
The

ANALYST
The Journal of the

Society for Analytical Chemistry

A monthly Publication

dealing with all branches

of Analytical Chemistry

Published for the Society by
W. HEFFER & SONS LTD•• CAMBRIDGE

/ Volume 90

No. 1076, PageCi 643 - 1~~.1 November 1965



THE ANAL YST

W. C. Johnson, M B.E.
J. I. M. Jones
D. Moore
T. S. West

THE JOURNAL OF THE SOCIETY FOR ANALYTICAL CHEMISTRY

EDITORIAL COMMITTEE

Chairman: K. A. Williams

Members:

B. Bagshawe W. T. Elwell
E. Bishop P. S. Hall
H. E. Brookes J. F. Herringshaw
H. I. Cluley E. A. Hontoir
D. I. Coomber H. M. N. H. Irving

The Chairman of the Analytical Abstracts Committee (A. G. Jones)

The Chairman of the Analytical Methods Committee (D. C Garratt)

and the President and Honorary Officers

President af the Saciety: A. A. Smales, O.B.E.

Hon. Secretary of the Saciety:
S. A. Price

Han. Treasurer ar the SaCletv;
D. T. Lewis. C B

Han. Assistant Secretaries of the Society I

B. S. Cooper, D. W. Wilson

Editor:
J. B. Attrill. M.A.• F.R.I.C.

14 BELGRAVE SQUARE. LONDON. S.w.1.
Telephone: BEL,ravia 3258

Assistant Editor:
Miss C. M. Richards. B.Se.

SUBSCRIPTION RATES
(other than for Members of the Society)

Subscriptions to The Analyst, including Analytical Abstracts.
should be sent through a Bookseller or direct to

W. HEFFER & SONS LTD., CAMBRIDGE, ENGLAND

Subscription Rates: The Analyst, Analytical Abstracts and indexes, £ 10 per annum. pOSt free

The Analyst, with Analytical Abstracts printed on one side of the paper
(Without index). £10 lOs. per annum

The Analyst. with Analytical Abstracts printed on one side of the paper
(With index), £11 lOs. per annum

Subscriptions are NOT accepted for The Ana/)'st alone

Single copies £1

Volume 90, No. 1076 Nov~mber. 1965





iv SUMMARIES OF PAPERS IN THIS ISSUE
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Quantitative Gas - Liquid Chromatographic Analysis with Detectors
having a Non-linear Response

It is shown that if, in the gas - liquid chromatographic analysis of a
mixture of two compounds, the ratio of the heights or areas of the two peaks
is found to be constant regardless of the size of the sample injected, this
cannot be taken as evidence that the response of the detector is linear with
respect to vapour concentration, as is sometimes assumed. Such a result will
be obtained, in general, if the detector response is proportional to a power
of the vapour concentration, the value of the exponent being the same for both
compounds; this situation can arise with the argon ionisation detector over
appreciable concentration ranges at suitable vOltages. A method is described
for carrying out quantitative analyses in these circumstances, and i~ illustrated
by results obtained by using mixtures of geraniol and nero\.

B. DUDLEY SULLY and P. L. WILLIAMS
A. Boake, Roberts & Co. Ltd., Carpenters Road, Stratford, London, E.15.

Analyst, 1965,90, 643-648.

The Identification arid Determination of Chlorinated
Pesticides Residues

Gas - liquid chromatography provides a "method of extreme sensitivity
for the detection and determination of organochlorine pesticides residues.
A single retention-time cannot, however, be regarded as a reliable identi
fication of an unknown compound. A "clean-up" procedure is described
by which interference is virtually eliminated, and a technique is proposed
in which the change in retention-time after simple chemical reactions
provides confirmation of the identity of a pesticide.

J. H. HAMENCE, P. S. HALL and D. J. CAVERLY
Dr. Bernard Dyer & Partners, Peck House, 20 Eastcheap, London, E.C.3.

Analyst, 1965,90, 649-656.

The Control of Particle Characteristics in Precipitation and the
Inter-relationship of Size-analysis Techniques

Varying size ranges of calcium carbonate are produced by controlled
precipitation in a stirred batch reactor.

The application to calcium carbonate of various methods of determining
particle-size distributions and surface areas is considered, and inter-relation
ships between these methods are established.

A relationship is established between final particle-surface area and
power input to the slurry and an explanation is put forward in terl1)s of
the effect of turbulence on nucleation and crystallisation in the precipitation.

R. M. MORRIS
Department of Chemical Engineering, University of Natal, King George V Avenue,
Durban, Natal.

Analyst, 1965,90, 657-663.
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progress in production 1915 to 1965
Because BOH is a world supplier its progress in the production of laboratory
chemicals reflects the international development of the applications of chemistry
and biochemistry in education, research, medicine and industry over the last fifty
years. It has been remarkable progress, whether considered in relation to methods,
equipment or scale of manufacture.
Advances in the classical methods have gone hand in hand with the employment of
completely new techniques of manufacture and purification; these, and the con
tributions of modern chemical engineering, have made it possible for the SOH out
put of reagents to increase by more than a hundred times in the past half-century.
This in turn has required equivalent developments in analytical resources, inspec
tion services, distribution facilities and commercial organisation. SOH output in
1965 calls for the packaging of several million containers a year of thousands of
widely diverse and often hazardous chemicals. They reach the laboratories of over
a hundred countries in every part of the world.

@~~~~ POOLE· LONDON· BRISTOL, LIVERPOOL' MIDDLESBROUGH
BOMBAY' TORONTO· JOHANNESBURG· SYDNEY· AUCKLAND
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The Determination of Methanol by Oxidation to Formaldehyde
and Polaro~raphic Reduction

Small amounts of methanol can be determined by oxidation to form
aldehyde with potassium permanganate in orthophosphoric acid, with a
subsequent polarographic reduction of the formaldehyde at 50° C. Optimum
conditions have been found for each stage of the determination. Oxidation
is best effected with a solution containing 35 g of potassium permanganate
and 300 ml of orthophosphoric acid per litre and allowing the reaction to
proceed for 10 minutes at 0° C.
MOJMIR RANNY
Research Institute of Fat Industry, Rakovnik, Czechoslovakia.

Analyst, 1965,90, 664-673.

The Polaro~raphic Determination of Methyl Esters
Methyl esters of fatty acids, in the presence of sugar esters and of solvents

such as dimethylsulphoxide and dimethylformamide, can be determined by
saponification, distillation of t~e liberated methanol, and then oxidation and
polarography as described in a previous paper. Optimum conditions have
been established, and ways have been found for avoiding interference due
to dimethylformamide.
MOJMIR RANNY
Research Institute of Fat Industry, Rakovnik, Czechoslovakia.

Analyst, 1965,90, 674-680.

An Absorptiometer for the Su~ar Industry
Measurement of optical de~sity is a commonly used test of purity in

the sugar industry. Difficulty arises when the test is made on solutions of
refined sugar because the optical density due to dissolved impurity is very
small and because it is liable to be masked· by traces of su~pended turbid
matter.

Among recommendations designed to overcome the difficulty the best
is considered to be that of Gillett, Meads and Holven, who suggested the
definition: colour index = 1000 (a~20 - 2a;20)' For reasons that are stated
a modified definition, colour index = 1000 (a;20 - a;oo), is proposed here.
The modified index should be well correlated with the concentration of
residual dissolved impurity and with the departure from whiteness of the
solution.

An automatic absorptiometer has been developed to measure the colour
index directly. Its readings have been compared with estimates made by
a panel of visual observers who classified samples of "fine liquor" and solutions
of refined sugar according to order of whiteness. Satisfactory correlations
were obtained.

S. HILL and J. T. RUNDELL
Tate & Lyle Refineries Ltd., Keston, Kent.

Analyst, 1965,90, 681-691.

The Determination of Moisture in Plain Cakes
by a Microwave Attenuation Technique

A procedure based on microwave attenuation measurement with an
A.E.!. Ltd. moisture meter has been developed for the rapid determination of
moisture in plain cakes. The main factors influencing attentuation, apart
from moisture, are temperature, sample preparation and cake texture. Under
the conditions described, linear relationships were obtained between moisture
content, attenuation and temperature for a variety of cakes. At moisture
levels ranging from 18 to 25 per cent., 95 per cent. of the results obtained by
the microwave method were within ±0·6 per cent. of results obtained by a
Brabender oven method.

A. D. INCE and A. TURNER
Chemists' Department, Cadbury Brothers Limited, Bournville. Birmingham.

Analyst, 1965,90, 692-696.
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The Micro-determination of Glutathione and Cysteine in the
Presence of Each Other

Short Paper
M. WRONSKI
Department of Chemical Technology, University of J:..6dt, 'owotki 18, Poland.

Analyst, 1965,90, 697-698.

A Comparison of Fibrous-residue Determinations by the Official
(A.O.A.C.) Method iind the Dimethylsulphoxide Method

Short Paper
H.ZENTNER
Bread Research Institute of Australia, Epping Road, North Ryde, N.S.W., Australia.

Analyst, 1965,90, 698-699.

Methods for the Analysis of

Non-Soapy Detergent (NSD) Products
by

G. F. LONGMAN, B.Sc., F.R.I.C. & J. HILTON, B.Sc., A.R.I.C.

(Unilever Research Laboratory, Port Sunlight)

Society for Analytical Chemistry Monograph No.

-<>-

This Monograph describes in detail the methods of analysis
developed in Unilever's Laboratories for the identification

and assay of components of NSD Products.

-<>-

Available ONLY from
The Editor, "The Analyst," 14 Belgrave Square, London, S.W.I

(Not through Trade Agents)

Price ISs. or U.S. $2.00 Post free

A remittance made out to "Society for Analytical Chemistry" should accompany every order.
Members of the Society may purchase copies at the special price of 5s., post free.



NEW UNICAM SP90
ATOMle ABSORPTION
spectrophotometer

ACCURATE· STRAIGHTFORWARD· COMPACT
A precision instrument of modest price bringing analysis by atomic absorption
within reach of every laboratory, the Unicam SP90 has the high performance pre
viously associated only with more complex and expensive systems.

for the new user Self-contained compact instrument
Simple controls clearly marked
Prefocussed lamps in plug-in holders

for the specialist Quick change burner heads for different fuels
Burner height continuously variable
Adjustable slit for optimum signal to noise ratio

for fast routine analysis Recorder outlet
Preheating lamp turret accessory
Autosampling accessory for 32 samples

UNICAM Precision Spectrophotometers
Unicam Instruments Limited -Cambridge- England -Telephone: Cambridge61631 -Telegrams: Unicam Cambridge- Telex:81215



AEI SCIEMDFIC APPARATUS
BULLETIN NO. 4

IMPROVED ACCURACY IN THE
ANALYSIS OF SOLIDS BY SPARK
SOURCE MASS SPECTROMETRY

Since the possibility of using spark source .ionization for the analysis of solids
was first recognised ten years ago, the design of the double focusing mass
spectrometer using Mattauch geometry has been considerably improved. And
today one instrument-namely the AEI MS7-is capable of detecting im
purities at levels as low as I part in 109

• As a result the MS7-which, incident
ally, was the first commercially available double focusing instrument to be
built expressly for the analysis of solids-has found wide applications
particularly where overall coverage of all elements and comparison analysis
without standards are valuable.
Now the MS7 technique has been further improved by the careful control of
certain parameters, and very good reproducability and accuracy can be
guaranteed. This bulletin reviews the parameters affecting analytical accuracy
and outlines the methods of control developed by AE£ engineers.

TABLE 1

RELATIVE SENSITIVITIES AND
REPRODUCIBILITY OF R.F. SPARK
SOURCE ANALYSIS OF COPPER:

JOHNSON MATIHEY CA2
30kV r.t.: 19.5kV accel. volts; pulse length and
repetition rate varied in the analytical plates.

I I I ISt"""~"'i'li,"
Impurity Concentration p.p.m wt Relatlve 18 separalel15 repeal

given fIIS1 sensltiYity Inllyses e*posurts

Bi 130 110 0.85 31 13

Pb 100 140 1.4 30 11

Sb 120 130 1.1 32 18

Sn 120 160 1.3 25 9.2

Ag 150 210 1.4 23 21

G. 80 250 3.1 27 13

Cr 60 110 I 1.8 20 21

Homogeneity of
standards and samples
Care has to be taken to use homo
geneous standards or alternatively to
increase the rate of consumption of
sample above the ·usual 5 to 10 milli
grams.
As it happens, however. the possibility
of inadvertently using an inhomogene
ous sample has been materially reduced
by the introduction of more reliable
methods of sample preparation.

reported in tables I and 2.
In copper and steel relative sensitivities
are very similar for chromium (I·g and
1'4) and for tin (1'3 and 1,1). Only for
some low BP elements is there a
marked dependence on the matrix. e.g.
(1'4 and 2,6) for lead.
NOTE:

Relative Sensitivity uncorr:cted M~7 value
~ nown va ue

, /

/ /

, / /

, "§
DENSITOMET,4D/

1 / /JUST O[TECTABlE"

~ / f'\'~ pm
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/
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.~ ., ., ., .10 K'I 10 to 10 lO to 10 10
Vlrililion 01 ion current ....ith atomit I,.ction; ~Id in mlnium.
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vation techniques. The "just detect
able" line is an individual assessment
for ion intensity and the "densito
metric" line indicates that a micro
densitometer was used to scan the
spectral lines; the two graphs have
been displaced for the sake of clarity.
Matrix effects are generally very small.
as is illustrated by the relative sensi
tivit;es for copper and steel standards

It has 'been shown that the sensitivity
of the majority of elements differs from
some standard such as iron by no more
than a factor of 3. In other words, most
relative sensitivity factors lie between
0.3 and 3. In the case of the MS7, the
determination of relative sensitivity
factors' is considerably simplified by
the fact that the response of the instru
ment is linear over a very large range
of concentration. Indeed. Hannay &
Ahearn 1 established linearity over the
range 10' to I using doped silicon
samples. More recently. W. A. Wolsten
holme (AEI Consultant Lab.) has
reported on the investigation of gold
doped titanium 'samples covering a con
centration range from 0.5% to .02 ppm
by weight; a range of more than 10'
to I.
These samples were chosen because of
their suitability for neutron activation
and wet chemical analysis. Figure I
shows the relative ion intensity of gold
plotted against the concentration de
termined by chemical or neutron acti
FOOTNOTE:

1 Hannay and Ahtarn (/9.54) Anal. Chem 26
19.56.



Reproducibility
The most important improvements in
fProducibility have been achieved by
careful control of certain instrumental
parameters. As a result of recent in
~tigations' it is now clear that the
nost important factor is one that is
:omparatively simple to control; name
y, the ion accelerating voltage. When
his is always set to the same value, and
lther source conditions are kept as
:onstant as possible, reproducible ana
ytical results are obtained. The princi
ral reason is the improved constancy
If the relative sensitivity factors for
lifferent elements. Table 2 shows how
lose agreement with known values is
ibtained when such relative sensitivity
actors are measured and used to cor-

t observed concentrations.

'.nations in Photoplate
be standard deviations on identical
xposures on a photoplate using a
omogeneous aluminium standard in
icate that the best standard deviation
blained for the different elements is
bout 10"/0. The standard deviation on
;etope .ratios, i.e. where the relative

QOTNOTE:
Halliday, SWIft and ~J'olsunholm~.. Quonlita·

I't' Analysis by Spark Source Mass Spt'ctro
t'lry, International Mass Spectrometry
fm[uence, Paris 1964.

TABLE 2

ACCURACY OF ANALYSIS AFTER
:ALlBRATlON: BUREAU OF ANALYSED

STANDARDS LTD. MILD STEEL
USIDUAL SERIES SPECTROGRAPHIC

STANDARD SS14
Pulse length 100 microsecs: 300 pulses/sec. :

30kV d.; 19.5kV accel. volts.
Concentration % wi

lpurity MS1, averlge of MS1, corrected Given Spectra-
elgM analystS using 5512 gfaphlc value

Cr 0.26 0.18 0.185

Co 0.19 0.18 0.19

NI 0.10 0.13 0.13
Cu 0.047 0.029 0.04
Zr 0.017 0.007 (0.005)

b 0.072 0.025 (0.05)

Mo 0.053 0.060 0.07

Sn 0.019 0.017 0.Q2

Pb 0.Q18 0.007 (0.0075)
) not certified-approximate

sensitivity factor is not involved and
where a limited area of plate is used,
show better figures of 3 to 4%. This
indicates the likely variation due to the
plate itself, and represents a limit that
would remain even if a calibration
spectrum of a standard was placed on
the same photoplate as the sample to
be analysed.

Reproducibility of Analyses
When different photoplates are used in
separate analyses the standard devia
tion increases.
ln repeat analyses different photoplates
will be used and also source conditions
may vary slightly. To cover the full
range of exposures (10' to I) it is some
times necessary to vary the pulse length
and repetition rate of the spark which
might also contribute to the variations.
An internal standard, although not
essential, eliminates the need for such
a wide range of exposures.
When the spark pulse-length and repe
tition rates for the analysis of a copper
standard shown in Table I were held
constant throughout the series of suc
cessiv~ analyses of one of the standards,
the minimum standard deviation did in
fact decrease towards the minimum
value previously obtained for repeat
exposures (about 10"10).

Accuracy of Analysis
The accuracy which can be attained
with the MS7 when all parameters are
properly controlled is perfectly exem
plified by the data set forth in Table 2.
1n this case, of course, a standard of
reasonable homogeneity has been used
to establish relative sensitivity factors
for the impurities in the given matrix.
It will be noted that only one standard
is used, and that the levels of concen
tration in the standard do not corres
pond too closely to those in the un
known. A steel matrix has been taken
as an example because studies of source
conditions indicated that it seemed the
most likely (compared with the alu
minium and copper standards) to give
poor results should the source con
ditions change. It is clear, however, that
the results once corrected for relative
sensitivity factors are in excellent agree
ment with those given by chemical
analysis.

Further information on the MS7
can be obtained from Associated
Electrical Industries Ltd., Scientific
Apparatus Department, Barton
Dock Road, Urmston, Manchester
or your nearest AEI office.

AEJ:
'ELECTRONICS
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we're engaged •.•
. / "

I've come ,0 ove my Oertllng R.20. It's so
competent and reliable-so efficient and.
helpful. It seems to know exactly what I want

'and produces the right answers almost
before I need them. Honestly, I couldn;t .
ask for a more dependable partner in the

, laboratory. '., < ;

ERTLING; You should meet the Oertling R.20-You'll be
amazed' by its intelligen.ce I:Phorie or write,
today for a free demotlstration in your,

"" '.. ~ > i , /~~ ~~#~~
own laboratory.' "'-- ,,'c'"

PREW~IGHING ANAL~TiCAL~,~ALA~CES.
L.OERTLINGLIl\lITED.CrayValleyWorks.St.Mar~·CrRy.Orplngton.Kent.

\, ., Tel:<?rplngt<im25771 .
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PROTHROMBIN
METER

EMPLOYING A NEW PRINCIPLE

* Photo-electric measurement eliminates the errors of visual assessment.

* Prothrombin times are given directly.

* No special skill required in operation.

* Ensures standardisation of results.

* Permits the use of both Quick's and Owren's techniques.

* Expendable test tubes eliminate cleaning.

* Facilities for duplicate testing afford great saving in time.

* Temperature control ensures that all tests are carried out at approximately 37°C.

* Built-in transformer provides stabilised power supply at 230 volts 50 cycles, AC Mains.

Apply for futl details and/or free demonstration:

EVANS ELECTROSELENIUM LTD
SALES DIVISION 12, HALSTEAD, ESSEX

SALES AND SERVICING AGENTS THROUGHOUT THE WORLD
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o Used in nitrogen estimation, as a carrier
medium in gas chromatography and a
growing number of applications which
favour the high purity and relatively low
cost ofD.C.L. analytical grade
carbon dioxide. Supplied in syphon and
non-syphon cylinders only.
The D.C.L. Technical Servicb will be
glad to assist in evaluating potential
new applications.

THE DISTILLERS COMPANY LIMITED • CHEMICALS AND PLASTICS GROUP • CARBON DIOXIDE DIVISION
Cedar House. 39 London Road. Reigate, Surrey (Reigate 47611).
,c:ales Offices:
;;;OUTHERN AREA: Broadway House. 'l'he Broadway. Wimbledon. SW19 (LIBerty 4661).
NORTHERN AREA: Cheshire House. 18-20 Booth Street. Manchester, 2 (Central 5151)

TAl 970
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Quantitative Gas - Liquid Chromatographic Analysis

with Detectors having a Non-linear Response
By B. DUDLEY SULLY AND P. L. WILLIAMS

(A. Boake, Roberts &> Co. Ltd., Carpenters Road, Stratford, London, E.15)

It is shown that if, in the gas - liquid chromatographic analysis of a
mixture of two compounds, the ratio of the heights or areas of the two peaks
is found to be constant regardless of the size of the sample injected, this
cannot be taken as evidence that the response of the detector is linear with
respect to vapour concentration, as is sometimes assumed. Such a result will
be obtained, in general, if the detector response is proportional to a power
of the vapour concentration, the value of the exponent being the sam(j for both
compounds; this situation can arise with the argon ionisation detector over
appreciable concentration ranges at suitable voltages. A method is described
for carrying out quantitative analyses in these circumstances, and is illustrated
by results obtained by using mixtures of geraniol and nero!.

THE argon ionisation detector, introduced in 1958 by Lovelock,! has found wide acceptance
owing largely to its excellent stability and insensitivity to external influences; in,. these
respects it compares favourably with most other gas - liquid chromatographic deteetors at
present in use. Unfortunately, it has proved to be of only limited value in quantitative
work because its response to a varying vapour concentration is markedly non-linear, except
over a very limited range of. operating conditions. The theoretical reasons for. this were
discussed in Lovelock's original paper cited above; the practical effects are well demonstrated
in a recent paper by Fowlis, Maggs and Scott,2 who studied the response characteristics of
the detector over a wide range of conditions anp. found that the response was linear only
over a small concentration range at one particular'voltage, the value of which varied from
one substance to another. .

In general, therefore, the argon ionisation detector can be used for accurate quantitative
work only if the instrument is first calibrated over the working range by using known vapour
concentrations or mixtures of known composition. In this paper we describe a mptPod of
calibration that has been found conveniently applicable to the analysis of mixtures,;of ·com
ponents that give similar, though non-linear, response characteristics in the argon ionis~tion

detector.

THEORY
This method depends on the assumption that the response of the detector is proportional

to a power of the concentration of vapour in it, thus-
D = aX<b (1)

where D is the detector response (that is, the signal in millivolts indicated by. the recorder),
X is the vapour concentration, and a and 4> are constants. The constant1 4>, was termed the
"response index" by Fowlis and Scott,3 who described a method for determining its value,
together with other detector char<tc,teristics, by using a vapour dilution apparatus. If the
detector response is linear, 4> will "in general be sensibly constant only over limited ranges
of vapour concentration. . -0 "

The way in which 4> varies with vapour concentration and'''Yitp'.the applied voltage
may be seen from the results of Fowlis, Maggs and Scott.2 In their paper, examples are
shown of the graphs obtained by plotting the logarithm of the detector response against the
logarithm of the vapour concentration for a number of compounds at several voltages, when

643
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flame ionisation and argon ionisation detectors are used. The slope of such a graph is equal
to c/J. With the argon ionisation detector, the graphs were curves whose slope varied appre
ciably over the range of concentrations studied; but this range was a very wide one (up to
four powers of ten). Over a more restricted range of, say, one power of ten, which is of more
interest for practical purposes, it would usually be possible to select a voltage such that the
slope of the curve could be regarded as constant.

The method of calibration also requires that c/J should be the same for all those components
of the mixture being analysed whose relative concentrations it is desired to determine. This
means that there may be difficulty in finding suitable operating conditions for the analysis
of mixtures of compounds having very different ionisation characteristics, as, for example,
mixtures of hydrocarbons with halogenated hydrocarbons.

When these two requirements (c/J constant and the same for all components) are fulfilled,
the system has special properties that tend to conceal any non-linearity of the detector
response. In discussing this it will be assumed that the form of the elution curve is Gaussian;
that is, the concentration of vapour in the detector, X, varies with time according to an
equation of the form-

a [(t - to)2]
X = yl27T expo - ~ ..

where t = time, to = the time corresponding to the maximum vapour concentration, and
a and b are constants. In practice, the elution curve never has precisely this ideal form,
because, apart from any lack of symmetry due to imperfect equilibrium conditions in the
column, there is also asymmetry that arises from the fact that the width of the elution peak
increases continuously, even while the peak is emerging from the column. However, under
suitable conditions the curve is a reasonably close approximation to the Gaussian.

From equation (2) it follows that the maximum vapour concentration, when t = to.
is given by-

and by integration the total amount of vapour, C, is equal to

+00

C = fXdt = ab

-00

(3)

(4)

The constants a and b are related, respectively, to the height and breadth of the peak.
The value of b depends on the column efficiency and on the retention-volume of the compound,
but is independent of the size of the sample injected; the value of a is proportional to the
latter amount.

If the detector response conforms to an equation of the form of equation (1), the variation
in response, D, with time will be given by-

D = a ( a ) expo [_ c/J (t - to)2] (5)
yl27T 2b2

This is still the equation of a Gaussian curve, no matter what the value of c/J; thus there
is no possibility that non-linearity of this form could be detected by an inspection of the
the shape of the peak.

From equation (5), the peak height, H, is given by-

H=D =a( a)4> (6)max. V21T
and the peak area, A, by-

(7)
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Suppose, now, that a sample of a mixture of two compounds is placed on the column,
and that the respective amounts of the two compounds in the sample are c' and c". Let
the corresponding values of the parameters in equations (6) and (7) be, respectively, H', A',
a', a', b' and H", A", a", a", b". It is postulated that ¢ is the same for both components.
Then-

and

H' =~(a')<J,
H" ,,---;;-a a

A' a' b' (a')<J,
A" = a"b" a"

(8)

(9)

From equation (4), c' = a'b' and c" = a"b". Therefore a'ja" = c'b"jc"b', and by substituting
in equations (8) and (9),

and-

H' = ~ (b")<J, (~)<J,
H" a" b' c"

~ = ~(b")<J,-l(~)<J,
A" a" b' c"

(10)

(Il)

Therefore, if it is assumed that b', b" are independent of the sample size, it follows that
the ratios H'jH" and A'jA" are functions only of the ratio c'jc", and do not vary with the
absolute values of c' and c" provided that c' jc" remains constant. In other words, if a series
of samples of different sizes was placed on the column, the ratios of the heights or areas of
the two peaks would be constant. Thus, invariability of such ratios with varying sample
size cannot, as is sometimes assumed, be taken as a criterion of linearity of detector response.
It can, however, be taken as evidence that the non-linearity is of the form assumed here,
and therefore that the method of calibration described below is valid.

