co., Hildesheim, Germany, for a gift of Kalignost. 
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An Extension of the Gradient Elution Principle 
Bv D. G. O'SULLIVAN 

(Courtauld Institute of Biochemistry, The Middlese~ Hospital Medical School, London, W.1) 

Elution of components on chromatographic and ion-exchange columns 
with an eluting solution of gradually varying composition is a well established 
technique that can greatly assist the separation of components. Hitherto, 
two homogeneous eluting agents have been mixed progressively during the 
elution process and, in this way, an appropriate concentration gradient has 
been achieved. Sometimes the progressive mixture of three eluting agents 
can be useful, the third being added at a much slower initial rate. To provide 
an advance on existing apparatus, even when employed in mixing two multi­
component eluting-agent systems, a series type of mixing apparatus is neces­
sary, in which the first eluting agent is mixed with the second and simul­
taneously the mixture is fed to the third. The various concentration patterns 
arising from simple methods of mixing are calculated and discussed. 

IN the chromatographic separation of a mixture, a component that is strongly "adsorbed" 
may require a considerable volume of a single eluting agent to carry it through the column. 
Consequently, undesirable dilution of this component occurs. If more than one component 
is strongly held, separation of these components may be poor, although complete separation 
has been effected for the compounds that have travelled more rapidly through the column. 
Asymmetric adsorption isotherms, which exaggerate the "tailing" of a component, may 
prevent separation of similar substances, even if these travel down the column at a reasonable 
rate. Such undesirable factors can sometimes be overcome by use of the gradient elution 
principle, in which the column is eluted by a solution of varying composition. In this way 
the eluting power of the solution for the slower-moving components is gradually increased 
as the chromatographic process proceeds, so that undesirable dilution of later components is 
avoided. Also, by reducing the tailing effect, separations may be produced that would 
not be possible in the absence of the concentration gradient in the eluting solution. Wide 
applications of this method include separations of alkali metals,1 rare earths,2 •8 organic acids,4 •6 

silicones,8 oxyhaemoglobin7 and deoxyribonucleic acid.8 Gradient elution sometimes pro­
vides satisfactory resolution when numerous other variations of the chromatographic method 
fail,9 and, in the opinion of some workers, superior results are always obtainable by variation 
in composition of the eluting solution.10 Other types of gradient, e.g., a temperature gradient 
along the column,U have occasionally been employed. 

The way in which the proportion of the two eluting agents varies with time may be 
restricted by the type of mixing apparatus. Two methods of mixing are commonly employed. 
In the simplest method, a separating funnel equipped with a stirrer and originally containing 
V ml of component A, acts as a mixing chamber. As each drop leaves the funnel, an equal­
sized drop of second component B enters from a second funnel. The volume of liquid in the 
mixing funnel is kept constant by preventing the ingress of air. If it is assumed that the 
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two solvents mix without over-all change in volume, then the fraction by volume of component 
A in the liquid leaving the mixing chamber and entering the column after time t is given 
by VA/V = exp(-ktjV}, when the eluting solution leaves the mixing chamber at a constant 
rate k ml per unit time. 

This "constant-volume" method of mixing, although effective for many purposes, 
restricts the shape of the component-composition graph to an exponential type in which 
the concentration of the second component rises rapidly in the early stages and much more 
gradually later. Increase in concentration of component B is approximately linear only in 
the early stages. Usually either a linear or a "concave" composition graph is preferable 
to the "convex" graph always obtained with this type of apparatus. However, there is 
little doubt that this method has been used more frequently than any other. 

Much greater flexibility in the type of gradient can be achieved by introducing com­
ponent B at a rate different from that at which the mixture leaves the mixing chamber. 
Equations for the mixing of two eluting agents under such conditions have been given by 
Lakshmanan and Lieberman12 and also by Colas.13 In practice, simple automatically acting 
apparatus is used, which may impose greater restrictions. Syphoning under atmospheric 
pressure is the basis of a commonly used mixing method of considerable value. Here, a 
boiling tube (reservoir) of constant cross-sectional area containing component B and a 
cylindrical separating funnel, equipped with a stirrer and containing component A, are juxta­
posed so that the liquid surfaces are at the same level. The liquids are then connected by 
a narrow-bore U-shaped syphon tube. This should preferably be filled with component B, 
as, in this way, sharp density gradients, which would result in liquid transfer, never exist 
in the syphon tube. As liquid is allowed to drop at a constant rate from the funnel, so 
syphoning transfers component B into the funnel, and the levels drop at identical rates in 
the two vessels. Naturally neither level must drop below the bottom of.the syphon tube, 
and "topping up" is not permissible during the process. If it is assumed that no over-all 
change in volume occurs on mixing, the proportion by volume of component A in each drop 
entering the column is given by-

FA = VA = [ 1 _ ka1t J ~ 
- vl v (al + a2) 

where VA = volume in millilitres of component A in funnel at time t (from beginning of 
the process), 

V 1 = total volume in millilitres of liquid in funnel at this time 

(V~=v-~). at+ a2 
V volume in millilitres of liquid originally in funnel, 
a1 cross-sectional area in square centimetres of the funnel, 
a2 cross-sectional area in square centimetres of the reservoir and 
k rate in millilitres per unit time at which the mixture leaves the funnel. 

The fraction F 8 of component Bin each drop is equal to 1- FA. 
The shape of the component-composition graph with this method of mixing depends on 

the ratio of cross-sectional areas of the two vessels, being linear if these areas are equal, 
concave (i.e., d2F 8 /dt2 is positive throughout the process) if a1 > a2 and convex (d2F 8 /dt2 < 0) 
if a1 < a2• This method is as simple as the constant-volume method and is more flexible 
in the type of gradient that it can produce. 

Occasionally it is advantageous to employ a wider range of variations in composition 
of eluting solution than is provided by the mixture of two eluting agents. In this way it 
may be possible to effect separations on one column that might otherwise require some 
preliminary treatment or more than one chromatographic procedure. Stepwise elution with 
various eluting agents is occasionally used and would certainly be improved by a gradient 
process. Also, if more than two eluting agents are used, the first and last need not be com­
pletely miscible, provided an adequate excess of an intermediate eluting agent is interposed. 
It is considered that all contingencies could be covered by the use of three eluting agents, 
and that the introduction of further agents would merely add complication. The mixing 
methods to be described have been applied in these laboratories for separating mixtures of 
products produced in organic reactions when investigation was also required of the more 
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complex impurities formed in trace amounts. They could also be applied to preliminary 
separations of small amounts of natural material. 

Simultaneous mixing of three eluting agents at different rates can be effected by exten­
sions of the two sets of apparatus already described. Parallel mixing in which components 
B and C are simultaneously, but separately, added to component A can easily be carried out, 
but usually provides no advance over the gradual mixing of two multi-component eluting 
solutions. Only series mixing in which component C is added to component B and, simul­
taneously, this mixture is added to component A readily provides a gradient ranging through 
three components, the concentration of component B at first rising and then falling . 
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Fig. 1. Composition of eluting solution produced by 
constant-volume mixing method when identical volumes are 
used in the :first two funnels (V1 = V1 ) 
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Fig. 2. Composition of eluting solution produced by 
constant-volume mixing method when V1 = 2V1 

CONSTANT-VOLUME METHOD 

Three separating funnels (exact size and shape are not important) are, for the purpose 
of clarity, labelled l, 2 and 3 and contain V1 ml of component A, V 2 ml of component B 
and V 8 ml of component C, respectively. Funnels l and 2 are equipped with magnetic 
stirrers or stirrers possessing air-tight glands. Funnel l is fitted to the top of the column, 
funnel 2 to funnell and funnel 3 to funnel 2, so that, with the taps open, for every drop that 
enters the column from funnel l, equal amounts are transferred from funnel 3 to funnel 2 
and from funnel2 to funnel!. Then, if transference to the column is slow, stirring efficient, 
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temperature constant and no over-all changes in volume occur on mixing, the composition 
by volume of the liquid in funnel I after time t is given by-

F ... = v ... = exp(- .!!!_) (I) 
v1 v1 

FB =VB= v2 [exp(- kt)- exp(- kt)] (2) 
V1 V2 - V1 V2 V1 

when V1 "* V2, and, when V1 = V2 

FB =VB='!!__ exp(- '!!__) 
v1 v1 v1 

(3) 

The fraction by volume F 0 of component Cis given by 1-F ... -FB. In equations (1), (2) and 
(3), V .... VB and V0 are the volumes of liquids A, B and C, respectively, that are mixed in 
vessel! after time t. The mixture enters the column at the constant rate k ml per unit time. 

Relative concentrations when V1 = V 2 are shown in Fig. I. Although of occasional 
use, the concentration of component B remains too low (maximum value for FB being 0·37) 
and the concentration of component C rises too rapidly for general application. In the more 
useful instance when V2 = 2V1, component B attains a maximum concentration (FB = 0·5) 
when ktjV1 has the value 1·39. This maximum is, moreover, very flat and FB has a value 
greater than 0·45 when 0·9 < ktjV1 < 2·1 (see Fig. 2). 

SYPHON METHOD 

Two reservoirs (labelled 2 and 3) are juxtaposed and attached to a separating funnel 
(vessel 1). Each vessel must be of constant cross-sectional area throughout the regions to 
be occupied by the columns of liquid undergoing the syphoning process. Vessels 1 and 2 
are equipped with stirrers, and small narrow-bore syphon tubes connect vessels 1 and 2 
and vessels 2 and 3. Components A, Band Care placed in vessels I, 2 and 3, respectively, 
the positions of the vessels being altered until the levels are equal. Just before the chromato­
graphic run is begun, the syphon from tube 3 to tube 2 is primed with component C and that 
from tube 2 to funnel 1 is primed with component B. In this way only minute density 
gradients can occur in the syphon tubes and they have a negligible effect on the over-all 
process. Liquid is allowed to drip at constant rate from the funnel I into the column, the 
liquids in vessels 1 and 2 being stirred. As the three liquid surfaces are open to atmospheric 
pressure, levels slowly drop in all three vessels. The fractions of the three components in 
the separating funnel and, therefore, in an issuing drop after time interval t are given by-

(4) 

t 

v k ( - 1)( )7)-1 r ( )-?J ( )'!] 
FB := v: = &

1
7) 1 - f11 Jo 1 - {31 1 - {32 °1 dt (5) 

F 0 = 1- F.~.-FB 

where V .... VB and V0 = volumes of components A, B and C, respectively, in funnel 1 after 
timet, 

a1, a1 and a 8 = cross-sectional areas of vessels I, 2 and 3, respectively, 
V1 =total volume in vessel I after time t, 

v1 = v ... +VB+ Vo = u1 (I- {31), 
U1 and U1 = original volumes of liquids in vessels 1 and 2, respectively, 

k - rate in volume per unit time at which the mixture leaves vessel I and 
enters the column, 

7J (a1 + a2 + a 3)/a1, 

{31 = kt/U17J = ka1t/U1 (a1 + a2 + a 3) and 
{32 = ka2t/U2 (a1+a2 + a3). 
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Although in the general case, when a 3ja2 and 7J have values that need not be whole numbers, 
the integral in equation (5) cannot be expressed in terms of elementary functions. it can readily 
be evaluated in important special cases. Three such cases are shown below-

(i) When a1 = a2 = a 3, 

then FA. = (I - {31) 2 and F B = {31 (2 - {31 - {32) 

[{31 = ktj3U1 and {32 = ktj3U2]. 

