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rtagrance of outstanding beauty adds tlie distinctive cbaracter-

tlie individuality—  tirdt can bring success to a perfume or
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Givaudan’s demonstrated creative skill, itsunusual variety of

fragrant materials, its world-wide affiliations and its market
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unigue new keauty and originality— made-to-measure for
your success.
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ties, even imitate the subtle
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perfumery, Bush have long been masters in re-creating
radfances which are amazingly true to those created by
Nature herself. Such skill is the result of pains-
taking research and experiment— backed by over
ry'§\ efperience. Today, the authority
which we command in the

realm of aromatics is acknow-

dged by customers far and
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|s the ally of so many of the

afinest creative perfumers.
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Will she buy your product more than once?

Today’s market-place is a highly competitive arena,
n: The consumer, faced with thousands of brands, has PROPRIETARY

developed a highly sophisticated purchasing sense — iItheEnFa\)tian%JI Mrf%ﬂ%r LC-Ie-n?e
marginal differences can mean success for one brand, ASHEORD  KENT E,\YGLAND
failure for another. Ashford (Kent) 2181 Telex 96129

[i Fragrance is an important part of your product-it must

complementthe image your advertising and marketing
has set out to establish ; it must spark favourable # 1 | | |
consumer reaction the second time around. O At PPLwe

are concerned with the rightfragrance for your product.



Calculating females

They all are. And you have to keep up with
them, produce new ideas in cosmetics,
re-vamp the old.

The good supplier takes a lot of worry off
your shoulders. You are probably working
on one of the trend-setters right now:
maybe a clear gel or a moisturising lipstick.
Both are Croda specials. Crodafos, Volpo
Polychol and the rest lead the world.
Shelf tested basic formulations right down
to the perfume are yours for the asking.
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Yorkshire
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PACKAGING

ABRAC Perfumes for Aerosols are as
functional as they are appealing in fra-
grance. Individual components, as well
as the finished perfumes, are tested in
the abrac Perfume and Cosmetic Lab-
oratories to establish their suitability
for aerosol packed products. Solubility,
compatibility, constancy of odour
values ... every factor is carefully con-
sidered. Tested perfumes are available
for the entire field of aerosol products:
hair lacquers .. air fresheners .. insecti-
cides .. fragrances for cosmetics and
men’s toiletries.
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LONDON E.17 - LARKSWOOD 5454
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BITREX

Regd.

In the last year
the demand for BITREX
has soared. Our chemists
who developed it
are not surprised.

Nor are the many
manufacturers of toilet
preparations and other
formulations based on

ethyl alcohol who now use it.

If you have a denaturing
problem let us tell you
more about BITREX the
world’s most bitter substance.
It may save you time and money.

BITREX has already
been widely approved
and is in use in the U.K.,
U.S.A., Sweden and twelve
other countries.

details to:

MACFARLAN SMITH LTD

SALES DEPARTMENT: 891-995""GREENFORD ROAD,
GREENFORD, MIDDLESEX
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PREPARATION
OF CURLING
SOLUTIONS

Ammonium Thiolactate
50 %
Opalescent Base R. P.

PREPARATION
OF CREAMS,
MAKE-UPS, ETC.

Isopropyl Laurate
- Isopropyl Palmitate -
Glycol Monostearate
Glyceryl Monostearate
- Isopropyl Stearate -
Isopropyl Myristate
Isopropyl Adipate
Fatty acid esters on request
Oncturone

Stearone c.

PREPARATION
OF
raw materials for DEPl LATOR'ES

Strontium Thiolactate
special for depilatories.
As well as raw materials
for Perfumery & Speciality
bases

SOCIETE DES USINES CHIMIQUES

RHONE-POULENC

PARIS/FRANCE
Telex : RHODIA-PARIS 20 923

Sole importers for U. K. :
Messrs. WILSON & MANSFIELD LTD.
48 Gresham Street, LONDON E.C.2.

tel : MONarch 0781
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Only Malmstrom offers a choice of 3 types
of lanolins that are water and alcohol soluble.

LANFRAX WS 55— Alkoxylated. Lanolin Wax;
hard waxy solid, non-ionic_emulsifier, emollient and
plasticizer for a firmer emollient film.

ETHOXYLAN —Alkoxylated selected Cosmetic
Grade Lanolin; a soft waxy solid, non-ionic emulsifier,
emollient and plasticizer for a medium emollient film:

LANTROr AWS— AIkonIated Lanolin Oil; a 100%
active liquid non-lonic emulSifier emolllent and plasti-
cizer fora softer silkier emo lient film.

Witha cﬁome of these three. (3 é water arw alcohol soluble lanoling

L0 e 9 ar ety g ol gt o

fre from odor jprite or phone for data and samples.

Cor-p». 1501 West Elizabeth Avenue, Linden, N.J. 07036
Telephone (201) 925-7500

CANADA: Frank E Dempsey & Co. Ltd., 47 Davies Ave., Toronto 8, Ont.
ENGLAND: Cyolo Chemicals Ltd., Mansfield House, Strand, London, W.C.2
FRANCE: S.A.C.l, 12 Rue Le Chatelier, Paris 17e
GERMANY: R.E.W.0. Chem Fab GmbH., Steinau Kreis Schliichtern
MEXICO: Productos Lindest, A.P. 295, San Bartolo Naucalpan
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Don’t wait!

GLOVERS

have the BACTERICIDES
NOW

to cope with your problems

MORPAN QUATERNARIES
Morpan CHSA (Cetrimide B.P.)
Morpan B.B. (Benzalkonium Bromide B.P.)

COLLONE QUATERNARY SELF-EMULSIFYING WAX
Collone Q.A. (Cetrimide Emulsifying Wax B.P.C.)

AMPHIONIC AND AMBITERIC
Amphoterics and Betaines
Synergists for Quaternary and Phenolic Disinfectants

TEXOFOR IODINE SOLUBILISING AGENT
Texofor IS and ISU for lodophor Manufacture

EXONICS. BACTERICIDAL SCRUB BASES
Exonic OP2 for Surgical Scrub Formulation

.. . always specify

GLOVERS (CHEMICALS) LTD.
Wortley Low Mills, Whitehall Road, Leeds 12
Tel: 63-7847/8/9 Grams: “ Glokem, Leeds”
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ZIMMERMANN

CHAS. ZIMMERMANN & CO. LTD.
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New Empicol XC 35, a viscous, pearly liquid, is a
blend of anionic and nonionic components for use
si)]euflcally in the manufacture of liquid-cream
shampoos. It can be treated with the particular per-
fuming and colouring matter ){ou need, easily and
effectively. Marchon will be pleased to advise you
on the use of Empicol XC 35 in your formulations.

CHlarchon)

MARCHON PRODUCTS LTD, WHITEHAVEN, ENGLAND. MEMBER OF THE ALBRIGHT AND WILSON CHEMICAL GROUP.
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This outstanding journal, published for the British Industrial
Biological Research Association, will be of great value and
interest to those scientists who need to be fully informed
of the current trends in food and cosmetics toxicology.
The subject is discussed under the following headings :

Research Section : contains original research articles that
will keep toxicologists and other scientists abreast of the
most recent advances in the field.

Review Section : provides information on papers dealing
with the biochemical, pharmacological, toxicological,
medical and veterinary aspects of the subject.

Information Section : divided into the following
sub-headings— Legislation : deals with world changes in
legislation relating to food additives and contaminants,
cosmetic and toilet preparations, etc.

Articles of General Interest :— discussions of more general
topics and of papers appearing in other journals reflecting
progress and opinion in toxicology.

Toxicology : Abstracts and Comments :— These are more
than mere digests of papers published throughout the
world ; they are invariably more lengthy than orthodox
abstracts, containing all the salient facts to be found in the
original article plus the comments of the Editor and his
colleagues.

Summary of Toxicological Data
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Top quality
surface active agents

for shampoo and bubble bath bases

From its new sulphonation plant at Belvedere, chloride and reduced the sulphate content,
Kent, Sipon offers a range of surface active resulting in products of greater purity, improved
agents which are ideal as bases for shampoos colour and guaranteed consistent quality.

and bubble bath. ASSURED SUPPLIES — increased production
BETTER QUALITY- the new production process capacity means that adequate supplies are
and strict laboratory control have eliminated available to meet any demand,

Our Technical Advisory Service welcomes your enquiries; for quick personalised service contact:
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The addresses of our foreign agents
are available on request

E. MERCK AG
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Sun Screening
Substances M oneti

Insect Repellent 790 Trim di
Antioxidants Oxynex® Triw ivk,

for Cold-wave preparations
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Sorbitol F liquid Tykw fi

Preservatives
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Biological Ingredients
Vitamins
Allantoin Triaw ot

Reagents for all laboratory
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Turbidimetric method for the rapid
evaluation of antimicrobial agents
Inactivation of preservatives by nonionic agents

M. R. W. BROWN*

Presented at the Symposium on “Physical Methods,” organised by the Socie,tay
of Cosmetic Chenists of Great Britain, in Bristol on 16th November 1965.

Synopsis—A raB[dL economical method of evaluating antimicrobial activity is described
w_hlcﬁ uses turbidimetric measurement of log phase cultures.. Two new. preservatives,
Dioxin and Bronopol, were found to be active a%alnst Ps. aeruginosa even in the presence
of polysorbate 80. There was some evidence that the activify of Dioxin was increased
in the presence, of the_polysorbate. =~ A mjxture of Ahydroxyberizoates was shown to have
enhanced activity aqalnst Ps. aeruginosa in the presence of 0.02% Folysorbate 80 but the
activity was eliminated in the presence of higher concentrations of the nonionic agent.

Introduction

There is an extensive literature about photoelectric methods of
measuring concentrations of bacterial suspensions (1,2). The purpose of
this Pape_r Is to describe one method which has certain useful features
and 1o give results of the application in measuring antibacterial activity
In the presence of a nonionic surface active agent. The procedure is
economical of time, materials and technical assistance,

A bacterial  culture durm? the log phase. is relatively homogeneous
and each cell is actively metabolising and dividing at about the same
rate. - Consequently, if & chemical agént is added t0_ a culture in the Jog
phase then anX cliange In growth rate may be attributed to the actiof
of the agent (34).