CALIBRATION PROCEDURE

and-

Equations (10) and (Il) may be put into the form-

(H' ) (a' ) (b") (C' )log H" = log a" + ¢ log 'iT + ¢ log C-

log (~:,) = log (:~) + (¢ - 1) log (:~) + ¢ log (~" )

(12)

(13)

and the graph of either log (H'jH") or log (A'jA") against log (c'jc") will be a straight line
of slope ¢. This is the basis of the calibration method. .

It is first necessary to select the operating conditions so that when a suitable mixture,
containing the two components in such proportions that their peaks differ considerably in
height, is examined chromatographically, the ratio of the heights or areas of the peaks is
for practical purposes independent of the sample size. The primary requirement is then
fulfilled and ¢ will be effectively constant and the same for both components. Normally
the procedure will be to vary the detector voltage until a suitable value is found. If the
required conditions cannot be fulfilled at any detector voltage, the present method of calibra
tion is not applicable, and indeed it is unlikely that any convenient, accurate method of
calibration could be derived in these circumstances.

A calibration equation of a form analogous to equation (12) or (13) is then obtained
from measurements on a series of chromatograms of standard mixtures having accurately
known values of c' j c". The equation may be derived graphically or calculated by a least
squares method; it is advisable in any event to plot the graph in order to verify that the linear
relationship holds over the entire range of composition that is of interest. The equation
or the graph may then be used to determine the composition of unknown samples.

For mixtures containing more than two components, it is necessary to obtain a calibration
equation for each independent pair of components; that is, the number of equations required
is one less than the total number of components to be determined. Alternatively, if it is
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required to determine the content of only one component in a multi-component mixture,
it may be more convenient to add a known proportion of another compound as a marker
and to obtain the calibration equation of that component against the marker. Other variations
of well known techniques may be used.

The theory of this method is based on assumptions concerning the peak shape and the
constancy of the response index, which are in practice likely to be only approximately justified.
However., the method has been found to work well in several instances; the example below
gives the results obtained with mixtures of geraniol and nerol, which are, respectively, the
trans- and cis- isomers of 3,7-dimethylocta-2,6-dien-l-01.

EXPERIMENTAL CONDITIONS-

The instrument used was a Pye Argon chromatograph with a strontium-90 detector,
operated under the following conditions-

.column dimensions-Internal diameter,' 4 mm; packed length, 4 feet.
Column packing-Ten per cent. polyoxyethylene glycol phthalate on 85- to 100-mesh

Embacel. The stationary phase was made by an alcoholysis reaction between Carbowax
WOO· and dibutyl phthalate, catalysed by- triethanolamine, with subsequent removal of low
molecular weight material in a molecular still.

Column temperature-120° C.
. Argon flow-rate-60 ml per minute. The argon was dried by molecular sieve.

5.ensitivity setting- X 10 (minimum) .
.,·S,ample injection-By Hamilton microlitre syringe. The sample sizes required ranged

down t() 0·01 fLI, which was too small for reliable injection by the syringe. The procedure
adopted was therefore to dilute the sample, usually in the ratio 1 to 5, with a non-volatile
silicone oil (Midland Silicones Fluid 702). The silicone fluid remained permanently on the
column, but. the performance of the latter was not significantly affected by it during the
period covered by the experiments.

Chart speed-15 inches per hour.
Under these conditions, nerol .and geraniol were well resolved on the chromatogram,

the respective emergence times being approximately 32 and 40 minutes (measured from the
point of injection to the apex of the peak). Although the absolute emergence times varied
appreciably from day to day owing to small changes in gas flow-rate, the ratio of the emergence
times for the two compounds remained constant; the average value for a random sample
of 20 chromatograms was 1·257 with a standard deviation of 0·003. This variation was
largely attributable to the error in measuring the charts. The constancy in the ratio of the
emergence times was evidence that there were no significant short-term variations in operating
conditions that could have influenced the relative peak heights. The relative widths of the
peaks, measured at half the height, also showed no significant variation.

Peak heights were measured with a steel scale graduated in hundredths of an inch.

RESULTS

Preliminary experiments at detector potentials of 1000 and 1250 volts showed that, at
the lower of these two potentials the ratio of the peak heights for nerol and geraniol depended
markedly on the sample size for a given mixture, indicating that the detector response was
decidedly non-linear. At 1250 volts the ratio was almost independent of sample size, and
this voltage was adopted for subsequent work. Five mixtures of accurately known com
position were examined chromatographically several times each, the sample size being varied.
The results are shown in Fig. 1, in which nerol peak height is plotted against geraniol peak
height. The graphs approximate closely to straight lines passing through the origin, although
the deviations from these lines are not entirely random, especially at the two extreme
compositions.

These almost linear plots do not, however, imply that the detector response .also was
almost linear; this is shown by the fact that the ratio of peak heights was not proportional
to the ratio of the weights of the two components in the mixtures. The actual values are
given in Table I.

* Polyoxyethylene glycol of mean molecular weight WOO, manufactured by the l'nion Carbide Corpora
tion.
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Fig. 1. Graphs of nerol versus geraniol peak height for
five mixtures.
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Nerol - geraniol
peak-height ratio

(mean value)

0·373
0·713
1·260
2·323
4·884

TABLE I
RATIO VALUES
Nerol - geraniol

weight ratio

0-336
0-607
0-996
1-694
3-317

Weight ratio
Height ratio

0·901
0·851
0·791
0·729
0·697

These results, according to the preceding theoretical reasoning, imply that the detector
response was approximately of the form described by equation (1), in which cP was not
equal to 1. This was confirmed by plotting the logarithm of the peak-height ratio agains:

0-5
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v
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log (h'fh")

Fig_ 2. Graph of logarithms of weight ratios plotted
against logarithms of peak-height ratios for nerol and geraniol.
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the logarithm of the weight ratio, when a closely linear plot was obtained (see Fig. 2). The
results were fitted by a regression line having the equation-

log (Z:,) = 0·1033 + 1·124 log C~)

in which H' and e' refer to nerol and H" and e" to geraniol. This equation is analogous to
equation (12), and the value of 4> is thus 1-124.

To provide an illustration of the use of this calibration method in quantitative analysis,
two further nerol- geraniol mixtures of accurately known composition (not coinciding with
any of the original five) were made up. Peak heights were measured on several chromato
grams of each, and the compositions were calculated from equation (14). The results are
given in Table II.

Mixture

2

TABLE II
RESULTS FOR MIXTURES OF ACCURATELY KNOWN COMPOSITION

c'
Nerol.

H' ?from c'
per cent. by Nerol.

Run True C" gas - liquid per cent.
number H" equation (14) chromatograph y (true)

{ 1 3·116 2·224 68·98
2 3·119 2·226 2·204 69·00 68·79
3 3·109 2·220 68·94

r 1 1·027 0·829 45·32

t 2 }'037 0·836 0·834 45·53 45·46
3 }'024 0·827 45,2"
4 1·024 0·827 45·25

For each mixture, the greatest deviation of the calculated value of e'le" from the true
value was about 1 per cent. of the latter. In the last two columns of Table II the results
are expressed in the more usual manner, as percentages of nerol; in this form, the discrepancy
between the calculated and true values did not exceed 0·21 per cent. The agreement was
within the limits of error associated with the instrumental and measuring techniques used.

ApPLICATION OF THE METHOD TO DETECTORS OTHER THAN THE ARGON
IONISATION TYPE

The method is obviously applicable to any detector system of which the response approxi
mates sufficiently closely to the required form. This may happen, for example, with the flame
ionisation detector, for which Fowlis, Maggs and Scott2 found that the response index was
constant over wide concentration ranges and that its value varied from 0·96 to 1,13, depending
on the substance chosen and on the gas flow-rates used. The method has in fact been applied
successfully to the analysis of mixture of isomeric ionones with a flame ionisation detector
which showed marked non-linearity (A. J. Montgomery, private communication).

REFERENCES
1. Lovelock. J. E .• J. Chromatography. 1958, 1. 35.
2. Fowlis, I. A.• Maggs. R J., and Scott. R. P. W .• Ibid .• 1964. 15. 471.
3. Fowlis. I. A.. and Scott. R. P. W .. Ibid .• 1963. 11. 1.
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The Identification and Determination of Chlorinated
Pesticides Residues

By J. H. HAMENCE, P. S. HALL AND D. J. CAVERLY

(Dr. Bernard Dyer &> Partners, Peek House, 20 Eastcheap, London, E.C.3)

Gas - liquid chromatography provides a method of extreme sensitivity
for the detection and determination of organochlorine pesticides residues.
A single retention-time cannot, however, be regarded as a reliable identi
fication of an unknown compound. A "clean-up" procedure is described
by which interference is virtually eliminated, and a technique is proposed
in which the change in retention-time after simple chemical reactions
provides confirmation of the identity of a pesticide. o.

GAS - LIQUID chromatography is now well established for the determination of residues of
organochlorine pesticides. The usual procedure involves solvent extraction of the pesticides,
followed by a choice of "clean-up" procedures and, finally, detection and determination of
the pesticides by gas - liquid chromatography with an electron-capture detector.

In the course of the examination of large numbers of wild-life specimens, a "clean-up"
procedure has been developed that virtually removes all interfering matter, and a new
technique has been devised to confirm the identity of the compounds giving a response in
the electron-capture detector.

In the work described by Goodwin, Goulden and Reynolds l a simple extraction and
"clean-up" procedure was used, involving a preliminary acetone extraction followed by
partition into hexane. This; procedure has been successfully. applied to animal tissue by
Taylor.2 '

Subsequently it has been found that, although results can rapidly be obtained with a
minimum of initial clean-up, too much extraneous matter can cause interference and curtail
column-life, as much as possible should therefore be removed. '

Recently de Faubert Maunder et al.3 have proposed a more elaborate procedure involving
a hexane - dimethylformamide partition. It has been found in this laboratory, however,
that a procedure based on the hexane - acetonitrile partition pf Jones and Riddick4 yields
a cleaner extract substantially free from interfering matter, and resulting, incidentally, in
a much prolonged column life. i

It has also been recognised that, in the interpretation of the chromatogram, a single
retention-time by itself is frequently not an adequate identification of a pesticide residue
and it is common practice to use paper and thin-layer chromatography to confirm the
identity of pesticides detected by gas chromatography. These techniques are less sensitive
than gas chromatography.

Goulden, Goodwin and Davies5 have described a multi-column gas chromatograph
providing a "spectrochromatogram" characteristic of each substance. This, however, requires
a major modification to the gas chromatograph. I

A simpler and more rapid procedure is now proposed in which the unknown substance
is converted by a simple chemical reaction into a derivative. The change in retention-time
after conversion, together with the original retention-time, provides evidence as to its
identity. By this means, substance~ that are normally unresolved by ordinary gas chromato
graphy can be separated and identified. Only one gas chromatograph is required since the
whole procedure is carried out on the same column.

EXPERIMENTAL
GAS CHROMATOGRAPHY-

The procedure and conditions described by Goodwin et al. l were satisfactory and were
used throughout.

CLEAN-UP-

The clean-up procedure proposed by Goodwin et al.1 and subsequently Taylor2 leaves a
substantial part of the lipid fraction in the final extract. In order to prolong column life it is
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desirable that as much extraneous matter as possible should be removed. Also, a high lipid
concentration may exert a masking effect on the response of the electron-capture detector.

De Faubert Maunder's procedure3 aims at providing a cleaner extract and introduces
a hexane - dimethylformamide partition, designed to remove most of the lipids, followed
by chromatography.

We have found acetone efficient in the initial extraction of animal viscera and convenient
in subsequent operations. The hexane - acetonitrile partition described by Jones and
Riddick4 is also a more efficient means of removing unwanted lipids. The cost of the aceto
nitrile used is small in relation to the cost of the whole analysis.

Two further stages have been introduced-
A wash with weak aqueous alkali-This removes residual fatty acids and other

acidic constituents. It was thought that this procedure might be criticised as being
liable to lead to loss of DDT, but experiment shows that, if a light petroleum solution
of DDT is shaken vigorously for 5 minutes with aqueous alkali under the conditions
described, no detectable amount of DDE is formed and no loss of DDT is observed.

A final chromatographic clean-up using a very short weak alumina column-The
efficiency of this clean-up procedure is sufficient to provide a base-line response on the gas
chromatograph from 10 g of animal viscera, containing no pesticides, concentrated to
a final volume of only 1 ml.

(a)

2 I

,'----' ""
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(b)
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Fig. 1. (a) Gas chromatogram of a
mixture of dieldrin and DDE. (b) The same
mixture after reaction with hydrobromic acid
reagent at 20° C.

Peak 1. solvent; peak 2. dieldrin and
DDE mixture; peak 3, unchanged DDE;
peak 4, dieldrin derivative
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CONFIRMATORY REACTIONS-
Several reactions have been investigated and three have been selected as being adequate

for most purposes.

Reactions with hydrobromic acid-O'Donnell, Johnson and Weiss6 have shown that, on
treatment with a hydrobromic acid - acetic anhydride mixture, the epoxide ring of dieldrin
is opened. Our investigations showed that the products of the reaction gave a double peak
on the gas chromatogram with a longer retention-time than the parent substance. Since
mixtures of dieldrin and DDE are not resolved by the procedure for gas chromatography
described by Goodwin et al.,! this reaction provides a solution to this problem. Unfortunately,
under the conditions described by O'Donnell et al.,6 some DDE appears to be lost, although no
derivative is detected.

However, if the reaction is carried out at room temperature instead of at 1200 C, as
described by O'Donnell et. al., dieldrin forms a single derivative, still clearly separated from
DDE, and the latter is recovered unchanged without significant loss.

Chromatograms of a dieldrin and DDE mixture before and after treatment with hydro
bromic acid reagent are shown in Fig. l.

Of the common chlorinated pesticides, only dieldrin and the isomeric endrin react under
these conditions. If the reaction is carried out at 1200 C, however, all the cyclodiene pesticides
react.
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Fig. 2. (a) Gas chromato
gram of pp'-DDT. (b) Gas
chromatogram of pp'-DDT after
reaction with alcoholic potassium
hydroxide.

Peak I, solvent; peak 2,
pp'-DDT; peak 3, DDE

Fig. 3. (a) Gas chromato
gram of a mixture of aldrin and a
natural impurity having the same
retention time. (b) The same
mixture after reaction with
chlorine.

Peak I, solvent; peak 2,
mixture of aldrin and natural
impurity; peak 3,natural impur
ity unchanged; peak 4, aldrin
derivative
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Reaction with alcoholic potassium hydroxide-The reactions of DDT and BHC with cold
alcoholic potassium hydroxide are standard methods of assay. DDT yields DDE which has
a shorter retention time on the gas chromatogram. Chromatograms of DDT before and after
treatment with alcoholic potassium hydroxide are shown in Fig. 2. TDE (Rothane) undergoes
an analogous reaction. BHC yields products indistinguishable from the solvent peak on
the gas chromatogram.

Reaction with chlorine-Of the commoner chlorinated insecticides, only aldrin yields a
derivative with chlorine. The chlorine adds to the C(6) double bond in aldrin, yielding
a product with a much longer retention-time.

The natural impurity observed by Goodwin et al. l to have a similar retention-time to
aldrin does not react, and aldrin may be separated from it by this means. This is illustrated
in Fig. 3.

METHOD
ApPARATUS-

Separating funnels, I-litre, 250-ml and 100-ml capacity.
Hartley funnel, 7 cm in diameter.
Chromatographic column, 6 mm in diameter X 20 cm.
Test-tubes, 6-inch X ~-inch, glass-stoppered.
Oil-bath, controlled at 1200 C.
Gas chromatograph with electron-capture detector.

REAGENTS
Acetone.
Light petroleum (boiling range 40 to 600 C).
Acetonitrile saturated with light petroleum (boiling range 40 to 60° C).
Sodium sulphate, anhydrous.
Sodium sulphate-Saturated solution.
Sodium hydroxide, 0·5 N.

Alkaline sodium sulphate solution-Mix equal volumes of saturated sodium sulphate
solution and 0·5 N sodium hydroxide solution.

Activated alumina-B.D.H. alumina for chromatography, de-activated by addition of
water to give an activity equivalent to Brockmann grade V.7

Hydrobromic acid reagent-To 10 ml of 48 per cent. hydrobromic acid in a glass-stoppered
flask cooled in ice, carefully add 20 ml of acetic anhydride. Stopper the flask, mix and allow
to stand for 30 minutes.

Alcoholic potassium hydroxide, 0·5 N.

Chlorine reagent-Suspend 0·25 g of bleaching powder in 10 ml of water in a 50-ml
separating funnel. Add 10 ml of chloroform and 0·5 ml of concentrated hydrochloric acid.
Shake thoroughly and allow the layers to separate. Run the chloroform layer through
0·5 g of anhydrous sodium sulphate into a small stoppered flask. This reagent should be freshly
prepared before use.

Hexane-Low in aromatics.

PROCEDURE-
Transfer about 5 to 10 g of flesh or viscera to a homogeniser. Add 100 ml of acetone

and macerate for 5 minutes. Filter through the Hartley funnel, return the residue to the
homogeniser and macerate again with 50 ml of acetone. Filter through the same filter paper
and transfer the combined filtrates to a I-litre separating funnel.

Dilute the contents of the separating funnel to 600 ml with water and add 40 ml of
saturated sodium sulphate solution.

Extract the aqueous acetone solution successively with 100-ml and 50-ml portions of
light petroleum. Pass the light petroleum extract through a small filter containing 15 g of
anhydrous sodium sulphate. Wash the filter and sodium sulphate with a few millilitres
of light petroleum, collecting the light petroleum in a 250-ml flask. Discard the aqueous
acetone.

Transfer the flask containing light petroleum to a water bath and gently evaporate to
a volume of about 20 ml. Remove the flask from the water bath and continue the evaporation
with the aid of a stream of dry air until the volume is reduced to about 5 ml.
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Transfer to a dry 100-ml separating funnel with the aid of sufficient light petroleum
to give a total volume of 20 ml. Extract the light petroleum solution with 10, 10 and 5-ml
portions of acetonitrile. Separate each portion in turn and wash it with the same 15 ml of
light petroleum in a second separating funnel.

Combine the acetonitrile fractions and transfer them to a 250-ml separating funnel
containing 90 ml of water, 10 ml of saturated sodium sulphate solution and 20 ml of light
petroleum. Shake vigorously and allow the layers to separate completely. Separate the
light petroleum phase and repeat the extraction of the aqueous phase with a further 15 ml
of light petroleum. Reject the aqueous phase. Wash the light petroleum fractions by gently
agitating each in turn with the same 5 ml of alkaline sodium sulphate solution and then
with 5 ml of water.

Filter the light petroleum fractions in turn through 3 g of anhydrous sodium sulphate
and evaporate the combined fractions to a volume of about 1 ml by the procedure previously
described.

Prepare a slurry of 2·0 g of Brockmann grade V activated alumina in light petroleum
and transfer it to the chromatographic tube. Allow the light petroleum level to sink just
to the surface of the alumina and transfer the light petroleum extract to the column, rinsing
the flask with 1 to 2 ml of light petroleum. Wash the column with light petroleum, collecting
the first 15 ml of eluate.

Evaporate the eluate just to dryness with the aid of a stream of dry air, dissolve the
residue in exactly 1 ml of hexane and use this solution for gas chromatography.

Gas chromatography-
Inject a 5-11-1 aliquot of the hexane solution of the extract, diluted if necessary, through

the inlet port of the gas chromatograph.
Make a preliminary identification of the pesticides present by comparing the retention

times with those of standard solutions of pesticides.
By reference to Table I select one or more of the following reactions to provide con

firmatory evidence of identity. Compare retention times before and after reaction with
those of standard solutions similarly treated. Assess the proportion of pesticide present
by comparing peak areas with standards at similar concentrations.

Reaction I-Transfer a suitable aliquot of the hexane extract to a 6-inch X i-inch glass
stoppered test-tube. Gently evaporate just to dryness with the aid of a stream of dry air.
Add 0·5 ml of hydrobromic acid reagent and set the mixture aside at room temperature for
30 minutes. Add 5 ml of water and 1 ml of saturated sodium sulphate solution and shake
cautiously. Add 1 ml of hexane ~md shake vigorou::;ly. Remove the aqueous layer by
syphoning. The organic layer may be used without further treatment for gas chromato
graphy.

Reaction 2-Treat an aliquot in the same manner as in Reaction 1, but, after adding the
hydrobromic acid reagent heat the test-tube in an oil-bath at 1200 C for 30 minutes.

Reaction 3-Transfer an aliquot of the hexane extract to a stoppered test-tube and
evaporate just to dryness as before. Add 0·5 ml of 0·5 N alcoholic potassium hydroxide
solution to the residue, and set aside at room temperature for 5 minutes. Add 5 ml of water,
1 ml of saturated sodium sulphate solution and 1 ml of hexane, and shake the test-tube
vigorously. Remove the aqueous layer by syphoning. Examine the organic layer by gas
chromatography.. .

Reaction 4-Evaporate an aliquot of the hexane extract to dryness as before. Dissolve
the residue in 0·5 ml of chloroform and add 0·1 ml of chlorine reagent. Set aside for 5 minutes
at room temperature. Gently evaporate the chloroform, dissolve the residue in 1 ml of
hexane and examine this solution by gas chromatography.

DISCUSSION OF THE METHOD

Retention times, relative to aldrin, of some of the more common pesticides before and
after treatment bv reactions described above are shown in Table 1. It will be seen that hot
hydrobromic acid - acetic anhydride reacts with all cyclodiene compounds, but not with
BHC or with DDT and its allied compounds. Aldrin, dieldrin and endrin appear to form
two derivatives, each showing a double peak on the chromatogram. Reaction at room
temperature provides only one product with dieldrin and endrin, having a retention time
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corresponding to the second of the two peaks provided by the hot reaction. Alcoholic
potassium hydroxide, on the other hand, reacts with BRC, DDT and TDE, but not with
DD~ or the cyclodienes. Chlorine gives a derivative with aldrin only.

The proposed clean-up procedure yields an extract giving a base-line response on the
gas chromatograph and this extract does not contain any artifacts that give detectable
derivatives after treatment by the reactions described. The gas chromatogram of an extract,
produced according to the method described from the viscera of an oystercatcher, is shown in
Fig. 4(a). The specimen contained 16·7 p.p.m. of TDE, 10·2 p.p.m. of DDE, 9·7 p.p.m. of
dieldin and a trace of BRe. The separation of the DDE and dieldrin in this extract by
reaction with hydrobromic acid reagent is illustrated in Fig. 4(b).
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Fig. 4. (a) Gas chromatogram of 'an
extract from the viscera of an oystercatcher.
(b) The same extract after treatment with
hydrobromic acid reagent at 20°C.

Peak I, solvent; peak 2, BHC; peak 3,
dieldrin and DDE mixture; peak 4, TDE;
peak 5, unchanged DDE; peak 6, dieldrin
derivative

It will be seen that the proposed procedure not only confirms the identification of a
pesticide by gas chromatography, but also provides a simple method for the separation of
compounds having similar retention times.

This technique clearly has wider application. Other simple reactions can be devised
to deal with specific problems; for example, nitration has been used in the determination
of residues of trichlorobenzoic acid, and reduction for the determination of pentachloronitro
benzene.

Further work, which we hope to report later, indicates that the clean-up procedure
described may form the basis of a satisfactory general procedure for the determination of
organochlorine and organophosphorus pesticide residues. It is equally satisfactory for the
treatment of vegetable and foodstuff samples.
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The retention times of parathion and malathion before and after reaction are shown
in Table I. Malathion has a retention time similar to that of aldrin, but is easily distinguished
from the latter by its reactions with alcoholic potassium hydroxide and with chlorine.

TABLE I

RETENTION TIMES OF COMMON PESTICIDES BEFORE AND AFTER
REACTION REFERRED TO ALDRIN AS 1·0

Treated with
A

Hydrobromic acid-
acetic anhydride Alcoholic

A
\ potassium

Pesticide Untreated Hot Cold hydroxide Chlorine
Aldrin 1·0 3·2 1·0 1·0 2'5

4·9
Dieldrin 1·9 .7·6 7·6 1·9 1·9

6·1
Endrin 2·4 5·9 5'9 2·4 2·4

3·9
Heptachlor 0·8 1-1 0·8 0·8 0·8
Heptachlor epoxide 1·3 3·!l 1·3 1·3 1·3
BHC .. 0'5 0'5 0·5 O· 0·5
pp'-DDT 3·3 3·3 3·3 1·9 3·3
op'-DDT 2·6 2·6 2·6 1'5t 2·6
DDE .. 1·9 1·9 1·9 1·9 1·9
TDE .. 3·0 3·0 3·0 1·6 3·0
Parathion 1·25 O· 1·25 1·25 1·50
Malathion 1-15 O· 1·15 O· 1·15

• 0 indicates that the original compound is destroyed and the products are either not detected
or are indistinguishable from the solvent peak.

t The reaction is incomplete, a substantial proportion of op'-DDT remaining unchanged
under the conditions described.

RECOVERY EXPERIMENTS-
Recovery experiments have been carried out in which the various pesticides, in the

form of standard solutions in hexane, were added to animal viscera. The viscera were
then subjected to the whole of the extraction and clean-up procedure. The results are shown
in Table II. It will be noted that the recovery of aldrin is not entirely satisfactory. Aldrin
is, however, found only infrequently in animal remains, since it is converted fairly rapidly
into dieldrin.

The result of a recovery experiment with parathion is included in Table II. A gas
chromatograph was used in this experiment, but experiments show that the extract is highly
suitable for the chemical determination of phosphorus, giving control blanks comparable
with those of existing procedures.

TABLE II

RECOVERIES OF PESTICIDES ADDED TO ANIMAL VISCERA

Pesticide

BHC
BHC
pp'-DDT
pp'-DDE
pp'-TDE
Dieldrin
Dieldrin
Endrin ..
Aldrin ..
Heptachlor epoxide
Heptachlor epoxide
Parathion

Level of addition,
p.p.m.