(ii) When a2 = a 3 (=a say) and 7J "# 2, 
then FA. = (I - {31)"1-1 
and FB = (I - {32) + y-1 (I - {31) [I - (I + y) (I - {31)''1-2) 

[{31 = ka1tjU1 (2a + a1), {32 = katjU2 (2a + a1) 

andy= U2 (2a - a1)/U1a]. 
(iii) When a2 = a 3 = a1 j2 (here 7J = 2), 

then FA= I - {31 

and FB = /11 - {32 - 2·303 {31- 1{32 (I - {31) log10 (I - /31) 

[{31 = ktj2U1 and {33 = ktj4U2]. 

Volume of eluting solution leaving mixing apparatus 

(units: fj, 5 kt/3U,) 

Fig. 3. Composition of eluting solution produced by 
syphon method with vessels of equal cross-sectional area 
(a. = ~ = a1) and with equal initial volumes in the first two 
vessels (U1 = U1) 
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Fig. 6. Composition of eluting solution produced by 
syphon method when a1 = 2a2 = 2a1 and U2 = 2U1 

Examples of composition curves are shown in Figs. 3 to 6. If the three vessels have 
identical cross-sectional areas, then the three component-composition graphs are quadratic 
curves (see Figs. 3 and 4). If, in addition, equal volumes are present in vessels I and 2, 
component Breaches its maximum concentration (50 per cent.) half-way through the process 
(see Fig. 3). By increasing the initial volume of solvent B, its maximum concentration is 
increased. If the cross-sections are such that TJ = 2, the concentration of solvent A decreases 
linearly. This is shown in Figs. 5 and 6. When the constant-volume method (e.g., see 
Figs. I and 2) is used, the mixing and elution process may be continued indefinitely, so that, 
if desired, the gradient could be applied near the beginning of a chromatographic run. In 
contrast, the syphon method (see Figs. 3 to 6) necessarily terminates when {11 becomes unity. 
In practice, alteration in the cross-section of the funnel near the tap will produce marked 
changes in the composition of the eluting solution just before this stage is reached. The 
process should, of course, be stopped before the liquid levels have fallen to places where 
the cross-sectional areas of any of the vessels undergo change. Figs. I to 6 may be used 
to assess approximate shapes of the component-composition graphs produced in other 
circumstances. 

Advantages that accrue from using superimposed gradients have been suggested pre­
viously by Bock and Nan-Sing Ling14 and Piez.16 Theories on the mechanism of transport 
of solutes through columns under the action of a solvent of varying composition have been 
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outlined by Drake16 and by Freiling,17 following the qualitative treatment by Aim, Williams 
and Tiselius.lB 

I thank the Department of Scientific and Industrial Research for a special research 
allocation. 
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Notes 

THE DETERMINATION OF CAPTAN IN PLANT EXTRACTS 

SPRAY residues of the fungicide captan, N-trichloromethylthio-4-cyclohexene-1 :2-dicarboxyimide, 
are generally determined by methods based on the formation of a colour with resorcinol.1 •2 Burch­
field and Schechtman8 have described a simpler method, based on the reaction of captan with 
pyridine and tetraethylammonium hydroxide to form a coloured complex, and have applied this 
technique to the determination of captan in soil. We have found their method to be suitable 
for determining captan in spray residues, as it is not susceptible to interference from plant extracts 
or other spray chemicals likely to be present on the surface of the plant. Certain refinements 
in technique are also suggested. 

METHOD 

REAGENTs-

Benzene-Fractionate before use. 
Pyridine-Fractionate in presence of potassium hydroxide before use. 
Tetraethylammonium hydroxide solution-Dilute the commercially available 25 per cent. 

aqueous solution to 0·073 M (check by titration against standard acid), add charcoal, set aside 
for 15 minutes, and filter through a Whatman No. 50 filter-paper. Repeat this procedure until 
the solution has a negligible optical-density blank value at 430 ml'. 

Pyridine- tetraethylammonium hydroxide solution-Add 3 volumes of the 0·073 M tetraethyl­
ammonium hydroxide to 7 volumes of the pyridine. Prepare this solution freshly before use. 

Captan-Recrystallise from benzene until the product has a constant melting-point (173° to 
174° C). 

PROCEDURE-

Transfer a suitable aliquot of a solution of captan. in benzene to a round-bottomed fiask. 
Place the flask on a water bath, and evaporate the benzene in a stream of clean dry air. Just 
before evaporation is complete, remove the flask from the water bath, and allow the final droplet 



June, 1960] NOTES 441 

to evaporate slowly at room temperature; over-heating of the dried deposit causes an incomplete 
colour reaction. Add 10 ml of pyridine- tetraethylammonium hydroxide solution, swirl to dissolve 
the residue, set aside for about 3 minutes, and measure the optical density of the solution in a 
2-cm cell at 430 mf£ with a spectrophotometer. (The pyridine - tetraethylammonium hydroxide 
solution alone has a negligible blank value at this wavelength.) A calibration graph obeyed 
Beer's law over the range 0 to 75 f£g of captan. 

DISCUSSION OF THE METHOD 

We have found that the colour produced by the reaction begins to fade after 15 minutes 
and not 30 minutes, as reported by Burchfield and Schechtman.• These workers found the 
absorption maximum to be at 415 mf£, a value later amended• to 427 IDf£. From the absorption 
spectrum shown in Fig. 1, we have taken the maximum to be 430 mf£. 

0·30.------,----...-----. 

~ 

] 0·251----f---++-----1 

~ 
C!.. 
l:­
-~ .. .., 
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~ 0·1511----+---t\-----1 

Wavelength, mu 

Fig. 1. Absorption spectrum of the 
product of the reaction between pyridine -
tetraethylammonium hydroxide solution 
and 29 f£g of captan 

EFFECTS OF OTHER PESTICIDE5-

Burchfield and Schuldt6 have shown that several spray chemicals containing active halogen 
react with pyridine and alkali to form coloured complexes. A 500-f£g portion of each of six com­
pounds, all of which contained active chlorine groups and could be used in conjunction with captan 
sprays, was added to a solution of 50 f£g of captan in benzene. The materials examined were 
gamma-BHC, chlorobenzilate, chlorbenside, DDT, dieldrin and endrin, none of which developed an 
appreciable blank value or interfered in the determination of captan. 

EFFECTS OF FRUIT AND LEAF EXTRACTs-

Extracts from fruit were prepared by dipping strawberries (50 g) and apples (20 g) into two 
successive portions of benzene at 50° to 60° C. Each solution was filtered through benzene­
extracted cotton-wool, and an aliquot of a solution of captan in benzene was added. Each mixture 
was gently shaken with 0·5 g of charcoal (Darco G60, obtained from the Darco Carbon Corporation, 
New York) for 20 minutes and then filtered through a Whatman No. 50 filter-paper; the charcoal 
was washed with successive portions of warm benzene. The filtrates were evaporated and treated 
by the proposed procedure, the final solutions being filtered through a loosely packed plug of 
cotton-wool to remove waxy particles before optical-density measurements were made. The 
recoveries of captan are shown in Table I. With the extract of strawberries, a large residue of 
wax was obtained, which prevented complete reaction between the captan and the pyridine -
tetraethylammonium hydroxide solution. Some of this wax was precipitated by adding 15 to 
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20 ml of redistilled analytical-reagent grade acetone to between 2 and 3 ml of the concentrated 
benzene extract and then setting aside at 5° C overnight. The wax was separated by filtration, 
and the solution was evaporated as before. However, the results in Table I show that slight 
losses occurred when this procedure was used. 

TABLE I 

RECOVERY OF CAPTAN FROM PLANT EXTRACTS 

Sample 

Apple fruits 

Apple leaves 

Strawberry fruits 
Broad-bean leaves 

Potato leaves 

Amount of 
captan added, 

p.g 

25 
50 
25 
50 
50 
25 
50 
50 

Amount of 
captan found, 

p.g 

25, 24·5 
49,51 
25, 24 
48·5, 49 
47, 46 
25, 25·5 
48, 49 
50,48 

Recovery, 
% 

100,98 
98, 102 
100, 96 
97, 98 
94, 92 
100, 102 
96,98 
100, 96 

For the analyses of the leaf extracts reported in Table I, 5-g portions of fresh leaves were 
dried in air and then extracted with benzene in a continuous percolator. Aliquots of captan 
solution were added, and the solutions were then decolorised and analysed as described above. 
The benzene extracts of the leaves of some varieties of apple, e.g., Bramley, had to be left in 
contact with the charcoal overnight for complete decolorisation. 

The results in Table I show that the recovery of captan from plant extracts is satisfactory, 
except perhaps in the presence of high concentrations of plant wax. 

We thank Mr. D. Odhiambo for experimental assistance. 
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THE RAPID DETERMINATION OF TOLUENE AND STYRENE VAPOURS 
IN THE ATMOSPHERE 

THE methodl for determining the concentration of benzene vapour in an atmosphere is rapid; 
it involves the use of easily portable apparatus and is sufficiently accurate for estimating the 
safety of an atmosphere likely to contain benzene. 

This Note describes modifications made to the procedure that permit the same apparatus 
to be used for the rapid determination of toluene or styrene vapour. 

PREPARATION OF STANDARD ATMOSPHERES 

Each of two streams of air from separate blowers was passed at a controlled rate of flow, 
via a constant-head device, through tubes containing calcium chloride and charcoal and through 
a flowmeter; one stream then passed through a weighed U-tube containing a pool of toluene or 
styrene and became almost saturated with vapour. The two streams were mixed at aT-junction, 
and the mixture was passed into a 1500-ml flask fitted with two exit tubes. One exit tube was 
connected to a meter measuring the total volume of air passing through the flask, and the other 
was used to bleed off small volumes of air for the determination. After each run, the concentration 
of vapour in the air passing through the apparatus was calculated from the weight of hydrocarbon 
lost from the U-tube and the total throughput of air. 

By controlling the rates of flow of the streams of air, concentrations of toluene vapour ranging 
from 80 to 200 p. p.m. v /v and of styrene vapour ranging from 30 to 200 p . p.m. v /v were prepared. 
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DETERMINATION OF TOLUENE "\M.POUR 

The formolite reagent used for determining benzene vapour (a 5 per cent. solution of formalin 
in conpentrated sulphuric acid) cannot be used for toluene because (a) it is more sensitive to toluene 
than to benzene and (b) the safety threshold limit for toluene vapour (200 p.p.m.) is higher than 
that for benzene (25 p.p.m.). With the apparatus used for determining benzene vapour,l the 
colour produced by a reasonable number (about five) of inflations of the aspirator bulb with an 
atmosphere containing the maximum permissible concentration of toluene is therefore much too 
dark for comparison with a standard colour. 

The sensitivity of the formolite reagent was found to depend on its content of sulphuric acid 
rather than of formaldehyde. It was also found that replacement of part of the sulphuric acid in 
the reagent by syrupy phosphoric acid reduced the sensitivity without introducing undesirable 
complications, e.g., when water was used as diluent, precipitation occurred during absorption of 
toluene and colour comparison became impossible. 

The sensitivity of the reagent was adjusted by using various mixtures of sulphuric and phos­
phoric acids so that, at the threshold concentration of toluene vapour, a reasonable tint for com­
parison purposes was produced in the reagent by five inflations of the aspirator bulb. The tint 
was analysed in tertns of absorption coefficients, and an inorganic solution was then prepared to 
match it; this solution was used as the standard colour. 