*School of Pharmacy, College of Science and Technology, Bristol 7.
185
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The turbidity of a_bacterial suspension is due predominantly to the
sca_tterln% of light passing through the suspension. _ This scattering oceurs
mainly at the cell surfae because of the high refractive index gradient
between the medium_and the cell surface (5. _

The method described here is based upon measurement with a spectro-

photometer of the reduction of light transmitted using Pseudomonas
aeru?mosa cultures growing in the presence of a nonioniC surface active
agent.
: Nonionic agents are known to antagonize the action of many chemical
preservatives (%82 The antagonism depends upon several factors inclug-
Ing the concentration of nonionic agent. Brown and Richards §49) found
that 0.02% polyoxyethylene sorbitan mono-oleate (polysorbate 80) present
in the growth medium made Ps, aeruginosa sensitive to the action of
benzalkonium chloride, chlorhexiding diaCetate and polklmyxm B sulphate.
However, 0.5% polysorhate 80 eliminated the antibacterial action of the
benzalkonium and chlorhexidine but not that of the polymyxin. .

The purﬂose_ of the present study was to investigate further the actiyity
of various chemical preservatives in'the presence of different concentrations
of polysorhate 8.

Experimental

The test or%msm was Pseudomonas aerugingsa NCTC 8203 and Oxoid
nutrignt broth No. 1was used as the basic medium. The incubation and
reaction temﬁerature was 37.5°. Replicate agar slants were inoculated
using a broth culture from an isolated colony. The slants were stored
frozén, and a fresh slant was used for each”experiment. - Logarithmic
growth rates were followed by measuring the absorbance at 420" mp, with
a Unicam 600 spectrophotom_eter. Micrascopic examination of the culture
was also made. Antibacterial agents used were a mixture of 2_parts
methyl jdl;édrox_ybenzoate and L'part propyl “hydroxybenzoate, Dioxin
Eﬁé 3_et8xy- ,4-d|methyl-m-d|oxane5) and Bronopol {2-bramo-2-nitropropane
S-diol).

Effect of antibacterial agents on growth rate

The method of Brown and Garrett (3) was used to reduce any lag phase
to a minimum. Prewarmed broth was inoculated from an” overnight
culture and the absorbance was measured at intervals. At a predetermined
value, such that the cells were known to be dividing exponentially, replicate
inocula were taken and adoed seBarater to prewarmed broth containing
zero, 0.02% and 1% polysorbate 80. Each concentration was in triplicate.
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Every culture was allowed to ?row until it was at a convement_Pomt in
the 1og phase when two of the three replicates were inoculated with 0.5ml
of a solution of the antibacterial agent. Simultaneously the remaining
culture was ingculated with 0.5ml of the solvent as a control. ~The anti-
bacterial solutions and the control solvents were, added_slowly to the
cultures which were briefly shaken during the addition. This procedure
eliminated temporary changes, in absorbance resultmq from vigorous
addition of liquid to” the growing cultures (9. The solvent for Dioxin
and Bronopol was water, that for the *hydroxybenzoates was 70% alcohol.
The absorbance of each culture was measured at intervals and results with
Dioxin F0.0?,% and 0.1%3, Ahydroxybenzoates (0.03% and 0.1%2_ and
Bronopol (10 pg/ml and 100 pg/ml) ar illustrated in Figs. 1-3 respectively.

w 0.04 -

1 1 L
140 180 220 260

TIME (Min)at 37.5

Results and Discussion
Dioxin _

The presence of polysorbate 80 at each concentration apparently had
no antagonistic effect upon the activity of Dioxin. Fig. 1 shows the
effects In plain broth and broth with 1% polysorbate 80.~ 0.03% Dioxin
caused a slight inhibition of growth rate In ach case and 0.1% Dioxin
caused an immediate lysis, S|I8ht% greater in the culture with 1% poly-
sorbate 80. The results with 0.02% polysorbate 80 (not illustrated) were
substantially the same as with 1% polysorbate 80.
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Fig. 1 Effect of polysorbate 80 onF;Qeaae?ltjig%HoggDioxin against log phase cultures of

0 control.

Q Dioxin 0.03% added.

X Dioxin 0.1% added. ,

A Blaln broth. Dioxin added after 154 min. _
B, broth with 1% polysorbate 80. Dioxin added after 225 min.
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Fig. 2 Effect of polysorpate 80 on the actiqn. of /Tryclroxybenzoate mixture against
g POty P phase cunures 0? S. aerﬁl Inosgl g

ﬁ/o Phydrox benzoates
1a|/ groxgéen an nzo%sbesadd fter 19
Wlt q% IQ/O ate (EFXX benzoatesd after %36.m|n.

brot wit polys zoatesa e ater min.
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pHydroxybenzoates

There was no appreciable effect upon the growth rate in plain nutrient
broth when _/>hydroxybenzoate to produce a toncentration of 0.03% was
added to theTog phase culture (Fig. 2). 0.1% ji>hydroxybenzoate, however,
immediately reduced the growth rate to zero"and some lysis occurred.

The effect of 0.03% "hydroxyhenzoates in the presence of 0.02% poly-
sorbate 80 was slightly to"reduce the growth rate, while 0.1% johydroxy-
benzoate caused an immediate ysis gireater magnitude than accurréd
In plain broth. It appeared that 1% po Xsorbate8 prevented any SI?HI-
ficant antibacterial action by either 0.03% or 0.1% ji>hydroxybenzoates.
This antagonism is well known (7,10).

The apparent increase in activity with the _/>_h¥dro benzoates in, the
presence of 0.02% polysorbate 80 arid of Dioxirrwith both concentrations
of polysorbate corresponds to a similar enhancement of activity of benzal-
konium, chlorhexidine and Rolmexm against Ps. aeruginosa {4), It has
been sugPested that the high résistance of this organism to chemical anti-
microbial agents is related to it Fermeab|l|t properties (4,11). These
properties may be changed b?{ polysorbate 80, aIIowm([; the penetration
of Chemicals in low concentrations which would not enter the cell in the
absence of polysorbate 80. Brown and Richards (11) have recently shown
that the resistance to chemical aﬁents of Ps. aeruginosa and, of Escherichia
coli has also been reduced by the action of ethylenediamine tetraacetic
acid, probably by an effect on cell permeability.,

Bronopol

The action of Bronopol on the growth rate was not significantly affected
the | Ioresence of either of the polysorbate 80 concentrations . used.
19. 3 illustrates the effect of 10 fig/ml and 100 pg/ml Bronopol in the
présence of plain broth and broth with 1% polysorbate 80. The results
with 0.02% polysorbate 80 (not illustrated) were not significantly different
from those with 1% polysorbate 80. It appears that polysorbéte 80 had
no significant_effect upon the action of Bronopol against log phase Ps,
agruginosa. - This is in' accordance with the results of Croshaw et al (L2)
and Bryce and Smart (13).  This method was unable to distinguish an%/
differerice between the action of 10 fig/ml and 100 fxg/ml Bronopol. Bot
concentrations apparently caused shqht lysis. 1t 15 possible that the
hqher concentration killéd more cells than"did the 10 ?/ml_but that the
extent of lysis as measured optically was not appreciably diferent.
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Fig. 3 Effect of polysorbate 80 in tBe actlon of Bronopol against log phase cultures of

§ R e,
tthl0 or\%orgte aft%rr&r?gprg nadded after 165 min,

Summary and Conclusions

All the preservatives tested Were active a mst Ps. aeruginosa. ~ Dioxin
was not antagonized by polysorbate 80. On the contrafy, it aBpeared
that ifs activity was sllghtly enhanced in the gresence of poI sorpate 80
The slight enhancement occurred in each of two other experintents similar
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to that illustrated in Fig. 1 _The jihydroxybenzoate mixture was antaqon-
ized by 1% but not by 0.02%, polysorbate 80, the latter concentration
apparéntly having some synergistic effect. This effect, shown inFig. 2
was reproduced in each of two replicate experiments. The activity of
Bronopol was unaffected ba/_the presence of polysorbate 80 (FP. 3.

The procedure described is a rapid and convenient method o assessmg
antimicrobial activity. It is possible for one worker to measure the growt
rates of about 10 cultures,and to gbtain the results within one day. An
apparatus based upon similar principles but recordmg several growth rates
continuously and automatically has been described bly Coultas and
Hutchison ( . _The method s particularly useful for prefiminary screen-
ing purposes. There are, nevertheless, limitations to_these procedures.
Cultures are not optically dense if less than about 107 cells/ml and the
useful concentration range for measuring growth rates by this method is
about 107108 This is"a narrow range Telative to that possible using
colony counting methods. Furthermore, the method is not suitable in
circumstances where the chemical agent significantly causes clumping.
In such_e% case an end point method of evaluation may then be more
appropriate.

Acknowledgement

This work was_ aided by the excellent technical assistance of Mrs
J. Smuts, The Dioxin was kindly supplied by Givaudan & Co. Ltd.,
and the Bronopol by Boots Pure Drug Co. Ltd.

(Received: 13th September 1965)

REFERENCES
(1) Kam%g%rﬁ) (Ed.) Analytical Microbiology 141 (1963) (Academic Press, London and

2) Coultas, M. K. and Hutchison, D. J. J. Bad. 84 393 (1962).
3) Brown, M. R. W, and Garrett, E. R. 3. Pharm. Sci. 53 179 (19643.
4) Brown, M. R. W. and Richards, R. M. E. 3. Pharm. Pharmacol. Suppl. 16 51T (1964).
b) Barer, R, Sci. 121 709 (1955). _
6) Becket, A. H. and_Robinson, A. E. Soap. Perfumery Cosmetics 31 454 (1958).
Patel, N. K. and Foss, N. E. J. Pharm. Sci. 53 %4 z1,964.
8 Bahai, C. K. and Kostenbauder, H. B.'J. Pharm. Sci. 53 1027 (1964).
9) Brown, M. R. W, and Richards, R. M. E. J. Pharm. Pharmacol. Suppl. 16 41T (1964).
10) Patel, N. K. and Kostenbauder, H. B. J. Pharm. Sci. 47 289 (1958)
11) Brown, M. R. W. and Richards, R. M. E. Nature in press (1965).
12) Croshaw, B., Groves, M. J. and Lessel, B. J, Pharm, Pharmacol. Suppl. 16 127T (1963).
13) Bryce, D. M. and Smart, R. 3. Soc. Cosmetic Chemist 16 187 (1965).



INACTIVATION OF PRESERVATIVES BY NONIONIC AGENTS 193

Introduction by the lecturer

The main point to be made is that u_sln? the method described it is possible
ra |d|?/ to assess antibacterial activity agains Io% phase cells. Furthermore, about
1 cubltures can he used at any one time so that a flexible experimental design is
possInIE. : : . .