0·1
0·5
5·0
5·0
1·0
0·1
0·5
0·5
0·5
0·1
0'5

10

Recovery,
%
90
90
75
75
82
83
85
83
40
75
90
85
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NOTE-

Our attention has been drawn to a paper by Beckman and Berkenkotter8 in which a
chemical reaction technique is used for the characterisation of organochlorine pesticides.
The reaction involves use of sodium in liquid ammonia as a reagent and results in complete
de-chlorination, so that the sensitivity of the electron-capture detector is not available.
These authors indicate that aliquots containing at least 10 p.g of pesticides are required for
gas chromatography. This would not, therefore, provide a satisfactory procedure for the
levels of pesticide in which we are currently interested.
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The Control of Particle Characteristics in Precipitation

and the Inter-relationship of Size-analysis Techniques
By R. M. MORRIS

(Department of Chemical Engineering, University of Natal, King George V Avenue, Durban, Natal)

Varying size ranges of calcium carbonate are produced by controlled
precipitation in a stirred batch reactor.

The application to calcium carbonate of various methods of determining
particle-size distributions and surface areas is considered, and inter-relation
ships between these methods are established.

A relationship is established between final particle-surface area and
power input to the slurry and an explanation is put forward in terms of
the effect of turbulence on nucleation and crystallisation in the precipitation.

A KNOWLEDGE of the particle-size distribution in a powder, slurry or aerosol is of vital interest
to the chemical engineer. In recent years, technology has progressed to such a point that
accurate quantitative information concerning the particle-size distribution is needed to
control the product characteristics to a sufficient degree. This poses the problem of predicting
the final particle characteristics from a knowledge of the system variables.

In addition to the complexity of the problem itself, examination of the particle-size
distribution of a powder is further handicapped by the complicated techniques and expensive
equipment involved. Several methods have widespread industrial use because of their
simplicity and speed. They are reviewed and compared in several articles.! to 6 In this
investigation, inter-relationships have been established between the more popular analytical
techniques with a view to eliminating the need for conducting the more laborious ones.

The effect of power input to the impeller, temperature of the slurry and gassing rate
on the final partide shape and size has been investigated and discussed.

EXPERIMENTAL
Calcium carbonate was precipitated from a slurry of calcium hydroxide by using a

simulated flue gas (10 per cent. carbon dioxide). The reaction was carried out in a lO-litre,
fully baffled tank, the slurry being aerated and agitated by means of a single-orifice gas
sparger and a six-vaned, fully shrouded impeller. The reactor was similar to that described
by Cooper, Fernstrom and Miller. 7

Temperature was controlled by means of cooling coils and a l-kW heating tape, and
the gas flow was metered by means of calibrated rotameters.

The temperature of the slurry, the agitation rate, the concentration of calcium hydroxide
and the gassing rate were chosen as potential variables of significance and a 24 factorial
design was conducted initially, giving a range of particle sizes (see Table I). By Yates'
method of analysis of variance,S the significant variables were obtained (see Table II).

TABLE I
DESIGN OF FACTORIAL EXPERIMENT

Speed of agitation, 1500 r.p.m.
Period of gassing-

A

Speed of agitation, 2500 r.p.m.
Period of gassing-

A

Concentration
Temperature of slurry, g of

of slurry, calcium hydroxide
°C per litre
25 60

100
35 60

100

1 hour
Run 1
Run 5
Run 9
Run 13

3 hours
Run 2
Run 6
Run 10
Run 14

1 hour
Run 3
Run 7
Run II
Run 15

3 hours
Run 4
RunS
Run 12
Run 16

The specific surface area, determined by a nitrogen-adsorption technique,8 was found
to be dependent upon agitation speed at the 95 per cent. confidence level. It would therefore
be expected that the effects of gassing rate and power input to the impeller would be con
founded if the level of turbulence was a significant factor. From examination of the electron
micrographs, one example of which is seen in Fig. 5, there appeared to be an ageing effect
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TABLE II

VALUES FOR SIGNIFICANT VARIABLES

Mean volume
Specific surface, Mean diameter, dm , in /-'. surface - diameter. d ve, in /-',

sq. metres per g, by- determined by- determined by-
A

(
A A

nitrogen sedi- optical
Run nitrogen permeametry adsorption permeametry mentation microscopy

number adsorption (mean value) (i) (ii) (iii) (iv)
1 24·23 5·23 0·09 0·42 1·40 1l·04
2 1l·65 2·36 0,]9 0·96 1·41 7·25
3 18·53 3·57 0·12 0·62 1·86 10·40
4 13·00 2·70 0·17 0·82 1·42 7·20
5 18·01 3·25 0·12 0·68 1·74 9·51
6 15·34 2·89 0·14 0·77 1·03 13·04
7 14·09 3·09 0·16 0·72 1·42 6·21
8 14·91 3·17 0·15 0·70 1·30 10·68
9 18·27 4·20 0·12 0·53 1·61 7·66

10 12·02 2·54 0·18 0·87 1·75 6·91
II 15·18 3·14 0·15 0·71 1·34 5·32
12 13·38 3·11 0·17 0·71 1·06 9·31
13 19·65 3·55 O·ll 0·62 1·67 12·47
14 10·05 2·34 0·22 0·95 0·80 9·30
15 20·02 4·30 O·ll 0·51 1·57 6·81
16 12·36 2·88 0·18 0·77 1·13 9·61

Ratios
Run (

..A ,
number (ii) to (i) (iii) to (iv) (iii) to (ii) (iii) to (i)

I 4·65 0'13 3·30 15·33
2 5·05 0·19 1·47 7·41
3 5·20 0·18 3·01 15·65
4 4·83 0·20 1·73 8·35
5 5·54 0·18 2·55 14·11
6 5·31 0·08 1·34 7·11
7 4·57 0·23 1·97 9·01
8 4·72 0·12 1·86 8·79
9 4·36 0·21 3·06 13·31

10 4·73 0·25 2·01 9·51
II 4·83 0·25 1·90 9·18
12 4·31 O·ll 1·50 6·44
13 5·32 0·13 2·67 14·73
14 4·30 0·09 0·85 3·64
15 4·63 0·23 3·06 14·17
16 4·30 0·12 1·47 6·32

TABLE III

Power input. p. to slurry.
watts per litre of slurry

80·92
81·30
83·18
50·06
56·36
58·04
31·96
32·58
30·24

3
2
I
3
2
1
3
2
I

Period of gassing,
hours

17
18
19
20
21
22
23
24
25

Run
number

DETERMINATION OF THE RELATIONSHIP BETWEEN PARTICLE SPECIFIC SURFACE
AND SYSTEM VARIABLES

The temperature of each run was 25° C and the initial concentration of
calcium hydroxide was 100 g per litre

Specific surface area,S, of
whiting. sq. metres per g

determined by permeametry
3·07
3·31
3·55
2·95
2·96
3·26
2·67
2·60
2·73
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of the crystal, and in the set of nine runs (see Table III) both gassing rate and speed of
agitation were varied in order to determine the relationship between particle specific surface
and system variables.

PARTICLE-SIZE ANALYSIS-
With minor exceptions, the methods of measuring the distributions of particle size

may be classified into two main types: the direct linear measurement by microscopic means
and the fluid dynamic measurements based on Stokes' law. A few other types, for example
the X-ray method, have been developed but are not in wide use at present. In addition,
there are several methods such as permeability and low-pressure gas adsorption that yield
a mean particle size for the entire powder from a pseudo specific surface instead of a single
distribution curve.

The methods used in this investigation include optical and electron-microscopic counting,
sedimentation, permeability and low-pressure nitrogen adsorption.

M icroscopy-The microscopic method consisted in dispersing the powder in de-agglom
erated form in alcohol, upon a slide or membrane, depending on whether an optical microscope
or electron microscope was used. Through magnification and microphotography, or com
parison with a calibrated Porton-pattern eye-piece graticule, about 700 particles per slide
were categorised.

In plotting the optical microscope counts on logarithmic-probability paper, curves
rather than straight lines were obtained. These were straightened statistically by a "Limit
Function" developed by Kottler.l°

x - x o ( ) ( )X = x co - x o 1
x co - x

where X "limit function" particle diameter,
x particle diameter,
x o smallest particle diameter,
x co = largest particle diameter.

It appears, therefore, that these particles come from a universe with logarithmically
distributed particle size. The small particles of calcium carbonate have a tendency to form
agglomerates, whereas the larger particles may settle out rapidly during preparation of the
suspension in making the slide. This, then, may account for the anomalous representation
of the particle-size distribution.

The volume - surface mean diameter ~nd3/~nd2was evaluated from the Hatch and Choate
equationll-

log dvs = log dg + 5·7565 log2 Ug (2)
where dvs mean volume - surface diameter,

dg geometric mean diameter,
Ug standard geometric deviation, i.e., dS4.13Xd50X.

This method is tedious and subject to serious sampling errors. In addition, the repro
ducibility that can be achieved in the de-agglomerated dispersion from slide to slide limits
the reproducibility with which the count can be performed.

Sedimentation-The proportion of calcium carbonate particles above 25 p. is usually
less than 5 per cent. when the particles are formed by precipitation from a liquid. Although
exact knowledge of this proportion of coarse particles is important for some uses, sieving
gives no useful information about the bulk of the powder; other methods for examining
the particles are necessary. The Andreasen method12 of test by sedimentation in water was
successfully applied for the determination over the range 1 to 25 p..

Since the agglomeration of particles is a handicap, several dispersing agents were tried.
Good results were obtained with Dispersol T, a non-foaming water solution of the sodium
salt of a formaldehyde - naphthalenesulphonic acid condensate (obtainable from Imperial
Chemical Industries Ltd.). A millilitre of 50 per cent. Dispersol T solution was ·added to
600 ml of the suspending liquid.

The optimum concentration of calcium carbonate was found to be with a dilution. of
0·2 per cent. by volume. This is in line with other investigations.l3
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The Hatch and Choate equationll was used to evaluate the volume - surface mean diameter
according to the equation-

log d vs = log d g - 1·1513 log2 Ug (3)
Equations (2) and (3) differ in that the equivalent logarithmic values, in terms of statistical

parameters of the distribution curves, are obtained by count and by weight, respectively.
Nitrogen adsorption-The method of determining the monolayer capacity of a powder

for adsorbed gas molecules according to Brunauer, Emmett and TellerS was adopted. Nitrogen
was absorbed on the surface of the carefully dried calcium carbonate sample at reduced
pressure. The pressure in the system was of the order of 10-4 or 10-5 mm; a mercury diffusion
pump was used to obtain this pressure. The experimental procedure was a volumetric one
and was carried out in a system of burettes. The disadvantages of this technique are
numerous, viz., laborious preparation of the sample, trouble in elimination of leaks in the
apparatus, involved analysis and evaluation of results.

The surface mean diameter, dm , was evaluated from the equation by CarmanI4-

dm = 6/50 (4)
where 50 = specific surface, in sq. cm per cu. cm and

dm = ~nd3/~nd2

This is not to be confusedI5 with the mean surface diameter, ds, given by-

d _J~nd2
s - ~n

Air permeability-The specific surface area was determined by using the Carman appar
atus.I4 It is generally accepted that the air-permeability method does not give reliable
results with powders of specific surface beyond 5000 sq. cm per g and the error increases
with the specific surface.I3 When air flows through a bed of fine particles, the dimensions
of the capillaries approach in value the mean free path of the gas molecules, and the type of
air flow through the bed changes from normal viscous flow to molecular streaming.

Carman and MalherbeI6 proposed an equation to allow for the slip correction due to the
latter type of flow and the results obtained seemed to indicate that their method gave better
results for specific surface. Calculations of the specific surface and surface mean diameter
were based on the method by Carman.I4 This method is satisfactory in that the procedure
is quick, the calculations are not involved and the error in not taking account of slip corrections
is sufficiently small to be neglected.

RESULTS
MICROSCOPY-

Examination of the electron micrographs reveals that the shapes of most of the smaller
whiting particles (up to 2 ft) approximate to cubes or needle-shaped crystals, but both the
electron photomicrographs and the optical microscope analysis show the larger particles to
be of irregular shapes, probably formed by clusters of smaller particles. These irregular
shaped particles will clearly have a larger specific surface than would simple cubes of equal
total volume.

Examination of the electron photomicrographs shows that in the final sample of each
run no particles below the limit of the magnification used in the optical microscope counting
( X 500) were evident. It would appear that, beyond a certain stage in the run, further
nucleation does not occur, but precipitation continues on the particles present. This is in
accordance with the change that was noted in the size distribution of the calcium carbonate
particles throughout the run. Small crystals may re-dissolve in a slightly supersaturated
solution, and consequently large crystals, being more stable will tend to grow at the expense
of the smaller ones. A nucleus under such conditions will only grow if it is sufficiently large
for the solution to be supersaturated with respect to it. In counting, therefore, consideration
was given only to the optical microscopy. .

Optical analysis of the particles above 2 ft reveals that the ratio

dmln./dmax

where dm1n. is the minimum and dmax. the maximum linear dimension of the particle, has



Fig. 1. Electron photomicrograph of aragonite cry
stals precipitated at 35° C in Run 15, indicating small
unclustered particles. Magnification, x 5000

Fig. 2. Electron photomicrograph of sample from
Run 13 showing residual calcium hydroxide particle and
clustered aragonite particles. l\Iagnification, X 5000

41 .

•

Fig.3.
from Run 7.

Electron photomicrograph of calcite crystals
Magnification, x 5000

eTo foce p. 660



Fig. 4. Electron photomicrograph of calcite particles
irom Run 5 showing predominantly larger particles than
in Fig. 3. Magnification, x 5000

Fig. 5. Electron photomicrograph of calcite particles
precipitated at 250 C at low gassing rates (Run 6) indicat
ing thorn-like growths on the crystals presumably due to
ageing. Magnification, X 5000

eTo (ace p. 661
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a mean value of 0·54 with a standard deviation of 0·03 and a 95 per cent. confidence limit of
0·54 ± 10 per cent. for particles precipitated at 25° C, and a mean value for this ratio of 0·47
with a standard deviation of 0·04 and 95 per cent. confidence limits of 0·47 ± 10 per cent.
for particles precipitated at 35° C. A hypothesis for taking a grand average for all values
at 35° C and 25° C is invalid at the 0·05 significance level. It appears, therefore, that tem
perature of precipitation has a significant effect on the final particle shape, but no noticeable
effect on the specific surface of the powder. Aragonite has been reported to precipitate as
low as 35° U 7 and 30° U8 (see Figs. 1 and 2), whereas calcite predominates at lower tempera
tures (see Figs. 3 and 4). This varying ratio, dm1n. to dmax., at the two temperatures may be
due to the transition from one crystal type to the other, and Meigen's reaction19 showed
a predominance of aragonite in the crystals precipitated at 35° C. The fact that there is no
noticeable dependence of specific surface on temperature, and therefore crystal type, is
readily explained by the high ratio of nitrogen adsorption specific surface to mean permeability
specific surface in both crystal types, implying a high interstitial crystal area.

SURFACE-AREA MEASUREMENTS-

The results show that in every instance the area found by adsorption was larger than
that found by air permeametry. An incorrect assumption in adsorption methods of the
area occupied by a single nitrogen molecule may be made; in the present instance it has
been assumed that the area is 17 X 10-16 sq. cm. However, Harkins and Jura20 suggest
16·2 X 10-16 or 13·8 X 10-16 sq. cm. If the latter value had been used, the measured areas
would have been 20 per cent. lower. A more feasible explanation for this difference is that
in the air-permeability method the bed of powder behaves as a bundle of capillaries. In
consequence, only the surface of the continuous paths through the bed will contribute to the
measured specific surface area. The difference in areas therefore will be a measure of the
area of the interstices. In the particles under study the "internal" surface area is of the order
of four to five times the "external" surface area. Carm~n21 emphasises the errors arising
out of the lack of uniformity in compacting the bed to give a low void fraction especially
with fine powders. The low mean deviation of ±3·4 per cent. in this investigation would
exclude this as a possibility.

INTER-RELATIONSHIPS BETWEEN PARTICLE-SIZE ANALYSIS TECHNIQUES-

The particle-size analysis methods used were optical microscope counting, sedimentation,
permeability and nitrogen adsorption. Variance analysis by Yates' method8 of the ratios
of the diameters obtained from these methods revealed that the first and the last two methods
bore relationships to one another that were independent of precipitation variables.

A mean value of 4·77, with 95 per cent. confidence limits of ±5·45 per cent., was obtained
for the ratio of the mean diameter, dm, obtained by permeametry to the mean diameter
obtained by the nitrogen-adsorption technique. For the ratio of the volume-surface mean
diameters obtained by sedimentation and optical microscopy, the mean value of 0·17 was
obtained with 95 per cent. confidence limits of ±17·6 per cent. The large degree of scatter
in the latter instance would reflect the probable limitations of relating optical sizing to sizing
by sedimentation due to the entirely random orientation of the particles on dispersing them
upon the slide in contrast to the selected direction in which particles orientate themselves
in sedimentation. A more realistic technique for preparing the slides would be to allow the
particles to settle through a height of dispersing liquid on to the slide, thus enabling them
to assume their orientation in free fall, which would eliminate the randomness in the technique
of preparing the slide. Constant ratios with lower mean deviations may then result, which
will suffice to eliminate the more tedious techniques and yet still furnish the required results
in characterising the particle.

The ratios (iii) to (ii) and (iii) to (i), see Table II, were significantly dependent upon
the gassing rate at the 95 per cent. confidence level, with mean values of 2·11 ± 19·2 per
cent. and 10·19 ± 20·4 per cent., respectively. In the former instance, agglomeration of
the crystals may be a cause, whereas the latter's dependence upon the gassing rate may be
attributed to ageing of the crystals (see Fig. 5). This effect on surface area must, however,
be small as gassing-rate did not appear as a significant effect in the Yates' analysis. Examina
tion of the electron photomicrographs of calcite crystals precipitated at low gassing rates
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(see Fig. 5) shows thorn-like growths on the crystals that may affect the sedimentation rates
more than the specific surface. This effect would then be common to both ratios and would
explain the apparent independence of specific surface on gassing rate.

NUCLEATION AND CRYSTALLISATION-

A log-log plot of the final particle surface area from the permeability technique, against
power input to the slurry gave the following relationship based on a least-squares fit to the
results of Table III at the 95 per cent. confidence level-

S = 2·03 po.245

where S = specific surface of powder, in sq. metres per g, determined by permeametry and
P = power input to the slurry, in watts per litre of slurry.

At a lower stirrer speed it is possible that a high degree of aggregation exists between the
pre-nuclei favouring inter-growth. The low degree of turbulence and hence low degree of
solute replenishment would imply that crystal growth occurs at that stage due to molecular
diffusion.

On increasing the stirring speed, aggregation of the pre-nuclei would be hindered by
the shorter periods of contact leading to a larger number of nuclei per mass of solute. Once
the nucleus has reached a stable size where the solution is supersaturated with respect to it,
crystal growth may occur due to surface renewal rather than molecular diffusion.

Garner22 has enumerated the experimental evidence in favour of a laminar sublayer
in contact with the particle in which turbulent eddies would be damped out. This has been
supported by Frank-Kamenetskii23 both theoretically and experimentally for mass transfer.
If the existence of the sublayer is accepted then the only way in which molecular diffusion
would become negligible in comparison with the bulk transfer is if there is an increase in the
shear in the boundary layer.

From Frank-Kamenetskii's work-

V x = V (1
2

. r
?

, w
r =

a

L)l
PL

(5)

(6)

(7)
I pV3a

E="2' W-

where Vx relative velocity between particle and liquid,
V velocity of the main flow,
I resistance coefficient,
r radius of the particle,
r' scale of the main flow,
p density of particle,
PL density of medium,
w working volume of the liquid,
a friction surface,
E energy input per unit volume per unit time.

Equations (5), (6) and (7) can be solved simultaneously for the relative velocity, V x-

V x = (~:)t (8)

This work was originally developed by Kolmgoroff24 and subsequently expanded by Shinnar.25

From equation (8), therefore, the relative velocity between a particle of diameter 10 fL
and a liquid power input of 83 watts per litre is 7·5 cm per second. This is infinitely larger
than the terminal falling velocity of the particle in hindered settling and it appears therefore
that above stirring speeds at which the particles are just in suspension, the crystal growth
mechanism is controlled by shear in the boundary layer accompanied by an increase in the
number of particles per unit mass of solute. In these tests there is, however, no indication
of the upper limit of this effect.
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Thus the dependence of particle surface area on power appears to be due to an increase
in nucleation with increase in power with a subsequent shift in the size distribution towards
the lower range. The absence of particles below 0·2 jL would preclude mechanical cleavage
as a cause. Crystal growth above a certain minimum power input for complete suspension
is probably due to solute replenishment in the laminar sublayer as a result of high relative
velocities between solid and liquid.
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The Determination of Methanol by Oxidation to
Formaldehyde and Polarographic Reduction

By MOJMIR RANNY
(Research institute of Fat Industry, Ralwvnill, Czechoslovallia)

Small amounts of methanol can be determined by oxidation to forr::
aldehyde with potassium permanganate in orthophosphoric acid, with a
subsequent polarographic reduction of the formaldehyde at 500 C. Optimum
conditions have been found for each stage of the determination. Oxidation
is best effected with a solution containing 35 g of potassium permanganate
and 300 ml of orthophosphoric acid per litre and allowing the reaction to
proceed for 10 minutes at 0 0 C.

THE determination of fatty methyl esters is important for the study of the synthesis of
numerous surface active agents. For example, in the preparation of sugar esters by the
reaction of fatty acid methyl esters with sucrose, the yield and the degree of substitution
are indicated by the determination of residual methyl ester.

Most methods for determining methyl esters are based on a colorimetric determination
of formaldehyde resulting from the oxidation of the methanol, liberated by hydrolysis of
the esters. l ,2 The principal shortcoming of this procedure is insufficient standardisation of
the conditions of oxidation of the methanol to formaldehyde, as well as poor reproducibility
of the colorimetric formaldehyde determination.

In this study, I endeavoured to increase the sensitivity of the polarographic method for
determining formaldehyde, and then to ascertain the optimum conditions for the oxidation
of methanol with potassium permanganate.

THE POLAROGRAPHIC DETERMINATION OF FORMALDEHYDE
Most procedures for determining small amounts of formaldehyde are based on the

colorimetric measurement of derivatives.3,4,5,6,7 The spectrophotometric method of Eegriwe8

is based on the reaction of formaldehyde with chromotropic acid, and has since been modified
to include the reaction with J acid (7-amino-4-hydroxynaphthalene-2-sulphonic acid) or
with the N-phenyl derivative of J acid9 ; the determination in which J acid is used is particu
larly sensitive. A relatively large error is associated with photocolorimetric analysisll ,12; the
solutions needed are stable only from a few hours to a few days at the utmost,l3,14 and it is
necessary to calibrate daily. All these inconveniences can be avoided by using polarography.
The formaldehyde is reduced, at a dropping-mercury electrode, to methanol giving, in an
alkaline medium, a polarographic wave at -1·74 volts. The wave character is purely kinetic,
that is to say, the wave height is directly proportional to the concentration. There is no
dependence on the position of the mercury reservoir, but a pronounced one both on the
temperature and the pH value of the solution. The polarographic determination of form
aldehyde in disinfectants in concentrations of 0·2 mg in 10 ml of the supporting electrolyte
has been described. l5 The sensitivity of this method is inadequate for determining methyl
esters of fatty acids as the formaldehyde concentration is approximately one-tenth of that
required by the method. However, the sensitivity can be increased considerably either by
increasing the temperature, and thus accelerating the dehydration of the formaldehyde to
polarographically active anhydrous formaldehyde, or by using the Smolerl6 capillary tube,
which results in higher galvanometer sensitivity.

EXPERIMENTAL
ApPARATUS-

Polarographr-The Heyrovsky LP 55 polarograph was used with a galvanometer giving
a deflection of 2 X 10-9 amp. per mm.

Capillary-A Smoler-typel6 was used, having an inside diameter of 0·06 mm, a length
of 14 mm, and a capillary constant of 1·43 mg; sect.

Polarographic vessels-Novak type.
Thermostatically controlled bath.
Glass bath with a stand for Novah vessels.
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REAGENTS-

All chemicals used were of analytical-reagent grade, and all solutions were prepared
in distilled water.

Lithium hydroxide, N.
Distilled mercury.
Formaldehyde solutions-Prepared 3 hours before polarographic analysis; they contained

8'5, 17, 85 and 170 fLg of formaldehyde in 5 ml of water.

PROCEDURE-

One millilitre of lithium hydroxide and 5 ml of the standardised formaldehyde solution
were transferred by pipette into a Novak vessel with a mercury layer covering the bottom.
After equilibration for 30 minutes at the chosen temperature, the solution was examined
polarographically, beginning at -1·5 volts, without exclusion of air. The wave height was
expressed for a I-to-l galvanometer sensitivity in microamps.

RESULTS-

The temperature region of 25° to 50° C was chosen for studying the influence of the
temperature on the value of the limiting current. Higher temperatures cannot be used
since the manipulation of hot vessels is difficult and, moreover, there could be formaldehyde
losses due to evaporation.

The wave-height dependence on formaldehyde concentration is linear at all temperatures
studied, and it can be used very well for quantitative formaldehyde determination (see Fig. 1).
At 50° C, formaldehyde can be determined at a concentration of 7 fLg in 5 ml (i.e., about
1 mg per litre), because with the Smoler capillary, a galvanometer sensitivity as great as
1 to 2 can be used without excessive oscillations of greater amplitude. The wave height
for this concentration and sensitivity is about 5 mm.
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Fig. 2 shows the relation between the wave height and the temperature at constant
concentrations. With a content of 170 fLg in 5 ml, in the region of 50° C, the limiting current
increases about 5 per cent. for 1° C. This means that a temperature deviation of ±0-05° C
causes an error of about 0-25 per cent. in the result. Since the accuracy of the polarographic
method is about 1 per cent., the error is negligible.

It is known that aqueous formaldehyde solutions are not stable and deteriorate at room
temperature. However, a solution containing 34 mg of formaldehyde in 1 litre, i.e., 170 fLg
in 5 m!, was found to be sufficiently stable for about 2 days. It then started to deteriorate,
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and after 12 days' storage at room temperature, formaldehyde was no longer detectable. It is
therefore necessary, when preparing calibration curves, always to use fresh solutions of
diluted formaldehyde. Formaldehyde is also unstable in alkaline solutions and at elevated
temperatures; a series of experiments showed that the wave height was unchanged when
the sample solutions were equilibrated for 25 to 60 minutes at 50° C.