REAGENTS-

01'thophospho1'iC- sulphuYic acid mixtu1'e-Measure 100 ml of orthophosphoric acid, sp.gr. 1·75, 
and 100 ml of sulphuric acid, sp.gr. 1·84, into separate measuring cylinders. Transfer the ortho­
phosphoric acid to a 250-ml conical flask immersed in ice - water mixture, and carefully add the 
sulphuric acid, with constant shaking. Rinse both measuring cylinders with the acid mixture, 
and return the rinsings to the flask. This mixture can be prepared in bulk and stored. 

Standa1'd colou1' solution-Mix 64·3 ml of 0·1 M cobalt sulphate, 1·7 ml of M/60 potassium 
dichromate and 34·0 ml of 0·125 M ammonium nickel sulphate, all solutions being prepared from 
analytical-reagent grade salts. This solution can be stored indefinitely. 

FoYmaldehyde solution, 40 pe1' cent. wjv. 

PROCEDURE-

Use the apparatus previously described for determining benzene vapour.1 Place 0·5 ml of 
formaldehyde solution in the bubbler, and dilute to 10 ml with orthophosphoric- sulphuric acid 
mixture. Note the number of inflations of the bulb required to produce a colour in the reagent 
mixture equivalent to that of the standard solution, and read the concentration of toluene in the 
atmosphere from the figures below-

Number of inflations 
Toluene concentration, p.p.m. 

4 
250 

5 
200 

6 
160 

7 
140 

8 
125 

9 
110 

10 
100 

Occasionally check the bulb of the aspirator to ensure that the time taken for one inflation 
is 2 minutes and that 120 ml of air are aspirated per inflation. 

DETERMINATION OF STYRENE VAPOUR 

The formolite reagent was unsatisfactory for determining styrene because the colour produced 
by an atmosphere containing 100 p.p.m. of styrene (the safety threshold limit) was too faint to 
be of any practical use unless fifteen to twenty inflations were made, thereby prolonging the test 
unduly. Concentrated sulphuric acid was found to be a more sensitive reagent; a yellow colour 
was formed, which could be easily reproduced as a standard from stable inorganic compounds. 
The colour produced by five or six inflations with an atmosphere containing 100 p.p.m. of styrene 
was, in fact, too intense for satisfactory comparison. However, when the acid was slightly diluted 
with water, the solution so obtained gave, after five inflations at 100 p.p.m. of styrene, a colour 
suitable for comparison, which became substantially deeper during a further inflation. This 
colour, as in the test for toluene, was analysed with a photo-electric absorptiometer, and an 
inorganic standard solution was prepared. 

REAGENTs--

Sulphu1'iC acid, 89·5 pey cent. wjv-To 15 ml of distilled water in a 250-ml conical flask slowly 
add, with shaking and cooling, 80 ml of cooled sulphuric acid, sp.gr. 1·84. Check the concen­
tration of the solution (33·1 N) by titration or by measuring its specific gravity (1·8172 at 15° C), 
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and adjust if necessary. (An increase of 1 per cent. in the sulphuric acid content of the solution 
causes an increase of almost 10 per cent. in the intensity of the colour produced by a given 
concentration of styrene.) 

Standard colour solution-To · 6·9 ml of M/60 potassium dichromate add 4·3 ml of 0·1 M 
cobalt sulphate, and dilute to 250 m1 in a calibrated flask. 

PRocEDURE-

Use the apparatus described for determining benzene vapour.l Place 10 ml of 89·5 per cent. 
sulphuric acid in the bubbler, and note the number of inflations of the bulb required to produce 
a colour equivalent to that of the standard solution. Read the concentration of styrene in the 
atmosphere from the figures below-

Number of inflations 
Styrene concentration, p.p.m. . . 

3 
166 

4 
126 

6 
100 

6 
86 

7 
70 

8 
60 

9 
44 

10 
50 

Occasionally check the bulb of the aspirator, as described for determining toluene. 

Toluene calculated, p.p.m. 

Fig. 1. Graph of toluene calculated against 
toluene found by: +. butanone method; e, 
proposed method 

~~----------------------~ 

200 

e 
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ci.ISO 
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c 
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0 
c 
~ 
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Styrene calculated. p.p.m. 

Fig. 2. Graph of styrene calculated against 
styrene found by: +, proposed method; 
e, nitration method 

DISCUSSION OF THE METHODS 

The procedure for determining toluene was checked by comparison with a method in which 
the toluene is nitrated and the dinitrotoluene formed is determined colorimetrically with butanone1 ; 

a grapb_of the results found by both methods plotted against the calculated concentrations of 
toluene is shown in Fig. 1. The procedure for determining styrene was similarly checked by 
comparison with a nitration method,8 and the results are shown in Fig. 2. 

The reagent mixture used for determining toluene is comparatively insensitive to benzene 
vapour, the presence of which in the test atmosphere causes only a small error in the concen­
tration of toluene found. Xylene vapour, however, produces a colour similar to that produced 
by a comparable concentration of toluene. A concentration of 100 p.p.m. of styrene produced 
no colour in the reagent mixture after six inflations of the bulb. 

Concentrations of 100 p.p.m. each of benzene, toluene and oc-methylstyrene produced no colour 
in the solution used for determining styrene after six inflations of the bulb, but vinyltoluene pro­
duced a colour closely similar in shade and intensity to that produced by the same concentration 
of styrene with the same number of inflations. 
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The apparatus used can be obtained from Messrs. Siebe Gorman and Co. Ltd., Chessington, 
Surrey; glass colour standards that can be used in place of the inorganic solutions are available 
from Tintometer Ltd., Salisbury, Wilts. 

This work was carried out on behalf of the Toxic Gases Committee of the Ministry of Labour 
and National Service, and we thank the Department of Scientific and Industrial Research for 
permission to publish this Note. 
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THE ABSORPTIOMETRIC DETERMINATION OF PALLADIUM AS ITS 
2-MERCAPT0-4: 5-DIMETHYLTHIAZOLE COMPLEX 

REAGENTS suggested for the identification or determination of palladiuml,s,a include compounds 
containing the p-nitrosophenylamino group, p-NO-C8H~-N =, p-dimethylaminorhodanine'·1 and 
its diethyl analogue,8 p-dimethylaminobenzylidinethiobarbituric acid7 and phenothiazine.8 •1 

However, gold and sometimes copper and iron interfere, and a quantitative determination is sus­
ceptible to variations in the concentrations of acid and salt present. 

Ryan1o,u,u stated that the determination of palladium with 2-mercapto-4: 5-dimethylthiazole 
was not affected by changes in acidity and concentration of salt, and it was decided to study this 
method in detail, checking the effects of the concentrations of acid, salt and ethanol and extending 
the absorption measurements to the ultra-violet region. 

EXPERIMENTAL 
REAGENT5-

2-Mercapto-4: 5-dimethylthiazole solution-Purify the reagent by twice recrystallising it from 
hot water. Dissolve 0·5 g of pure crystals in 50 ml of 95 per cent. ethanol, and dilute to 100 ml 
with distilled water. 

Standard palladium solution, 10 p.g per ml, in 0·05 N hydrochloric acid-Dissolve 0·1665 g of 
palladium chloride in 250 ml of hot 2 N hydrochloric acid, cool, and dilute to 1 litre. Dilute 
50 ml of this solution to 500 ml with distilled water. 

CHOICE OF LIGHT SOURCE AND FILTERS-

Solutions containing 200 p.g of palladium were treated by Ryan's procedure.10 The results 
obtained by using a Spekker absorptiometer fitted with a mercury-vapour and a tungsten-filament 
lamp and various filters are shown in Table I; these results confirmed that absorption occurred 
mainly in the ultra-violet region. 

COLOUR DEVELOPMENT AND STABILITY-

The optical densities of a series of solutions containing 100 to 1000 p.g of palladium per 100 ml 
were measured over a period of 1 hour. With the mercury-vapour lamp and Wood's glass filters, 
there was a slight increase in intensity over the first 5 minutes, but with the tungsten-filament 
lamp and Ilford No. 601 filters, maximum intensity was reached immediately. 

CONCENTRATION OF ACID-

To confirm that the absorption was independent of the concentration of hydrochloric acid 
present, the optical densities of a series of solutions containing 100 to 500 p.g of palladium in 
different concentrations of hydrochloric acid and in mixtures of hydrochloric and nitric acids 
were measured; the results are summarised in Table II. 
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TABLE I 

EFFECT OF LIGHT SOURCE AND FILTER ON OPTICAL DENSITY 

[Vol. 85 

Each solution contained 200 p.g of palladium. Optical-density measurements were made 
with a Spekker absorptiometer 

Wavelength Absorptiometer-
of maximum drum reading 

Lamp Filter transmittance, (4-cm cell) 
mp. 

{ Wood's glass 365·0 >1·3 
Mercury vapour . . Chance OV1 } 407·8 0·784 Wratten No. 2 
Tungsten filament Kodak No. 1 -420 0·602 

Mercury vapour .. { Chance OB2 } 435·8 0·490 Wratten No. 50 

{ Iiford No. 601 -430 0·475 
Tungsten filament . . Kodak No. 2 -430 0·360 

IIford No. 602 -470 0·250 

TABLE II 

EFFECT OF VARIATION IN CONCENTRATION OF ACID 

Concentrated 
hydrochloric 
acid present, 

Concentrated 
nitric 

acid present, 
ml per 
100ml 

Absorptiometer-drum reading 
(tungst en-filament lamp) in 

presence of-

Absorptiometer-drum reading 
(mercury-vapour lamp) in 

presence of-

ml per 
100 ml 

1·0 
2·0 
5·0 

10·0 
20·0 

2·0 { 2·0 
5·0 

10·0 

200 p.g 
of palladium 
(4-cm cell*) 

0·500 

0·500 

0·518 
0·548 
0·405 

500 p.g 
of palladium 
(2-cm cellt) 

0·762 
0·773 
0·776 
0·773 

0·788 

• Iiford No. 601 filter. t Kodak No. 1 filter. 

100 p.g 500 p.g 
of palladium of palladium 
(4-cm cell~) (1-cm cell~) 

0·722 
0·729 0·921 
0·748 0·943 
0·765 0·962 
0·841 0·991 

1·026 

t Wood's glass filter. 

Over the range 1 to 20 ml of concentrated hydrochloric acid per 100 ml of solution, there 
was no change in the absorption measured in the visible region, but a marked increase occurred 
when measurements were made in the ultra-violet region. The presence of up to 5 ml of con­
centrated nitric acid gave increased optical-density values, but higher concentrations gave lower 
values; this effect was considered to be caused by oxidation of the reagent. All nitric acid must 
therefore be removed before colour development. 

CONCENTRATION OF ETHANOL-

Ryan10 stated that the presence of ethanol was necessary to prevent precipitation of the 
complex, but that its concentration affected the absorption of the solution. Two series of solutions 
containing 200 and 1000 p.g of palladium, respectively, and having ethanol contents from 0 to 30 ml 
per 100 ml were prepared, and measurements on these confirmed that the optical densities were 
affected ; however, no precipitation of the complex was noticed in absence of ethanol, even after 
th~ solutions had been set aside for 1 hour. No precipitation was observed when the concentration 
of palladium was increased to 1600 p.g per 100 ml or when the concentrated hydrochloric acid 
content was increased from 1 to 20 ml. However, when 5- and 10-ml portions of concentrated 
nitric acid were added, turbidity was immediately observed. 