Unfortunately, this method is not the answer to all our desires about testmg
chemical antimicrobial agents. There are several limitations to the method whic
are mentioned in the paper. In general, it may be said that these Procedures are
useful, mainly for preliminary scréening purposes, but are not restricted exclusively
to screening.” It is possible to obtain precise quantitative relationships hetween
growth rates and to compare the effects on growth rate of such variables as chemical
concentration, reaction temperature, pH and cell concentration.

DISCUSSION

Prof. F. Neuward : Can you give me any idea why, in Fig. 2B, the bacterial effect
after the addition of 0.1 % yhydroXybenzoatés occurs about 30 min after the addition ?
In all your other F|giures, the growth rate decreases immediately after the addition
of the Chemical agent.

The Lecturer: What you say is quite true and is in fact rather interesting. For
most of our work, and indeed in order for the method to be most useful, it is necessary
that the conditions are such that when a chemical is added to a culture in the qu
phase its effects are immediately apparent. When this happens it is possible to ge
a quantitative relationship between the rates of growth. We have been able to show
that there isa relat|onsh|_i) between total cell numbers that are living or dead, and the
viable count as well as with the Oftlcal density. In some cases, however, this does not
happen, e.g. where we added 0.1 % yhydroxyhenzoates to Pseudomonas aeruginosa
growing in"the presence of 0.02% Tween. This particular culture had the chemical
added and about 25 min later the growth curve tailed off and there was considerable
lysis.  Such a drop, in optical density must be due to_ lysis unless there is some
Becullar occurrence in the culture, such as clumping. This po_55|b|I|t¥ was eliminated
y examining the culture microscopically, Under these circumstances it is not
Eossmle to get any precise quantitative relationships between rates of Prov_vth and
ill, but nevertheless from the practical point of view of preservation, [ think this
method can still tell us something useful. | have seen this delayed phenomenon
before. It occurred when | was workmq with penicillin and E. Coli and the effect
was reproducible in that it occurred but the extent to which it occurred and the
length of the delay was not very reproducible. ~ The delay in Fig. 2B does seem to
?odrresp(t)nkd to approximately a generation time, but whether in fact this is significant

0 not know.

Mr. N. J. Van Abbé: How does your work on the reported results relate to the
usual concepts of bacteriostasis and bactericidal activity ?

The Lecturer: | find the terms bacteriostatic and bactericidal actmtg a source
of confusion. If tetracyclin is added to E. Coli, the cell count is about 10sand one
plots log numbers agairist time and then, depending upon the concentration added to
a log phase culture, there could be a reduction in count from 10sto 102 As far as
those cells are concerned, | suppose the activity has been bactericidal. If the count
remained at 102 one would say this is acting as a bacteriostat, i.e. no growth is
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occurrmlg yet this may be simply a function of time.  If measured after three weeks
one could get growth. It is acfing as a bacteriostatic agent, even though possibly
there has been-a drop of 99.9999% and those cells are dead. | would suggest that
in these circumstances, the words bacteriostatic and bactericidal are very often
unhelﬁful. It would be better to say there has been a drop in count of six log cycles
and that growth subsequently recurred.

Prof. F. Neuward: Have you measured or do you have any idea about the
concentration of the_bactericidal agent, after its addition and in the presence of
Tween 801 | think it possible that with the higher concentration of Tween 80, the
chemical will be bound, perhaps partly, by the Tween 80.

The Lecturer: ThiS IS commonly accepted, The reason that we are getting no
apparent effect upon the growth rate by the “hydroxybenzoate mixture IS because
there is no “hydroxybenzoate mixture there. It'is bound by the nonionic. Several
workers have published this, and | have given one or two réferences above. _

At Bristol we are extremely interested in Pseudomonas aeruginosa and are carrying
out research into the reason for its resistance from several angles. We would be very
|n|tetr_esteﬁ, if anybody happened to find anything that would cast a light on this
relationship.

Mr.N. J. Van Abbe: W hat happens if readings are taken for longer periods than
shown in the paper?

The Lecturer: THiS method, although extremely rapid and relatively easy to
learn, does have several serious limitations. It is measuring optical density and
records the amount of light that is not scattered. If, therefore, you are measuring a
system in which the chemical kills the cell, i.e., prevents it reproducing but does not
cause lysis, it m|%ht sterilize the entire culture, but if there Is no_lysis then all one
could ohserve is that the optical density remains constant. With Ps. aeruginosa
using many common preservatives such as benzalkonium, chlorhexidine, ~hydroxy-
benzoates and one or two others that we have tested, lysis occurs and the optical
density does quite closely correlate with total and viable counts.

Mr. R. crark: Would you like to make a hypothesis or give some explanation
why you get an apparent synergism of 0.02.% polisorbate with the “hydroxybenzoate?
You observed a similar behaviour with Dioxin at all concentrations.

The Lecturer: We have found ﬁrev_musly F4) that in the presence of 0.02%
polysorbate 80, the activity of benzolkonium, chlorhexidine and Rohmem were all
enhanced. If the concentration of polysorbate was increased, the po ¥myxm was
always enhanced. There appeared to “be synergism. The activity of the chlor-
hexidine and the benzalkonium decreased as the concentration of nonionic increased.
Thus we had the usual and expected result that polysorbate 80 will bind with these
chemicals and eliminate them biologically from the system. We do have a hypothesis
to explain this. We think that Ps. aeruginosa is excephonal% resistant to chemicals
because of its permeability properties, and the polP/sorbate 0 is affecting the per-
meability Rropertles to such an extent that chemicals %et in which are normally kept
out. In"the case of the benzalkonium and the chlorhexidine the situation i$ com-
plicated by the fact that not only is the polysorbate making the cells more sensitive
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by altering the permeability properties, but it will also, and quite separately, bind
with the chemicals and eliminate them from the system. When there is a low con-
centration of ?olysorbate the binding phenomenan is slight, as compared to the
sensitization of the cells. As one increases the polysorbate concentration, the cells
are still made sensitive but the binding is such that there is virtually no chemical
Bresent to be harmful. ~ In support of this hypothesis we have grown célls in nutrient
roth, harvested them, washed them, and “effectively removed the broth that was
there, apart from any trace that might be adsorbed on the cell surface. We have
also grown the cells in the presence of polysorbate 80. TheY were washed in each
case. The washing may or may not remove an% adsorbed Tayer on the cells, but
it will certainly remove the bulk of the polysorbate. If the Cells are then tested
with chemicals, the cells that have grown in"the presence of polysorbate are signi-
ficantly more sensitive to chemical attack than the cells grown in its absence.
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Particle size analysis using Coulter
Counters

W. M. WOOD and R. W. LINES*

Presented at the Symposium on "Physical Methods,” or%anised by the Socieg
of Cosmetic Chenists of Great Britain, in Bristol on T6th Novémber 1965.

synopsis—A relatively new instrument for the size analysis of most forms of particulate
material is described.” The instrument senses particles suspended in an electrolyte by their
momentary displacement of electrolyte, causing an increase of resistance to applied current,
as each passes through a small hole, or orifice, in an insulator. Passage is essentially singly,
although corrections can be applied for any coincidence loss.  Counts at up to 5,000 particles
per second are possible, and the resulting size distribution is built up_in some twenty minutes,
mcludm%calculatwn time, although this can be reduced on a routine basis.

A technique for the size analysis of wide range powders, i.e. those wider than the range
of resolution” of any particular orifice, is discussed. S

The range of new models available working on this same_basic prmmﬁle is reviewed.
These reduce calculation time_considerably, as well asincorporating many other refinements.

A series of particle size distribution on a wide range of cosmétic materials illustrate the
usefulness and versatility of the instrument.

. The realization that the size distribution of powders, and other
particulate material, is.of critical importance to the final product of that
material has been achieved in every industry using powders. Particle
size affects such things as the definition obtained from phosphors used to
coat television tubes; the warkability of a metal alloy, the grittiness of
food products, the colour of pigments, the solubility and éfficiency of
pharmaceutical preparations, and the response of Control systems in
modern high speed aircraft. . _

No less'important are the particles in the cosmetics industry. - Simple

* Coulter Electronics Ltd., Dunstable, Beds.
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powder formulations such as face powder, talc and rouge depend for their
efﬂuency{ on the fineness of the powder. ~ Being too firle, however, means
a possible health hazard from inhalation.

Colour in lotion is a function of particle size and a colour can be made
to appear to have two different shades by a change in particle size,
Liguids such as perfumes, colognes and toilet waters must be filtered
efficiently not only for their %oo appearance, but also for health reasons
since poorly filtered products can contain substances harmful to the

n

The earliest form of Size analysis equipment was the sieve, followed
b)‘ the microscope, the sedimentation technigues, and many other methods.
All of these methods have their good points but in the main it is fair to
say that they are not suited to the demands of a modern industry, which
requires an automatic method which is independent of operator eitor, and
which measures each particle individually and accurately.

threshold
MAIN PULSE
AMPLIFIER 0 AMPLIFIER
CIRCUIT
: FRI,
i HORIZONTAL ' I" !v 1 %  COehTf
L SWEEP / %
'SCOPE
PICITAL |
COUNTER "START-STOP" RECISTER

Figure 1 Diagram of Coulter Counter principle

Coulter %ln 1956 described an instrument for the automatic counting
and sizing of blood cells, It has since been shown that the same principle
can be applied to a wide range of other particulate materials, with equal
speed and accuracy. The Size range covered by the instrument is api)rox-
imately 0.5[t-400]t and the only limitation is that the sample to he analysed
must be suspended in an electrically conductive liquid. A stirring syStem
can be employed to avoid settling’ effects during the size analysis.

A diagram of the instrument Is shown in Fig. 7. The sample to be
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analysed is susPended in a suitable, electrolyte in a beaker and placed on
the Deaker platform. A glass orifice tube; having an_ac_curatelx Mmade
aperture in the lower end pro[Jects into the beaker, the inside of the tube
being filled with the same electrolyte as in the beaker. On either side
of thie orifice is an immersed electrode. By appIYmg a controlled vacuum
to the orifice and the mercury manometer situated”behind it, liquid and
the susP_ended particles are_drawn through the aperture. The passage of
the particle through the_orifice causes a momentary increase in the Fesis-
tance.to the current which is simultaneously passm%_through the orifice.
This increase is detected as a voltage pulse, proportional 0 the volume
of the Barncle. This pulse is then ‘amplified, scaled, passed through an
%djustg le threshold and counted, If it exceeds that threshold evel, when
esired.