The results mentioned above prove the polarographic procedure to be sufficiently accurate
and sensitive for formaldehyde determination in such concentrations as occur in the deter
mination of small amounts of methyl esters. The following conditions were found best for
such determinations-

(a) The polarographic vessels should be equilibrated at 50·0° C for 30 minutes before
the polarographic examination.

(b) Reservoir height, 85 cm; electromotive force applied to the potentiometer, -4 volts;
speed, 400 mV per minute. The start of the curve is set at -1·5 volts.

(c) Galvanometer sensitivity, 1: 2 to 1: 30 according to the content of formaldehyde in
the sample.

STUDY OF METHANOL AND FORMALDEHYDE DISTILLATION
The polarographic determination of methyl esters presupposes two distillations, namely

one to separate methanol from the saponified sample, and the other to distil off the formalde
hyde formed in the methanol oxidation. It is not possible to make a direct polarographic
determination of formaldehyde in the oxidised sample, because the manganese wave obscures
the formaldehyde wave. For the same reason it is not possible to work with an entire dis
tillate from the oxidised mixture, since a portion of manganese salts is carried over into the
distillate towards the end of the distillation. Preliminary experiments showed that it is
necessary to leave about 5 ml in the distillation flask. These findings are based on experi
ments made in following the course of the distillation of methanol from a saponified sample
of sucro-ester, and the formaldehyde losses in distilling solutions of different concentrations.
The optimum temperatures for distilling both methanol and formaldehyde were found
experimentally.

EXPERIMENTAL
ApPARATUS-

Semi-micro distillation apparatus-Fitted with ground-glass connections and a distillation
flask of 250-ml capacity.

Constant-temperature bath-Having automatic control of temperature, sensitivity ±2° C,
and filled with silicone oil.

REAGENTS-
All chemicals were of analytical-reagent grade, and solutions were prepared in distilled

water.
Methanol solution, 0·2725 g per litre.
Formaldehyde solution, 0·0424 g per litre.
Oxidising solution-A mixture of 35 g of potassium permanganate and 300 ml of 84 per

cent. orthophosphoric acid.
Sodium sulphite solution, saturated.

PROCEDURE-
Construction of the calibration curve for methanol-Into 30-ml cylinders were transferred

by pipette 1, 10 and 20 ml, respectively, of the standard methanol solution, and the volumes
made up to 22·5 ml with water. Oxidation was carried out with 5 ml of oxidising solution
under the conditions described at the end of the paper and quoted in the synopsis. After
oxidation, and after reduction of the unused permanganate with sulphite solution, the volumes
were made up to 30 ml. By using an oil-bath temperature of 160° C, distillation was carried
out into a 25-ml measuring flask, leaving 5 ml of residue in the flask. The formaldehyde
content was determined polarographically, and the results used to draw a calibration curve
for methanol.

Study of methanol distillation-In the determination of the methyl esters in sucro-esters,
the saponified sample from the reaction mixture is diluted with water to a 60-ml volume;
therefore similar conditions were chosen for studying the methanol distillation. Forty
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millilitres of the standard methanol solution and 20 ml of water were transferred by pipette
into a distillation flask, porous pot was added and the liquid distilled off, the bath temperature
being 150° C. The measuring cylinder, used as a receiver, was cooled in ice. The methanol
content was determined polarographically in 5-ml fractions, after oxidation to formaldehyde.

Methanol losses during distillation-A blank determination was carried out, with the
standard. methanol solution under identical conditions as for the above experiments. Portions
(1, 10, 20 and 50 ml) of standard methanol solution were used. The methanol content was
determined in 22·5 ml of distillate by the method indicated above.

Formaldehyde losses during distillation-Portions (1, 10 and 20 ml) of standard formalde
hyde solution, respectively, were transferred by pipette into 25-ml measuring flasks, whose
contents were then diluted with water. The formaldehyde content was then determined
polarographically in each solution. Similar amounts of the standard formaldehyde solution
were diluted to 30 ml, and distillation carried out as above, by using an oil-bath temperature
of 160° C. In each instance 25 ml of distillate were collected. Polarographic determination
was again carried out. The difference between the results obtained for the original solutions
and for the solutions from distillation indicated the distillation losses, including the amount
of formaldehyde remaining in the distillation residues.

RESULTS

The results in the following diagrams are mean values from three separate determinations.
When 60 ml of the methanol solution are distilled under the conditions given, nearly all
the methanol distils with the first 25 ml of distillate (see Fig. 3). No methanol distils with
the 25- to 30-ml fraction. In interpolating to 22·5 ml of distillate, the yield is found to be
99·7 per cent. of the theoretical.

The calibration curves (see Fig. 4) show that the losses of methanol during distillation
are very small. The relationship between the amount of loss and the total methanol content
is linear, an important consideration for the construction of calibration curves for the
determination of methyl esters.
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Fig. 3. Curve showing yield of methanol
during distillation of 60 ml of solution and
collection of 25 ml of distillate

Fig. 5 shows the formaldehyde losses in distilling 25 ml from 30 ml of formaldehyde
solution. For all concentrations, about 85 ± 2 per cent. of the available formaldehyde
distils off, which means that the distillation residue contains about 15 ± 2 per cent. of
the formaldehyde.

Experiments showed that both methanol and formaldehyde can be distilled with sufficient
accuracy for quantitative analysis, provided that constant conditions are observed, especially
with regard to the distillation rate, the cooling of receivers and tightness of the distillation
apparatus. The conditions for the distillation of methanol and formaldehyde can be sum
marised thus-

(a) Distillation of methanol from a sample of the saponified reaction mixture: 60 ml
of the solution were distilled (the temperature of the oil-bath being 150 ± 2° C) and 22·5 ml
of the distillate were taken for analysis. Distillation time was 15 ± 2 minutes.
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(b) Distillation of formaldehyde from the oxidised sample: 30 ml of the sample solution
were distilled (the temperature of the oil-bath being 160 ± 2° C) and 25 ml of the distillate
were collected. Distillation time was 16 ± 2 minutes.

THE OXIDATION OF METHANOL TO FORMALDEHYDE
Whereas the determination of formaldehyde is relatively simple and gives reasonably

precise and accurate results, the determination of methanol is complicated, because oxidation
of methanol to formaldehyde is influenced by many factors that required accurate standard
isation.

Potassium permanganate in sulphuric or orthophosphoric acid medium is the oxidant
most often used. Apart from this, hydrogen peroxide in alkaline solution, persulphate in
sulphuric acid, chromic acid, lead chromate and other agents have been used.l7 ,18 Experi
ments other than with permanganate made in connection with this work were not successful.
Most of these other oxidants either interfered with the polarographic determination of
methanol, or gave formaldehyde yields that were too low. Attention was concentrated,
therefore, on the study of potassium permanganate oxidation in phosphoric acid.

The published papers mostly deal with the oxidation of methanol to carbon dioxide19 ,20
or the oxidation of methanol in admixture with ethanol.4 ,13 Sharp21 studied methanol
oxidation with potassium permangan'ate in sulphuric acid at 45° to 60° C, and ascertained
that the course of the oxidation depends strongly on the temperature, the amount of methanol
and, to a lesser degree, on the proportion of methanol to oxidising agent. The whole course
of the oxidation with permanganate can be illustrated by a series of reactions-

CH.OH~ HCHO~ HCOOH~ CO2 + H 20

The formaldehyde formed is converted relatively rapidly into formic acid, so that it is
eliminated from the reaction mixture over a short period of time (normally 15 to 40 minutes).
The speed of oxidation of formaldehyde depends on the excess of permanganate, on the
temperature and other factors. Lapp and Reimers4 reported that after 10 minutes' oxidation
of mixtures of methanol and ethanol, 78 per cent. of the methanol is converted into formalde
hyde, but at the same time 66 per cent. is oxidised further, so that only 16 per cent. of the
formaldehyde that was formed remains in the oxidised sample. When they oxidised methanol
alone, without ethanol, they found that under identical conditions only 3 per cent. of the
formaldehyde remained.4 In verifying Snell's procedure,1 I ascertained that the conversion
of methanol to formaldehyde depends not only on the temperature, but also on the initial
amount of methanol present. After 4 minutes' oxidation, 3 to 18 per cent. of the formaldehyde
was found, depending on the conditions of the oxidation. The oxidation results, according
to my observations, are dependent, to a certain degree, also on the method used to stop
the oxidation by neutralising the permanganate. Reduction with solid sodium sulphite
does not give reproducible results.

In studying the oxidation of methanol, the effect of time and temperature, the amount
of methanol present, and of the amounts of permanganate and orthophosphoric acid, were all
investigated.
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REAGENTS-
All chemicals used were of analytical-reagent grade, and all solutions were prepared

in distilled water.
Potassium permanganate.
Orthophosphoric acid, 85 per cent. w/v.
Sodium sulphite.
Methanol, anhydrous-Purify by d~stillation.

PROCEDURE-
Statistical study to determine the influence of temperature, amount of methanol and com

position of oxidation mixture-For the evaluation of the factors, a Graeco - Latin square22

of 4 X 4 terms was used. The four variables studied and their levels and designations are
set out in Table 1. The combinations of variables actually used can be seen in Table II.

TABLE I
VARIABLES STUDIED IN GRAECO - LATIN SQUARE EXPERIMENT

Factor and units Levels
Amount of methanol, mg· 1= 0·132, II = 2·64, III = 6·60, IV = 13·2
Oxidation temperature, °C 1 = 0, 2 = 20, 3 = 40, 4 = 60
Permanganate concentration, g per litre of oxidising

solution A = 9, B = 18, C = 27, D = 36
Orthophosphoric acid concentration, ml of 85% w jw

H 3PO. per litre of oxidising solution ex = 100, fJ = 200, y = 300, 3 = 400
• 0·132 mg methanol is equivalent to 0·1 per cent. of methyl myristate in 1 g of sample.

TABLE II
GRAECO - LATI~ SQUARE EXPERIMENTAL DESIGN

Numbers in brackets indicate the random order in which the experiments were carried
out; lower-case letters have been used for the evaluation of the experimental error

I II III IV

1 A ex (He) D 3 (13b) By (6d) C fJ (lOa)
2 C y (7b) B fJ (16c) D ex (8a) A 3 (5d)
3 D fJ (15d) A y (9a) C 3 (14c) B ex (4b)
4 B 3 (12a) C ex (2d) A fJ (3b) D y (Ie)

For example, the procedure used in experiment No.1 was as follows-
A 22·5 ml portion of methanol in water containing 13·2 mg of methanol, was mixed

with 5 ml of an oxidising agent containing 3·6 g of potassium permanganate with 30 ml of
85 per cent. orthophosphoric acid per 100 m!' Oxidation was carried out for 6 minutes
at 600 C ± 0.1 0 C. Before being mixed, the solutions were brought to this temperature.
In order to avoid a harmful temperature gradient inside the solution, caused by the exothermic
reaction of permanganate with methanol,4 the oxidised samples were thoroughly shaken once
a minute. The oxidation was terminated by neutralisation of the excess of permanganate
by titration with a standard solution of sodium sulphite. The neutralised solution was then
diluted to 30 ml with water, 25 ml was distilled off and collected, and the formaldehyde
determined polarographically. The method of statistical evaluation will not be described
here: details can be found in the literature.22

TABLE III
PERCENTAGE OF METHANOL OXIDISED TO FORMALDEHYDE UNDER

DIFFERENT CONDITIONS

\

13·2

10·2
8·3
5·3
3·3

6·60
14·2

8·1
7·4
3·3

2·6
15·3

8·8
7·3
4'5

Methanol originally present, mg
A

0·132
24·2
21·0
16·1
9·1

Temperature of
oxidation

0° C
20° C
40° C
60° C
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RESULTS

The amounts of formaldehyde found were calculated back to methanol and expressed
as percentages of methanol oxidised. The results are set out in Table III.

It was found on examination of these results that only the influence of temperature
and amount of methanol are significant (significance, 0'1),22 whereas the influence of other
factors can be attributed to experimental error; the average error on a single test amounts
to ±1·8. The overall average value is 10·4 per cent.

The quantitative evaluation of the significant factors is expressed in Fig. 6. On the
x-axis is shown the influence of the levels of methanol content, and of temperature, on the
increase or decrease of the average amount of oxidation. Both from statistical evaluation
and from the diagram it is evident that the influence of these factors is great. Although the
effect of temperature on the oxidation is almost linear, the relationship between the amount of
methanol and the conversion of the methanol to formaldehyde is much more complex. It
should be realised that the correlations illustrated in the diagram are considerably influenced
by the interaction of temperature and concentration of methanol and also by the oxidising
agent.

Fig. 6. Curves showing effect of tem
perature and concentration of methanol on
the yield of oxidation: 0, effect of tempera
ture; ., effect of methanol
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From the slope of the straight line that represents the influence of temperature, it can
be calculated that a temperature of 1°C causes an increase in yield of formaldehyde of
0·16 per cent., i.e., about 1·6 per cent. of the result. For this reason it is important to ensure
accurate control of temperature. Maximum yields were obtained at 0° C, and therefore
this temperature was used in all subsequent experiments.

The influence of wide variations in the concentration of the oxidising solutions is not
large, and small fluctuations in the concentrations of both permanganate and acid may be
ignored. These two factors, however, were further studied in a second experiment.

The influence of oxidising agent on the yield of formaldehyde-The influence of the com
position of the oxidising solution was studi.ed at a constant temperature of 0° C and with
a standard amount of methanol of 1·8 mg in 22·5 ml of water. Combinations of three per
manganate concentrations (15, 25 and 35 g per litre) and three orthophosphoric acid concen
trations (100, 200 and 300 ml per litre) were used. The method of oxidation was as described
in the preceding experiment, with an oxidation time of 10 minutes.
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Results in Fig. 7 show that a decrease of 1 g per litre of permanganate in the oxidising
agent leads to a decrease in formaldehyde yield of about 0·05 per cent. Decreasing the
orthophosphoric acid level by 1 ml at a level of 25 g of permanganate per litre, results in
a decrease in formaldehyde yield of 0·02 per cent., whereas with a concentration of perman
ganate of 35 g per litre, the same decrease in orthophosphoric acid content results in only
0·006 per cent. decrease in yield of formaldehyde. The stability of the oxidising solutions
is also dependent on the concentration of permanganate. After 20 days, all samples lost
their oxidising power with the exception of those that contained 300 ml of orthophosphoric
acid per litre. The minimum fluctuation of results (±3'5 per cent.) was found after the
oxidation of methanol with an oxidising solution comprising 35 g of permanganate and
300 ml of orthophosphoric acid per litre. This will be referred to as the recommended oxidising
solution; the composition is quoted in the synopsis of the paper.

Influence oj oxidation time-The relationship between oxidation time and methanol
conversion was investigated. The procedure described for the preceding experiment was used
with the change that the cylinders containing oxidation mixture were put into polyethylene
bottles filled with ice and shaken continuously in laboratory shaking apparatus. The oxi
dation time was 1 to 15 minutes, and the oxidation temperature was 0° C.

TABLE IV
INFLUENCE OF OXIDATION TIME ON THE REPRODUCIBILITY OF THE

METHANOL DETERMINATION

Methanol Oxidation time, minutes
content. A ,

mg I 3 6 10 15

{ A 13·5 14·5 14·8 14·3 13·4

0·35 B 5·8 5·1 5'6 2·9 3·3
C 2·5 2·2 2·4 1·2 1·4
D 18·5 15·2 16·2 8·4 10·4

{ A 11·8 13·5 13·8 13·7 12'1

1·75 B 2·9 2·1 1·8 1·2 1·4
C 1·2 0·9 0·8 0·5 0·6
D 10·1 6·7 5·8 3·6 4·9

{ A 12·8 13·7 13·5 13·5 12·3

4·23 B 2·3 3·3 1·5 0·8 0·7
C 1·0 1·4 0·6 0·3· 0·3
D 7·8 10·2 4··4 2·2 2·4

A. Average oxidation of methanol to formaldehyde, per cent.
B. Range of values from five determinations (percentage of oxidation).
C. Standard deviation of percentage of oxidation.
D. Standard deviation as a percentage of A.
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Fig. 8. Curves showing effect of oxidation time
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dehyde; 6. 1·75 mg of formaldehyde; 0.4,23 mg of
formaldehyde
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RESULTS

From the nature of the curves in Fig. 8, it is obvious that the oxidation of methanol
produces formaldehyde mostly in the initial period of the oxidation, the rate being dependent
on the concentration of the oxidising solution. At a concentration of 25 g of permanganate
per litre, maximum conversion is reached within 10 minutes, at higher permanganate con
centrations (35 g per litre) within 3 to 6 minutes. Thereafter the content of formaldehyde
in the oxidising solution decreases, owing to oxidation to formic acid or to carbon dioxide.
The results in Fig. 8 are mean values of five determinations. The standard deviation is
distinctly dependent on the oxidation time and on the methanol content (see Table IV).

From the results in Table IV, it can be seen that the best reproducibility was reached
when the oxidation was carried out for 10 minutes.

4·0,...----------,

..
c
~

; 2'0
u...
c
'w
'E
::; "0

oL..L..__-'-__..........__---'::-'

048
Weight of methanol. mg

Fig. 9. Curve showing dependence
of limiting current on the methanol
concentration

Influence of methanol concentration-Samples were oxidised for 10 minutes with the
recommended oxidising solution. The results (see Fig. 9) show that the limiting current
is linearly related to the methanol concentration in the range 0·132 to 6·60 mg per 22·5 ml,
which corresponds to 0·1 to 5 per cent. of methyl myristate in 1 g of sample. This means
that when samples containing more than 5 per cent. of methyl esters are analysed, it is
necessary to oxidise only an aliquot of the methanol solution. .

SUMMARY OF THE STUDY OF THE OXIDATION OF METHANOL TO
FORMALDEHYDE

The dehydrogenation of methanol to formaldehyde with permanganate is markedly
dependent on temperature. Under the above mentioned conditions, there is a linear de
pendence of yields on temperature, indirectly proportional to temperature. The temperature
of oxidation must be maintained accurately. Temperature changes of ±1° C give rise to
an error amounting to ±1·6 per cent. of the resulting value. The optimum oxidation tem
perature in the quantitative determination of methanol is 0° C.

The influence of the composition of the oxidising solution, in a concentration range 15
to 35 g of permanganate and 100 to 300 ml of orthophosphoric acid per litre, on the formalde
hyde yields is much greater than the influence of temperature. The greater the concentration
of permanganate and of orthophosphoric acid, the greater the conversion of methanol to
formaldehyde.

The lower the permanganate concentration in the oxidising solution, the greater the
influence of orthophosphoric acid on the yield of formaldehyde. The most stable oxidising
solution contains 35 g of permanganate and 300 ml of orthophosphoric acid per litre.

The rate of dehydrogenation of methanol is directly proportional to the concentration
of the oxidising solution. The maximum yield of formaldehyde when oxidising methanol
with the recommended oxidising solution is obtained after 4 to 6 minutes at 0° C. From the
standpoint of reproducibility of results, the optimum oxidation time is 10 minutes.
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The dependence of the limiting current on the concentration of methanol in the oxidation
with the recommended oxidising solution is linear up to the concentration 6·6 mg of methanol
in 22·5 ml, which corresponds to 5 per cent. of methyl myristate in 1 g of sample. When
samples containing more than 5 per cent. of methyl ester are analysed, it is necessary to
oxidise only an aliquot of the undistilled methanol solution.

The yield of formaldehyde under the recommended conditions is only about 14 per cent.
All the variables must be controlled within narrow limits to maintain the yield at a fixed level.

SUMMARY-
Methyl esters of fatty acids may be analysed on the basis of liberating methanol by

saponification of the sample, distillation of the methanol and oxidation of the methanol in
the distillate to formaldehyde, which is then distilled off. A study of the oxidation shows
the best conditions to be oxidation of methanol for 10 minutes at 0° C with an oxidising
reagent containing 35 g of potassium permanganate and 300 ml of orthophosphoric acid per
litre. Both methanol and formaldehyde may be distilled off with reproducible results. Small
amounts of formaldehyde may preferably be determined polarographically at 50° C by means
of a Smol~r-type dropping electrode.

In the next communication23 the application of this method will be described to the
determination of methyl esters of fatty acids contained in sugar esters.
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The Polarographic Determination of Methyl Esters

By MO]MIR RANNY

(Research Institute of Fat Industry, Ralwvnik, Czechoslovallia)

Methyl esters of fatty acids, in the presence of sugar esters and of solvents
such as dimethylsulphoxide and dimethylformamide, can be determined by
saponification, distillation of the liberated methanol, and then oxidation and
polarography as described in a previous paper. Optimum conditions have
been established, and ways have been found for avoiding interference due
to dimethyiformamide.

My earlier paperl described investigations carried out to find the optimum conditions for the
oxidation of methanol to formaldehyde with potassium permanganate, and a procedure for
determining small amounts of formaldehyde polarographically. The present report deals
with the utilisation of these studies to the determination of methyl esters of fatty acids in
reaction samples containing sugar esters, dimethylsulphoxide or dimethylformamide.

The analytical procedure in current use2 requires solvent extraction of the sample before
analysis. This procedure is tedious and, further, is not exact, since on evaporation of the
solvent part of the methyl ester volatilises and is lost. Another disadvantage of this method
is that incomplete saponification of the sample can occur in the distillation flask during
the simultaneous saponification and distillation of methanol. The saponification, and the
distillation of methanol, should be terminated in 30 to 45 and 90 to 120 minutes, respectively.3
To decrease the methanol losses, saponification of the dried ester at 130° C in a sealed glass
tube was proposed.4 Disadvantages of this method are that heat-sealing of the tubes is
tedious and they frequently crack while being oven dried.

These problems were eliminated by using a special stainless-steel pressure bomb.

EXPERIMENTAL

DETERMINATION OF METHYL ESTER IN REACTION SOLUTIONS
CONTAINING DIMETHYLSULPHOXIDE

Saponification of the methyl ester was carried out with sodium hydroxide, and the
effect of saponification time and temperature, and of sodium hydroxide concentration was
established.

ApPARATUS-

Bomb-A special bomb made of AKV Extra S stainless steel provided with a butyl
rubber seal (see Fig. 1).

REAGENTS-

Reaction samples-Prepared by dissolving 1,02,2,50 and 8·01 per cent. of methyl myristate,
to which was added 3 per cent. of sucrose monomyristate (free from methyl ester), in 88 per
cent. of dimethylsulphoxide, and making up to 100 per cent. with sucrose. The methyl
myristate had a saponification value and an acid value of 232·9 and 0'5, respectively.

Sodium hydroxide, 3 Nand 2 N.

Oxidising solution-A mixture of 35 g of potassium permanganate and 300 ml of concen
trated orthophosphoric acid per litre.

PROCEDURE-

A portion, 1 ± 0·05 g, of the reaction sample was weighed into the bomb and 5 ml
of 2 N or 3 N sodium hydroxide were added. The saponification procedure was carried out
for 1 or 2 hours at temperatures of 60°, 90° and 120° C. After the bomb had been cooled
at -15° C for 30 minutes, its contents were quantitatively transferred into a distillation flask.
Calcium chloride, 1 g, was added to prevent foaming during distillation. Methanol was
determined according to the method described in the previous paper. All other details are
summarised in Table I. Only one third of the distilled methanol originating from the sample
containing 8·01 per cent. of methyl ester was oxidised, and the resulting limiting current
value (wave height) was multiplied by 3.
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Fig. 1. Diagram of pressure bomb for
the saponification of methyl esters. All
dimensions are in millimetres

RESULTS-

From the results given in Table I, it can be seen that temperature is the most important
factor, and saponification time and hydroxide concentration playa smaller role. For complete
saponification it appears that the following conditions must be observed: saponification
temperature should be 1200 C; saponification time should be 2 hours (minimum); sodium
hydroxide concentration should be 2 N.

TABLE I

EFFECTS OF VARYING SAPONIFICATION CONDITIONS UPON THE YIELD OF

FORMALDEHYDE AS REPRESENTED BY THE LIMITING CURRENT

Methyl ester Limiting current (microamps) when
content of Saponification Normality of saponification was for-

sample, temperature, sodium hydroxide A

per cent. °C solution 1 hour 2 hours
1-02 60 2 0·74 0·77
1·02 60 3 0·76 0·77
1·02 90 2 0·77 0·77
1·02 90 3 0·76 0·77
1·02 120 2 0·75 0·77
1·02 120 3 0·74 0·77
2·50 60 2 1·78 1·84
2·50 60 3 1·68 1·78
2·50 90 2 1·80 1·82
2·50 90 3 1·84 1·84
2·50 120 2 1·80 1·82
2·50 120 3 1·80 1·84
8·01 60 2 3·00 3·12
8·01 60 3 1·68 2·16
8·01 90 2 5·16 5·28
8·01 90 3 5·16 5·16
8·01 120 2 5·40 5·76
8·01 120 3 5·40 5·56
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ANALYSIS OF SAMPLES OF METHYL ESTERS OF VARIOUS FATTY ACIDS, AND THE
REPRODUCIBILITY OF RESULTS

REAGENTS USED IN THE INVESTIGATlON-

Methyl ester of capric acid-Saponification value, 301·1; acid value, 0·5.
Methyl ester of lauric acid-Saponification value, 262·3; acid value, 0·1
Methyl ester of myristic acid-Saponification value, 232·9; acid value, 0·1.
Methyl ester of stearic acid-Saponification value, 189·6; acid value, 0·5.
Sucrose monocaprate-Free from methyl ester; saponification value, 114·3.
Sucrose monolaurate-Free from methyl ester; saponification value, 109·8.
Sucrose monomyristate-Free from methyl ester; saponification value, 103·2.
Sucrose monostearate-Free from methyl ester; saponification value, 94·2.
Sucrose.
Dimethylsulphoxide-Distilled.

COMPOSITION OF SAMPLES ANALYSED-

These samples were made up to contain 4· per cent. of sugar esters, 87 per cent. of
dimethylsulphoxide and 9 per cent. of methyl ester plus sucrose. The methyl ester concen
tration was in the range of 0·08 to 8 per cent. The individual samples contained the methyl
ester and sugar ester of the same fatty acid.

The analytical method is described fully on p. 678.
The relationship between the limiting current, the concentration of methyl ester, and the

length of the hydrophobic methyl ester chain is shown in Fig. 2. Linear relationships were
observed for all the methyl esters tested. By comparing the observed results to the known
methanol contents, it was established that in all instances the limiting current is a function
of the methanol content of the corresponding methyl ester.

To determine the reproducibility of results, samples containing different amounts of
methyl myristate were analysed five times. The results obtained are shown in Table II.