CONCENTRATION OF SODIUM CHLORIDE-

Experiments in which sodium chloride was added to the solution confirmed Ryan's findings 
that the optical density was unaffected by the presence of this compound. 
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CALIBRATION AND ADHERENCE TO BEER'S LAW-

The Spekker absorptiometer was calibrated by using solutions containing 2 ml of concentrated 
hydrochloric acid and 1 ml of 2-mercapto-4: 5-dimethylthiazole solution for each 500 p.g of pallad­
ium present and measuring the optical densities against a reagent blank solution after 5 minutes. 
The results (see Fig. I) showed that, when the tungsten-filament lamp was used with liford 

E 
:::l 

0 

2400 
Concentration of palladium. pg per 100 ml' 

Fig. I. Calibration graph for determining 
palladium as its complex with 2-mercapto-4: 5-
dimethylthiazole: curve A, mercury-vapour lamp 
and Wood's glass filters ; curve B, tungsten­
filament lamp and Kodak No. 1 filters; curve C, 
tungsten-filament lamp and IIford No. 601 filters 

No. 601 or Kodak No. 1 filters, the absorption deviated slightly from Beer's law. However, 
Beer's law was obeyed when measurements were made in the ultra-violet region with the mercury­
vapour lamp and Wood's glass filters. 

A comparison of sensitivities produced the results shown in Table III. 

TABLE III 

AMOUNTS OF PALLADIUM CORRESPONDING TO ABSORPTIOMETER-DRUM 
READING OF 0·10 

Length Amount of palladium corresponding 
of cell, to absorptiometer-drum reading 

Lamp Filter em of 0·10, 1-'g 

Mercury vapour .• Wood's glass {t 13 
50 

{Kod"' No.I H 30 
120 

Tungsten filament 
{t 40 Ilford No. 601 155 

CoNCLUSIONS 
When the absorption of the palladium - 2-mercapto-4: 5-dimethylthiazole complex is measured 

in the ultra-violet region by using a mercury-vapour lamp and Wood's glass filters, there is an 
increase of 160 per cent. in sensitivity and the solutions obey Beer's law. Increases in the concen­
tration of hydrochloric acid cause slightly higher optical-density values, and the acidity must 
therefore be controlled; this constitutes a disadvantage not arising when a tungsten-filament 
lamp is used. 

Addition of ethanol to prevent turb ity is unnifessary, st be removed. 

I&NUnMIIIt'fl.!flt tlll.J ~t'ltJl ... lft'tltJJ 

n11)111-J~~~1Knl JlJ 
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THE DETERMINATION OF NITROGEN IN BORON NITRIDE 

BoRoN nitride prepared at a low temperature reacts readily with hydrochloric acid in a sealed 
tube at 200° C.l,B,s If prepared at a high temperature, the product is less reactive, but attempts 
have been made to decompose it by Kjeldahl digestion' and by fusion with sodium or potassium 
hydroxide.6 •8 Neither method is completely satisfactory for the determination of nitrogen, since 
a residue remains even after prolonged Kjeldahl digestion, and sodium and potassium hydroxide 
melts have a marked tendency to froth. The drawbacks to both these procedures have been 
overcome, and the revised methods are described below. 

FUSION WITH ALKALI 

In contrast to sodium and potassium hydroxides, lithium hydroxide monohydrate is granular 
and has a relatively high melting-point. Consequently, the free escape of ammonia during fusion 
is permitted. When lithium hydroxide was used for the fusion, the nitrogen content found in 
four determinations on a sample of commercial boron nitride stated by the manufacturers (the 
Carborundum Co., Niagara Falls, New York State) to have a purity of 99 per cent. was 55·1 ± 0·2 
per cent. 

APPARATUs-

A silver hygrometer thimble, 20 mm in diameter and 40 mm high, contained in a glass test-tube, 
55 mm X 150 mm, fitted with a ground-glass joint carrying two tubes is used for the fusion. The 
nitrogen-inlet tube extends to within 70 mm of the bottom of the test-tube, and the outlet tube 
is bent downwards to dip into a 200-ml beaker. A silica crucible half filled with sand is used 
as a heating bath. 

REAGENTS-

Hydrochloric acid, 0·25 N. 
Boric acid solution, 2 per cent. wjv-Neutralised to the change-point of methyl orange. 
Lithium hydroxide monohydrate. 
Methyl orange solution, 0·1 per cent. wjv. 

PROCEDURE-

Place a 0·2-g sample of boron nitride on about 1 g of lithium hydroxide in the bottom of the 
thimble, and cover with a further 2 g of lithium hydroxide. Place the thimble in the test-tube, 
and stand the latter in the sand-bath. Fit the ground-glass joint, and arrange the outlet tube 
to dip just below the surface of 50 ml of 2 per cent. boric acid solution and 2 drops of methyl orange 
solution contained in the 200-ml beaker. Adjust the nitrogen supply to about 2 bubbles per second, 
and purge the apparatus for at least 5 minutes. Heat the sample to between 500° and 550° C. 
After 30 minutes, titrate with 0·25 N hydrochloric acid, and continue the titration at 10-minute 
intervals until there is no further increase in titre over 30 minutes. 
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DECOMPOSITION BY ACID 

The reaction appears to be a hydrolysis and to proceed ill accordance with the equation­

EN + 3Hp = H 3B03 + NH8• 

The use of Kjeldahl digestion with an oxidant as catalyst would therefore hardly be expected 
to effect complete decomposition of boron nitride.4 In confirmation of this view, residues remained 
when the usual catalysts, copper sulphate, mercuric oxide and selenium, were used and also when 
0·2 g of boron nitride was heated with 6 ml of 98 per cent. wjv sulphuric acid in a sealed tube for 
8 hours at 400° C. A clear solution was obtained, however, with 80 per cent. w jw sulphuric acid 
after heating for 8 hours at 320° C. In four determinations on the commercial material previously 
mentioned the nitrogen content found by this procedure was 55·4 ± 0·1 per cent. 

REAGENTS-

Sulphuric acid, approximately 80 per cent. wjw--Pour 100 ml of concentrated sulphuric acid 
into 50 ml of water. 

Boric acid solution, 4 per cent. wjv. 
Sodium hydroxide solution, 45 per cent. wjv. 
Hydrochloric acid, 0·25 N. 
Methyl orange solution, 0·1 per cent. wjv. 

PROCEDURE-

Deposit a 0·2-g sample of boron nitride in the bottom of a Carius tube by means of a weighing 
stick held on an extension rod. Add 6 ml of 80 per cent. sulphuric acid, taking care not to wet 
the upper part of the tube. Seal the tube, and place in a Carius furnace set to reach 320° C in 
about 2 hours, maintain at this temperature for 8 hours, and then allow the furnace to cool. 
Carefully open the tube, and wash the contents into the flask of a distillation unit. Make up the 
volume to approximately 250 ml, and add 30 ml of 45 per cent. sodium hydroxide solution. Distil 
the ammonia into 80 ml of 4 per cent. boric acid solution, and collect 120 ml of distillate. Titrate 
against 0·25 N hydrochloric acid with methyl orange solution as indicator. A blank determination 
must be made, and its value subtracted from the titre. 

CoNCLUSIONS 

Hydrolysis by 80 per cent. w jw sulphuric acid is preferable, because visibly complete solution 
is obtained and there is no chance of catalytic cracking of the ammonia. Fusion with lithium 
hydroxide has, however, the advantage that nitrogen and boron may be determined on the 
same 0·2-g sample. 
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THE APPLICATION OF CELLULOSE PHOSPHATE TO THE TESTING OF 
HIGH-PURITY WATER AND THE DEVELOPMENT OF A SPOT TEST OF 

HIGH SENSITIVITY 

IN the determination of minute traces of metals in water a concentration step is usually introduced. 
Standard techniques include solvent extraction of coloured complexes and ion-exchange separations. 
The sensitivity of spot tests on ordinary filter-paper is frequently too low to be of any value, but 
the use of cellulose phosphate greatly increases the sensitivity of the test, largely because of the 
ion-exchange properties of this material.l The fact that modified cellulose paper with a relatively 
high ion-exchange capacity (0·02 milli-equivalent per sq. em) can be prepared is a further advantage 
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and the hydrophilic nature of the absorbent results in an extremely high rate of exchange. Absorp­
tion of metals occurs during contact of their solution within the thickness of the disc of modified 
cellulose. The design of the apparatus used restricts the area of that part of the paper occupied 
by absorbate to a circle I em in diameter, thereby increasing the concentration of metal and, 
in tum, the sensitivity of the spot test. It has been found possible to detect 0·4 x 10-11 parts 
of copper or 2 x I0-1 parts of iron in a 50-ml sample when the area occupied by absorbate is 
-sprayed with a colour-forming reagent. A set of similarly prepared standards is necessary. 

METHOD 

.APPARATUs-

The polythene block used to hold the disc of cellulose phosphate paper is shown in Fig. 1. 

qrm 
Glass funnel-~1 

Scale em 
o 1 2 3 4 s BIO 

I I 

Polythene block-
I 

i I 
I 

' ' r ' ' I 
I I 
I I 
I I 

' I 
r-~ •-, 
I I 

Fig. 1. Apparatus used for spot tests 

The depth and taper of the cone joint on the lower part of the block were such that hand-pressure 
was sufficient to ensure adequately tight contact on the edges of the paper disc. A V-shaped 
-cut-out in the outer edge of the neoprene washer allowed the wet paper disc to be easily removed 
when absorption was complete, and the capillary tube increased the rate of :flow of water through 
the disc. 

REAGENTs-

Cellulose phosphate--Cellulose phosphate paper, as discs 3 em in diameter and containing 
10 per cent. (dry basis) of phosphate, was supplied by W. & R. Balston Ltd. 

Hydrochloric acid, sp.gr. 1·18-Analytical-reagent grade. 
Rubeanic acid solution, 0·05 per cent. wjv, in 80 per cent. vjv aqueous ethanol. 
Potassium ferrocyanide solution, 2 per cent. wjv, in 0·2 N hydrochloric acid. 
Standard copper solution, 0·10 mg per ml-Prepare by dissolving analytical-reagent grade cupric 

-sulphate in water. 
Standard iron solution, 0·10 mg per ml-Prepare by dissolving analytical-reagent grade am­

monium ferric sulphate in 0·1 N hydrochloric acid. 

·pROCEDURE FOR DETERMINING COPPER-

Place a disc of cellulose phosphate paper on the neoprene washer, and insert firmly into the 
polythene block. Adjust the pH of the sample, if necessary, to greater than 4 by adding dilute 
.ammonia solution, and pour into the funnel (avoid air locks by pouring the first portion slowly 
.down the side of the funnel). After passage of the solution, carefully remove the disc, and place 
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on a clean sheet of filter-paper. Expose the disc to ammonia vapour, spray with rubeanic acid 
solution, and determine copper by comparing the colour produced with that of a previously prepared 
standard. 