Closing the top tap on the control piece cuts off the vacuum and the
returning mercury column cqntinues sample flow through the orifice. = Set
in the manometer are a series of electrodes which_enable one to obtain
a particle count in,varying samBIe volumes (0.05, 0.5 and 2ml). A single
count above any given size can be made in some 15 sec, and by a repetition
of this process & Size distribution can be made over as many points as may
be necessary in a very short time. o

Since the Coulter Counter measures the volume of the particles directly,
conversion of particles to volume per cent or for Bartlcles of uniform
density weight per cent, presents few calculation problems. An example
ofat PIC&| data Sheet is'shown in F|%. 2 _ _

ith the Coulter Counter one of the essential features is the qualit
of the dispersion, which is, of course, common to all other sizing methods
using a suspension.. The Counter will count and size anything that is
Prese_nted to the orifice, so it Is vital that qne decides whether on& requires
he size of the particles in the powder or liguid as they are in the original
sample, .or the size of the discreet particles, and actordingly select” the
appropriate method of dispersion. o

Many methods are available for this purpose, but the one which is
currently finding favour is the use, of ultrasonics. - Small laboratory baths
are now commerc_laIIY available into which are placed the beaker, the
sample together with the electrolyte plus some other dispersant, If needed.
The time interval needed to obtain a reproducible_dispersion is usually
between 15 sec and 2 min, according to the ease or difficulty of dispersion.
An example of the reproducibility of the method of dispefsion, sampling
and the Counter is shown in Table I
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Table |
Reproduced results on a sample of powder

Cumulative weight % ahove stated size

Particle diameter RUN 1 Run 2 Run 3

75 8 :gs
_ This was a medium-priced. powder and the electrolyte used was 5%
trisodium phothate, and the time inthe ultrasonic hath was 20 sec. ~ From
Table | it will be seen that the r_eproduubllltY IS within some 3 or 4% on
a weight basis at the most sensitive part of the distribution.

Once the sample is dispersed it Is essential that no flocculation of the
particles occurs, as the Counter will accurately count and size anY particle
Presented to the orifice, In order that this Can be prevented it is usual
0 add some dispersant, Preferably a_nonionic such as Nonidet P.42 to
the dispersed sample, whilst one cdn also mechanically stir the suspension
during the analysis. This fact enables one to study the stability of
emulsions, solubjility rates and the effect of dispersants, flocculants, ®tc.,
with an ease which has previously been unobtainable,

The choice of the electrolyte is also of considerable importance, the
selection heing dependent upan the nature of the material under investi-
gatlon. One “does not therefore select a solution which would either

Issolve or flocculate the material under test. _

. Wherever possible a sodium polyphosphate solution, such as Calgon,
i used as this is itself a dispersant at a concentration of 2-4% by ‘Wi,
such as can be used. on the Counter itself,  This type of electrolyte is;icleal
for the majority of insoluble powders such astalc androuge. For emulsions
of the ol ty{)e sodium chloride at 1% by weight canbe used. If the
material is water soluble then it is possible to use & non-agueous electrolyte.
A material of this type is calcium carbonate, the electrolyte used béing
5% lithium chloride’in methanol. , _

FI?. 3 shows the results obtained on a series of typical toothpastes,
the eectrolsr_te I question being the one for calcium carbonate. The
slight solubility of the material under test is counteracted by prior satura-
tion in the electrolyte.
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Figure 3 Particle size d|str|but|0nspcr)g‘) tt)%%ﬁﬁ{lt&%lgpastes and powders (Logarithmic—

The response of the Coulter Counter is relatively independent of particle
shape, in that the frue volume is always measured over the size range
covered by each orifice, _ _

It has“heen shown that the change in aperture resistance caused by
a particle passing through the orifice’Is:

_ Po.V
AR = A*H PO ______
I~p XA
Where: Po = electrolyte resistivity .
A = aperturé area normal to axis,

V,Pa = particle volume, effective resistivity and area normal
to aperture axis .

X = particle dimension ratio =
I/d = length along aperture axis

diameter of equivalent sphere
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Thus for any given electrical condition and aperture size, response is
essentially linedr with OPartlcle volume, giving insignificant error (1%, on
a volume ba_sm% Prow ed that the maximum size” measured by any one
orifice tube is below 40-50% of its physical diameter.

Particle resistivity has also been proved to have no significant effect
on instrument responses.  All powders, once they are in suspension behave
as non-conductors, this being attributed to either an oxide film on the
particle surface or the Helmholtz Double Electrical layer, surrounding
each_ParncIe. It can also be seen from the above equation that Parncle
density cannot affect response. However, data reduction from volume to
weight per cent cannot be made in the, case of a mixed powder of varymgz
densities unless the ratio_of densities is known and can be attributed a
each particle diameter. Temperature change mainly affects the response
by the change in electrolyte resistivity, - Under normal working conditions
this is nePhglbIe but a Simple correCtion can be made, if necéssary. .

Paricle Concentration used in the Coulter Counter is that which gives
a maximum number count below the limit of coincidence effects fof the
orifice tube in use, In terms of sample amount used this is usually of
the order of 20-30. mg in 150 ml of electrolyte. .
. .As the method involves the_counting of pérticles suspended in a liquid
it i obvious that for any desired accuracg the E)artlculate counts must
be significantly higher than that_of the base electrolyte. Ideally this
solution should be Completely particle free but this is a practical impossi-

bility.

% ractice, filtration is carried out with cellulose acetate membranes
of the Millipore type, and these are satisfactory for aqueous solutions, but
for non-aqueous media a glass fibre paper must be used.  This, of course,
must be supported on a glass sinter to prevent fibres from the paper
getting into the electrolyte. = Calibration of the Coulter Counter is usually
made irectly against particles of a known size such as polystyrene latices
%ﬁo_res and pollens, all'of which have a fairly low standard deviation about

elr mean,

As particle volume is measured directly by the instrument Settings
(threshold dial (t) and aperture current switch (1)) then the calculation
of particle diameter d, is equal to K x 3\J instrument settings, K being
the calibration constant for that aperture tube and electrolyte systen.

Since the instrument produces number versus size it can e used for
the on-stream control of solutions such as eau-de-colognes. ~ A typical set
of results are shown in Table 1.
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_ Table Il _
Particle count obtained on various toilet waters

No. of particles per 100 ml of solution
Eau de cologne  Lavender water Perfume

eoﬁ%:i: 5,35%35 %é_

The smaller the size the more particles were present. In the case of
the perfume we were unable to count the vast numbers present at Ijx.

Particle diameter

}

Figure 4 Particle size distributions of various talcs (Logarithmic—probability plot)

Talcum Powders

The particle size of all talc is usually less than 300 mesh (53[x). _In
particular most babY powders are usually less than 325 mesh (44it]." The
optimum ran?e is 10-60it. Fig. 4 shows the results obtained with the

oulter Counter on various grddes of talcum powder.
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_ It will be seen that they range in size from 65[i down to 15(i with a
wide range of mean Sizes, _

E (.
The baby powder is sample D and the ran%e covered is 36-2fi with
a mean size of 12.2p. This would appear to be somewhere within the
speC{flcathon. The electrolyte and dispersion was similar to those previously
mentioned.

. With some materials the size range lies beyond that covered by one
orifice tube, the range_of one tube being approximately 1 or 2-40% of
its stated diameter. ~ Clearly when the particle counts are low this upper
limit can be extended to 50% or so since the statistical error (£ Vn)
outweighs the lack of accuracy of response of the sizing circuit. It is
Po_ssmle that some materials Hiave more than 5-10% hy Weu?ht outside
his range on the most suitable aperture. Below this level extrapolation
techniques can be used with some degree of accuracy. Extrapalation
techniques, however, usually assume that the sample in question follows
a log-normal distribution with no second peaks or other variations from
normal.  This assumption is usually quite carrect, but there will be times
when an analysis has to be made of the entire size rang_e. Several tech-
mqrues for this type of analysis exist whereby one combines two or more
orifice fubes to cover the range. Basically the techniques are analogous
to a microscope analysis - a large field is scanned under low magnification
followed by a smaller field under high power, and the distribution built up.

The standard method is as follows: A suspension of the material under
test is made up as usual and anal)(,sed on a tube suitable for the largest
particles present. - When the lower limits have been reached, the remaining
sample is removed and a smaller tube fitted to the Counter, The sus-
pension 1S sieved or allowed to settle in order to remove the oversize
particles, which would tend to block the smaller tube.  Sieving is best
accomplished with electro-formed micro-mesh sieves, and these are most
efficient when used to_wet-sieve dijute suspensions of the type used on
the Coulter Counter.  The analysis IS then continued, overlameg the last
few points of the larger tube down to the end of the particle System or
untif the lower limit of the smaller tube is reached. _

It can be argued that whatever method of removing the large particles
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from the system is employed some smaller ones WI|| also be removed. I
Prachce however, the erfor is insignificant usua Iy being less than 2% in
erms of number, and decreasing, which is neg |g|b e on anumber or weight
basis, The caIcuIatlon then roceeds as normal.

The time taken for a tzm ['single tube analysis including,the calcu-
lation is 20 min.  Two tubes reﬁuwe perhaps another 5-10 min.  Times
can normaIIy be halved on a routine basjs. .

Figs. 5 and 6 show the size analysis of various other cosmetic materials
obtained W|th the Coulter Counter:

Figure 5 Particle size distributions of various cosmetic materials

The Coulter Counter being already é)artl automatic is ideally suited
%ﬁ furthter automation. New Models B and C now lend themsglves to
IS system,

Thye Model B has two countmrq Circuits so that a frequency number
distribution can be obtained directly. Amon([; the many otner aglvantages
i that the Model B response is independent of electrol yte remstance ]
that one calibration factor will hold for changes in electrolyte resistivit
caused by concentration change or temperatlire increase. "It also lends
itself to gasier and faster data reduction. - Using a Model J plotter coupled
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Figure 6 Particle size distributions of various cosmetic materials

to the B Model a frequency or cumulative. number histogram can be auto-
matically qbtained in 110°sec over 25 points with no ogerator attention.
Each plot Is only over a relatively narrow range, about 3-1 on a diameter
basis, a wide rangie distribution Can be built Up if necessary by the pro-
duction of several such plots. _ _ _

A further development is to use the information obfained b;( the ahove
system, and by couPImg the numbers and particle volume, automatically
and instantly (_:om[)l e the cumulative volume or weight distribution.  This
is achieved with the Model M

The Coulter Counter Mogel C is the most elaborate_ model yet com-
mercially available. By utilizing advanced circujtry. it is passible to
obtain complete a six, hine or twelve point size distribution n as little
as 15 sec.. Recording of the data can be done in many ways, eg. simple
digital print-out and" direct connection to a computor. The model has
many other advantages over the original Model A o

orrelation of thé Coulter Counter to other methods of particle size
analysis has been well studied, This presents no problems it one appre-
clatés the limitations of the various techniques. For instance gravitational
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sedimentation cannot generally be relied upon below some 4-5xwhen such
effects .as Brownian. movement of the particles by convection currents
1(even An thermostatically controlled baths) and the actual method of
oIIowmﬁ the anaIYS!s al helﬁ to reduce the limit one can reach.