TABLE II

REPRODUCIBILITY OF METHYL ESTER DETERMINATION IN SAMPLES
CONTAINING DIMETHYLSULPHOXIDE

Maximum
Methyl Mean of error on Relative
ester Analytical five individual maximum Relative

content, results, determinations, test, percentage error, • Standard standard
per cent. per cent. per cent. of methyl ester per cent. deviation deviation

0·08 0,10,0,07
0·08,0,11 0·084 +0·03 +37·5 ±0·02 ±20·0

0·07
H4 1·10, 1·22

1,09, H3 H3 +0·08 +7·0 ±0·04 ±3'5
H3

3·68 3,50,3,65
3,69,3'56 3·63 -0'18 -4·9 ±0·1O ±2·7

3·73
8·01 8,13,8·06

8,12,7·94 8·05 +0·12 +1·5 ±0·08 ±1·0
7·99

• For individual tests, referred to the actual percentage methyl ester content of the samples.

DETERMINATION OF METHYL ESTER IN REACTION SOLUTIONS CONTAINING

DIMETHYLFORMAMIDE

Although the determination of methyl ester in samples containing dimethylsulphoxide
and sucrose presents no special difficulties, the analysis of those containing dimethylformamide
is much more complicated. During saponification, dimethylformamide is partially converted
to dimethylamine, and this compound, which distils together with the methanol, subsequently
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interferes with the polarographic formaldehyde determination. Further, formaldehyde is
produced from this dimethylamine during the oxidation with potassium permanganate,
according to the reactions-

CH3,,- [OJ
/NH -----+

CH3

[OJ
CH3NH. -----+ CH2 =NH + H,O -----+ HCHO + NH3

For this reason it is necessary to prevent volatilisation of dimethylamine during the
methanol-distillation stage. This is possible by forming a non-volatile dimethylamine salt
with a suitable acid. The presence of dimethylamine may have some influence on the course
of saponification, since, in the formation of this compound, part of the sodium hydroxide
is consumed. For this reason the amount of sodium hydroxide used for the saponification
was doubled.

REMOVAL OF DIMETHYLAMINE-

Procedure-The reaction sample was prepared to contain 10 per cent. of sucrose mono
myristate (free from methyl ester), 15 per cent. of sucrose and 75 per cent. of dimethyl
formamide, and was saponified with 10 ml of 2 N sodium hydroxide and then transferred to
a distillation flask. Before distillation, various amounts of orthophosphoric acid or tartaric
acid plus 1 g of calcium chloride were added. Other details of procedure were identical
to those used for the determination of methyl ester in dimethylsulphoxide.
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Results-Fig. 3 shows the relationship between the limiting current in the polarographic
determination and the concentration of orthophosphoric or tartaric acid. It can be seen
that both acids prevent the volatilisation of dimethylamine to an approximately equal degree.
The minimum of the tartaric acid curve, however, lies at a lower pH (approximately 3'5)
than that for orthophosphoric acid. The shapes of the curves are similar, and both branches
of each of the curves are comparatively steep so that accurate measurement of the acid
is necessary. It was impossible to totally prevent the volatilisation of dimethylamine by
using these two acids, and the formaldehyde wave could be detected under all the conditions
investigated.

In the tests without any addition of acid, the blank solution gave a formaldehyde wave
corresponding to approximately 0·3 per cent. of methyl myristate (i.e .• 9 fLg offormaldehyde).
In tests in which the optimum addition of acid was used. the wave height corresponded to
approximately 0·03 to 0·04 per cent. of methyl myristate.

It follows that the calibration curves for methyl esters will be shifted by approximately
0·015 fLA in the direction of the ordinate.
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On distilling samples neutralised to a pH higher than 5, with either orthophosphate
or tartaric acid, turbid solutions are obtained. After oxidation with permanganate and
reduction with sodium sulphite, a white, voluminous precipitate is formed.

Solutions neutralised to a pH lower than 5 are clear both after distillation and oxidation.
Since the minimum of the orthophosphoric acid curve is situated at a pH exceeding 5, the
use of tartaric acid is more satisfactory, the optimum amount being 2 g per g of sample
(previously saponified with 10 ml of 2 N sodium hydroxide).

OXIDATION TO FORMALDEHYDE AND REPRODUCIBILITY OF THE RESULTS-
During distillation of the saponified samples, a proportion of the unsaponified dimethyl

formamide volatilises together with methanol and small amounts of dimethylamine; this
decreases the oxidation yields. Preliminary tests indicated that under standard conditions,
only 7 to 12 per cent. of methanol is oxidised to formaldehyde in comparison with 14 to 18 per
cent. obtained with samples containing dimethylsulphoxide. For this reason, double the
amount of oxidising solution was used.

Composition of the sample-A sample was prepared from 10 per cent. of sucrose ester,
75 per cent. of dimethylformamide, 0·2 to 3 per cent. of methyl myristate and made up to
100 per cent. with sucrose.

Procedure-The saponified sample was diluted with 45 ml of water, 2 g of tartaric acid
were added and 22·5 ml distilled off. A 15-ml portion of the distillate was oxidised with
5 to 10 ml of oxidising solution. (The amount of distillate used is reduced when dimethyl
formamide is present).

Results-The calibration curves for the determination of methyl myristate reaction
samples containing dimethylformamide and dimethylsulphoxide are shown in Fig. 4. For
comparison, the calibration curve for methanol, calculated as percentage of methyl ester,
is also plotted. It is apparent that the presence of dimethylsulphoxide increases and that
of dimethylformamide decreases the degree of oxidation of methanol to formaldehyde. By
increasing the amount of oxidising solution from 5 to 10 ml, the formaldehyde yields increase
considerably and the calibration curve is linear in the whole range of the investigated con
centrations. The results are given in Table III.

TABLE III
REPRODUCIBILITY OF THE DETERMINATION OF METHYL ESTERS IN SAMPLES

Maximum
Methyl Average 9f error on Relative

ester Analytical five individual maximum Relative
content, results, determinations, test, percentage error, • Standard standard
per cent. per cent. per cent. of methyl ester per cent. deviation deviation

(}20 0·20,0·25
0,22,0,19 0·22 +0·05 +23 ±0·03 ±14

0·24
1·02 1,00, 1·05

1,08, 1·06 1·04 +0·06 +6 ±0·04 ±4
1·00

3·03 2·97,2·99
3,00,3'02 3·00 -0'06 -2 ±0·03 ±I

3·04
• For individual results, referred to the actual percentage methyl ester content of the samples.

COMPLETE DESCRIPTION OF THE METHOD
ApPARATUS-

Polarograph with a Smoler dropping-mercury electrode.
Novak polarographic cell.
Thermostatic glass bath with holder for cells.
Thermostat with pump.
Semi-micro distillation apparatus-Fitted with ground-glass joints.
Oil-bath-Thermostatically controlled for temperature range, 1500 to 1600 C, and having

automatic control (accuracy ±2° C).
Laboratory shaking machine.
Stainless-steel bomb-See Fig. 1.
Distillation flask-Capacity, 250 ml.
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Calibrated vessels-Capacity, 25 m!.
Cylinders-Glass stoppered, 30-ml capacity.
Polythene bottles-Wide necked, 1 litre capacity.

REAGENTS-

Merr;ury, distilled.
Lithium hydroxide, N.
Calcium chloride, anhydrous.
Oxidising solution-Prepare this by dissolving 35 g of potassium permanganate in 650 ml

of water and 300 ml of 85 per cent. wIv orthophosphoric acid. After temperature adjustment,
make the volume to 1000 ml with water. Set the solution aside for 24 hours, and filter it
through a sintered-glass filter.

Sodium sulphite solution, saturated.
Sodium hydroxide, 2 N.

Dimethylsulphoxide.

PROCEDURE-

Weigh accurately 1 ± 0·05 g of the liquid sample to be analysed into the saponification
bomb and add 5 ml of 2 N sodium hydroxide. (For samples containing dimethylformamide,
the required amount is 10 m!. For powder samples, 0·2 ± 0·05 g of sample and 0·8 ± 0·05 g
of a 10 per cent. sucrose solution in dimethylformamide are weighed into the bomb.) Carry
out the saponification for 2 hours at 1200 C.
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Fig. 4. Calibration curves for the determination
of methyl myristate under various conditions: O.
dimethylsulphoxide; 6. calibration curve for methanol,
calculated as percentage methyl ester; O. dimethyl
formamide plus 10 ml of oxidising solution; <> dimethyl
formam ide plus 5 ml of oxidising solution

Cool the bomb containing the saponified sample for 30 minutes at -150 C, and then wash
the solidified contents quantitatively with 50 ml of water into a 250-ml distillation flask,
to which have previously been added 1 g of calcium chloride and six glass beads. If the'
sample contains dimethylformamide, use only 45 ml of water for the washing and add 2 g
of tartaric acid to the flask.

Distil the solution in a bath at 150 ± 20 C, and collect 22·5 ml of distillate in an ice-cooled
graduated cylinder. Hold this cylinder containing distillate for 15 minutes in a polythene
bottle filled with crushed ice. Then add 5 ml of oxidising solution, seal the bottle and fasten
it in a horizontal position in a laboratory shaking machine.

For the oxidation of samples containing dimethylformamide use only 15 ml of distillate
and add 10 ml of oxidising solution. For samples containing more than 4 per cent. of methyl
ester, subject only part of the distillate to oxidation, the volume being made up to 22·5 ml
with water, or 15 ml of water if dimethylformamide is present. Titrate the reaction mixture
after 10 minutes ± 10 seconds with saturated sodium sulphite solution until the oxidised
solution is colourless. Titration must not be continued beyond this end-point, since an
excess of sodium sulphite would lower the results of the determination.
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Dilute the decolorised solution with water to 30 ml, transfer the solution to a 250-ml
distillation flask, into which glass beads are then added, and carry out distillation in a bath
at 160° ± 2° C into a calibrated receiver immersed in an ice bath, and collect exactly 25 ml
of distillate. Place, by pipette, 5 ml of N lithium hydroxide and 5 ml of distillate in a Novak
cell having a layer of mercury in the bottom. Agitate the solution with a glass rod and
place the cell in a holder of a thermostatically controlled bath. Mount the mercury electrode
and after the temperature of the cell has been adjusted to 50° ± 0'05° C, carry out the
polarographic determination without de-aeration, starting from -1,45 volts. The mercury
reservoir height should be 85 cm, the input voltage to the potentiometric wire should be
o to 4 volts, and the rate of scan of the polarographic drum should be 400 mV per minute.
The sensitivity reduction depends on the methyl ester concentration of the sample. As
a guide, the values quoted below can be used-

Methyl ester content of sample, per cent. .. 0 to 0·3 0·3 to 0·6 0·6 to 2 2 to 3 3 to 4

Sensitivity reduction of galvanometer l-to-2 l-to-5 I-to-IO I-to-20 I-to-30

Reference to a calibration curve prepared by applying the same analytical procedure
to known methyl ester samples, allows calculation of methyl ester contents from the wave
height readings. When a reaction sample contains methanol in addition to methyl ester,
the free methanol content can be determined by distillation without saponification (1 g of
sample is diluted with 50 ml of water for this). The result, calculated as a percentage of
methyl ester, can be subtracted from the total result to give the actual methyl ester content.

SUMMARY
Amethod has been developed for determining fatty acid methyl esters in liquid samples

of sugar esters containing in addition dimethylsulphoxide or dimethylformamide.
Analysis for methyl esters in the presence of dimethylsulphoxide is comparatively

simple, but the presence of dimethylformamide gives high results and adversely affects the
final polarographic determination of formaldehyde. The effect of the presence of dimethyl
formamide, however, can be eliminated by adding tartaric acid before the stage of distilling
off the methanol. The method itself has a good reproducibility, the accuracy of the results
being within ±0·05 per cent. of methyl ester content.

REFERENCES
1. Ranny, M., Analyst, 1965, 90, 664.
2. Osipow, L., Snell, F. D., Finchley, A., and York, W. c., Ind. Eng. Chem., 1956, 48, 1459.
3. Bares, M., Prumysl Potravin, 1965, 14, 653.
4. "Sucrose Ester Surfactant," Research Report, Sugar Research Foundation Inc., New York,

1961, p. 64.
Received December 10th, 1964



November, 1965J HILL AND RUNDELL 681

An Absorptiometer for the Sugar Industry
By S. HILL AND J. T. RUNDELL
(Tate &- Lyle Refineries Ltd., Keston, Kent)

Measurement of optical density is a commonly used test of purity in
the sugar industry. Difficulty arises when the test is made on solutions of
refined sugar because the optical density due to dissolved impurity is very
small and because it is liable to be masked by traces of suspended turbid
matter.

Among recommendations designed to overcome the difficulty the best
is considered to be that of Gillett, Meads and Holven, who suggested the
definition: colour index = 1000 (a:20 - 2a;20)' For reasons that are stated
a modified definition, colour index = 1000 (a:20 - a;oo), is proposed here.
The modified index should be well correlated with the concentration of
residual dissolved impurity and with the departure from whiteness of the
solution.

An automatic absorptiometer has been developed to measure the colour
index directly. Its readings have been compared with estimates made by
a panel of visual observers who classified samples of "fine liquor" and solutions
of refined sugar according to order of whiteness. Satisfactory correlations
were obtained.

IN the sugar refining industry measurement of the optical densities (absorbancies) of solutions
of white sugar is extensively used for control purposes. Optical density can be measured
comparatively rapidly and it is fairly closely correlated with the very small amount of impurity
remaining in the sugar at the end of the refining process. In addition, because the visual
appearance of refined sugar is important, determination of the departure from whiteness
is a desirable test. "Fine liquor" (the purified sugar solution from which sugar is crystallised)t
and solutions of refined sugar are difficult to measure because of their extremely small
optical densities. If a measurement were made of the transmittancy of an unfiltered solution
of refined sugar, sufficient turbid matter would be present to account for an appreciable
proportion of the total attentuation of the light beam.

A procedure that eliminates the effect of turbidity is required. The basis of the procedure
now in use at Tate & Lyle Refineries Ltd., and the design of an automatic absorptiometerl

that has been developed for this purpose, will be described.
Previous work has been reported by Gillett, Meads and Holven,2 Gillett and Heath3

and Deitz.4 Reference to the three papers by these authors will provide a fairly complete
background to the subject.

REQUIREMENTS
The objects of "colour" measurement in the sugar refinery are

(i) to obtain an index of the concentration of impurity,
(ii) to determine the departure from whiteness.

A system of optical-density specification and measurement for solutions of refined sugar
should satisfy these requirements-

(a) The result of a measurement should be expressed as a single figure that is proportional
to the concentration of colouring matter.

(b) Whiteness is a saleable attribute of refined sugar. When a measurement is made
on a solution of refined sugar, the numerical value of the result should be closely correlated
with the visual assessment of the departure ·from whiteness.

(c) The index of colour should have an absolute significance. It should be independent
of any arbitrary series of colour standards and of the particular instrument used.

(d) The system of measurement must take into account the effects of turbidity.
(e) For routine measurements, a rapid and simple procedure is necessary. This rules

out the removal of turbid matter by the slow process of filtration through membrane filters.

t It is not claimed that the method to be described is applicable to refinery intermediates in general
but it can fairly be applied to "fine liquor" as well as to solutions of refined sugar.
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In the method to be described, a rapid, vacuum-assisted filtration through paper is beneficial
to the extent that it eliminates air bubbles, but it does not reduce turbidity appreciably.

(f) For reasons that will be stated in a later section the recommended procedure will
require measurement of the optical density at each of two wavelengths. The instrument
used for this purpose should perform automatically the necessary mechanical, electrical
and arithmetical operations.

Requirement (e) indicates that the absorbancy index, a, t at a specified wavelength
should be used as the index of colour. To satisfy this a photo-electric instrument, operating
at a strictly defined wavelength (or wavelengths), will be needed.

CONSIDERATIONS CONCERNING THE SPECIFICATION OF COLOUR-

A typical absorption curve for a well filtered sugar solution is shown in Fig. 1, for which
the absorbancy (-logloTs) of a 4-cm depth of "fine liquor" is plotted logarithmically against
wavelength. If the selected wavelength is to be in the visible part of the spectrum, errors of
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Fig. 1. Absorption curve for a typical "fine liquor," con
centration 67 per cent.; 4-cm cells were used

measurement will be least at the violet end of the spectrum where the attenuation due to
dissolved impurities is greatest relative to that due to turbidity.2

With these points in mind three methods of measurement will be considered.
(1) Peters and Phelps5 suggested a single measurement in the yellow-green (approxi

mately 560 mfL) with filtration to minimise turbidity. This method, although difficult, can
give satisfactory results, but it is not acceptable for routine use on account of the length
of time required for the filtration. Moreover, at 560 mfL the optical density of a solution
.of refined sugar is too small for easy measurement.

(2) The need for filtration is eliminated by the two-wavelength method suggested by
Gillett, Meads and Holven.2 A main measurement is made in the violet (at 420 mfL), where

t The symbols used in this paper are as under
Ts = transmittancy of a solution.
A = -logTs in the absence of turbid matter.
A * = -logTs in the presence of turbid matter.
t transmittancy of unit depth of a solution at unit concentration.
a absorbancy index = -Iogt in the absence of turbid matter = A jbe.
a* -logTs in the presence of turbid matter.
b cell length, in em.
e concentration, in g per ml, of sucrose in solution.
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the optical density is from 6 to 12 times that in the yellow-green (at 560 mfL)' At 420 mfL
the effect of turbidity is relatively small, but to take account of turbidity, a subsidiary
measurement is made in the red (at 720 mfL) where the optical density due to dissolved
impurity is substantially zero. Fig. 1 shows that fine liquor may have a ratio of A 420 to A 720
that is of the order of 100 to 1.

Gillett, Meads and Holven state that the component of optical density due to turbidity
is twice as great at 420 as at 720 mfL and this is substantially supported by the results of
Hibbert and Dickman.6 On this basis the colour index may be defined as-

1000 (A;20 - kA;20)
in which the factor 1000 is included to make the final figure more convenient, and the factor
k = 2. According to this definition a solution of refined sugar would have an absorbancy
ndex of the order of 12.

(3) Deitz4 has used a modification of the Adams formula to determine the extent of
the visible departure of sugar solutions from the condition of zero optical density. Departure
of a colour from whiteness normally requires a three-figure specification-the trichromatic
coefficients. However, spectrum absorption curves of sugar solutions show a considerable
degree of uniformity, and Deitz has shown that, for practical purposes, the optical densities
at 420 and 560 mfL sufficiently define the departure from whiteness.

Deitz has prepared charts (see Fig. 2) that indicate the departure from whiteness, in
National Bureau of Standards units (LlENBS), when A;20 and A;60 are known.

NSIJJ

Fig. 2. Curves showing 6 E NBB as a function of A;20 and A;60

In Deitz's chart provision is made for values of A;20/A;60 in the range 1·25 to 13. Measure
ments made in this laboratory have shown that, for filtered solutions of refined sugar,
A 420/ A 560 lies between 6 and 12. These limits are indicated by the two radial lines in Fig. 2.
White sugar (at 50 per cent. concentration in a 16'3-cm cell)t has a value of A 420 that does
not exceed 0·2. For these values of A 420 and A 560, LlENBS depends mainly on A 420. The
curves A and B in Fig. 3 show the relationship between LlENBS and A 420 for values of A 420
between zero and 0·8. Curves A and B represent the two instances in which A 560 = iA 420
and 12A420, respectively. The effect of A 560 is negligible and LlENBS is a nearly linear function
of A 420' It follows that for a light-coloured solution, the method of Gillett, Meads and Holven,
which determines A 420 by measuring A;20 and accounting for tubidity by the measurement
in the red, is a satisfactory means of determining departure from whiteness.

t This cell length has been chosen because 16·3 ml of a 50 per cent. solution contains 10·0 g of sucrose.
The factor, be, for a 50 per cent. solution in a 16·3 cm cell is 10.
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Departure from whiteness is approximately proportional to concentration of colouring
matter when the concentration is small.

RECOMMENDATION-

The two-wavelength method can be recommended, but it is necessary to make an
independent determination of the value of k, the "red factor," in the equation-

Colour index = 1000 (A~20 - kA;20)/bc.

DETERMINATION OF THE "RED FACTOR"-

Hibbert and Dickman's method6 was used to evaluate the factor k. Fifty per cent.
solutions were filtered through five filtering media of different pore diameter.

Readings of A~20 and A;20 were made before and after filtration through double Whatman
No. 42 filter-papers and through sintered-glass discs of porosities 2, 3, 4 and 5.

Progressive extraction of turbid matter by filtration reduces A;20 and A ;20 in the ratio
k to 1. When A ;20 is plotted against A ;20 the slope of the line is the factor k.
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Fig. 4. Three typical graphs, plotted in arbitrary
units, for determining the "Red factor," k

Fig. 4 shows three typical graphs (from a total of 22) of A~20 against A ;20' plotted in
arbitrary units. The mean value of the slopes is 1·33 with a standard error of 0·10. This
result disagrees with the values of Gillett, Meads and Holven and of Hibbert and Dickman,
but these authors do not claim that their value of approximately 2 for the red factor is
necessarily universal.

The instrument designed to perform the measurements at the two wavelengths should
contain only one photo-electric cell, but no photocell having adequate sensitivity at both 420
and 720 mfL is commercially available. The best photocathode for this purpose is probably
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the bismuth - silver oxide - caesium cathode, but even this has an undesirably low response
at 720 mfL. However, it has adequate sensitivity at 690 mfL. At 690 mfL the turbid matter
absorbs slightly more strongly than at 720 mfL and, in addition, there is at 690 mfL a very
weak absorption by the colouring matter itself. Absorption by dissolved colouring matter
at 690 mfL is very small, about 4 per cent. of the absorption at 420 mfL (see Fig. 1). Con
sequently we propose, for our own use, that the turbidity should be accounted for by a
measurement at 690 mfL and that a "red factor" of unity be adopted.

This arrangement has the advantage that unity is the factor that is most easily intro
duced into an automatic instrument. However, in the instrument to be described, provision
can be made for any reasonable value of the "red factor" that other users of the instrument
may require.

An estimate of the error introduced by the compromise procedure can be obtained by
the following considerations. A 720 is negligible (see Fig. 1) and A;20 (due to turbidity) is
usually in the range 5 to 20 per cent. of A ~20' If A ;20 = 0·1 A ~20' the correct amount to be
subtracted from A~20 is 0·133 A;20, so the correct result is 0·867 A~20' Now it is reasonable
to suppose that the change of absorption due to turbidity is approximately linear between

720 and 420 mfL.2 The absorption at 690 mfL will then be 0·1 (1 + 3~ X 0'33) A ~20' due

to turbidity, plus 0·04 A 420 (approximately), due to dissolved impurity (see Fig. 1). According
to the compromise procedure this is subtracted from A ~20' so we have-

A 420 = A~20 (1 - 0,1033) - 0·04 Am·
Hence-

0·20
0·734
0·763

0·15
0·800
0·812

A 420 = 0·862 A ~20'

Applying a similar argument to the instances in which A;20/A~20 is equal to 0,05, 0·15 and
0·20 we have-

A;20/A~20 0·05 0·10
A.J20/A~20 (correct) 0·934 0·867
A 420/A ~20 (compromise) 0·912 0·862

To summarise, the colour index can be defined as

1000 (a~20 - a~90) = 1000 (log t 690 - log t 420) = 1000 log (t690/t420)'

DESCRIPTION OF THE ABSORPTIOMETER

In Fig. 5, S is a 4-watt, concentrated filament lamp supplied by a stabilized current
source. Lens L1 projects an image of the filament on to a 0'6-mm aperture in diaphragm A1

C2

-~-' ~ •'I' I •S LI AI L21

y
VRI

VR2

A2

mplifier
(d. (. )

Fig. 5. Optical system and basic circuit of the absorptiometer.



Adjustment to be made
Pre-set potentiometer (d.c. amplifier bias)

VR t (sensitivity potentiometer)
YR. (measuring potentiometer)

VR t
YR.

Components in optical beam
Stop
Tube C•. 690-mp. filter
Tube Ct. 690-mp. filter
Tube Ct. 420-mp. filter
Tube C•. 420-mp. filter
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and an image of the aperture is formed in the plane XX by lens L 2• C1 and C2 are interchange
able U-section sample cells, which contain water and the test sample, respectively. The
outer faces of the exit plates are in the plane XX, and, by making the diameter of the image
in this plane equal to 4 mm and stopping the aperture of L 2 to the same diameter, the beam
is confined within a 4-mm cylinder. An internal cell width of 1·3 cm then gives ample
clearance for the beam. The remainin'g components are an opaque stop 0, which can be
placed in the beam as required, interchangeable colour filters, F 1 and F 2,t an emission-type
photocell, P, with a 7-mm aperture, A2, designed to cut off forward-scattered light, and
a diffusing screen, D, which reduces the effect of shift of the beam due to imperfections in
the sample cells. P has a bismuth - silver oxide - caesium cathode, which is reasonably
sensitive at 420 mJ.L and 690 mJ.L. F 1 is a narrow-band interference filter centred at 420 mJ.L
and F 2 is a relatively cheap high pass filter with a pass band above 670 mJ.L. The transmission
curve of F 2 combines with the sensitivity curve of the photocell to give an effective peak
transmission at 690 mJ.L.

The transmission of cell C2 is compared with that of the reference cell, C1• At the low
level of illumination used the voltage developed across resistance R is accurately proportional
to the flux of light on the photocell. It is measured by introducing into the direct current
amplifier a neutralising voltage from a calibrated potentiometer (VR2 in Fig. 5). The ratio
of the neutralising voltages corresponding to C2 and C1 is the transmission, T, of the
solution in C2 •

The basic circuit for the measurement of transmission is also shown in Fig. 5. First
consider measurement at a single wavelength. Meter M has a centre zero and is mechanically
biassed so that the meter indicates zero when the input to the d.c. amplifier is also zero.
With the optical stop, 0, in the beam and switch K in position 1, the reading of the meter
is reduced to zero by adjusting the amplifier bias. Next, with the stop withdrawn, tube C1
and an appropriate colour filter in the beam, and the switch in position 2, the voltage developed
across R by the photocell current is applied to the amplifier. The meter reading is again
restored to zero by a stabilized but variable neutralising voltage from the potentiometer VR1,

applied to the amplifier via the fixed point Z. Finally, with tube C2 and the colour filter in
the beam and the switch in position 3 the tapping from the linear potentiometer VR2 is
adjusted to restore the meter reading again to zero. The transmission, T, is the ratio of this
tapped resistance of VR2 to the resistance of that portion of VR2 that lies between switch
terminal 2 (the point Z) and earth. VR2 is provided with a logarithmic scale that indicates
-1000 10gT directly. The zero of this scale corresponds to the fixed tapping point Z.