PROCEDURE FOR DETERMINING IRON-

Assemble the apparatus as described above, add 1 per cent. v jv of hydrochloric acid to the 
sample, and pour into the funnel as before. After absorption, remove the disc, dip into potassium 
ferrocyanide solution, and set aside for 2 minutes on filter-paper. Wash with distilled water to 
remove the excess of reagent solution, and determine iron by comparison against a previously 
prepared standard. 

PREPARATION OF STANDARDS-

Prepare standards as described above, but use de-ionised water. Solutions containing copper 
must be used immediately after preparation to avoid loss of metal by adsorption on the walls of 
glass vessels. Standards may cover the ranges 0·02 to 5·0 p.g of copper and 0·1 to 10·0 p.g of iron; 
standards for iron must be thoroughly washed. Standards may be permanently mounted on 
filter-paper between glass. Always compare standards and samples in diffuse transmitted light 
from the upper side of the disc; most of the metal is absorbed near one surface. 

DISCUSSION OF THE METHOD 

A series of tests was performed by one operator on samples prepared by an independent 
observer. Groups of four tests, each on a 50-ml sample of water, were completed in 30 minutes. 
The results for copper were-

Copper present, parts per thousand million .. 0·8 2·6 12 . 22 36 50 60 
Copper found, parts per thousand million 1·0 3·0 10 26 32 50 65 

and those for iron were-
Iron present, parts per thousand million 2 6 14 22 50 80 
Iron found, parts per thousand million 3 6 14 26 42 65 

The maximum error, ±20 per cent., is reasonable for a visual-comparison method at these 
extremely low levels. The lower limits of detection were 0·4 x 10-9 parts of copper and 2 x I0-9 

parts of iron in a 50-ml sample. This was found to be the practical maximum volume for a test 
completed in a reasonable time. The volume of water that would spread to a circular area 1 em 
in diameter on ordinary filter-paper is about 0·01 ml; by passing 50 ml of water through the same 
area of cellulose phosphate, the sensitivity of the spot test is thereby multiplied by 5000. 

The tests mentioned above were performed on distilled and de-ionised water. Determinations 
of copper in hard tap-water were unsuccessful because of competition by calcium for the ion­
exchange capacity, but the same water, when softened, gave good results. Determinations of 
iron in hard or natural water were successful because iron is absorbed from acid solution by cellulose 
phosphate1 under these conditions, but calcium and magnesium are not. 

This simple technique requires only a minimum of apparatus of small surface area, a small 
volume of sample and a short time of operation; the risk of contamination is therefore reduced to 
a muumum. Since the test is performed directly on the absorbent, possible contamination from 
impurities in the eluting agents used in orthodox ion-exchange techniques is avoided. 

This Note is published by permission of the Director of the National Chemical Laboratory 
and of the United Kingdom Atomic Energy Authority. 

The experimental assistance of Miss J. M. Hawker and Miss C. Atkinson and the kindness of 
W. & R. Balston Ltd. in providing the samples of cellulose phosphate are gratefully acknowledged. 
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THE DETECTION OF PHOSPHATE ESTERS ON PAPER CHROMATOGRAMS 

PHosPHATE esters, e.g., fructose- I : 6-diphosphate, glucose-1-phosphate, glucose-6-phosphate and 
phytic acid, are usually detected on filter-paper by hydrolysis to orthophosphoric acid, which 
forms a complex with the molybdate of an acid molybdate spray or dip. 1 The molybdophosphate 
complex is then reduced to an intensely blue compound by treating the paper with hydrogen 
sulphide or by exposure to ultra-violet light. After either treatment the background colour of 
the paper gradually becomes blue, the process being accelerated when the paper is left exposed 
to light, and later identification of any faintly coloured spots is made difficult. A further dis­
advantage is that many naturally occurring acids, e.g., citric, ascorbic and tartaric, also form 
a blue colour, although this does not usually happen until a short time after the paper has been 
treated. 

To overcome these disadvantages the method described below has been developed. 

METHOD 
PROCEDURE-

Dry the filter-paper in air, and dip in a mixture of 5 ml each of 60 per cent. perchloric acid 
and 20 per cent. wjv ammonium molybdate solution, 10 ml of N hydrochloric acid and 80 ml of 
acetone. Allow the paper to dry in air for about 5 minutes, expose to ultra-violet radiation,• 
immediately dip in a 2·5 per cent. w jv solution of at-benzoinoxime in methanol, and again allow 
to dry in air. 

at-Benzoinoxime reacts with molybdenum under acid conditions to form a white precipitate,3 

so providing a white background that persists for some weeks, especially if the paper is left exposed 
to light. Spots formed by 1 per cent. solutions of citric, ascorbic and tartaric acids do not show 
up after the paper has been dipped in a solution of at-benzoinoxime. 

REFERENCES 
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2. Bandurski, R. S., and Axelrod, B ., ]. Biol. Chem., 1951, 193, 405. 
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THE PHOTOMETRIC DETERMINATION OF TITANIUM WITH TIRON 

YoE and Armstrong1 developed a method in which disodium 1: 2-dihydroxybenzene-3: 5-disul­
phonate (tiron) in a solution buffered to pH 4·7 was used for the photometric determination of 
titanium. Although this procedure was accepted by some later workers,•·• it has the disadvantages 
stated below. 

(i) It has been shown that, if the solution attains a pH of 4 or more before the reagent 
solution is added, not all of the titanium reacts, presumably owing to the formation of meta­
titanic acid. The reagent solution is therefore added to a strongly acid solution, and adjust­
ment to the chosen pH is subsequently made by adding ammonium hydroxide. However, 
this procedure can lead to an increase in temperature accompanied by partial decomposition 
of the reagent and hence to high readings. 

(ii) Sodium dithionite, used to reduce iron to the ferrous state and so to prevent inter­
ference, slowly produces a precipitate of sulphur at pH 4·7, a fact noted by Yoe and Armstrong 
and confirmed in this laboratory. 

If the procedure could be carried out at a pH below 4, precipitation of metatitanic acid would 
be avoided, the solution could be buffered and cooled before the reagent solution was added, and 
a more stable reducing agent could be used. Yoe and Armstrong1 stated that a pH of 4·3 was 
necessary for full colour development, but gave no figures for colour intensity at pH values below 
this. The variation in colour intensity with acidity at pH values less than 4·3 was therefore 
studied. 

In preliminary experiments, separate solutions containing 30 p.g of titanium in dilute sulphuric 
acid were adjusted to the required pH values, treated with 5-ml portions of a 4 per cent. solution 
of tiron and diluted to 100 ml. The optical densities of the solutions were measured in 4-cm cells 
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at 405 ml' with a Unicam SP500 spectrophotometer, and the pH values of the final solutions 
were checked by means of a glass electrode. (The wavelength chosen for optical-density measure­
ments was not that of maximum absorption for the complex, but permits ready conversion to a 
filter instrument having a mercury lamp.) 
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Fig. l. Variation in optical density at 405 ml' 
with pH of a solution containing 30 l'g of titanium 
per 100 ml 

The results (see Fig. 1) confirmed that a pH of 4·3 was necessary for maximum colour develop­
ment, but also showed a "plateau" between pH 2·3 and 4·0, which had not previously been reported. 
The decrease in sensitivity (about 15 per cent.) is more than offset by the advantages of working 
at a lower pH. In this range of pH, 5 mg of iron per 100 ml can be readily reduced to give a 
clear and stable solution by treatment in the cold with 20 mg of ascorbic acid or by warming with 
5 ml of hydroxylamine hydrochloride solution. 

With the wide tolerance for pH, the use of a buffer solution is not necessary, and the pH 
can be adjusted to 3 ± 0·2 with use of an external indicator paper. Colour develops rapidly at 
this lower pH and is stable for at least 24 hours; Beer's law is obeyed up to at least 80 p.g of titanium 
per 100 ml, the maximum concentration tested. The intensity of the colour is dependent on 
temperature, e.g., the optical density (4-cm cell) of a solution containing 18 l'g of titanium per 
100 ml was 0·165 at 17° C and increased by approximately 0·005 for each 2° Crise in temperature 
up to 25° C. 

The proposed method has been applied to the analysis of nickel, with good results.4 

I thank Dr. J. A. M. van Moll, Head of the Material Research Laboratory, and the Directors 
of The Mullard Radio Valve Company Ltd. for permission to publish this Note. 
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Book Reviews 
ADVANCES IN MAss SPECTROMETRY. Edited by J. D. WALDRON. Pp. xvi + 704. London, 

New York, Paris and Los Angeles: Pergamon Press Ltd. 1959. Price 120s. 

In 1958, the Mass Spectrometry Panel of the Hydrocarbon Research Group of the Institute 
of Petroleum organised its third conference, this time in collaboration with Committee E-14 on 
Mass Spectrometry of the American Society for Testing Materials. The conference was held 
from the 24th to the 26th of September, inclusive, at Senate House, University of London, and 
opened with an address by Professor Sir Cyril Hinshelwood, P.R.S. Forty-one papers, including 
eleven from workers in Great Britain and fourteen from workers in the U.S.A., were read and 
discussed. The other participating countries were Canada, Germany, Holland, France and 
Belgium. All these papers are published in full (in English) in this book, together with edited 
reports of the discussions on the various papers. In addition, an extensive bibliography con­
taining more than 2000 references to published papers and books on mass spectroscopy has been 
prepared by the Intelligence and Interchange Section of the Research Department of Metropolitan­
Vickers Electrical Co. Ltd. A bibliography of this kind has, in fact, been a valuable feature of 
previous conference reports. The earlier work in this respect has been incorporated into the 
present bibliography, which has been extended to provide a fairly complete record of published 
work during the years 1938 to 1957, inclusive. 

It can be seen from a perusal of this bibliography that the output of published work on the 
various aspects of mass spectroscopy is continuing at a very high level. For example, in each 
of the last two years referred to in the bibliography, 1956 and 1957, more than 150 papers were 
published in a wide variety of journals. From this, one could well argue a strong case for an 
international journal solely devoted to mass spectroscopy and cognate subjects. The desire for 
further conferences, at which all workers have the opportunity to pursue by formal discourse 
and informal argument the more abstruse phenomena of the subject and to report on technical 
progress in extending instrumental facilities and applications, remains as strong as ever. It seems 
likely that, from the collaboration of the Mass Spectrometry Panel and Committee E-14, a con­
ference of this kind can be expected as a triennial event. 

It is to be hoped, however, that this does not mean more and more voluminous, and hence 
more and more costly, conference reports. At the first conference in 1950, fourteen papers were 
presented; at the second conference in 1953, twenty-six papers; and at this, the third conference, 
forty-one papers-no sign of saturation yet. The present volume is, indeed, excellently produced; 
but, at the price of £6, many junior research workers may find it difficult to acquire a personal 
copy. This would be a pity, for this report will repay extensive and careful study. 

Of course, in a record of this kind, written by experts for experts, a good working knowledge 
of the existing state of the art and science of mass spectrometry is assumed. The expert mass 
spectrometrist in a particular aspect of his subject is concerned in demonstrating to what extent 
he has been able to extend the boundaries of knowledge and techniques and then to indicate the 
new uncertainties thereby revealed as a temporary obstacle to further progress. 