We hope that this paper has made_clear how this instrument can be
used for the size analysis of the majority of cosmetic materials from
liquids, creams and emulsions to pastes and powders.

{Received.: 1st September 1965)

REFERENCE . _
(1) COL{IJ%:XV. (yr'd %&%rbgrrefgggsed before the National Electronics Conference, Chicago, 111,

DISCUSSION

Mr.A. Moes ; When one has hydrophobic particles suspended in an electrolyte the
quality of the dispersion is not good because of flocculation of the particles. The
addition of a nonionic wetting agent such as polysorbate 80 decreases the surface
tension and facilitates the dispersion. Do you think that the use of such a wetting
agent modifies the di-electric constant of the electrically conductive liquid ?

Mr. R. W. Lines: The addition of a wetting agent in_no Wa% afiects the response
of the Coulter Counter to Farn_cles. Since most materials, whatever their nature,
need to be analysed in a fully dispersed state it is necessary to add wetting agent to
getthe ultimate particle size.” The only effect that such addition might have isthat a
very high concentration might increase the aperture resistance and therefore the
calibration constant would change for Model ‘A’.  This can be overcome by simply
finding the calibration constant with your system, mcIudmtIJ wetting agent.

A problem might arise with a wetting agent of the polysorbate type. Some_ of
these surfactants ‘are not completely water-soluble, and are in a very, very fine
colloidal state; in that event a very, very high background of particles would be
obtained so that the sensitivity of the size distribution is lost.

Mr.A. Moes: May one use a solution of ionic dispersant directly as an electrically
conductive liquid in which to suspend the particles to be analysed ?

Mr. R, W, Lines: One may use such surfactants directly, but in practice their
conductivity in an agueous medium would be so low in terms of the conductivity
needed for the Coulter Counter Model ‘A’ that the size distribution might suffer at the
fineend. It might well be that if 3 low concentration of such a surfactant were used,
one could get to perhaps 5ir, possibly 2-3p., but one certainly could not get to the
very small’sizes that probahly interést you.

Mr. A. Mogs: Since particle concentration is a critical point when the Counter is
used, how is it possible to dilute liquid o/w emulsions without giving rise to the
coalescence of dispersed droplets?

Mr. R. W, Lines: One has to dilute carefullx, and a slightly different technique
must be employed, depending on the system. Probably the most satisfactory way
is to make a two stage dilution, one stage into the de-ionized water, and the second
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stage into the salt solution, to which the Wettin? agent has been added previously.
This techmgue has been described by Marshall and Taylor (2l). Their emulsion
system was 50 % liquid paraffin in water, with 2% w/v methyl cellulose 20 as emulgent.
hey diluted 1 ml emulsion taken from a mixed suspension with filtered de-ionized
water to 100 ml. They then took 0.4 ml of this and diluted it to 100 ml with filtered
0.9% NaCl. They commented that the results were stron%IY comparable to those
from the microscope, within the_limits obtainable from both techniques. To quote
“the dilution techniques used induced no detectable change in the particle size
distribution.” A similar conclusion has recently been published by Rowe (3).

Mr. A. Moés : If w/o emulsions have to be tested, what kind of liquid must on e
to dilute them ?

Mr. R. W. Lines: According to our knowledge w/o emulsions have not Yet_ been
analysed satisfactorily with a Coulter Counter. “As one must mix the sample into a
||clmd which conducts electricity, this liquid must be a solvent to take the oil phase.
At the same time, its dielectric constant must be reasonably high to get some salt
into it for use with the Counter, and a high dielectric constant means that it is also
?omg to take up water. There are two possibilities that could be tried. One must
r}/ to coat the water droplets with something that will not go into the solvent electro-
lyte. Alternatively, one mllqht freeze the system and measure the size distribution
of the ice crystals which will be the same particle size to the Coulter Counter.

Mr. A. Mots: What is the best way to use the threshold circuit when an unknown
sample has to be tested ?

Mr. R. W. Lines: Fig. 1 indicates that the size distribution on the Coulter
Counter appears on a screen as_a series of vertical pulses, the height of each pulse
being the size of the particle going through the orifice at that instant. Apart from
one or two rather minor functions it is the purpose of this screen to indicate the
approximate size distribution. In this way one can adgust the sizing controls, the
threshold dial and the aperture current switch, in a way that enables one to build up a

size distribution over the required range.

Mr. T. A. Brock; In Table I1, figures are quoted for particle size measurements
on coloPnes and a perfume, and presumably the products were mixed with an electro-
Xte before measurement.  If so which orie, and was the resultant mixture clear or
cloudy due to the perfume oils being thrown out of solution ?

Mr. W. M. wooa . The electrolyte used was 1% NaCl and we were very careful to
ensure that the solution was clear; the presence of a cloudy solution would indicate
that something peculiar had happened with the electrolyte System, e.g. precipitation.
To| the best of our knowledge we were counting only the “particles present in the
cologne.

Mr. R. W. Lines: One of the chief advantages of the Coulter Counter is that if
one is in any doubt as to whether the distribution that is being counted is the

2) Marshall, K. and Taylor, J. Coulter Counter users’ meeting, Nottingham, 30/9/1965.
3) Rowe, E. L., J. Pharm. Sci. 54 260 (1965).
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proper one, or whether it is changing, one can always go back over points previously
counted.  One can see by a change In counts at various size levels, whether anything
such as aggregation, flocculation, etc., is occurring.

~Mr.T. A Brock: IN F_|g. 5 a distribution is shown for particles present in a lip-
stick. What Ho ou consider that you Were{nﬁasur.lnr%, as presumab{l%/ the erfste.rr\
presented to the Counter was a susfgensmn of the pigments present I an artificia
emulsion of the base in the electrolyte?

Mr. W. M. Wood: As the electrolyte system was lithium chloride in methanol we
have assumed that this would probably dissolve the lipstick base, and that we were
actually counting the pigment dispersion.

~br.M.R.W. Brown: IS it not true that a particle passes between the electrodes,
displaces an equal volume of the electrolyte solution, which causes a change in the
electrical properties of the system, in this case the resistance, and this is recorded ?

Mr.W. M. Wooa : That is s0.

Dr.M.R. W. Brown : Every deduction which you make from your measurements
therefore depends upon the premise that a particle’is displacing an’equal volume of an
electrolyte, and that an inert particle is dis Iacmq an equal volume of an electrolyte
solution. Do you have any experience of the électrolyte solution being displaced
by som_ethlng which isnot inert, such as a cell coated with"a chemical which'is intended
to kill it, and give it a charge ?

Mr. W. M. wood : The response of the Coulter Counter is in no way affected b){ the
particles going through the orifice. It does not matter whether it is a biological cell
or a ceramic particle.  The charges on the particle itself, or the resistance of the
particle, in no way affects the response of the instrument because one is measuring a
volume displacement. The U.S. National Bureau of Standards claim that once
particles go into the suspension thef é&rm_a very thin electron shield or oxide film
around them, which is perhaps only 1-ZAthick, and this renders the particle relatively
inert within a_chosen electrolyte System. Biological material in no way affects the
count, and it is possible to size blood cells, bacteria, the larger viruses, etc., without
getting a wrong answer due to this charge on the particle itself.

~ Mr. G. Prout: In 0ur laboratories, the Coulter Counter has been used to count
tissue culture cells and bacteria. _ _ _

The bacteria used were a Leuconostoc species apprommateIY 0.8« by 05« often in
chains UP to 4 or 8 cells long. ~ As no satisfactory method could be found to separate
these cells into_single units the suspensions were counted without any attempt to
achieve separation except stirring, using the stirrer attached to the Coulter Counter.
The electrolyte used was 0.9% sodium chloride dissolved in nutrient broth and this
medium was used to, culture the organism. Treating the bacterial population with
1.0% phenol or tannic acid solutionIn order to affect surface potential, did not affect
the reproducibility of the count. _ S _ _

. The bacteria were also counted using serial dilution and glatmg out to give a
viable count, and by hemocytometer after dilution and subsequént staining by
Gram’s method, giving a total count of viable and dead cells,

Invariably the viable count was slightly lower (about 10%) than the hemocyto-



PARTICLE SIZE ANALYSIS USING COULTER COUNTERS 211

meter count. The hemocytometer count varied between 97% and 101.8% of the
Coulter Count.

Sample Results

Tube _ 50fx
Alperture resistance 211 kh _
Electrolyte 0.9% NaCl in nutrient broth
Coincidence factor 3.125
Manometer volume 0.5 ml
Gain index 3
Calibration factor 242 _
Count per ml 60.4 X 1060rganisms per ml
. _ % of Coulter Count
Hemocytometer count (i) _ 61 X106 organisms per m 101.0
(1) 59.7 X106 " -
. (i) 615 x106  , ., ,
Viable count 56.4 X106 y . 93.4

Many references are available, mainly from the U.S.A., of using the Coulter
Counter for biological particles, and in several of these correlation has been shown
between Coulter results and other counting techniques.
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Rheological studies of new cream
nases with the Brookfield Synchro-
_ectric viscometer

F. NEUWALD*

Presented at the Symposium on “Physical Methods,” organised by the Societ
of Cosmetic Chemists of Great Britain, in Bristol on L7th November 1965,

synopsis—1Ne Fryklgf method for studying plastic systems, using the Brookfield Synchro-
ectric viscom te?_wm} T-shaﬁet? S méjl%s, %prﬁporte : RheiogA%?Pst éles 0? o/wycreams
show the syitability of the instrument and the Fryklof method for plastic systems, e.?n.
&har aceutical and cosmetic om\ments and creams, Rheoglrams ere gopstruct%d 1o
(mc. the yield value and the gashc wscgsny could be ¢ Clé| fe ﬁ” rom which, In
aadition, the occurrence of thixotropy or rheodestruction could be observed.