However, we have defined the optical density of a sugar solution as-

1000 (A~20 - A;90) = 1000 log (~::)
The sequence of operations required for the measurement of this quantity is given below

in tabular form. Each of the five operations is terminated by adjusting a potentiometer
so that the reading of meter M is restored to zero.

Position of
Operation switch K

I I
2 2
3 3
4 3
5 3

After operation 3 the position of the variable tapping point of VR2, which is then between
Y and Z, corresponds to the quantity 1/T69o' This point is the zero point for operations 4
and 5, so that the final position of the variable point of VR2 (between Y and earth) corresponds
to (T420/T690)'

In the final circuit the fixed tapping on VR2 is replaced by a fixed connection to a voltage
divider that is connected in parallel with VR2 .

If a "red factor" not equal to unity is to be used, a second variable potentiometer with
a resistance characteristic appropriate to the value of k can be connected in parallel with

t The colour filters used were a red Ilford 609 and a violet Barr & Stroud metal-dielectric interference
filter with 25 per cent. peak transmission at 4200 A.
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VR2 and ganged to it. By means of a suitable switching sequence this potentiometer is
active for operation 3. It is switched out in favour of VR2 for operations 4 and 5.

Automatic operation can be arranged by including in the circuit a servo system that
restores the input to the d.c. amplifier, and hence the reading of the output meter, to zero
after each operation. Ten cams, mounted on a motor-driven camshaft, control the sample
cell carrier, the optical stop, the colour filters, and a set of micro-switches. Three of the
micro-switches constitute the switch K of Fig. 5. The remainder control the pre-set, sensi
tivity and measuring servo-motors (see Fig. 6). With the camshaft in its initial position
a zero-setting servo-motor is driven to the balance point. After each movement of the cam
shaft the photocell current energises the amplifier and the output meter is displaced from
zero, the appropriate motor is switched in and the corresponding potentiometer is driven
in the correct direction to the balance point. The camshaft servo-motor is then energised,
and the camshaft revolves for one sixth of a revolution, setting up the conditions for the next
stage in the measurement cycle. The sensitivity and measuring potentiometers approach
the balance point rapidly and usually overshoot it, but two-speed reduction gears between
the potentiometers and the motors ensure that balance is re-approached at reduced speed,
and the motor stops without overshoot. Interlocking switches prevent the initiation of one
operation before the previous one is complete. If the test solution has too dense a colour
the measuring potentiometer will revolve continuously, and a red light will draw the attention
of the operator who can restore the camshaft to its starting position by means of a "Re
set" switch.

An illuminated transparent graticule is mounted on the shaft of VR2 ; its graduations
are projected on to a ground-glass screen on the front panel of the instrument. The indicated
figure is the value of 1000 log (T690/T420). The time required for the instrument to perform
its measurement cycle is about Ii minutes.

PERFORMANCE TESTS
REPRODUCIBILITY-

This was tested by taking ten readings on each of five samples. The results are given
in Table 1.

LINEARITY-

This was estimated by means of sets of ten readings on water and each of four solutions
of a sample of soft sugar. The solutions were prepared by making a stock solution and
diluting to 1, i and 1of its original concentration. A graph of the results is shown in Fig. 7.

800.-----------------,

600

~ 400
I

200

o 0-50
Concentration. arbitrary units

Fig. 7. Results of linearity test

ABILITY OF THE ABSORPTIOMETER TO ESTIMATE WHITENESS-

This was tested by measuring the colour indices of twelve 50 per cent. solutions of refined
sugar in 16'3-cm cells. The samples were chosen to cover the whole colour range of granulated
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sugar from Tate & Lyle and they were arranged in order of whiteness by ten independent
observers who viewed a white background through a 60-cm depth of each solution. Observers'
rankings are shown in the centre panel of Table II and in the last two columns are the
instrumental and average visual rankings.

TABLE I
REPRODUCIBILITY RESULTS

Value of 1000 log (1'690/1'...)
Sample

(
A...

\

1 2 3 4 5
-I 218 490 598 700
-2 218 492 596 700
-1 218 492 602 705
-I 218 492 602 695
-2 217 490 602 705
-2 218 492 602 700
-3 218 490 596 710
-1 218 494 602 705
-3 218 492 598 705
-3 220 492 602 695

Mean .. -1·9 218·1 491·6 600·0 702·0
Standard deviation 0·87 0·74 1·3 2·7 4·8

TABLE II
GRANULATED SUGAR

Ranks
Absorptio- Observers ,--------J'-------.

meter ( Absorptio-
Sample reading A B C D E F G H I J Average meter Visual

b 52 3 3 3 4- 3 3 1 1 1 3 2'5 1 3
c 54 2 1 2 2 1 2 4 3 2 2 2·1 2 2
I 58 1 2 1 1 2 1 2 2 3 1 1·6 3 1
d 62 4 4 4 3 4 4 3 4 5 6 4·1 4·5 4
j 62 5 7 5 6 5 5 5 5 6 7 5·6 4·5 5
f 70 6 6 7 5 6 6 6 7 8 5 6·2 6 7
i 72 8 8 8 8 8 8 8 8 7 8 7·9 7 8
k 78 7 5 6 7 7 7 7 6 4 4 6·0 8 6
a 101 9 9 9 9 9 9 10 9 9 10 9·2 9 9
e 103 10 10 10 10 10 10 9 10 10 9 9·8 10 10
g 119 12 12 12 11 12 12 12 12 12 12 11·9 11 12
h 128 11 11 11 12 11 11 11 11 11 11 IH 12 11

Coefficient of concordance of assessors = 0·956.
Rank correlation coefficient (absorptiometerIvisual) 0·809.

TABLE III
"FINE LIQUOR" SAMPLES

6 from Pittsburgh carbon, 5 from bone charcoal

Ranks
Absorptio- Observers ~

meter ( Absortio-
Sample reading A B C D E F G H I J Average meter Visual

bt 74 2 2 2 2 2 2 1 2 2 1 1·8 1 2
h 77 1 1 1 1 1 1 2 1 1 2 1·2 2 1
c 88 3 3 3 3 3 3 4 3 3 3 3·1 3 3
at 97 5 4 4 4 4 4 3 4 5 4 4·1 4 4
i 1I6 4 5 5 5 5 5 5 5 4 5 4·8 5 5
dt 121 7 7 6 7 7 7 7 7 7 7 6·9 6 7
j 127 6 6 7 6 6 6 6 6 6 6 6·1 7 6
ft 147 9 8 8 8 8 8 9 8 8 8 8·2 8·5 8
e 147 8 9 9 10 10 9 8 9 10 9 9·1 8·5 9
gt 156 II 10 10 9 9 10 10 11 9 11 10·0 10 10
k 170 10 11 11 II 11 11 11 10 II 10 10·7 11 11

Coefficient of concordance of assessors = 0·977.
Rank correlation coefficient (absortiometerIvisual) 0·917.

t Liquors from bone charcoal.
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In a similar test with eleven samples of "fine liquor" the effect of different tints was
investigated. The precise tint of fine liquor depends on the adsorbent used in the purification.
.Samples a, b, d, f and g were decolorised with bone charcoal; the remainder were decolorised
with Pittsburgh granular carbon. Although the difference of tint was considerable the
observers attained a high degree of concordance and their average ranking was fairly well
approximated by the absorptiometer (see Table III). In the test 4'6-cm cells were used for
the absorptiometer measurements; the observers used 60-cm cells.

Appendix

LIST OF COMPONENTS

39-ohm, IOO-watt, wire-wound, tapped resistors
6000-ohm, 2-watt, wire-wound resistor
150,OOO-ohm, i-watt resistors

IOO-ohm, i-watt resistors
33,OOO-ohm, i-watt resistor
I'5-ohm, 3-watt, wire-wound resistor
220-ohm, i-watt resistors
4700-ohm, i-watt resistor
I-megohm, i-watt resistor
lOOO-megohm, Welwyn, glass-sealed resistors
3'3-megohm, i-watt resistor
680-ohm, high-stability resistor, 5 per cent. tolerance
3300-ohm, i-watt resistor
68-ohm, i-watt resistors
330-ohm, i-watt resistor
47-ohm, i-watt resistor
2000-ohm, I-watt resistor
500-ohm, i-watt resistors
Resistors with a value according to sensitivity of the photocell (PEC)
47,OOO-ohm, i-watt resistor
20,OOO-ohm, i-watt resistor
lBO-ohm resistor, adjusted in calibration
50-ohm, 5-watt, wire-wound, variable resistor
lOOO-ohm helical P.X. Fox PX4/H/IO variable resistor (set zero)
200-ohm, I-watt, wire-wound, variable resistor (coarse zero)
lOOO-ohm, 5-watt, wire-wound, variable resistor (relay balance)
lOOO-ohm P.X. Fox C 355 variable resistor (sensitivity setting)
lO,OOO-ohm, 5-watt, wire-wound, variable resistor (dummy zero, zero-point

setting
15,OOO-ohm precision P.X. Fox C 300 variable resistor (measuring potentio-

meter)
IO-JLF electrolytic capacitor, 250-volt working
lOO-f'F electrolytic capacitor, 150-volt working

O·I-JLF capacitors, 250-volt working (paper dielectric)
2-JLF capacitor, 350-volt working (paper dielectric)
O'OI-JLF capacitor, 250-volt working (paper dielectric)
0'5-f'F capacitor, 250-volt working (paper dielectric)
Projector lamp, G27, 4'0-volt, 0·75-amp.
Indicator lamp, 6'0-volt, 0·3-amp., M.E.S.
Scale lamp, 6'0-volt, 0·3-amp., M.E.S.
Mains indicator, neon, Arcolectric SL90N
MEI403 valve
85A2 valve
OC 202 transistor
OC 43 transistor
Carpenter type 51 B4/63 relay; coil resistances 2680 and 850 ohms
I make, 1 heavy-duty make Post Office 3000-type relays with lOOO-ohm coils
I break, 1 break, Ii inch toe slug Post Office 3000-type relay with lOOO-ohmcoil
Milliameter, 0 to 1 rnA
Rectifier, RMO
Suppressor diodes, OA 10
"Start" push-button, c/o contacts
"Re-set" push-button, break contacts
Servomotor, type T4FAI, 2 r.p.m. (set zero)
Servomotor, type T4FAI, 2 r.p.m. (set sensitivity)
Servomotor, type T4FAI, 2 r.p.m. (measuring)
Camshaft servomotor, type Q3FAI, 8 r.p.m.
Cam-operated microswitches, Burgess type V3 + VLRI
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Cam-operated leaf switch
Closed-circuit jack
Photocell, Cintel type VB39
Double-pole single-thx:ow mains switch
Single-pole single-throw camshaft blocking switch
Single-pole change-over setting-up switch
Advance DCTI power unit, 30-volt, I-amp.
Transformer, Gardiners TS8000
Mains fuse, I-amp.
Test points
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The Determination of Moisture in Plain Cakes by
a Microwave Attenuation Technique

By A. D. INCE AND A. TURNER
(Chemists' Department, Cadbury Brothers Limited, Bournville, Birmingham)

A procedure based on microwave attentuation measurement with an
A.E.!. Ltd. moisture meter has been developed for the rapid determination of
moisture in plain cakes. The main factors influencing attentuation, apart
from moisture, are temperature, sample preparation and cake texture. Under
the conditions described, linear relationships were obtained between moisture
content, attenuation and temperature for a variety of cakes. At moisture
levels ranging from 18 to 25 per cent., 95 per cent. of the results obtained by
the microwave method were within ±O·6 per cent. of results obtained by a
Brabender oven method.

As a result of a need for a very rapid method for determining moisture in cakes, it was
decided to investigate the possible application of a microwave moisture meter. At the time,
although brief references had been made to the application of this technique to foodstuffs,
the details available concerned building materials, for which the technique was originally
developed, and also sand, tobacco and paper.l,2,3 Even with these substances, however,
information of practical interest to the analyst was scanty.

More recently, Taylor4 ,5 has considered the technique and its limitations in greater detail,
and has outlined some of these at a Society Meeting in May, 1964.6 The results of our experi
ments, completed before the publication of this papeJ;,6 independently confirm his observations
on some of the factors affecting microwave attenuation, i.e., absorption, measurements.
But, since our approach was that of the analyst rather than that of the electronics engineer,
we believe that our more detailed results in applying this new approach to moisture measure
ments will help other analysts contemplating its use.

MICROWAVE ABSORPTION AND EQUIPMENT
Molecular energy changes due to the absorption of energy in the microwave region of

the electromagnetic spectrum, i.e., wavelengths of 0·1 to 30 cm, can occur in a similar way
to those resulting from the absorption of infrared radiation. Water is one of those substances
whose molecular rotation spectrum includes natural frequencies in this region. At these
frequencies, the attenuation by water is much greater than that of most dry materials,
so that, once the relationship between moisture content and attenuation has been determined
for a given material by calibration, the attenuation can be used as a direct measure of
moisture content.

The instrument used in our experiments was an Associated Electrical Industries Ltd.
X-band moisture meter operating at a frequency of 10,680 Mc/s. It is made up of two
lightweight, portable units, the transmitter and the receiver. Basically, the transmitter
consists of a klystron oscillator modulated by a 3·2 Kc/s square wave, terminating in a
3-inch square horn. A similar horn on the receiver is coupled to a precision attenuator
and crystal detector. The signal from the latter is amplified and fed to a meter, or recorder
if desired.

In use, the transmitter and receiver horns are adjusted at a set distance apart. This
distance is determined by the size of the sample found to be necessary. The attenuator
setting required to give a mid-scale deflection on the meter is determined with and without
the sample inserted between the horns. The difference between the two settings is the
attenuation of the sample, measured in decibels (dB).

When applied to powders or granular materials, wave-guides, tubes of small rectangular
cross-section and variable length, may be used as containers. Preliminary experiments with
cake and the use of such wave-guides were unsuccessful. The most satisfactory container
was found to be a 4-inch section of 6-inch diameter Perspex tubing sealed on to a 6!-inch
square of i-inch Perspex sheet. Additional strips of Perspex were cemented to the under
neath of the base so that the cell could easily be slotted on to the transmitter horn, which
was at a constant distance of 4t inches from the receiver horn. The equipment and the cell
are illustrated in Fig. 1.



Fig. 1. General view of moisture meter

CTo foee p. 692
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EXPERIMENTAL

SELECTION OF A STANDARD METHOD FOR CALIBRATlON-

In order to achieve reliable calibration of the instrument, it was essential to know more
about the precision and accuracy of the conventional oven methods used in cake analysis,
and a series of experiments was carried out in which the results obtained by drying in a
Brabender oven at 105° C for 1 hour were examined statistically and compared with those
obtained by drying for 4 hours in a steam-jacketed oven of the Imperial Tobacco Company's
design. As might be expected, sampling affected the results greatly, and it was found that,
for a plain cake, a difference of up to 1 per cent. of moisture (actual) could be expected from
different parts of the same cake. However, by using well mixed samples that were allowed
to reach moisture equilibrium in sealed tins, it was shown that the accuracy and precision
of each method were practically identical, the latter being ±0·3 per cent. of moisture. Thus
it was decided to base the calibration on the Brabender oven method, which was the quicker
of the two.

EFFECT OF SAMPLE WEIGHT AND COMPRESSION-

Preliminary tests on one type of cake showed that attenuation varied linearly with
sample weight and that in order to accommodate the expected range of moisture contents,
a sample weight of 425 g was required. This corresponded to more than one cake, so that
the technique initially adopted was to disintegrate three cakes in a Hobart mixer by using
a paddle-type blade and to withdraw 425 g for the attenuation measurement.

In this manner, weighed samples of plain sponge-cakes were transferred to the Perspex
cell and gently shaken to level the surface. It was found that the depth of cake in the cell
varied from sample to sample, and so these results were compared with those obtained on
the same samples, but after compression to a uniform depth of 2 inches. The standard
deviation of a single reading for the loosely packed technique was 0·3 dB, and for the com
pressed samples 0·2 dB. Additionally, the attenuation of each sample increased when the
sample was compressed, and was due to either an attenuation increase of the sample, or
an increased loss of radiation by reflection at the air - cake interface. The slightly better
precision obtained after compression was most likely attributable to the maintenance of
a constant distance between this interface and the receiver horn so that reflection losses
were constant.

Similar results were obtained with Madeira cake and gateau-type cakes, but the texture
of ginger cake was such that 425 g could be contained in a 2-inch depth in the cell with little
or no compression and so in this instance a compressed depth of It inches was used.

EFFECT OF TEMPERATURE-

Attenuation measurements were carried out on plain sponge cakes at temperatures
varying from 15° to 25° C and the moisture contents determined by the Brabender oven
method. By plotting graphs of attenuation against temperature for samples having the
same moisture contents it was found that the attenuation increased by about 0·4 dB for each
°C rise, thus confirming that the microwave method is temperature dependent.4 ,5 This is
illustrated in Figs. 2 (a) and (b) in which are plotted attenuations against moisture contents,
uncompensated for temperature in Fig. 2 (a) and compensated to 20° C in Fig. 2 (b). The
same conclusions held for other varieties of cake, such as chocolate sponge, Madeira and
gateau-type.

EFFECT OF CRUMB AGGLOMERATION-

Samples of plain sponge cake broken down in the Hobart mixer and which had been
intentionally heated to above 30° C were found to have lower attenuations than expected
after the temperature correction factor had been applied. Further, when a different sample
disintegrator, which operated on a rotating-knife principle (a Turmix shredder) was used,
higher than expected attenuations were obtained for the same variety of cake. The main
difference between the prepared samples in these and previous experiments was in texture.
The Hobart-mixed samples were coarse and larger in crum structure than the Turmix
prepared samples, which were small in crumb and light-textured. Further, the heated
samples (> 30° C) looked distinctly soggy.
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The dependence of the attenuation - moisture relationship, temperature corrected, upon
crumb size and agglomeration was confirmed by separate tests on Swiss roll samples. Here,
uncreamed roll, freshly disintegrated in a Turmix, gave a different, but still linear, calibration
from the same samples after they had been stored in sealed tins for a few hours. The stored
samples were different in appearance to the fresh samples and had a more clinging crumb
structure.

EFFECT OF SAMPLING ERRORS ON THE BRABENDER RESULTS-

After measurement of the attenuation, samples for the Brabender oven moisture deter
mination were taken (a) directly from the cell and (b) from a polythene bag to which the
contents of the cell had been transferred and thoroughly mixed by shaking for 1 minute.
Statistical examination of the results revealed that the precision of the calibration was better
with procedure (b) and this was ascribed to improved moisture distribution, so that the 10 g
withdrawn for the Brabender test was more representative.
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Fig. 2. The effect of moisture on the attenuation of cake samples (a) varying in temperature between
Hio and 25° C and (b) after compensation for temperature to 20° C. Points 0, determined within the range
17° to 23° C; points e, determined within the ranges 15° to 17° C and 23° to 25° C

METHOD

Two or three cakes, depending on the variety, are required to provide sufficient sample
for the test, but their temperature must be less than 30° C before testing. Slice each cake
into two, pass one portion from each cake successively through a Turmix shredder, and then
shred the remaining halves in a similarly successive manner. In this way, a satisfactorily
mixed bulk sample is obtained for the microwave measurement.

With the equipment set up as shown in Fig. 1, switch on at the mains and then the
transmitter, and allow the latter to warm up for 5 minutes. Slot the appropriate Perspex
cell fully home across the transmitter horn. For ginger cakes, use a cell of Ii-inch sample
depth; for other cakes, i.e., Swiss roll, Madeira, sponge and gateau, use a cell of 2-inch sample
depth.

Adjust the attenuator control to give a mid-scale deflection on the meter. Align the
zero line of the annular scale with the zero line on the decibel scale, and lock by means of
the knurled screw. This setting should be checked every 45 minutes when the instrument
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is in operation. Remove the cell and weigh into it 425 ± 1 g of prepared sample directly
from the Turmix container. Gently shake the cell horizontally to obtain an even distribution
of cake and compress the sample with a suitable plunger to the appropriate depth. Re-insert
the cell between the horns, and regain mid-scale deflection of the meter by adjusting the
attenuator control. Record the decibel reading coincident with the zero set line of the
annular scale. This value is the attenuation of the sample. Take the temperature of the
sample at three different positions, by using a calibrated thermistor-type thermometer and
record the average temperature to the nearest 0'5° C.

CALIBRATION OF THE INSTRUMENT-
Carry out the procedure as described above, then transfer the sample from the cell

into a dry polythene bag of suitable capacity, and shake the bag thoroughly for at least
1 minute to ensure a satisfactorily mixed sample for the conventional moisture determination.
Weigh 10 g of sample, and determine the moisture content by using a Brabender oven and
drying for 1 hour at 105° C. Select samples so that the entire range of results expected to
be met in practice is covered by the calibration. At least 20 results, preferably more, are
required to produce an accurate calibration.

DISCUSSION OF RESULTS
SWISS ROLL-

Twenty-one samples were tested by the microwave and Brabender procedures. Tem
peratures varied between 21 ° and 30° C, and the moisture contents ranged from 16 to 24 per
cent. A statistical analysis of the results by the method of least squares produced the
equation-

M = 0·48A - 0·18T + 14·16
where M moisture content of sample, per cent. by weight,

A observed attenuation of 425 g of sample and
T temperature of sample, in °C.

By using this relationship, the moisture content of the cakes relating to the determined
attenuations were calculated, and the deviations from the actual Brabender results derived.
All of the microwave results differed from the oven result by less than 0·6 per cent. of moisture,
and 75 per cent. by less than 0·3 per cent. The mean deviation from the oven result was
-0,15 per cent. Since the Brabender determination contributes to the errors, the micro
wave method could be more accurate than these results suggest, particularly when account is
taken of the fact that the errors due to sampling will be less for this method because of the
much larger sample weight.

PLAIN AND CHOCOLATE SPONGES, MADEIRA CAKES AND GATEAUX-
In this series of tests, 6 butter-sponge samples, 7 chocolate-sponge samples, 8 Madeira

cake samples and 16 gateau samples were examined, having moisture contents ranging
from 21 to 25 per cent. It was statistically calculated that all four cakes were governed by
the relationship-

M = 0·59A - 0·22T + 13·54
Again, the deviations of the calculated result from the Brabender result were derived. Just
under 95 per cent. of the microwave results differed from the Brabender result by less than
0·6 per cent. of moisture, and about 70 per cent. by less than 0·3 per cent. of moisture. The
mean deviation between the two methods was zero.

GINGER CAKE-
The relationship for this cake was-

M = 0·50A - 0·27T + 16·35
This regression equation was developed from only 14 results, which was insufficient to produce
the most accurate equation. Nevertheless, the mean deviation from the Brabender result
was only +0·15 per cent. and only one microwave result differed from the oven result by
greater than 0·5 per cent. of moisture. The range of moisture content covered was again
21 to 25 per cent.
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The three sets of results above for different varieties of cake are presented graphically
in Fig. 3, which illustrates more clearly the different linear relationships.
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Fig. 3. The effect of cake texture on the linear relationship between
attenuation and moisture content. Points., swiss roll; points f:::" ginger
cake; points 0, sponges, gateaux and Madeira cake

CONCLUSIONS

We have found that,' by following a standardised technique that takes into account
factors affecting attenuation measurements, moisture can be determined within the accuracy
required for control purposes in certain varieties of cake by using a microwave attenuation
technique. The main factors affecting the method are temperature and texture of sample,
the latter being influenced by sample preparation. Changes in the cake recipe, provided that
the texture is not altered, appear to have little effect; in fact, in one instance, the same calibra
tion held for four varieties of cake. Textural differences are more important and have a
greater influence upon results.

The regression equations quoted apply specifically to the conditions and circumstances
described, and it is recommended that other workers carry out individual calibrations along
the lines indicated.

We thank Mr. J. G. Ross for his assistance in the statistical interpretation of the results
and the Directors of Cadbury Brothers Ltd. for permission to publish this work.
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The Micro-detennination of Glutathione and Cysteine In the
Presence of Each Other

By M. WRONSKI
(Department of Chemical Technology, University of LOdi, Nowotki 18, Poland)

KNOWLEDGE of the concentration of reduced glutathione and cysteine in some products of living
creatures is of prime importance for certain biochemical investigations. 1 This paper reports a
method for determining both compounds in the presence of each other, in the absence of proteins,
which can be removed by precipitation.

As has been already shownz cysteine reacts very rapidly with formaldehyde, forming probably
a 5-membered ring, whereas the reaction with its N-acid derivatives is slow, if there are no amino
groups in the molecule. Glutathione has an amino group, which can form only a 10-membered
ring with formaldehyde. Consequently, the reaction between formaldehyde and glutathione is
more rapid in comparison with the compounds that have no amino group at all. In acidic solutions
containing 3 per cent. of formaldehyde, about 80 per cent. of the mercapto groups in glutathione
are no longer detectable after 5 minutes at 20° C, probably because of the formation of 10-membered
rings with -NH.CHz.S- bonds. In alkaline solutions the reaction is slow, whereas the reaction
between cysteine and formaldehyde is very rapid in acidic as well as in alkaline solutions, and
in this way both compounds can be distinguished.

The determination of cysteine and glutathione in trace amounts can be carried out by titration
with 5 X 10-4 N o-hydroxymercuribenzoic acid in the presence of thiofluorescein in 0·05 N ammonia
solution as indicator, with an accuracy of ±0'05 ml of the reagent.

Some typical results are shown in Table I.
The same results were obtained by titrating cysteine in 0·05 N sodium hydroxide in the

presence of dithizone, but under these conditions the titration of glutathione is less accurate and
the results are about 3 per cent. too low. The use of thiofluorescein in 0·05 N sodium hydroxide
is not convenient, beca.use the end-point is not sharp, the change of colour lies in a range of 0·5 ml
of 5 X 10-4 N o-hydroxymercuribenzoic acid, whereas in ammonia solutions the range is 0·2 ml of
5 X 10-4 N o-hydroxymercuribenzoic acid.

For the determination of cysteine and glutathione in the range 0·2 to 10 fLmoles, the procedure
given below is recommended.