In instrument design, there is an unremitting search for greater speed in scanning the mass 
spectrum of a sample in order to follow the kinetics of fast chemical reactions; for higher mass 
resolution in both single-focusing and double-focusing instruments, not only for the quantitative 
analysis of compounds of high molecular weight, but also for the identification of unknown organic 
chemicals from sufficiently accurate mass measurements of the "parent" or molecular ion and 
a knowledge of the different nuclear-packing fractions of the isotopes; and naturally for greater 
sensitivity and analytical accuracy. Some of these demands are to some extent mutually exclusive, 
and frequently one has to compromise according to the nature of the work. Several papers deal 
with experimental and theoretical studies of image defects in various designs for both first- and 
second-order focusing. It appears to be quite practical to-day to use a double-focusing instrument 
with a mass resolution of 10,000 for analytical work on organic compounds. However, there are 
groupings, such as N1-C1H 10, that would require a resolution of 100,000 or more. Some atomic 
masses have been determined with a precision of about one part in two million. 

The analysis of solids is dealt with in several papers on the use of techniques such as the 
triple-filament surface-ionisation source, isotope dilution and spark-source spectrometry with 
both conducting and non-conducting solids. The analysis of heavy oils and corrosive gases 
receives attention. There is a also a paper on the use of rhenium (in place of tungsten) filaments 
and low ionising voltages for analysing liquid products from the hydrogenation of coal. 
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It is interesting to note that the time-of-flight mass spectrometer appears now to have 
achieved a degree of maturity in development sufficient to invite favourable comparison with 
magnetic spectrometers. 

Although it is clear that there can be no quantitative predictions as to absolute mass spectra 
for a particular mass species, and that observed mass spectra are bound to depend to a considerable 
extent on the conditions of operation in the mass spectrometer, much interesting research is directed 
towards elucidating the major processes of ionisation and dissociation of molecules by electron 
impact. There are several papers devoted to studies on the interpretation of mass spectra. Mass 
discrimination in the ion source has, it appears, no appeal to-day as a subject for research. A 
whole session was devoted to ionisation and electron-impact studies. 

The conference concluded with a session on the use of the mass spectrometer in fundamental 
research, dealing with such subjects as the isotopic analysis of trace amounts of rare gases, applica­
tions to geology and surface chemistry and studies of the reactions of atoms and free radicals 
and of the thermodynamic properties of various elements. 

It is apparent that there is a wealth of material here for prolonged study by all workers on 
mass spectrometry, and that such conferences provide valuable opportunities for the interchange 
of information between all users of mass spectrometers in the many different fields of application. 

It is, perhaps, a pity that there is no subject index, but this would not have been easy to 
compile. Only a few minor misprints have been noted. 

BRITISH PHARMACEUTICAL CODEX, 1959. 
ceutical Society of Great Britain. 
1959. Price 70s. 

G. P. BARNARD 

Published by direction of the Council of the Pharma­
Pp. xxx + 1301. London: The Pharmaceutical Press. 

This is the seventh edition of the British Pharmaceutical Codex, the sixth having been 
published in 1954. It is interesting to compare this edition with the first publication in 1907. 
It seems that the character of the book has changed over the years, and, whereas the first edition 
contained much casual information of interest and value to the pharmacist or physician, the mono­
graphs in recent editions have become standarised in form, and more attention has been devoted 
to standards and methods of analysis. Though often irrelevant and sometimes inaccurate, the 
deleted information certainly added to the interest (and sometimes to the entertainment) of the 
book. 

In the new edition are described forty-eight new synthetic drugs, of which nine are included 
in the British Pharmacopoeia, 1958; the descriptions of twenty-two synthetic drugs and twenty-five 
of natural origin have been deleted. Now that the fashion in medicine has changed from blood­
letting to blood transfusion, Hirudo medicinalis, the common leech, has finally received its quietus. 

There is little new in the analytical methods. Many more drugs are assayed by non-aqueous 
titration ; eleven of the new drugs are standardised by the determination of nitrogen, which hardly 
justifies the name of an assay. Fluorocortisone acetate is assayed by means of its fluorine content, 
which is determined by combustion in oxygen and then titration with thorium nitrate solution. 

The high standard of production and accuracy has been maintained. NoRMAN EVERS 

XV CoNGREsso INTERNACIONAL DE QuiMICA PuRA E APLICADA (Quimica Analytic~Z): Aetas do 
Congresso (8 a 16 de Setembro de 1956). Volume II. Pp. 1048. Lisbon: General Secretary 
of the XVth International Congress of Pure and Applied Chemistry, Instituto Superior 
Technico. 1957. Price, together with volumes I and III, 320 Escudos. 

This volume contains Section IV, Optical methods (64 pages), Section V, Radiochemical 
methods (34 papers) and Section VI, Organic complexes (37 papers). Twenty-two of these 
papers have been published elsewhere and twenty-two appear only as short summaries. A com­
plete list of papers and authors appears in the June issue of Analytical Abstr~Zets. 

NoRMAN EVERS 
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A STATISTICAL MANUAL FOR CHEMISTS. By EDWARD L. BAUER. Pp. x + 156. New York 
and London : Academic Press Inc. 1960. Price $4.75; 38s. 

THE RADIOCHEMISTRY OF CADMIUM. By JAMES R. DEVoE. Pp. vi + 57. Washington, D.C. : 
National Academy of Sciences-National Research Council. 1960. Price 75 cents. 
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The Garrard Press. 1960. Price $12.00. 
CHROMATOGRAPHIC REVIEWS : PROGRESS IN CHROMATOGRAPHY, ELECTROPHORESIS AND RELATED 

METHODS. Volume II. Edited by MICHAEL LEDERER. Pp. viii+ 195. Amsterdam, 
London, New York and Princeton: Elsevier Publishing Co. ; London: D. Van Nostrand 
Co. Ltd . 1960. Price 46s. 

ORGANOSILICON CoMPOUNDS. By C. EABORN, Ph.D., D.Sc. Pp. x + 530. London : Butter­
worths Scientific Publications. 1960. Price 80s. 

THIOACETAMIDE AS A SULFIDE PRECIPITANT : AN ANNOTATED BIBLIOGRAPHY. Compiled by 
W. C. BROAD and A. J. BARNARD, JR. Pp. ii + 10. New Jersey, U.S.A.: J. T. Baker 
Chemical Company. March, 1960. Gratis. 

CHEMICAL ANALYSIS OF CAST IRON AND FOUNDRY MATERIALS. By W. WESTWOOD, B.Sc., A.I.M., 
and A. MAYER, B .Sc., F.R.I.C. Second Edition. Revised by W. E. Clarke, F.R.I.C., 
and H. Green. Pp. 586. London: George Allen & Unwin Ltd. 1960. Price 63s. 

SYSTEMATIC ANALYSIS OF SURFACE-ACTIVE AGENTS. By MILTON J . RoSEN and HENRY A. 
GOLDSMITH. Pp. xviii + 422. New York and London: Interscience Publishers Inc. 
1960. Price $13.50; 102s. 

BIOCHEMICAL PREPARATIONS. Volume 7. Editor-in-Chief: HENRY A. LARDY. Pp. x + 102. 
New York : John Wiley & Sons Inc.; London : Chapman & Hall Ltd. 1960. Price $5.25; 
42s. 

THE PHARMACEUTICAL PocKET BooK. Published by the direction of the Council of the Pharma­
ceutical Society of Great Britain. Seventeenth Edition. Pp. xii + 576. London: The 
Pharmaceutical Press. 1960. Price 30s. 

CHROMATOGRAPHIE EN CHIMIE ORGANIQUE ET BIOLOGIQUE. Volume II. APPLICATIONS EN 
CHIMIE BJOLOGIQUE. Edited by E. LEDERER. Pp. xvi + 876. Paris: Masson et Cie. 
1960. Price (paper) 130 NF; (cloth boards) 140 NF. 

GAS CHROMATOGRAPHY ABSTRACTS 1958. (References to the end of 1958.) Compiled and edited 
by C. E. H . KNAPMAN; Assistant Editor: C. G. ScoTT. Pp. viii+ 262. Sponsored by 
The Gas Chromatography Discussion Group (Associated with the Hydrocarbon Research 
Group of the Institute of Petroleum). London: Butterworths Scientific Publications. 
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ELECTROCHIMIE THEORIQUE. 
Paris: Masson et Cie. 

By EUGENE DARMOIS and GENEVIEVE DARMOIS. 
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Pp. viii + 239. 

REPRINTS OF "THE DETERMINATION OF VITAMIN B12" 

By W. H. C. Shaw and Christine J. Bessell 

REPRINTS of the Review Paper, "The Determination of Vitamin B12" by W. H. C. Shaw and 
Christine J. Bessell, published in this issue of The Analyst (pp. 389-409), will be available shortly 
from the Assistant Secretary, The Society for Analytical Chemistry, 14 Belgrave Square, 
London, S.W.1, at 5s. per copy, post free. A remittance for the correct amount, made out to 
The Society for Analytical Chemistry, MUST accompany the order; these reprints are not 
obtainable through Trade Agents. 
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CLASSIFIED ADVERTISEMENTS 
The rate for classified advertisements is 6s. a line (or space 
equivalent of a line), with an extra charge of ls. for lhe 
use of a Box Number. Semi·displayed classified 
advertisements are 60s. per single-column inch. 

ANALYST back volumes and sets wanted to buy for cash. 
Also other scientific journals. Write to A. Ashley, 

27, East 21 Street, New York, 10, N.Y., U.S.A . 

LABORATORY ASSISTANTS 

Two Laboratory Assistants with minimum 

qualification of G.C.E. in Mathematics, Physics 

and Chemistry but preferably National Certificate 

in Chemistry, are required for Works Laboratory 

in the Manchester area for duties in soapmaking 

and oils and fats chemi~try. 

Applications should be addressed to Box No. 

4001, The Analyst, 47 Gresham Street, London, 

E .C.2. 

ANALYTICAL ABSTRACTS. A few more abstractors are 
required. Ability to abstract foreign papers, especially in 
Italian, Polish and the Scandinavian languages would be 
valuable. Apply to the Editor, ANALYTICAL AB­
STRACTS, 14, Belgrave Square, London, S.W.l. 

CITY OF LEICESTER 
HEALTH DEPARTMENT 
ASSISTANT ANALYST 

ANALYTICAL 
RESEARCH 

IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, 
DYESTUFFS DIVISION, 

have a vacancy for a 

CHEMIST 

to conduct research in a varied :field covering the 
determination of metals in organic materials. A 
knowledge of classical inorganic analysis ~d 
ability to exploit new techniques, particularly of 
a physical nature, are desirable. The post would 
be suitable for a young man with a good Honours 
degree and a leaning towards inorganic work or 
for an older man up to the age of 40 who has 
considerable experience in appropiate fields of 
analytical research. 

Applications, giving brief details, to: 

Staff Department, 
Hexagon House, Blackley, 

Manchester, 9, 
quoting reference 1.8. 

XV 

APPLICANTS should be members of the Royal Institute 
of Chemistry and have had practical experience in the 

examination of water samples. Salary scale £880/1065 p.a. 
(APT 111). Superannuable post; medical examination. 
Applications, naming two referees, to Public Analyst, 7 
Salisbury Road, Leicester. Closing date 25th june, 1960. 

A NALYST required. A vacancy exists for a Female 
Assistant, age 17-20 having G.C.E. '0' Level. Con· 

scientiousness and reliability are the most essential require­
ments. Write to-Technical Administrator, Ozalid Co. 
Ltd.. Langston Road, Laughton, Essex, quoting Rd. 
AB/M13. 