The rheological properties of pharmaceutical and cosmetic ointments
and creams are important product dimensions - to describe them completely
I to describe consistency, pourability, penetrating characteristics or the
ease with which the product may be handled or used. The interrelation
between flow properties and other product dimensions often makes measure-
ment of rheolo?mal properties the most sensitive or convenient way for the
development of a more or less solid preparation and of detecting"changes
of the preparation in dens_|t¥ and stability. For rheological measurements
on plastic systems, e% ointments and creams, a cup or capillary, orifice
sonic, or fafling weight viscometer will fail to give a complete picture of
flow properties” and,"in many. cases, will present erroneous. results. The
viscosity of a Newtonian liquid is independent of the shearing stress and
rate of Shear.  For studies on such a liquid it is therefore Unnecessary
to know.the exact values of these quantities. After the instrument has
been calibrated with a liquid of known viscosity, other Newtonian liquids
can be determined relative to this liquid. - For non-Newtonian liquids and

# University of Hamburg, Germany.
23
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Blastjc materials, however, the viscosity is not an unambiguous quantity
ut i, in fact, a function of the rate of shear. Insucha cése, a f|(%ure for
the viscosity is without any definite value unless the rate of shear, at which
It IS measured, is given af the time.  Actually the interest here lies in a
determination of thie flow curve or rheogram of the material which necessi-
tates measurements at several definite’shearing stresses or rates of shear.
For a more general application of a viscometer it i, therefore, desirable
that measuréments of shearing stresses can be carried out at different rates
of shear and that the results obtained can be expressed in absolute units,
L.e. the rate of shear in sec-1 and the shearing stress in dyne .cm-2. Only
multispeed rotational viscometers can be uséd for such measurements.
The Brookfield Synchro-Lectric viscometer is probably one of the most
commonly used rotafional viscometers. A reIat|yeI¥ |arge number of pub-
lications provide evidence of its use hoth for scienfific investigations and
for industrial plant control. Fryklof, (1) has attempted to” provide a
mathematical background for cofrect intérpretation of the experimental
results obtained with this viscometer. In addition, the author has de-
developed a method of measurement for plastic materials with this intru-
ment which exploits, in a better manner than the methods recommended
by the manufacturer and used in the investigations so far published, the
possibilities for obtaining information concerning the rheological properties
of the material investigated.

The instrument

The principle of the Brookfield viscometer is quite simple. . A syn-
chronous motor drives the spindle, immersed in the test material, af a
constant speed. . The force required to qvercome the resistance of the
material to rotation of the spindle Is provided by a calibrated beryllium-
copper spring, the tension of which Is read as a deflection of a pointer
over a graduated scale rotating with, the spindle. The scale reading is
proportional to the resistance t0 rotation ang hence also a function of the
consmtencY since the latter is in its furn a function of this resistance.

o eSevnearl%] e(flﬁerent models exist which can be grouped into four separate
Series, V.
LV 8er|es OBM Pthe measurement of liquids with viscosities up to
000, 000 cP.
RV series for the measurement of liquids with viscosities up to
8,000. 000 cP.
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HA series for the measurement of liquids with viscosities up to
16.000. 000 cP

HB series for the measurement of liquids with viscosities up to
64.000. 000 cP.

. . , Fiqure 1 . , :
Schematic drawing Oﬂhecﬂ(c)ﬂkﬁlgldshst},wnﬁhﬁ?r egtgla viseor aertl?{/).(swnches, gear shift, and
. To cover different viscosity intervals with sufficient accuracy, each
instrument is provided with a humber of differently-sized interchangeable
S mdlas, designed for the éilffere_nt ranges of measurements. Moreover,
IN each series there are models with variable speeds whereby the number
of different ranges is further increased.  Thus, LVO denotes an instrument
with one speed’in the LY series, LVF an instrument with four speeds and
LVT an instrument with eight speeds. ~ For the LV series, there is also
a U.L.taldapter, whereby viscosities in the range 0-10 ¢P can be measured
accurately.

10 m%asu_re the viscosity of liquids, reIatl_veIV large spindles are ysed.
For the LV instrument, these cylindrical spindfes have different. heights
(hereafter called LV spindles) - the height of the shortest cylinder is.

4
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however, so small that this \(}ylm,der is actually disc-shaped. For the
other series, the spindles (RV" spindles) consist of discs with different
diameters. The largest spindle 1s, however, shaped like a low, hollow
inverted cylinder.  One spindle in each of the series consists of the spindle
shaft alone.  For valid calibration of the instrument it Is necessary that
the measurement should be performed in a vessel of a definite size and
that a so-called spindle guard. is mounted around the spindle. _

. For measurements on semi-solid plastic systems, e.g. pharmaceutical
ointments, it is necessary to use special, very thin, bar-t{' (T-shaped)
spindles. ~ These differ from each other only by the length of the cross-

lece of the stdIe which s resPonsmIe for'the main pait of the torque.

he manufacturer recommends that, for these measurements, the instru-
ment should be placed on a "Helipath” stand, i.e. a platform which is
lowered continuously throuﬁhout the whole of the measurement.  This
ensures that the spindle will always be moving in a part of the sample
which has not previously been subject to mechanical action. By means
of the T-shaped spindles, the range"of measurement will be extended to

3,330,000 cP for the LV series,
20.000. 000 cP for the RV series,
40.000. 000 cP for the HA series and

160,000,000 cP for the HB series.

For details concerning the construction of the instrument and its
auxiliary eqmi)ment, reference can be made to Brookfield’s “Instruction
manual” and the brochure “Solutions to sticky Brobl_ems.” For our in-
vestigations of a new cream base (Ointment Bas¢ 601 Witten) with different
water contents, we used an RVT model with T-shaped spindles B and E.

As Fryklof (1) has mentioned, in the instructions accompanying the
Brookfield viscometers, there is no information concerning the conversion
of the quantities measured experimentally, viz. rotation speed of the
spindle and scale readm(?, tq rate. of shearand shearing stress. - Instead,
reference is made to tables jn which the scale reading at a certain Speed
of rotation can be converted to the viscosity in cP. “A more serious dis-
advantage is that in measurements on rion-Newtonian substances no
comparison is said to be %ossmle between the results obtained with different
sRdees. As far gs such substances are concerned, this limits the use of
the apparatus mainly jto routine plant control since products with large
dlﬁeéiences In consisténcy must necessarily be measured with different
spindles.

: Fryklof (1) has shown how to derive equations for the different types
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of spindles which make it possible, with certain assumptions, to express
the ‘Shearing stress and the rate of shear in cgs units. ' In this way the
results obtaned with the T-shaped spindles can also be compared Inde-
pendently of the size of the spindle and of the particular viscometer model
empIoYe . On the_other hand, it has been just as impossible, as with
other types of rotational viscometers, to overcome the difficulty that the
rheogram for non-Newtonian substances is,to a greater or lesSer extent
influenced b}g the desqn of the measuring instrument and the methog of
using It. The true rate of shear or shearing stress can therefore differ
from’ that calculated according to the formulae glven by. Fryklof (1),
Since the deviations obtained when using the T-shaped spindles can be
relatively large in certain cases, it seems best not to express the results
with thése spindles in absolute units but instead, in_a System of unifs
connected with the apparatus used. These units will, Rowever, be in
agreement with the cgs units if the assumptions in the theoretical treat-
ment are fulfilled.

Equations for the T-shaped spindles for plastic systems
ACCORDING TO FRYKLOF (1)

In measurements on plastic systems which are usually also thixotropic,
the large disc-shaped and cylindrical spindles are, as a rule, unsuitable since
the immersion of the spindI in the material constitutes a certain mechanical
Pretreatment, The construction of the T-shaped spindles is, however, such
hat mechanical pretreatment of this_type in the plane of measurement
can be avoided which makes these spindles more suitable for thixotropic
systems than other_tyﬁes of spindles. _ .

According to Bingham the rate of shear for a uniform plastic is

where  is the shearing stress, t£the Kield value and U the plastic viscosity.
The expression for the torque will therefore consist of qne ferm connectéd
with the yield value and one connected with the plastic flow.

M = 640 o7 +RXETF + 874 o1 U OR2T 0
C=gT 'R0+ t UDR™ i)

M.is the torC\ue, r the cross-sectional radius of cross-piece of T-shaped
spindle, R half the Ien&)th of cross-piece of T-shaped spindle, C corrected
scale reading on the 100 scale, G the spring tension at full scale reading,



218 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

m rotation si),eed rad-sec-1) and Q rotation speed (ri)_m). The second
term in equations (11) and (I11) is identical to what applies for Newtonian
liquids. For the rate of shear, as in the case of Newtonian liquids, it is

D=317+Q cosa 0B (V)
a is the angle between the cross-sectional radius and the vertical plane
through thé' cross-piece of the T-shaped spindle, and 1the distance from

the céntre of the spindle. _
The corresponding shearing stress is

_ Gosa » 106 R’
e = 000346 pop C-CO(1-0478 .o v p V)
. R°
For those points where 0478 2,0 1

it is as in the case of Newtonian liquids« = 0.00346 ,G_cro_fgg_lf’@,c (VI)

Atir = 0, C= CDand the shearing stress + = the yield value Tt

T=000166 ° o (Vi)
The plastic viscosity is obtained from equation (111)
U = 0.00109 o-r-u-ﬁ--l-ﬁ-(c- Cl (VIII)

. As Fryklof (1) has mentigned, the expressions given involve a certain
simplification. ~They are valid under the assumption that the flow pattern
I the same in a plastic system as that in a |I8UId: In reality, this is not
the case for measuremerits with the T-shaped spindles. When a torque
IS agr)]phed, to the spindle, the s_hean_nP stress will be greatest at the surface
of the_ spindle and the material will"begin to flow Within a zone close to
the spindle where the shearing stress exceeds the yield value. [f the torque
IS increased, the shear zone Will become larger. ~As the Shearing stress at
the surface of the spindle increases, the flow pattern will therefore hecome
more and more like that occurring in a liquid.  One result of these circum-
stances is that the, values for the rate of shear which are calculated from
the rotation speed in the normal way (I\)) will be_too low in plastic systems
or - which is the same thing - the plastic viscosity calculated from“(VIII)
will be larger than the true Value. ~The deviations will be larger the lower
the shea_rlnﬂ] stress.  The rheogram constructed from the Experimental
values will therefore not be a straight line, as predicted by (1), but rather
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a curve which with increasing shear stress should, however, approach
more and_more the straight Iine given by (I). _

The Bln?ham flow represents an ideal tase. In Rractl_ce, the flow of a
P_Iastlc substance is usually non-uniform, i.. the shear is dependent o
ime. I such a case the”rheogram will o longer be a straight line 1t
the shearing stress is measured at successively increasing rates of shear.
By analogy with pseudoplastic liquids, U can often be Characterized by
an exponential function of the rate of shear dy/dt, i.e.