METHOD

REAGENT-

o-Hydroxymercuribenzoic acid-Dissolve m (about 0,16) g of o-hydroxymercuribenzoic acid
anhydride in 10 ml of 0·1 N sodium hydroxide and dilute the solution to 1 litre. The normality,
N HMB, of the solution is given by-

In

N HMB = 320.71

PROCEDURE-

For cysteine plus glutathione-Add 1 ml of N ammonia solution to 20 ml of aqueous sample
and titrate the mixture with the o-hydroxymercuribenzoic acid with thiofluorescein as indicator.
Let this titre be V 1 ml. The titre of a blank solution containing indicator should be 0·2 ml.

For glutathione-Add 1 ml of N sodium hydroxide and 5 ml of 3 per cent. wIv formaldehyde
to 20 ml of aqueous sample. Set the solution aside for 1 minute and then titrate without delay
with the o-hydroxymercuribenzoic acid with dithizone as indicator until the colour changes from
yellow to purple. Let this titre be Vz ml. The titre of a blank solution containing indicator should
be 0·1 ml. Use the blank solution with the same amount of indicator and 0·1 ml of o-hydroxy
mercuribenzoic acid for comparison at the end-point. Only 6 per cent. of the mercapto groups
in glutathione and more than 99 per cent. of the mercapto groups in cysteine, react under the
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conditions used with formaldehyde. Consequently, the full correction for glutathione amounts to .
9 per cent. as compared with titration in ammonia solution in which thiofluorescein is used as
indicator. Calculate the results from the equations-

Glutathione content, mmoles 1·09 (V2 - 0,1) N HMD •

Cysteine content, mmoles = [Vi - 0·2 - 1·09 (V2 - O'I)J N HMIl

TABLE I

DETERMINATION OF CYSTEINE AND GLUTATHIONE

Cysteine present,
",moles

4·30
0·000
0·000
0·000
2·66
1·28
5·15
2·57
4·30

Glutathione present,
",moles

0·000
1·08
2·16
4·32
2·25
3·38
l-l3
1·13
0·86

Cysteine found,
",moles

4·27
0·012

0·035
2·60
1·33
5·10
2·47
4·26

Glutathione found,
",moles

0·025
1·07
2·19
4·28
2·27
3·26
l-l5
1·13
0·87
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A Comparison of Fibrous-residue Determinations by the Official
(A.O.A.C.) Method and the Dimethylsulphoxide Method

By H. ZENTNER
(Bread /?esearch Institute of Australia, Epping Road, North Ryde, N.S.W., Australia)

A SIMPLIFIED method for the determination of fibrous residue in wheatmeals and in brown and
wholemeal breads has been proposed. i This method, based on a single digestion of the sample
with a mixture of dimethylsulphoxide and formic acid, gives identical results with the official
method2 up to a fibre content of about 4'5 per cent.

A series of determinations on a range of sample, containing from 0·45 to 13·6 per cent. of
crude fibre was carried out by the official method and the dimethylsulphoxide method and the
results compared (see Table I).

It was observed tha~ the dimethylsulphoxide method gave consistently higher results than
the official method on samples of a fibre content higher than 4·5 per cent.

The nitrogen determination on the fibre isolated by the dimethylsulphoxide - formic acid
process showed that the fibre is almost nitrogen free. The higher results obtained could therefore
not be attributed to the incomplete removal of proteinaceous matter by the new digestion procedure.

The fibre isolated from wheat products by the dimethylsulphoxide method is practically
ash-free. (The fibre from a sample of grass contained about 6 per cent. of ash, half of which was
silIca, but the results in Table I have been reported on an ash-free basis.)

The fact that the results obtained by the dimethylsulphoxide method agree well with those
obtained by the official method up to a certain content, but are higher for samples of higher fibre
content (in the absence of nitrogen in the fibre) seems to indicate that partial hydrolysis of fibre
material takes place in the official method. It is assumed that partial hydrolysis does not signi
ficantly influence the results in the lower fibre-range, but becomes significant in samples of high
fibre content.

To test this assumption, I-g lots of cotton-wool were digested by the official and the dimethyl
sulphoxide method. With the latter method a recovery of 97 per cent. of cotton-wool (on a dry
basis) was obtained, whereas with the official method the recovery was only 86 per cent. The
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filtrate of the acid digestion of cotton-wool by the official method gave an appreciable amount
of precipitate of CuaO with Fehling solution indicating that some cellulose had been hydrolysed.

Similarly, the fibre isolated by the dimethylsulphoxide method from four determinations
from the grass mixture was bulked and subjected to the procedure of the official method. A loss
of 31 per cent. occurred and the filtrate of the acid-digestion step reduced Fehlings solution,
indicating again that hydrolysis had taken place.

These findings agree with those reported previously by several authors. (For an excellent
review see Weinstock and Benham.a)

TABLE I

Crude fibre, percent., by-
,-- ~A.. \

Official Dimethylsulphoxide
method methodSample

Calf meal ..
Cattle nuts
Pollard
Fine bran ..
Coarse bran
Grass mixture
Animal feed
Animal feed
Sharps
Wholemeal bread ..
Brown bread
Wheatmeal

13,64, 13·46
9,77, 9·59
6,43,6,48
9,58,9,63

11,30, 11·74
23·22, 23·21

6'30,6,48
4,74,4,61
2,01,2,05
1,59, 1·66
0,45,0,43
2,17,2,24

15,53, 15·83
13·23, 13·81

7,53, 7·55
10,57, 10·55
13,20, 13·51
26'5, 26·9

7,31, 7·40
4'90.4·63
2,23,2,09
1'54. 1·58
0,42,0,49
2,16,2,25

Nitrogen,
per cent.,

based on fibre
weight

0,0, 0·12
0,0, 0·12
0,0, 0·0
0,0, 0·12
0,12, 0·12
0,0, 0·0
0,0, 0·0
0,0, 0·0

Recovery by official
method as a

percentage of that by
dimethylsulphoxide

method
86
72
86
91
86
87
87

Table I, column 4 lists the recovery of crude fibre by the official method, assuming the recovery
of crude fibre by the dimethylsulphoxide method to be 100 per cent.

As the material isolated by the dimethylsulphoxide method has been washed with boiling
30 per cent. aqueous formic acid and with boiling water and furthermore as it contains practically
no nitrogen, it may be assumed that it represents more accurately the fibrous material present
in plants, thim the material isolated by the official method, in which hydrolysis of cellulosic substance
has been shown to occur.

The author gratefully acknowledges the technical assistance given by Miss H. J. Robinson.

REFERENCES

1. Zentner, H., Analyst, 1965,90, 303.
2. Association of Official Agricultural Chemists, "Official Methods of Analysis," Ninth Edition,

A.O.A.C., Washington, D.C., 1960.
3. Weinstock, A., and Benham, G. H., Cereal Chem., 1951, 28, 490.

Received April 13th, 1965

Book Reviews
HANDBOOK OF X-RAY ANALYSIS OF POLYCRYSTALLINE MATERIALS. By LEV IOSIFOVICH MIRKIN.

Pp. xx + 731. New York: Consultants Bureau. 1964. Price $35.00.

Dr. Mirkin's remarkable book was originally published in Russian in 1961, and the present
volume is a translation by Dr. J. E. S. Bradley. It brings together an astonishingly comprehensive
collection of those constants and data used in the production and interpretation of X-ray diffraction
patterns from polycrystalline materials. Whilst the 464 references cover the world's literature,
many are from relatively inaccessible Russian sources and this translation makes the material
available to a wider public.

The data are presented for the main part in tabular, graphic and nomographic form. In
a foreword the Editor, Professor Umanskii, stresses that the book is not intended to present the
type of material to be found in textbooks, so that only brief statements are given as to the use
of the tables and nomograms. Derivations of formulae and descriptions of methods are given
concisely, if at all. The list of contents of the twelve chapters indicates how very fully the subject
has been covered.

The book is divided into two parts. Part 1, comprising the first four chapters, is concerned
with the initial stages of an X-ray analysis. In Chapter 1 X-ray spectra and the interaction of
X-rays with matter are discussed, whilst chapter 2 deals with the production and measurement
of X-ray patterns. Chapter 3 is about the indexing of X-ray patterns and the final chapter in
this part deals with factors affecting line intensities.
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In Part 2, chapter 5 is concerned with phase analysis and subsequent chapters include precision
measurement of lattice constants, determination of macroscopic stresses, determination of crystal
lite sizes and microstresses, preferred-orientation textures, small-angle scattering, electron diffrac
tion and neutron diffraction.

The first twenty pages of chapter 2 describe Russian X-ray equipment and the inclusion of
this section in the present American edition is of doubtful value. In the same chapter the nomo
grams giving parameters for bent quartz crystal monochromators are an example of the detailed
presentation accorded to much of the information in the book.

Chapter 3 is very long (220 pages) and covers the indexing of powder patterns for crystals
in descending order of symmetry. The Hull-Davey charts for indexing patterns from hexagonal
and tetragonal crystals included in this chapter have not been reproduced for almost forty years.
The use of the theory of homology in indexing patterns for crystals of low symmetry is given an
extensive treatment in this chapter.

Chapter 5 in the Russian edition contained 126 pages of data from the A.S.T.M. Powder
Data File. These are omitted in the translation under review.

The last two chapters in the book are relatively short and are the ones concerned with electron
and neutron diffraction. Their inclusion is hard to justify as these topics are not developed in
the systematic way accorded to the X-ray method and the relatively small amount of material
included is unlikely to interest those working in these areas.

In a book of this type it is important that the data should be readily available and in this
espect the index, used in conjunction with the list of contents, appears to be adequate. Several
minor inaccuracies are to be found in the references listed at the end of the volume.

The book is stoutly bound and clearly printed. It is highly recommended to those whose
work involves some knowledge of powder diffraction methods. E. A. KELLETT

TABLES OF INTERATOMIC DISTANCES AND CONFIGURATION IN MOLECULES AND IONS: SUPPLE
MENT 1956-1959. Edited by L. E. SUTTON, M.A., D.Phil., F.R.I.e., F.R.S. Pp. vi + 288.
London: The Chemical Society. 1965. Price 84s.; $12.00.

This supplement of Special Publication No. 11 covers the period 1956 to 1959, inclusive,
and gives details of structural parameters (bond lengths and angles) obtained by X-ray crystallo
graphy, electron-diffraction, or spectroscopic techniques. The compounds listed range from
molecular hydrogen to vitamin B l2 and include structural details of many of importance to the
analyst, e.g., acetylacetonates of beryllium, copper(n), nickel, vanadium(llI), cobalt(m). iron (III)
and thorium; bisdimethylglyoxime complexes of copper, nickel, palladium and platinum; bipyridyl;
mercury dithizonate. It is noteworthy that in the EDTA complex, ammonium ethylenediamine
tetra-acetato cobalt(In), the metal is 6-co-ordinated by the two nitrogen and four oxygen atoms
of the ligand anion; but in dihydrogenethylenediaminetetra-acetato aquonickelate(n) one carboxyl
group is free and octahedral co-ordination is completed by the water molecule. There are over
800 literature references·and excellent indexes and tables of selected bond lengths in this invaluable
and scholarly work. H. M. N. H. IRVING

THE EQUILIBRIUM THEORY OF CLASSICAL FLUIDS. By HARRY L. FRISCH and JOEL L. LEBOWITZ.
Pp. xvi + 517. New York and Amsterdam: W. A. Benjamin Inc. 1964. Price (cloth)
$11.00; (paper) $6.55.

This is a rather new kind of book and a very useful kind, too. It is one of a series called
"Frontiers in Physics," is described as a "Lecture Note and Reprint Volume," and turns out
to be a brilliantly compiled anthology of twenty-eight articles photographically reproduced either
from published papers or from typescripts hot off the griddle, together with brief but pertinent
comments and a useful bibliography. A few well chosen classics are reprinted. These are papers
by Ornstein and Zernike (1914) and Zernike (1916); Kirkwood (1935); Guggenheim (1945); Mayer
(1947); Van Hove (1950; here translated into English) and Nijboer and Van Hove (1952); and
two papers by Yang and Lee (1952). Apart from these, all the papers were published between
1962 and 1964, or had not been previously published (indicated with asterisks). They include
papers by Ruelle·; Groeneveld; Lebowitz and Penrose; Edwards and Lenard; Percus·; Stell·;
Wertheim; Ree and Hoover; Kac, Uhlenbeck and Hemmer; Helfand·; and Fisher. To those
who are already familiar with the field, these names will speak for themselves.

The anthologists are two of the best known members of the vigorous and gifted "New York
School," which is leading a remarkable leap forward in statistical mechanics, particularly as
applied to fluids. They say that "The main purpose of this book is twofold: (1) to serve as a
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convenient reference book for scientists with an active interest in the field of classical fluids or
in related fields (such as magnetism, the quantum mechanical many-body problem, and so on,
and (2) to serve as a summary and guide to the present status of some active areas of research in
this field." No matter that the reproduction is not always perfect, or that there are many signs
of hasty preparation (such as the omission of a bracket in the sentence just quoted), or that the
number of words on a page varies greatly from article to article. Every beginner in the field, as
well as every expert, will wish to have this splendid collection on his desk or at his bed-side, even
when, as is likely quickly to be the case, the anthologists themselves and their friends have made
a good deal of it out of date. M. L. MCGLASHAN

RUBIDIUM AND CAESIUM. By F. M. PEREL'MAN. Translated by R. G. P. TOWNDROW, English
Translation Edited by R. W. CLARKE. Pp. xvi + 144. Oxford, London, Edinburgh,
New York, Paris and Frankfurt: Pergamon Press. 1965. Price 60s.

This book, the second edition of one first published in 1941, is one of the International Series
of Monographs on Nuclear Energy and is Volume 2 of Division VIII, Materials.

Since the publication of the first edition, tremendous advances in the knowledge of these two
rare elements of the alkali-metal group have been made and a book of this nature including the
most up-to-date information is most welcome. The bibliography contains 346 references to papers
published up to the end of 1960 and a supplementary list refers to papers published subsequently
to the end of 1964.

The book is divided into six chapters dealing in turn with The Discovery and Occurrence of
Rubidium and Caesium, Properties of Rubidium and Caesium and Their Compounds, Systems
Formed by Rubidium and Caesium Salts, The Analytical Chemistry of Rubidium and Caesium,
The Extraction of Rubidium and Caesium from Minerals and Ores, and The Preparation of The
Metals and Various Compounds of Rubidium and Caesium. The chapter on analytical chemistry
is divided into two sections covering qualitative and quantitative analysis, respectively, and is
most comprehensive. The heavier atomic weight elements of the alkali-metal group have been
notoriously difficult to separate and determine. The task has been simplified by the development
of newer techniques such as flame photometry, use of radioactive tracers, colorimetry and paper
chromatography, and these are considered in fair detail. With regard to the last of these methods,
however, there seems to be some confusion of nomenclature. The methods described would seem
to refer rather to electrophoresis since it is implied that a current is passed through the paper column
in the presence of solvents. There is no reference to separation on a paper column by the use
of solvents alone.

This book may be recommended to those interested in the alkali metals, particularly the
rarer ones, which, as is implied in the preface, are becoming of increasing importance.

F. M. LEVER

PROCEEDINGS OF THE FIRST AUSTRALIAN CONFERENCE ON ELECTROCHEMISTRY. Edited by
J. A. FRIEND and F. GUTMAN with the assistance of J. W. HAYES. Pp. xvi + 954. Oxford,
London, Edinburgh, New York, Paris and Frankfurt: Pergamon Press. 1965. Price £10.

This weighty and well printed volume provides a record of about seventy papers given at the
First Australian Conference on Electrochemistry held in 1963. They are divided into twelve
sections-

1. Solid-State Chemistry.
2. Thermodynamics of Electrolytes.
3. Corrosion.
4. Theory of Double Layers.
5. Electroanalytical Methods.
6. Applications (Electroplating, Anodizing).
7. Non-aqueous Electrolytes.
8. Molten Salts.
9. Fuel Cells.

10. Electrode Processes.
11. Electrochemical Processes.
12. Electrowinr.ing and Electrorefining.

This classification is somewhat arbitrary and seems to have been determined in part by
the original planning of the conference. It is often difficult to make a rational arrangement
of papers in advance, but there seems to be no good reason why this should be perpetuated in print.
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For example, the paper by Bockris et at. is included in the curiously titled section 11 when it
is an obvious choice for section 4. Similarly, the stimulating paper by Fleischmann et at. on the
use of pulsed potentiostatic methods to control electrosynthesis is only incidentally concerned
with non-aqueous solutions and should be in section 10 not 7.

Each section begins with a chairman's address (that of section 5 is unfortunately not printed)
that varies from a general survey to something more like a contributed paper, according to personal
views of the way in which the greatest contribution could be made. Aithough the relations between
sections might have been clarified by a more rational grouping there is much of interest in each.
The first section is somewhat anomalous; the connection between solid-state chemistry and electro
chemistry is important and the last decade has seen great progress in building bridges between
these subjects. It is particularly unfortunate that the relationship is hardly perceptible in this
section and that there is no paper on the electrochemistry of semiconductors. The remaining
sections are of a more conventional electrochemical character though it is notable that the full
range fro,m the most abstract theoretical type of paper to the practical recipe is covered in a
single meeting. It is to be hoped that the resulting mutual stimulation is greater than the mutual
frustration due to the difficulties of communication.

The production of handsome volumes at this sort of price always raises doubts in the mind
of the reader who has to persuade his library to buy them. Is this the best way of publishing the
proceedings of a conference? Many, though not all, of these papers could be published in the
normal scientific journals (some of them have been, presumably because the authors were impatient
of the two-year delay in publication) but, perhaps they gain from juxtaposition. However, all
scientists would agree that one of the most important features of a conference is the discussion
of the papers. While much of this is outside the formal sessions, that which is public is usually
of great value and its inclusion in a published report provides the best justification for such a
publication, in spite of the extra work it demands from the Editors. The complete absence of any
report on the discussion is the biggest defect of the volume under review. ROGER PARSONS

DETERMINATION OF MOLECULAR WEIGHTS AND POLYDISPERSITY OF HIGH POLYMERS. By S. R.
RAFIKOV, S. A. PAVLOVA and 1. 1. TVERDOKHLEBOVA. Pp. viii + 357. jerusalem: Israel
Program for Scientific Translations. Distributed in Great Britain and the Commonwealth,
South Africa, Eire and Europe by Oldbourne Press, London. ,1964. Price 99s.

This translation by Dr. j. Eliassaf and Dr. j. Schnorak is a readable review of the principal
methods of molecular-weight determination, and shows relatively few signs of passage from Russian
to English, apart from occasional awkward phraseology. On page 15, occurs "It is also necessary
to take into account the possibility of the degradation of the chain of the dissolved polymer by
the solvent or due to thermal effects, ...", and On page 48, "Desreux recommended to depo&it
preliminarily the polyethylene on Celite or sand... ". A few other instances are to be found,
but the meaning is always conveyed clearly enough. '.

Many of the methods described are claimed to have been used by the authors, butm'ost
appear to be quoted directly from the original sources, not always too critically. The statement
in the introduction to the effect that Soviet sources have been mo"re abundantly quoted, is slightly
misleading, as less than a fifth of the many references are from Soviet sources-still a higher
proportion than wbuld appear in any Western treatise.

The most extensive treatment is given to fraCtionation, and the coverage of this field is very
comprehensive in description of methods and apparatus, but theoretical considerations are dealt
with somewhat summarily. Since the book is intended as a source of information on methods
for workers in fields other than physical chemistry, use can easily be made of the very extensive
references to locate more complete theoretical treatments.

Theoretical treatment is more comprehensive in the chapter dealing with light scattering,
this chapter also giving much prominence to·.apparatus, and relatively little to actual measurements
on polymer solutions.

Diffraction measurements and ultracentrifuge sedimentation are accorded short treatments,
while osmometry and ebullioscopic, cryoscopic and isopiestic methods are described in very great
detail, most of the many types of apparatus appearing in the literature before 1960 being described.
Viscometry is given a similarly detailed treatment, and end-group assay and other methods an
honourable mention.

The book is altogether a mine of information to any newcomer to the field of molecular-weight
measurement, and contains much of .interest to experienced work~rs in the field if only becaus~

it brings together in one volume most of the available methods of measurement. F ..YEARSLEY
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CLASSIFIED ADVERTISEMENTS
The rate for classified advertisements is 75. a line (or space
equit!alent of a line), with an extra charge of 25. fOT the
use of a Box Number. Semi-displayed classified

adL'crtisements are 80s. faT single-column inch.

Copy "qui"d not later than the 20th of the month pre
ceding date of publication which is on the 16th of each
month. Adv~rtisements should be addressed to The
Analyst, 47 G"sham Street, London, E.C_2. Tel_:

MONarch 7644.

Applications are invited from graduates in chemistry for
the post of:-

LABORATORY TECHNICAL OFFICER
The successful candidate will be responsible to the Chief

Technical Adviser for the supervision of the Technical
Department laboratories, for the analysis of the Company's
products, and the running of a soil testing service for the
Company's farmer customers. Experience in the use of
automated methods of analysis would be an advantage.

The appointee will be hased at the Company's Headquarters
at Hartham, Corsham, Wiltshire.

Fonns of application, which should be returned within 2
weeks of the appearance of this advertisement, can bc obtained
from:-

The Chief Technica' Adviser,
Soil Fertility Limited,

Hartham, Corsham,
Willshire.

ANALYST required for laboratory engaged in chemical and
emission spectrographic analysis of silicates. Previous

experience in this field desirable but applicants offering other
relevant experience considered. Starting salary up to £980
per annum. Applications should reach the Assistant Bursar
(Personnel), University of Reading, Berkshire, as soon as
possible.

MINISTRY OF AVIATION
EXPLOSIVES RESEARCH AND DEVELOPMENT

ESTABLISHMENT

Wallham Abbey, Essex

Physical or physical organic CHEMIST (graded SENIOR
SCIENTIFIC OFFICER) required in the Analytical Services
Branch to take charge of a group using spectroscopic methods
for structure determination. Primary interest and experience
should be in mass spectrometry. Facilities for nuclear
magnetic resonance and infra·red spectroscopy also available.

Appointment in the grade of:
SENIOR SCIENTIFIC OFFICER £1750-£2147 (min. age 26)
Superannuation under F.S.S.U. Starting salary according to
experience. Prospects of permanent pensionable posts.
QUALIFICATIONS AND EXPERIENCE 1st or 2nd class
honours degree in chemistry, or A.R.LC., with at least 3 years
reJevant postgraduate research experience.
APPLICATION FORMS AND BOOKLET from S.M.(R)
Room 421, Adelphi, John Adam Street, London, W.C.2,
quoting reference HC/2D/II97.

Closing date December 15th 1905.

A Food Chemist is required by Clayton Brothers, the
expanding soft drinks company. Applicants should possess
a University degree, or the equivalent, and should have had
several years' experience in the laboratory of a company
manufacturing foodstuffs or allied products.

The successful candidate will be responsible for all aspects
of investigational work on the manufacture of soft drinks and
development of new products. The position encourages
originality of thought and freedom of action. To the right
person, the prospects of promotion are excellent.

Applicants should send full details of education, experience,
etc., to Production Controller, Clayton Brothers, East Hill,
Wandsworth, London, S. W.l s.

AUSTRALIA

CHEMISTS, PHYSICISTS

or ANALYTICAL CHEMISTS

B.H.P. CENTRAL RESEARCH LABORATORIES

SHORTLAND, N.S_W.

THREE POSITIONS

DUTIES:

To take responsibility for sub-groups within the
Analytical Chemistry Section. The section is
presently organized into a number of sub·groups and
expansion has created several vacancies at the
Research Officer level for men or women with
initiative. Appointees will receive some freedom to
develop topics of their own choice and publication is
encouraged. The Analytical Chemistry Section is
well equipped and specialist supporting services are
available within other sections.

(i) Direct Reading Vacuum Emission Spectro
metry. This sub-group services the varied research
projects dealing with appraisal of new ore bodies,
mineral dressing, pyrometaHurgy and properties of
ferrous metals. The successful appointee will be
required to initiate geochemical and trace element
studies.

(ii) Fuel Analyses. This sub-group carries out
comprehensive analytical studies of coal' exploration
and fundamental fuel investigation >samples.

(iii) This sub-group is responsible for the study,
identification and analyses of inclusions in ferrous
metals, gases in metals and phases in raw m.aterials.

Applications from recent graduates who may wish
to work within the various sub·groups will be·
considered. The Company's expansion programme
affords excellent opportuni ties for progress and
advancement.

QUALIFICATIONS:
No particular academic course is specified but

poss~ionof a prpfessional qualifica tion in a scientific
field is essential.' Higher academic qualifications and
experience' would be an advantage.

SALARY:
This will be negotiated on the basis of qualifications

and experience but for the positions offered it is
envisaged that appointments will be made in the
range £A2,000 to £A2,500 per annum. However,
initial appointments may be made outside this
range. ',;

PASSAGE TO AUSTRALIA:
Passages for the successful applicants and their

dependent families will be arranged under the
assisted passage scheme where applicable. For
married men, financial assistance will be given
towards resettlement in Australia.

GENERAL: Admission to superannuation fund
follows a short probationary period when officers are
also covered by free temporary life assurance.
Sickness benefits are liberal. Annual leave is 4
weeks and, in addition, public holidays are observed.

The positions are at the Company's Central Research
Laboratories at Shortland, a suburb of Newcastle on
the N.S.W. Central Coast, 100 miles north of Sydney.

Educational facilities in the area are excellent and
include a University and a Technical College.

Applications stating age, .qualifications, experience
and references should be marked HConfidential" and
addressed, quoting LA 25, to: Research. Manager,
THE BROKEN HILL PROPRIETARY CO. LTD.,
CENTRAL RESEARCH LABORATORIES,
SHORTLAND, 2N, N.S.W., AUSTRALIA_
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AEI POWER GROUP
RESEARCH
LABORATORY
REQUIRES
(a) A Technical Assistant to work in a spectroscopic
laboratory on analysis of metallurgical and other
samples and development of spectroscopic techniques.
An Ordinary National Certificate in Chemistry. Phy
sics or Metallurgy, or some eX.(lCcience in chemistry
or spectroscopy, would be an .advantage.

(b) An Analytical Chemist with O.N.C. or H.N.C. in
Chemistry to carry Qut ferrous and non-ferrous met
allurgical analyses and non-routine analysis of a variety
of inorganic materials.

Please wei te giving brief details of experience and stating
age, qualifications, present salary and which post inter
ests you to:-

8tatT Mana~er (Z37),
Associated Electrical Industries Limited,
Trafford Park,
Manchester 17.