THE MULLARD RADIO VALVE CO. LTD., 
NEW ROAD, MITCHAM JUNCTION, SURREY 

has a vacancy in its Material Research Laboratory for an 

ANALYTICAL CHEMIST 
for work with a small team concerned with development and research in the field of inorganic analysis. 

Applicants must be of graduate level and have had previous analytical experience, particularly in the 
applications of physico-chemical method-; to trace analysis. 

The laboratory is located about twelve miles south of London and general employment conditions can 
be regarded as most favourable. 

Commencing salary will be according to qualifications and experience. 

Applications in confidence and in writing should be addressed to the Personnel Officer, Mullard Radio 
Valve Co. Ltd., New Road, Mitcham Junction, Surrey, quoting reference JFG/MRL/A. 

"Mullard" is lhe Trade Mark of Mullard Limited. 
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SCIENTISTS AND. TECHNOLOGISTS 
B.I.P. Chemicals Ltd. have vacancies for Scientists and 

Technologists in their Laboratories at Oldbury. The 
appointments will be in the Research, Development, or 
Analytical and Testing Departments, which are undergoing 
considerable expansion, and opportunities will arise later 
for transfer to other Departments, or to other Companies 
within the British Industrial Plastics Ltd. Group. 

The desirable minimum qualification is a good honours 
degree, A.R.I.C. or A.P.I. and the preferred age range is 
21-36. Postgraduate or industrial experience will be an 
advantage for some of the appointments. Specialised experi­
ence in such fields as analytical, organic or physical chemistry 
rheology, statistical methods, applied physics, chemical 
engineering, synthetic resins, or plastics and resins technology 
would be particularly relevant. 

The Company offers good conditions of employment, 
including a Pension and Life Assurance Scheme, and en­
courage-s participation in the activities of scientific and 
technical societies. 

Please write giving details of qualifications and experience 
to: Personnel Manager, B.I.P Chemicals Ltd., Oldbury, 
Birmingham. 

COUNTY OF LANARK 
S ENIOR ASSISTANT CHEMIST required for County 

Chemical Laboratory at Hamilton on the salary scale 
£n<><>-£1300 per annw;n. Placings may be given according 
to qualifications and experience. 

Applicants must be fully qualified (A.R.I.C. or B.Sc. Hons.). 
Experience in Public Analyst's Laboratory essential. Super­
annuation. Medical Examination . No canvassing. Appli­
cations stating age, qualifications and experience together 
with names and addresses of three referees should be lodged 
with County Clerk, P.O. Box No. I• Glasgow, within 14 days 
of date of advertisement. 

ASSISTANT CHIEF ANALYST 
LANKRO CHEMICALS LTD., EccLES 

wish to engage an Assistant Chief Analyst. This is a new 
appointment arising from steady growth of the Company 
whose range of products includes plasticisers and stabilisers 
for vinyl resins. polyethers for polyurethane foams. surface 
active materials. weed killers and leather chemicals. 

The man selected is to take charge of the Production 
Control Laboratory, which operates on a shift basis, and will 
be responsible for the analYsis of raw materials, intermediates 
and finished products. He must be able to introduce and 
teach new methods and supervise the maintenance of records 
and equipment. 

The new man is expected to make a major contribution 
to the organisation and development of the department and 
must be capable of acquainting himself with processes carried 
out in the Works in order to provide the most efficient 
analytical service. 

Candidates, preferably holding a University Degree or 
A.R.I.C .• should have several years• experience in a modem 
analytical laboratory and be acquainted with methods of 
organic analysis over a wide field. A high degree of mana­
gerial ability is essential. 

The position is a senior one, and the Company is prepared 
to offer a generous salary which will be in accordance with 
qualifications and experience. A contribution would be made 
towards removal costs. A contributory superannuation fund 
hc1lft~fi~!?sfng scheme are in operation and good Canteen 

co~tl.'J'!~i~~~~itb full particulars should be addressed in 

The Works Manager, Lankro Chemicals Ltd., P.O.B.1, 
Eccles, Manchester. 

THE FEDERATION OF RHODESIA AND NYASALAND 
FEDERAL MINISTRY OF HEALTH 

Vacancy: ANALYTICAL CHEMIST: Government Analyst's 
Laboratory, Salisbury 

Applications are invited from suitably qualified persons 
for an appointment as an Analytical Chemist in the Govern­
ment Analyst's Laboratory, Salisbury. 

Applicants should preferably hold at least an Honours 
degree with Chemistry as a major subject, or a professional 
diploma of a recogmsed Chartered Institute. 

Maximum commencing salaries dependent on qualifications 
and previous experience:-

Men: £735 to £1312 1os. p.a. on scale £735 X £1o5-
£n55 X £78 15s.-£1312 10S. X £52 105. 
-£1732 10s. p.a. 

Women: £661 1os. to£987p.a. onscale£661 1os. x £78 15s. 
-£819 X £42-£1029 X £52 xos.-£1396 105. p.a. 

Commencing salaries for applicants with the following 
qualifications and no previous experience will be:-

B .Sc. (Hons.) M.Sc. 
Men £945 Men £1050 
Women £819 Women £861 

Application forms and further particulars from the Secre­
tary (R), Rhodesia House, 429 Strand, London, W.C.2. 

THE SCIENTIFIC CIVIL SERVICE needs men and 
women for pensionable posts as (a) SENIOR SCIENTIFIC 

OFFICERS and (b) SCIENTIFIC OFFICERS in all major 
scientific fields, including PHYSICS, ENGINEERING, 
CHEMISTRY, METEOROLOGY, MATHEMATICS and 
BIOLOGY. Age limits: (a) at least 26 and under 32, (b) at 
least 21 and under 29. Extension for regular Forces Service 
and Overseas Civil Service. Qualifications: normally first 
or second class honours degree in science, mathematics or 
engineering, or equivalent attainment; additionally for (a). 
at least 3 years• relevant (e.g., post-graduate) experience. 
London salaries (men): (a) £1233-£146o, (b) £655-£n5o; 
provision for starting pay above minimum. Promotion 
prospects. Write Civil Service Commission, 17 North 
Audley Street, London, W.t, for application form, quoting 
(a) S/53/60, (b) S/52/60. 

GOVERNMENT OF KENYA 
CHEMIST/ASSAYER, 

MINES AND GEOLOGY DEPARTMENT 
Qualifications: Applicants (men or women), preferably 

under 40, must have (or expect to obtain this year) a good 
Honours degree in chemistry or equivalent professional 
qualification. Experience in mmganic analytical chemistry 
and a good knowledge of instrumental methods and/or 
electronics desirable. Some knowledge of mineral dressing 
would be useful. 

Duties will include assaying and quantitative analysis 
of rocks, minerals and ores and advising on metallurgical 
and chemical treatment problems connected with mineral 
extractions. 

Terms of Appointment: On probation to the permanent 
and pensionable establishment with emoluments in the scale 
£939-£1863 p.a. Quarters if available at rental. Free 
passages. Generous leave. Free medical attention. Taxa­
tion at local rates. 

Apply to Director of Recruitment, Colonial Office, London, 
S.W.1. stating full name age, qualifications and experience 
and quoting BCD 99/7/07/F2. 

ANALYST. Excellent opportunity for qualified Chemist 
about 36 to expand and develop existing dept. on sound 

scientific lines. Good future prospects. Applicant must 
have experience of modem analytical techniques and the 
ability to institute new methods both of analysis and con­
trol. Exceptionally wide range of chemical products. Should 
have the ability to earn a salary of at leas\ £1,200 p.a. N.W. 
London. Pension Scheme. 3 weeks holiday, 5-day week. 
Apply stating age, experience and salary required to Mana­
ging Director, Box No. 4010, The Analyst, 47, Gresham 
Street, London, E.C.2. 
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ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
The Company's Research Department, a t Trafford Park, require ANALYTICAL CHEMISTS with 

experience of inorganic and metallurgical work, for a labora tory handling a wide range of materials. 

Please wri te for application fonn, qnoting reference N.1 5 to:­

Personnel Manager, 
Associated E lectrical Industries (Manchester) Ltd., 
T rafford Park, 
MANCHESTER, 17. 

A NALYTICAL CHEMIST, qualified and experienced 
required for senior post in Analytical Section of M_etal­

lurgical Research Laborat9ry. Knowledge and exper1e~cc 
of modem analytical techniques and spectroscopy essen h al. 
Salary in accordance with age and experience, good pros­
pects and excellent working conditions. Apply in writing to 
Research Manager, Murex Welding Processes Limited, Hert­
ford Road, Waltham Cross, Herts. 

CH EMIST OR METALLURGIST with University degree 
or equivalent required for research and development work 

on fluxes for metal arc welding. Some experience of 
welding desirable but not essential. Excellent working 
facilities and conditions, good salary and prospects. Apply 
Murex Welding Processes Limited, Hertford Road, Waltham 
Cross, Herts. 

BINDING 

to : 

Have your back numbers 

of The Analyst bound in 

the standard binding case 

Send the parts together 

with a remittance for 14/6 

W. HEFFER & SONS LTD. 
Hills Road Cambridge 

. 

""~r Haps ? 
NO! YOU CAN 8£ C£rffAIN OF 

AC&VKATE PH REAPING$ WITH 

JOHNSON 
INl.)/t'~rTO.rl PAPERS 

Johnson COMPARATOR TEST PAPERS give a wide 
range of readings from 3.6 to 10 pH in steps 
of 0.3 pH and from 1.0 to 3.5 in steps of 0.5 
pH. JOHNSON UNIVERSAL TEST PAPERS give the 
pH value of any solution to within 0.5 pH in 
the range of 1 to 10. These papers have long 
been accepted by Science and Industry for 
their consistent accuracy. Johnsons also supply 
LITMUS paper and a series of nearly forty other 
Indicator Papers for many specific test 
purposes. 

Write for leaflet. 

.JOHNSONS OF HENDON LTD. LONDON, N.W.4 

BRITISH CHEMICAL 
& 

SPECTROGRAPHIC 
STANDARDS 

see our ANALOID REAGENTS 
FOR 

METALLURGICAL 
ANALYSIS 

EXHIBITS 

STAND 6 

LABORATORY APPARATUS & MATERIALS EXHffiiTION 
lOth- llrd JUNE 

ROYAL HORTICULTURAL SOCIETY'S NEW HALL, LONDON, S.W.I 

BUREAU OF ANALYSED SAMPLES LTD. I RIDSDALE & CO. LTD. 
NEWHAM HALL, MIDDLESBROUGH 
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Whether you 
or routine 

do research 
testing in 

you will need ljallenham~ Water Baths 

UNIVERSAL 
STAINLESS STEEL 

THERMOSTATIC 
WATER BATH 
Compenstat Controlled 

• Accurate temperature con-
trol by Compenstat. 

• Temperatures up to 100° C. 

• Temperature fluctuation 0.3° C. 

• Uniform temperature 
distribution. 

• Unobstructed working 
space 14 x 12 x 6tin. 
deep. 

A new, well-designed bath of high 
quality stainless steel, with a clean un­
obstucted working space. 

A range of useful accessories 
include several types of rack, an 
adjustable free-standing shelf, a stain­
less steel cover to exclude dust and to 
minimise evaporation- essential when 
working at temperatures above 50° C­
and a cooling coil for working in high 
ambient temperatures. Any special 
rack or other special fitting can be 
made to order. 