(IX) Uo=Uatr =0

The Rlastlc viscosity therefore varies contln_uaIIY throughout the whole
length of the spindle. . Hence, when calculating the shearing stress using
(V)“or. (VI), a correction must be introduced.” A correction cannot b
made in the same way as for pseudoplastic Il_gwds because of the com-
Phcated conditions which exist during non-uniform flow, i.e. because the
Ime factor will then be important. ~For the chosen reference point, it
should nevertheless be possible - as for Pseudoplastlc liquids - to assume
that the carrection is generally negligible, ,

In h|gh|¥ thixotropic systems, n Can e > 1 at high rates of shear.
The true"value for t will then probably differ more from that calculated
from (V), In these cases, the calculdted values for the shearing stress
and plastic viscosity U should be consilered to give only the correct order
of magnitude.  Whien comparing materials with Similar Consistency curves,
it should be possible as a rule togive the relative ratjo of these magnitudes
with safisfactory accuracy; this'is of importance in the standardization
of certain h|gwI¥ thixotropic products, e.%. wool faf and some cream bases.
The error due to the curvature of the rheogram for a thixotropic system,
and the error due to the fact that the magnitude of the shear Zone is
dependent on the shearing stress, are of oppasite sign. The net error will
therefore be less than each of these erors.

Choice of reference point

Using_ the above equations, it is theoretically possible to, determine
the shegring stress and'rate of shear for any point on the spindle. For
the performance of these calculations, the Choice of reference point is,
however, not a trivial matter. In order to avoid time-consuming calcula-
tions of the correction factor in the evaluation of t in non-Newtonian
systems, one should choose a reference point on the spindle such
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that the correction can usually be neglected. In plastic systems, ¢ is
directly proportional to C (Icorrected_ scale reading on the. 100 scale) (V).
This résults'in a considerable complication of the"calculation.  For those

points where
| 0478 e ™ L o X
this last-mentioned term is zero and the same equation is therefore valid

for the calculation of t in both liquids and é)lastw systems.
= 0.00346-G- C0S (X'lw@ IR y 6 2.77-0.69n 1

r+R2 211 (oosanf N(cosa)L e

J0
(XI)
As reference point, one should therefore choose, amongst those points
which satisfy the condition in (X), that particular one where the correction
factor according to (XI) which was deduced for + in pseudoplastic liquids
exhibits the ledst average deviation from 1 i.e. that point for which

0478. T =1 )

2.77-0.69n
dn=0 (XII
27 (cosa)n) /2cosa) Lrda i)

The first term written under the integral sign in (XI1) is the correction
factor just mentioned. . Upan solving thie system of equations, it is found
that thiis term isa functionof n only for those i)omts which satisfy equation
(X),1.e. the correction factor is the ‘same for all these points.  AS stated for
Elseudo lastic liquids, this correction s cf;enerally negligible at these points,

enceforth it 15 therefore assumed that, for measurements with T-shaped
spindles, an arbitrary point satisfying (IX) IS chosen as reference point.
t such a point, for measurements or all materials

W15 R (Xil)
1= 00065 ) C (XIV)

Units for T-shaped spindles

It isapparent from the above that the equations %i_ven for the T-shaped
spindles are hased on certain assumptions from which (in certain cases
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considerable) deviations can occur when measuring non-Newtonian systems,
Values calculated by means of these equations can therefore differ to a
certain extent from'the true values. 1t has seemed correct to stress the
dependence of these values on the type of apparatus used, bg not expressing
the results obtained through these equations in c%s units Qut instead in a
special _s‘;‘stem of units I which the rate of shear is.given in B.R.U.
Brookfiéld rate of shear Mits) and the shearing stress in B.S.U. (Brook-

ield shearing stress «nits) and where, assuming that the equations are

completely valid,
1B.R.U. = 1sec-Land
1 B.S.U. = Ldyne ¢cm2

The viscosity, on the other hand, is given in terms of the cgs unit-poise
(P). "Tables'T and I1, which have been derived from the equiations given
ahove, can be used to simplify the calculation of the rate of shear, expressed
in B.R.U., and the shear stress, expressed in B.S.U.

Table |
T-shaped spindles.  Conversion of rotation speed to rate of shear.

: R shear (D) ipn B.R.U.
Spindle %wj-apparaﬂu)s I, pm
0.5 1 25 5 10 20 50 100

AR

80
, Table 11 , _
T-shaped spindles. ~ Conversion of scale reading to shearing stress.
RV-apparatus, G = 7190: Shearing stress (t) in B.S.U.
ide Ul Uil Cogid
Each scale division3=" Each scal %visionB: Each scal 'évisionS:

) ; ;
he cross-pie%s 10 mm below the surface_of the tes m?t ial

1T : :
2Does not apply to conversion of Smax to Tmax. Cf the oﬂowmg section of the Table.
30n the 100 scale.
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Measurements on plastic systems

. From measurements on a plastic system, it should be possible - pro-
vided the range of the rates of shear is not too limited - to construct a
rheogram from which the lyleld value (rjg and the platic viscosity (U)
can be calculated. It should also be possible to perform the measurements
in such a way that information can be obtained about other matters of
interest such as, for example, the existence of thixotropy. — An important
advantage with the Brookfield viscometer is that measurements can be
performéd on plastic sklstems by means of the T-shaped spindles which
satisfy the demands stated above and, above all, that the zone of measure-
ment™- in contrast to the situation with other types of spindles - Is not
subjected to mechanical pretreatment when immersing the spindle in the
test material.  If a spindle is rotated at constant speed.in.a thixotropic
material, the scale reading progressively decreases. This is a sign that
me rov%/ IS Pon-umform and thus gives important information coricerning

e material.

It seems, however, as though it has been considered a disadvantage
that the scale reading does not remain constant during measurements on
thixotropic systems. ™ Thus Brookfield’s brochure, recommends that such
measurements should be carried out with a Helipath stand so that the
measurement will then always be occurring in a mechanically unpre-
trfetaﬁedt_ part of the material; thus the scale reading will be indépendent
of the time.

Several points of criticism can be levelled against this method of
measurement. _ _ _ _

1 The method involves a “one-point” measurement, It is then im-
possible to characterize a plastic material. Two materials, for which the
same result is obtained in a.one-point measurement, may have completely
different rheological properties. "It is often found that dne-point measure-
ments are unsuitable even as a means of checking the manufacture of one
and_the_same product, _ _

2. The conditions under which the measurement is performed are not
accurately defined. . The measurement is.not carried out in,a mechanically
unpretredted material. Because the s?mdle works continuously dowr-
wards ina helical path the measurement, in fact, takes place in a material
the structure of which is broken down in a significant, though undefined,

manner, _ _
3. Constant results are not obtained. As the spindle moves down
through the material, the torque exerted on the spindle shaft will increase.
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In the case of the smallest spindle, e.g. spindle F, the scale reading in a
measurement at. 1 rpm will be 20% greater after the spindle has made
one revolution since it will at the same time have sunk 14 mm further
into_the material under investigation. o _
The method suggested here makes use of the possibility of performm%
the measurements™at different rates of shear by varyln% the speed 0
rotation. It agrees in its prmmﬁal features with” the methods which are
usually used for'the recording of rheograms for plastic, thixotropic materials
and_which have been described, for”example, by Green (2)
. The measurement of the shearing stress is fifst performed at progress-
ively increasing rates of shear (Up-Curve) and thereafter at Progressw_ely
decreasing ratés of shear (down-curve). The possibility of performing
measurements of this type is hinted at in Brookfield's brochure “Solutions
to sticky problems,” “but no details are ?lven to indicate how the
measurements should be performed or how The results should be inter-

preted. . To use this method, it Is necessary to have access to an eight-
Speed viscometer. Because of its Jow spring tensions (G =674 dyne +Cm),
the LVT model can only be used to exaniine relatively soft créams at a
temperature of 20°C. "With the RVT (IG: 7190 dyne «cm) moclel
measurements can be made on almost all of the existing pharmaceutical
and cosmetic ointments and creams, etc. Very firm products, e.g. zinc
oxide pastes and wool fat, must be tested on the HBT (G ="57500
dyne « cm) model.

The Fryklof method of measurement

.1 The scale must be in such a position that the zero line can only
just be seen on the right-hand. side of the scale (which rotates from the
right to the left).  Thespindle is immersed so that the crosspiece is 10 mm
under the surface of the test material (the shaft of the spindle will then
be 16 mm below the surface).

2. The viscometer is started at the lowest speed (0.5 rpm for RV).

3. The largest deflection of the pointer is read off. This is obtained
while the spindle is still stationary.

4. The speed is increased to the next speed of measurement. The
reading Is taken after 60 sec. _ _ _

b. The measurements are continued, as described under 4, using
successively increasing speeds. o

6. At the maximum rotation speed, a reading is taken after 60 sec
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but this sgeed is then maintained and further readings are taken after
120 and 180 sec. o

7. The sgeed is decreased to the next lower value. A reading is
taken after 15-20 sec.

8. The procedure described under 7 is then repeated at successively
decreasing speeds.

The following comments apply:—
Stage 3. From the maximum scale reading (SnaX), the shear stress at

d¥ = 0 in the mechanically untreated sample can thus be calculated.

That particular value, which is often called the static yield value (ts
in the literature and which usually differs from the (theoretical) %leld value
~ calculated from the down-curve of the rheogram (Fig. 22, 15 the largest
shear stress that the substance can be subjected to before it begins to flow:
it can therefore be said to provide an indication of the structure of the
material before shear takes [E)Iace.