CITY OF BIRMINGHAM

PUBLIC HEALTH DEPARTMENT

APPOINTMENT OF DEPUTY CITY ANALYST

Applications are invited from persons qualified in accord
ance with the Public Analyst's Regulations, Itl57, for the post
of Deputy City Analyst and Deputy Agricultural Analyst.
Salary:-Iettered scale coF" of the National Joint Council for
local authorities' Administrative, Professional, Technical and
Clerical Staffs, i.e. £2280 to £2705. The work is varied and
interesting and in a suitable case the commencing sa~'could
be more than the minimum of the scale. Ap ~ment

pennanent, pensionable and subject to medical exam ation.
Assistance towards removal expenses made in approved
cases.

Applications stating full personal details, qualifications and
experience, together with the names and addresses of three
referees, should be forwarded to the Medical Officer of Health,
Trafalgar House, Paradise Street, Birmingham, 1, not later
than Novemher 29th, 1965.

M&B
ANALYTICAL CHEMISTS

May & Baker Ltd. Dagenham, Essex have
vacancies for Analytical Chemists (a) to develop
analytical methods for a wide variety of chemical and
pharmaceutical products, for use in connection with
formulation and stability studies and process
development and (b) to supervise the application of
analytical methods in quality control.

For the more senior positions industrial or other
post graduate experience is essential, for other posts
recently qualified applicants will be considered.

The work is varied and interesting, affords scope
for originality and initiative and will appeal to
applicants wishing to acquire experience in the
application of modern physico-chemical techniques
as well as classical methods of analysis.

Applicants should be under 32 and have B.Sc.,
B.Pharm. or equivalent qualification.

SaJary according to age, qualifications and experi
ence.

Pension Fund & Life Assurance Scheme in opera
tion.

AppJy in wri ting to the Personnel Officer quoting
reference No. A.96/65.

MINISTRY OF DEFENCE
(ARMY DEPARTMElI;T)

CHEMICAL INSPECTORATE
Royal Arsenal, Woolwich, S.E.18

CHEMIST (graded ASSISTANT EXPERIME~TAL

OFFICER/EXPERIMENTAL OFFICER) required, pre'
ferably with laboratory experience in the plastics/rubbers
field.
QUALIFICATIONS: Degree, Dip.Tech., H.N.C., or equiva
lent in appropriate subject. Under 22, minimum qualifica
tion is 2 G.C.E. flA" levels in Science and/or Maths. subjects.

SALARY: A.E.O. £58~ (at 18)-£821 (at 22)-£1028 (at 26
or over)-£1251; E.O. (minimum age 26) £13i4-£1740.
Opportunities for establishment.

APPLICATIONS to Ministry of Defence, CE2(F) AD
London, W.C.2.

(16)

RESEARCH AND DEVELOPMENT
Ranks Hovis McDougall require a senior chemist to take charge of the analytical

department of their food research laboratories in High Wycombe.
The work involves the examination of a variety of food products together with

research into analytical techniques, and the post carries with it an attractive salary and
excellent prospects for advancement in an expanding organisation.

Candidates should preferably be between the ages of 30 and 35 and must possess
either a Ph.D. or F.R.I.C. (branch E). .Previous experience in food analysis and
familiarity with modern techniques, together with an aptitude for research are essential.
Applicants must also possess qualities of leadership and the ability to control staff.

Apply in writing to:
The Research Manager
Ranks Hovis McDougall (Research) Ltd
Cressex Laboratories
Lincoln Road
High Wycombe, Bucks
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ANALYTICAL· CHEMISTRY
There is an opportunity for a scientist to join the Analytical Chemistry Section which is
currently developing new and improved methods of analysis for both the operational and
research activities of the Electricity Supply Industry.

The person appointed will be expected to make himself an authority on modern methods
of gas analysis, able to advise on their application to laboratory work, experimental rigs and
full-scale plant and he will be given facilities for conducting both basic and applied research
to solve the problems likely to be encountered. There is considerable scope for developing
new techniques and ideas and publication of research papers will be encouraged.

The Laboratories, situated in extremely pleasant surroundings just south of London, are
modern and well eqUipped. Working conditions are excellent with considerable freedom
to develop researches in the broadest possible manner, and to work and discuss matters
with scientists of other disciplines.

Candidates should possess at least a good Honours degree in Chemistry of Physics.
Grad. R.I.e. or Dip.Tech.; research and development experience in instrumental techniques
of gas analysis would be an advantage.

The appointment will be made within salary scales rising to a maximum of
either £1675 or £2035 p.a. (maxima of grades rise to £1735 and £2105 p.a. in 1966)
including allowances, but there is the possibility of an appointment in a higher
grade for an exceptionally well-qualified and experienced person.

Successful candidates will be invited to discuss their housing problems and may receive
assistance with removal or house purchase expenses.

~ Central Electricity
~ Research Laboratories

Applications to N. Berryman, Personnel Officer (Headquarters). Centra Electricity Generating
Board. Sudbury Hause. IS Newgate Street. Landon. E.C.I. as soan as possible. Quote Ref. A/353.

ANALYTICAL CHEMISTRY

An ANALYTICAL CHEMIST is required for the application of modern methods of
analysis in fields ranging from polymer chemistry to pharmaceuticals. The work
involves development of new methods as well as the routine application of established

techniques. Whilst a degree or all equivalent qualification is preferred, great importance
will be attached to relevant experience in classical and instrumental methods. The

preferred age is ullder 30 years. The successful applicant will enjoy a good salary
working in pleasant conditions in newly built laboratories OIl a country estate on the
Herts/Essex border. Those who are interested should write to the Administration
Manager, Smith & Nephew Research Ltd., Gilston Park, Harlow, Essex, quoting AC.

CITY OF PORTSMOUTH
PUBLIC ANALYST

Applications arc invited for th~ abov appointment from
suitably qualified analysts. This post lIormally carries
responsibility for analytical duties for neighbouring authori
ties and thC' salary offered ""ill be within Scale "H" £2ilO to
£32 La per annum.

Further details and application forms obtainable from
Town Clerk, Guildhall, Portsmouth, Hants. Closin' date
November 30th. 11'65.

ANALYTICAL CHEMIST

with University degree or equivalent and with experience of
metallurgical analysis required for senior post in analytical
section of metallurgical research laboratory. Knowledge of
modern ferrous analytical tcchniques essential.

Apply in writing to

Research l\1.anager
MUREX WELDING PROCESSES LTD.,

Waltham Cross, Herts.
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PUBLIC SERVICE OF TASMANIA, AUSTRALIA

CERAMIC
DEPARTMENT OF MINES

[November, 1965

Location: Launceston.
Applications are invited for appointment to a position of Ceramic Technologist in the Department of M ioes.
Tasmania.
Salary: Class V: £A1442 p.a. then £AI540-£AI12-£AI988 p.a.

Class IV: £A2100-£AI12-£A2324 p.a.
Class III:

Grade 2: £A2436-£A lI2-£A2548 p.a.
Grade I : £A2625-£A lI2-£A2737 p.a.

These salaries will be increased by approximately It%. Precise scales have yet to issue.

Commencing salary will be according to qualifications and years of experiencey and will be payable from date of
embarkation for Australia.

Duties: The successful applicant will be responsible to the Chief Chemist and Metallurgist and will be required
to conduct research work on clay and other raw materials used in the manufacture of bricks, tiles.
pipes, etc.• and to examine and report upon the finished products. He will also be required to examine
production practices in Tasmania and assist manufacturers to improve methods of manufacture.

Qualifications:
University Degree or Technical College Diploma with Chemistry as a major subject. and experience
in manufacturing processes and testing of ceramic materials. Preference will be given to applicants
who have completed a course in Ceramic Technology.

Passages from the United Kingdom are provided under the Commonwealt h Migration Scheme, arranged
through the Agent General for Tasmania.
Recreation leave, sick leave and long service leave are provided. Superannuation is compulsory for permanent
officers.

Applications, in duplicate. should be addressed to the Agent General for Tasmania, 457 Strand, London. W.C.2.

MINISTRY OF AGRICULTURE, FISHERIES AND FOOD
National Agricultural Advisory Service
GRADE B OFFICER (Unestablished)

required for
ANALYST POST

at Bangor, North Wales

Male or female at least 20 years of age on 31.12.65.
Duties include examination and analysis of feeding stuffs,

plant materials, soils and other agricultural materials.
Candidates should normally possess G.C.E. "0" Level in

English Language and four other subjects, including HA"
Level in two science subjects, one of which must be Chemistry,
or B.N.C. in chemistry, or L.R.l.C., or pass degree in Chemi
stry or equivalent.

Experience in analysis of agricultural materials an advan
tage.

Starting salary £644 (at 20) to £962 (at 26 or over)-scale
maximum £1,195. Opportunities for promotion.

Applications to Establishment Officer, Ministry of Agri~

culture, Fisheries and Food, Welsh Department, Plas Crug,
Aberystwyth, by November 30th, 1965.

BRITISH CHEMICAL and
SPECTROGRAPHIC STANDARDS

New Austenitic Stainless Steel Series

B.C.S. Nos. 331-338 (5.5. NoS. 61-68) for
Ni, Cr, C, Si, 5, P, Mn and

Mo, Ti, Nb, Ta and Co
in certain samples.

Full particulars available on request.

BUREAU OF ANALYSED SAMPLES LTD.
Newham Hall, Newby, Middlesbrough

Accurate
pH control

by unskilled staff
The Johnson range of COMPARATOR &
UNIVERSAL test papers permits immediate
accurate readings within the range pH 1.0 to
pH 11.0. Inexpensive and simple to use, even by
unskilled operatives, they are eminently suitable
for many aspects of works control in a variety
of industries.
Comparator Books. Each of 20 leaves with
six colour matches inside cover.

No. 1035 for pH 1.0 to 3.5 in steps of 0.5 pH
No. 3651 pH 3.6 5.1 0.3 pH
No. 5267 pH 5.2 6.7 0.3 pH
No. 6883 " pH 6.8" 8,3 0.3 pH
No. 8410 " pH 8.4 " 10.0 0.3 pH

Universal Books. Each of 20 leaves with
11 colour matches inside covers.
Range:- pH 1.0 to pH 11.0 in steps of 1.0 pH

JOHNSONS
OF HENDON LTD

, '

HENDON.LONDON.NW4
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Laboratory
and Chemical Glassware

BRUSHING MACHINE
This cleaning machine by LEEC is built to meet the demand of
heavy duty coupled with ease of portability.
It thoroughly cleans a wide range of glass containers in a fraction
of the time taken by hand, and it is especially su itable for Test
Tubes, Syringes, Vials, Bottles and other small Glassware.

LABORATORY
APPARATUS BY LEEe

Write to the makers for details of their laboratory apparatus:
LABORATORY & ELECTRICAL ENGINEERING CO., Private Rd., No.7, Col_iek Eltate, Nottm.

THERMAL ANALYSIS 1965
Edited by J. P. REDFERN, Ph.D., F.R.T.C., Lecturer in Chemistry, Ballersea College of Technology.
The papers, in summary form, directly reproduced from the authors' typescripts and illustrations, submitted
to the First International Conference held in Aberdeen in September 1965. About 100 papers on this
increasingly important method of investigation are induded, with an efficient guide to contents.

312 pages, November 1965, 90s.

THE DIFFERENTIAL THERMAL
ANALYSIS PUNCHED CARD
DATA INDEX
Compiled by R. C. MACKENZIE, D.Se., Ph.D., F.R.1.C., F.R.S.E., Macaulay TnstilUte for Soil Research,

Aberdeen

Basic Index 1962. 1.662 cards 4 x 6 in. including Mineral 1,012, Inorganic 281, Organic 311; Code and
Introductory Cards; 24 pp explanatory booklet. and two sorting needles. £55 plus £1 lOs for box, packing,
carriage and insurance anywhere in the world.
First Supplement 1964. 694 cards 4 x 9 in. including 20 replacements, and new cards; Mineral 392, In
organic 192, Organic 86. £2S, plus ISs carriage etc., anywhere in the world.

Fully descriptive brochure on request.

MACMILLIAN
4 LITTLE ESSEX STREET, LONDON W.C.2



xx THE ANALYST [November, 1965

The AOAC Journal is INDISPENSABLE to anyone who uses
the text: Official Methods of Analysis of the AOAC.

Now
Published
Si:c Times

Yearly

FEBRUARY
APRIL

JUNE
AUGUST

OCTOBER
DECEMBER

The AOAC Journal is the official organ of the Association of Official Agri
cultural Chemists, an internationally known organization devoted to developing
and publishIng reliable, thoroughly tested methods of analysis for: all kinds of
foods, drugs, cosmetics, colors, beverages (alcoholic and non-alcoholic), flavors.
vitamins, preservatives, fats and oils, feeds, fertilizers, pesticides, disinfectants.

Official actions of AOAC and new or changed methods are published in each
February issue. Other issues contain referee reports, with collaborative studies,
and original papers on new techniques, applications, authentic data of composi
tion, and studies leading to development of methods.

Association of Official Agricultural Chemists
Box 540, Benjamin Franklin Station
Washington 4, D. C., U.S.A.

Please enter •.... subscription{s) to JOURNAL OF THE AOAC for 1 year.
(Subscriptions are on calendar basis for 6 numbers: February, April, June, August,
October, December. Back numbers are sent to subscribers.) Price: S 16'00 outside
of United States and its possessions.

NAME _

ADDRESS

(PLEASE PRINT)

__ PAYMENT ENCLOSED __ SEND INVOICE

SIGNATURE _ DATE _



gas chromatography

Oven accommodates interchangeable head units incorporating dillerent detector and column
~onfigurations and is designed for isothermal or programmed temperature control.

Oven head unit with dual flame detectors.
columns and injection po,ts.

~EW PYESERIES 104 CHROMATOGRAPHS SPEED ROUTINE ANALYSES
tnalysts are changing to the new low
costSeries 104 Chromatograph because
fts greater speed and convenience save
money. They have acknowledged the
,functional design, the simplified opera
ling features, the comprehensive speci
fication and the overall economy of the
-system. They are now experiencing its
complete reliability under continuous
operating conditions.

Four versions of Series 104 are avail
able which cover everyday analytical
applications, including steroids, fatly
acids, wide boiling range mixtures and
high boilers.
The Pye Series 104 Chromatograph
gives faster analysis with warm-up rates
of up to 48°C per minute and operating
temperatures as high as 500°C, easier
analysis due to excellent oven accessi-,

bility and design of controls, and
cheaper analysis with lowest possible
outlay and maintenance costs.
Moreover, the Pye Series 104 is de
signed for continuous development and
updating as new techniques emerge.
Please send for the new 20 - page
illustrated brochure which provides all
the technical facts and figuresinclud

. ing oven performance data.

YE PANCHROMATOGRAPHS AID RESEARCH
Leading research establishments in
many parts of the world depend upon
the versatility of the Pye Panchromato
graph to satisfy their most stringent
requirements including investigations
Inlo the technique and the teaching of
gas chromatography. This analytical
system can accommodate different
detector combinations and column
arrangements in two independent
ovens, and it features a patented
column effluent splitting device which
permits further analysis of the column
outputs. Numerous optional features
Including temperature programming,
pYrolysis. preparative scale and radio
chromatography are available. The Pye
Panchromatograph is the first choice
lor an all-purpose instrument for re-
iearch. . The Panchromatograph will accommodate six dillerent types of detector, singly or in pairs.

W. G. Pye & CO. Ltd., Cambridge, England
T'!'leohone: Cambridge 58866 Telegrams: Pye Cambridge Telex: 81215

•SCIENTIFIC~ @INSTRUMENTS
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acid or
alkaline 7

a rapid
determination with

Easy to use ··Rota· indicator papers are supplied in endless
strip form. contained in transparent plastic dispensers which
need never be opened during use.
Protected from contamination The risks of manual and
atmospheric contamination are avoided.
Economical The waste involved with conventional books is
completely eliminated.
THE PRESENT RANGE COMPRISES: Litmus paper (Blue). Litmus paper
(Red). Universal Indicator pH 1-10 (graduated in whole units of pH) and pH
Indicators 1-4.5.4.5-7.5.6.5-10 and 9.5-13 graduated in t units of pH.

MAY & BAKER LTD
Dagenham • Essex
Tel: DOMinion 3060. Exes: 316. 320

M&B brand Products
*trade mark

in a

-----*02-saturation from 0 to 100%.

*Reproducibility approx. 0.5%
02-saturation.

RADIOMETER A/S. 72. EMDRU~VE'"

COP E N H A 0 E N N V. DEN M A " K

RADIOMETER
COPENHAGEN

*Two fixed interference filters.

*Micro-sampling - 60 f-ll.

*Capillary sampling technique.

*Simple and fast operation.

*Excellent for clinical use.

- saturation
sample _

~
The Oxygen Saturation Meter, Type OSM1, is a photometer for measuring the optical density of blood which

afterwards on an easily read nomogram is converted di rectly into the oxyhemoglobin concentration. Fast and

reliable measurements are readily obtained 'with this uncom

plicated instrument.

The blood hemolysis necessary for performing the measurement

of the O,-saturation is very conveniently carried out by

means of the new Hemolyze" Type HEM1.

Measure 02
60 .... 1 blood
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Pesticide Analysis

To do a good job you need good instru
mentation. Wilkens has all you need and
a little more: Experience and good Service

The general purpose

c) Hydrogen Flame Ionization detector

1. The Instruments
a) Model 205 - The Dual Channel Pestilyzer
This unit features the unique two-channel electrometer for
simultaneous work on two identical or different detectors, i. e.
EC/EC, Flame/EC, Flame/Thermionic etc. Two identical or
different columns I.e. Dow 11/0F-1, glass or metal columns,
linear temperature programmer (205-1) or isothermal
oven controller (205-2). The most advanced instrument
available for pesticide analysis.

It\ r

~

b) Thermionic Detector
A detector with specific sensitivity to
phosphorous containing compounds.

b) Model 610 - A single column instrument with EC detector.
The EC detector may be interchanged for a Flame or Thermionic
detector. Ballistic or Isothermal temperature programs,
addition of the model 328 - Isothermal Temperature Controller
is recommended for analysis requiring a very accurate
column oven temperature control.

c) Model 682 - The Aerograph Pestilyzer for routine analysis.
A low cost single column gas chromatograph with EC
detector, built-in detector voltage controller and precision
pyrometer.

2. The Detectors
The selective Pesticide detectors:

Important: All detectors have the base in common and use the
same electrometer and are therefore Interchangeable without
any modifications or extra accessories.

3. Pesticide Standards

~
Wilkens is the exclusive distributor of the Nanogens
standards - pesticide standard solutions in
nanogens PIW microliter. 249 different pesticides

••~ in alphabetical order from Alanap to Ziram can be=-. delivered in concentrations from 0.1-1000 ppm
in powers of ten.

4. The Pesticide Handbook
a) Electron Capture detector
A detector of cylindric design requiring
no pUlsed voltage.

The Wilkens 125 page Pesticide Residue Analysis
Handbook is the most complete and up-to-date
handbook available on pesticide analysic by gas
chromatography using the EC detector.
This book treats all phases of the analysis from
Sample Preparation to Trouble-shooting.

Wilkens
Instrument + Research (U. K.) Ltd.

For further information contact:

Wythenshawe Civic Center
Manchester, England "."
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Pb
TI CO

Fe
In

Te Ba ZnNi

Cu Cd s"

Bi
CI' TiMn

Al Sn
eN'

Sb Cr
etc.

If you determine these

in trace or macro amounts

SOUTHERN ANALYTICAL POLAROGRAPHS·

can help you

SOUTHERN ANALYTICAL LIMITED
DESIGNERS AND MANUFACTURERS OF INSTRUMENTATION FOR ANALYSIS

FRIMLEY ROAD, CAMBERLEY, SURREY. TELEPHONE: CAMBERLEY 3401 (9 LINES)
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FRACTlON COLLECTORS
and DROP COUNTERS

UNIVERSAL X-RAY CAMERAS
for SOUD AND FIBRE

SPECIMENS

GUINIER TYPE FOCUSSING
CAMERAS

PLANCHETTES

HEMMINGS FILTERS

GAS SAMPLING VALVES FOR
GAS CHROMATOGRAPHY

SPECIAL APPARATUS MADE
TO ORDER

DIGDN 75
BIO-OEGRAOEABLE*

BEAU MARIS INSTRUMENT CO. LTD.

Gas Ch romatog raphy

Beaumaris, Anglesey.

Tel. 463

DECON 7S removes silicone greases and oils,
apiezon greases, polymer resins, polyvinyl acetate,
polyvinyl alcohol, poly methyl methacrylate, blood,
tars, organic material, cedarwood oil, Canada
balsam ... and Imany other substances not
removed by water, ordinary solvents and acid
cleaning mixtures.

HOW FAST? Very fJst-soaking time is reduced
to a matter cf minutes if the soluticn is heated,
boiled or used in an ultrasonic bath.

HOW SAFE? Very safe-no adverse effects on
skin, clothing and general laboratory equipment.

RADIOACTIVE DECONTAMINATION. Decon
75 is recommended for use in labs. where radio
active. tracers are used. and in hospitals using
radioactive isotopes. Rapid and effective decon
tamination is achieved.

Why not write (or a free sample o( OECON 75
and the address of your nearest stockist ~

OeCON 75 is also obtained direct (rom
MEDICAL-PHARMACEUTICAL DEVELOP·

MENTS LTD.,
Mercantor House,S. East Street, Shoreham-by

Sea, Sussex. Shoreham 4305 or 4498

• DECON 75 solutions are "biologically soft.. and
meet the requirements of H.M. Government Com
mittee on Synthetic Detergents. No biologicolly
hard materials which could affect sewage treatment
or couse river pollution are incorporated into Decon
75, so that a step is being token towards eliminating
the increasing dangers from such materials which are
seriQusfy injuring fish and other wild life.

Wythenshawe
Civic Centre
Haletop
Manchester
England

monthly subscription of

Aerograph
Research
Notes

Keep current in
Gas Chromatography

Send for free

Wilkens
Instrument &
Research

(U.K.) Ltd.
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THE SOCIETY FOR ANALYTICAL CHEMISTRY
FOUNDED 1874. INCORPORATED H107.

THE objects of the Society are to encourage, assist and extend the knowledge and study of
analytical chemistry and of all questions relating to the analysis, nature and composition
of natural and manufactured materials by promoting lectures, demonstrations, discussions
and conferences and by publishing journals, reports and books.

The Society includes members of the following classes :-(a) Ordinary Members who
are persons of not less than~21 years of age and who are or have been engaged in analytical,
consulting or professional chemistry; (b) Junior Members who are persons between the ages
of 18 and 27 years and who are or have been engaged in analytical, consulting or professional
chemistry or bona fide full-time or part-time students of chemistry. Each candidate for
election must be proposed by three Ordinary Members of the Society. If the Council in
their discretion think fit, such sponsorship may be dispensed with in the case of a candidate
not residing in the United Kingdom. Every application is placed before the Council and
the Council have the power in their absolute discretion to elect candidates or to suspend or
reject any application. Subject to the approval of Council, any Junior Member above the
age of 21 may become an Ordinary Member if he so wishes. A member ceases to be a Junior
Member on the 31st day of December in the year in which he attains the age of 27 years.
Junior Members may attend all meetings, but are not entitled to vote.

The Entrance Fee for Ordinary Members is £1 Is. and the Annual Subscription is £4.
Junior Members are not required to pay an Entrance Fee and their Animal Subscription is
£1 Is. No entrance Fee is payable by a Junior Member on transferring to Ordinary Member
ship. The entrance Fee (where applicable) and first year's Subscription must accompany
the completed Form of Application for Membership. Subscriptions are due on January 1st
of each year.

Scientific Meetings of the Society are usually held in October, November, December,
February, April and May, in Lo~don, but from time to time meetings are arranged in other
parts of the country. Notices ot-all meetings are sent to members by post.

All members of the Society have the privilege of using the Library of The Chemical
Society. Full details' about this facility can be obtained from the Librarian, The Chemical
Society, Burlington ijouse,.Piccadilly, London, W.I.

The AnaZyst, the Journal of the Society, which contains original and review papers,
information about analytical methods and reviews of books, and has a world-wide distribu
tion; and Proceedings of the Society for Analytical Chemistry, in which are reported the day-to
day activities of the Society, are issued monthly to all Ordinary and Junior Members. In
addition, all Ordinary Members receive Analytical Abstracts, providing a reliable index to the
analytical literature of the world.

Forms of application for membership of the Society may be obtained from the Secretary,
The Society for Analytical Chemistry, 14 Belgrave Square, London, S.W.I.

LOCAL SECTIONS AND SUBJECT GROUPS

THE North of England, Scottish, Western and Midlands Sections were formed to promote the
aims and interests of the Society among the members in those areas.

Specialised Groups within the Society are concerned with the study of various branches.
of analytical chemistry of specialised or topical interest. Groups dealing with such topics as
Microchemical Methods, Biological Methods, Thin-Layer Chromatography, Atomic-Absorption
Spectroscopy, Thermal Analysis, Automatic Methods and a Special Techniques Group,
covering very new developments and specialised physical methods, are at present active-and
further Groups are formed from time to time as the need arises.

Non-members of the Society may.be non-voting members of a Group.
The Sections and Groups hold their own meetings from time to time in different places.

There is no extra subscription for membership of a Section or Group. Application for
registration as a member should be made to the Secretary of the Society.
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•micro

Whatever your analytiail method you will find that the
JMC standard range of platinum laboratory apparatus,
fully described in our free booklet 1700, will meet
all your usual needs.
But even where your requirements are special, we can
fabricate apparatus to your designs.
Macro or micro, and standard or special, JMC platinum
apparatus is produced by precision methods to
combine long life with maximum efficiency in use.
Write for free catalogue

IMC PlAllMUM lABORAIORY APPARAIUS
JOHNSON, MATTHEY &. CO., LIMITED, 73·78 Hatton Garden, London, E.C.1. Telephone: Holborn 6989 Telex: 21465

Vittorio Street, Birmingham, I. Telephone: Central 8004. 75-79 Eyre Street, Sheffield, I Telephone: 29212

In the following countries:
U.S.A.
J. Bishop & Co., Platinum Works.
Malvern, Pennsylvania

CANADA
Johnson, Matthey & Mallory Limited,
110 Industry Street, Toronto IS.

JAPAN T.n.k. Kikinzoku Kogyo KK,
14, 2·Chome, Kayal>acho, Nihonbashi,
Chuo-Ku, Tokyo.
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