SUPPLY THE 
WORLD'S LABORATORIES 

A. GALLENKAMP & CO. L TO., SUN STREET, LONDON, E.C.2 
Tel.: 81$ 0651. Telecroms: Gollenkomp, London, Telex 24411. Cobles: Gollenkomp, London. 
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PLATINUM 
Laboratory Apparatus 

*REPAIR AND 

EXCHANGE SERVICE 

We will always under­
take to repair damaged 
Platinum vessels or other 
apparatus when possible. 
Where repair is not pos­
sible, users are invited to 
avail th~mselves of the 
generous terms afforded 
them by our Exchange 
Service. 

Our comprehensive standard range of Platinum 
Laboratory Apparatus, manufactured by skilled 
craftsmen from materials of the highest purity, has 
been compiled to assist users in selecting what is 
most suited to their needs. In cases where a catalo­
gue specification fails to meet requirements, we will 
gladly manufacture in accordance with customers' 
own designs. 
Literature forwarded on application. Technical 
representatives are always available for consultation 
and advice. 

(IIVC.E'L.J'-/A~D //VDU.ST~/4:..5", .L.TD.) 

BAKER PLATINUM DIVISION 

XIX 

52 HIGH HOLBORN, LONDON, W .C.l Telephone: CHAncery 8711 
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progress in 
polarography 

* Speedy, direct or derivative 
operation 

* Direct reading from scale 
eliminates geometrical con­
struction 

* Greater resolution due to 
formation of Peaked Polaro­
grams 

* Polarograms reproduced 
every seven seconds 

* Increased sensitivity enables 
accurate determinations at 
concentrations of fract ions of 
a microgram per mill ilitre 

with the cathode ray polarograph 
you have the ultimate in Polarographic technique, 
without undue complexity of control. Suitable 
for research or routine, it is supplied complete 
with its Electrode Stand, which includes a thermo­
statically controlled tank, provision for simul­
taneous degassing of the three cells and easy means 
of raising and lowering the electrode in the solu­
tions under test. Camera attachments are also 
available. We offer an applications advisory service 
together with demonstrations on your own sam pies. 

SOUTHERN INSTRUMENTS 
ANALYTICAL INSTRUMENTS DEPT. OF SOUTHERN INSTRUMENTS LTD., CAMBERLEY, SURREY 

Te lephone: CAMBERLEY 3401 (7 lineo) 

Send now for "Trace Techniques" containing 30 new 
polarographic methods. Price 25/- post paid. (U.K. only.) 
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IF YOU COMPARE VALUES YOU WILL CHOOSE A PYE pH METER I 
Convenience in operation; precision; reliability; a wide choice of 
laboratory meters, electrodes and accessories-these factors and many 
more combine to make Pye pH meters the most widely used in 
Britain today. 

DYNACAP pH METER & MILLIVOLTMETER 

for 

pH 
Cat. No. II 072 

Exceptional stability. 
linearity and accuracy are 
due to use of dynamic cap­
acitor. Seven extended 
ranges give equivalent scale 
length of 35" and discrim­
ination to at least O.OipH 
or I mY. Temperature com­
pensation. fully automatic 
and manual, provided on 
all ranges. Sufficient output 
to feed e xternal devices 
totalling 100000. 

Cat. No. 
11067 

Cat. No. 11602 

AUTOTITRATOR-CONTROLLER UNIVERSAL pH METER & MILLIVOLTMETER 
A precision instrument, incorporating two independent 
difference amplifiers, which rapidly pays for itself as a 
speedy routine titrator, or as a controller in pH or 
conductivity pilot-scale processes. 

The standard pH meter in thousands of laboratories 
all over the world, this instrument is renowned for its 
stability, accuracy and reliability. 

and Conductivity 
CONDUCTANCE BRIDGE 
A precision instrument for general laboratory work, including 
analytical and quality control determinations. 0.1 micromho 
to to mhos is covered in four switched ranges with automatic 
frequency adjustment. Null point indication by cathode ray 
osctlloscope is fool-proof and speedy. Accuracy 0.2 %. 

~ 

SCI E NTI Fief~ ~INSTRUMENTS 
W. G. PYE & CO. LIMITED 

GRANfA WORKS, P.O. BOX 80, CAMBRIDGE, ENGlAND 
Telephone : Cambridge 54411 (51ines). Telegrams: Pye, Cambridge 
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\t.TREOSIL 
PURE FUSED SILICA 

Radiant Heaters 
• Clean, compact and efficient. 
• Quiet in operation. 
• No loss by spattering. 
• Ideal for evaporation of 

acids and water analysis. 
• 400, 700 and 1,000 watts 

sizes available. 
Leaflet L 15 is available on 

request. 

[J une, 1960 

We also manufacture an extensive range of Vitreosil Industrial Ware 

THE THERMAL SYNDICATE LTD. 
P.O. BOX No.6, WALLSEND, NORTHUMBERLAND 

Telephone: Wallsend 623242/3 
LONDON: 9. BERKELEY STREET. W. l. Telephone: Hyde Park 1711/2 

KULTURA 
Export-Import 

BUDAPEST 62.P.O.B.I49 

ABSORPTION SPECTRA IN THE ULTRAVIOLET AND THE 
VISIBLE REGION 

Edited by L. Lang in co-operation with J. Szoke, G. Varsanyi 
and M. Vizesy. 

In English. 

Budapest, 1959. 85 pages of text, 414 pages of diagrams and tables. 6f' x 9t". 
An important Hungarian contribution to the achievements made in the sphere 
of spectroscopy by international chemical research. The collection presents, 
in the first line, spectra unpublished so far in similar issues. For the sake of 
perspicuity and convenience of comparison, the spectra included have been 
represented in logs-.\ functions. The table containing the original measure­
ment data gives the measured log Io/1 values; in this way the reader will be 
able to follow up even those spectrum-data which are not obtainable with the 
required precision from the diagram. £7 2s. Od. 

Publishing House of the Hungarian Academy of Sciences, Budapest. 
Available in the U.K. from Colletts, 45 Museum Street, W.C.l. 
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IMPORTANT BOOKS __ 

CHROMATOGRAPHIC AND 
ELECTROPHORETIC TECH­
NIQUES edited by I. Smith, Ph.D., F.R.I.C. 
Volt Chromatography 648 pp . 160 ill us. 65s. 
Vol 2 Electrophoresis 236 pp. 100 illus. 30s. 

Although less than two years have elapsed since 
Chromatographic Techniques : Clinical & Biochemical 
Applications was published , chromatographic methods 
have penetrated into many more fields and with the same 
valuable results. Consequently when a second edition 
of this work was prepared it was found that to include 
the new material dealing with these advances necessitated 
considerable enlargement of the book. The ed itor also 
received numerous suggestions that a companion work 
on Electrophores is would be available. As a result 
Chromatographic & Electrophoretic Techniques will be 
issued in two volumes , I - Chromatography (being a 
revised and enlarged edition of Chromatographic Tech· 
niques) and 2, Zone Electrophoresis. 

AN INTRODUCTION TO 
HUMAN BLOOD GROUPS 

by Fulton Roberts , M.D. 
In recent years many more blood groups have been 

d iscovered and some of the established systems - ABO, 
MN and P - have been found to be more complex than 
at first appeared . Furthermore, blood groups now play 
a wider part in scientific and medical study than is met 
by a consideration only of blood transfusion in haemoly· 
t ic d isease of the newborn . This new book is a simple 
introduction to the subject not only for students 
and practitioners, but all whose work lies in the new 
field s whe re blood group study offers opportunity for 
the ad vancement of scientific knowle dge . 9s. 6d. 

Wm. Heinemann Medical Books Ltd. 
15/ 16 Queen Street · Mayfair · London W.l 

s,ooo 
RESEARCH CHEMICALS 

AVAILABLE 
FROM STOCK 
Purity guaranteed 

Write to Kodak 
Kodak Ltd., Kirkby, Liverpool. Simonswood 29n 

'AGLA' 
MICROMETER SYRINGE 

A precision instrument 

for use as a burette or 

syringe, and capable of 

measuring very small 

volumes of fluid with an 

accuracy of 0.00005 mi. 

BURROUGHS WELLCOME & CO. 

(THE WELLCOME FOUNDATION LTD.) L 0 N D 0 N 
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MANUAL POLAROGRAPH 
An economically priced first step in Polarography. 

Fast and accurate, reproducible plotting comparable 
in speed with recording types, but free from super­
imposed oscillations. 

Compensation for effects due to large interfering 
reductions and cell capacity. Click-stop voltage change 
in multiples of IOmV. Complete with stand, and galvo 
if require. 

·~ SOUTHERN INSTRUMENTS LIMITED 
Analytical Instruments Department, Camberley, Surrey, England. 

Tel. Camberley 3401. 

Looking lor traces ? 
ffifRVYn-HARWELL 

SQUARE WAVE 
POLAROGRAPH Mk. m 

PB34a 

A basic scientific advance 
in the field of Analysis, 
Testing and Quality control. 

Whether you are "Looking tor Traces" 
in processing Metals or Foodstuffs, 
carrying out research on Gas or 
Petroleum, or linking quality test­
ing with production processes, you 
should invest in the MERVYN- "" 
HARWELL SQUARE WAVE 
POLAROGRAPH Mk. III. 

• Analyses minute quantities . 
• Extremely sensitive. 
• Exceptionally select! ve. 
• Completely self-contained. 
• Versatile. Adaptable. 
• Operators need not be specialists. 
• Strikingly convenient. mobile. 
• Resolves 20 mv. 
• Built-in cell. thermostat. 
• Deoxygenated supply and recorder. 
• Reversible and irreversible reactions. 
• Controls located and ganged for rapid. 

accurate operat.ion 

Write for further information mentioning "Analyst" to: 

WOKING • SURREY • ENGLAND 
Telephone: Waking 5200 ffiERVYn InSTRUmEnTS 
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Interesting 
Facets 
of chemical manufacture include the 

occurrence, from time to time. of unusual 
crystal "build-ups". This photograph was 

taken in one of the many May & Baker labora­
tories producing chemicals for use throughout the world. 

There are now more than 650 M&B brand laboratory chemicals 
available to cover the everyday requirements of 

academic, industrial, and research laboratories. 

Detailed Information Is available on request. 

M&B brand Laboratory Chemicals and Reagents. 

111 A N u F A c T u R E D B Y MAY & BAKER LTD DAGENHAM • Tel: DOMtnton 3060 • Ert. 320 

B.D.H. Laboratory Chemicals 
in education, research & production 
In innumerable laboratory applications B.D.H. reagents play 
a vital part in healing, teaching, research and every productive 
ac.tivity from agriculture to atomic energy. Analytical reagents 
manufactured by B.D.H. to the published 'AnalaR' specifica­
tions have an internati.onal reputation as materials for use in 
analytical work of the most responsible character; and over a 
thousand other B.D.H. laboratory products are labelled with 
specifications of minimum purity. 
Recent li.D.H . booklets, issued free, include 
Titration In Non-Aqueous Sol•ents, Biological Stains and Stainin~e Methods, 
'Union Carbide' Molecular Sie•es, 
1011 Exchange Resins, Sugar Phosphates and J.{elated Substances. 
We shall be happy to send you copie!l. 

@ THE BRITISH DRUG HOUSES LTD. 

B.D.H . Laboratory Chemicals Division . Poole . Dorset 

LAS69i100 

XXV 
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