Stages 4-8, The different s&eeds are unevenly distributed, e.g. for
RVT, 05, 1,25, 5,10, 20, 50, 100 rpm.  As a rule; the values at closely-
adgacent low speeds are of less interest and uncertain, since t'e{is then
often small. It is therefore unnecessary to take measurements on the
uP-curve at 1, 25 and 5.rom (RVT). For the graphical extrapolation
of 1f, on the other hand, it is necessary to includé measurements on the
down-curve at the lowest speeds. A tomplete programme of measure-
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ments would therefore include measurements at the following speeds (con-
cerning times, etc., see under the respective points 2-7?, for RVT:
05- 10- 20- 50- 100- 100- 100- 50- 20- 10- 5- 25~ 1- 05 rpm.
. Stages 4-5. . After 60 sec, the painter is locked at the particular deflec-
tion by depressing the clutch and the speed is iImmediately altered to the
next value in the programme,  The operator will then have time to record
the scale reaqu. e clutch must be depressed for the whole time since
the spindle would now he rotatlng at the next speed. After taking the
reading, the clutch is released and the pointer will thereafter change to
the nei value correspondmg to that speed. . _

At the highest s|oeeds (50 and 1 er (RVQ] it is not Rossm_le 0
take a reading while the spindle Is roating, Rotation of the spindle
must thereforé be stopped for a few seconds. No time correction is,
however, necessary since a few seconds’ difference in the rotation time is
negllﬁlble after 60 sec. _ _ _

. The reason for the comparatively longtime of 60 sec before each re_adm?

is taken is due to the fact that the registration of the deflection is no

automatic. A few seconds’ difference in the time will be of negligible

importance, whilst the same error at a rotation time of 15 or 30 sec would

result In a considerable uncertainty in the measurement of the up-curve

\g/eheqre,tgh?a b_[jeak-down of the structure during the first 15-30 Sec can
Uite rapid.

Sta%e 6. The readings at the highest rotation Speeds are repeated in
order that non-uniform flow can be more easily detected.

Stages 7-8.  The measurements on.the down-curve can be taken at
shorter” intervals sincg the values obtained, in contrast to those for the
up-curve, are only slightly dependent on the time and thus the reason
for the long rotation time 15 not valid here. It is only necessary to wait
until the ceflection has become stahilized.

Interpretation of the results

A A correction must be made for the shaft of the spindle since
the equations given above for the T-shaped spindles are valid only
if this has been done. In theory this correction can be obtained b
carrying out a complete measurement using only the shaft of the spindle.
This, however, means a considerable increase iri the amount of work and
such measurements with the shaft alone - according to Fryklof’s experi-
ence - often give unreliable results in plastic Systems. The same
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accuracy can be obtained by applying.a general, emplrlcall¥-found COMec-
tion for"all plastic systems,”the magnitude of which for ditferent spindles
can be found in Table 111, This Procedure is, of course, incorrect from
a theoretical point of view since the correction is in reality dependent
on the rheologl_cal properties of the substance under mvestlﬁatlon. Even
for stronqu thixotropic systems, it has nevertheless been shown that the
result obtained in this way differs at most by 5% from the value found
vxllhen the correction is made using measurements with the spindle shaft
alone.

Table 111
Correction for the spindle shaft.  T-shaped spindles.

Spindle C= S—cogrec jon+S Cmax = Smax— correction  Smex
correction correction

B

'Does not apply to correction of Smex.

B. A rheogram is constructed by plotting, on mm graph_ paper
(Fig. 3), the scale feading on the ordinate and the corresponding rotation
speed rpm%on,the abscissa. - The up-curve is constructed using the values
obtained when increasing the rotation speed, and the down-curve similarly
when decreasing the speed. The values from.5 rpm to 0.5 r,?m on the
down-curve are, however, plotted on an auxiliary dlagram with a larger
scale, in which rpm is used as abscissa, in order to make possible a lingar
extrapolation of S

From the diagram thus obtained, it is possible to calculate s, «(.and
U for the referefice. point mentioned in pa?e 220. tsand Trare obtained
from the values derived from the diagram Tor Sma and Sob multhIymg
by a certain factor which has been given in Table 11 for each spindlean
which has been calculated from , after correcting for the influence
of the spindle shaft. Since the viscosity usually” varies with the
rate of shear, the calculation of this property must bé made at the same
rate of shear, independent of the spindle used for the measurement, if com-
Parabl_e results are to be obtained, For most purgose_s itis bestto calculate
he viscosity at 98 B.R.U. (RV, HA and HB with I2na = 100 rpm)
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Figure 3

or 588 B.R.U. (TLV with Om, = 60 rpm). respe_ctivelr, which are
the largest rates of shear which can be obtained with all the spindles.
From Table |V it is possible to establish which sgeed of rotation for the
particular spindle corresponds to 98 B.R.U. or 58.3 B.R.U.

Table IV

Spindle rpm corresponding to
dy/dt= 588B.R.U.  dy/dt= 98.0B.R.U.

.

The plastic viscosity will then be
U= T = constant (§ S) (XV)
The value of the constant is given in Table V.
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The shaﬁs of the rheogram, . the curvature of the up-curve and
the area between the up- and dowr-curve, gives an idea of the extent to
which the flow is non-uniform, i, about thixotropy and rheodestruction.
On.the basis of values obtained using the Brookfield viscometer, no
definite suggestion can, however, be given to show how it is p033|_bfe to
characterize these properties numencaII;{. _The_ relative decrease in the
plastic viscosity during the increased rotation time af the highest speed
and also the ratio of s and £ Should, however, indicate the degree of
breakdown in the structure due to mechanical treatment.

Experimental

The Purpose of this_study was fo investigate_the suitability of the
Brookfield viscometer RVT, by using differént T-shaped spiridles for
rheological measurements, on ‘cosmefic cream bases according to  the
Fryklot method described, Ointment Base 601 (Chemishe Wer'ke Witten
GmbH, Witten, GermanY) emulsified with different quantities of water
was Used. It represents a mixture of partial glycerides of natural
vegetable fatty acids with other skin-tolerated,” nonionic emulsifiers
having the folfowing characteristics:

Acid value <1
Saponification value  approx. 100
|odine value <5

Hydroxyl value approx. 300

Ointment Base 601 is of unctuous consistency so that it can also be
used without water, and processed without heatinig.  Emulsificatign with
water is extremely simple. The desired_quantity of water is added to
the ointment base, which has been liquefied at about 40 to 50°C, either
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stirring manually at room temperature or with the aid of a_high-speed
agitator.  Ointment Base 601 is suitable for the preparation” of ow
cieams.

We prepared three cream bases with 75, 80, and 85% of water, and
added 0.1%_of a mixture of methyl and propy esters of %iydroxybenzoate
as preservative. - For the rheological measurements of the different cream
bases we used the RVT-model with the T-shaped spindles B and E. A
specimen calculations, the exPerlmentaI,vaIues of the measurement of the
cream base with 75% of water and spindle B are detailed n Table VI
From these a rheogram (Fig. 3),is constructed as detailed in page. 227.
By extrapolating the straight [ine through the points in the auxiliary
diagram, a valué for Sois Obtained (= 2?3. From Snex tsis calculated
by multiplying by a value (38.1) obtained from Table |1, section 2 and,
from SO . _is found b muItlpym% by a value (97.8) obtained from
section 1, Table Il. To calculate the” viscosity (U), we first obtained
the rotational speed corresponding to dy/dt =" 93 BR.U. (= 43 rpm
from Table [V, On the up-curve, S IS read off at 43 rpm (= 78).
U is then obtained using equation (XV):

U = constant « 68- X) _
wh_erreb}hevclonstant can he found in Table V.  The calculations are recorded
in Table VI.

_ Table VI
Results with 75% water in Ointment Base 601

Apparatus; RVT Spindles: B Temperature : 20.5°C
scale reading

rpm up-curve down-curve  ts = 4414 BS.U.
So24 tf = 2347B.SU.
5 Smex 45 UB= 538P

iéz%ﬁiﬁ %

Static yield value %%) = 98.1 « 45 = 4414; t = shearing stress.
Yield value (vf) = 97.8 x_24 = 2347,
Plastic viscosity (U& = 538 P.
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Results

The results of our rheological measurements presented in Tables VI
and V111 show that the plastic viscosity of the o/w emulsion cream bages
decreases with increasing water conterit.  The values of plastic viscosity
are independent of the size of the T-shaped spindles used for each sample

Table VIII
Calculated values from rheograms

Sample Spindle TS f U ratio fsims
PR B diBU U mip AR
ST 53 I 1A S ST .
@ B eI ThBSY HMEE AN

s = stafic yjeld value; Tf = yield value; U = plastic vjscosity.
N Sl - et
within the limits of reproducibility of the method. The experimental
values of Table V|1 show that the cream bases investigated are thixotropic.
We can confirm the results of Fryklof that the BrooKrield viscometer with
T-shape spmdles IS suitable for measurements on plastic systems, e.g.
pharmaceutical and cosmetic ointments and creams using his suggested

d
method (1), _
(Received: 14+h September 1965)
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DISCUSSION

Mr.P. Sherman ;| am a little Puzzled at your choice of the Brookfield viscometer
because you so rightly point out that the géometry of the spindle is such that it is
almost impossible to calculate absolute values of stress or rate of shear. In the
method developed by Fryklof You make the basic assumption that the flow pattern
around Blastlc systems i$ exactly the same as for liquid systems; this is completely
untrue, because in any plastic or'pseudoplastic system, apart from treatment at very
high rate of shear, Kou have a flocculation pattern, i.e. the _?Iobules are conglomerated
to ?lve irregular shaped bodies, and the flow pattern will depend uponthe shaﬁe
of These. This will vary quite naturally as you increase the rate of shear. The
initial complex structure ?radually deteriorates into smaller, simpler structures and
eventually at very high rates of stiear you are left with individual globules. Only at

S
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the infinitely high rates of shear would the flow pattern be the same as for Newtonian
liquid systems, and | therefore suggest that you would be very much better suited in
using the Haake "Rotovisko” coaxial cylinder viscometer. " I am a little worried
about the interpretation of Fig. 3. | know a lot of stress has been placed upon these
during the last 20 or 30 years, but it seems to me that one factor is ignored in a study
of thiS type.  One first of all increases the rate of shear and measures the wscosﬁzf as
one gogs up the rate of shear scale which is quite acceptable; one then waifs a
few minutes and starts going down from high to low rate of shear, but at any
particular rate of shear theré is a time factor involved before the structure can
recover, and this is completeI)A_l nored in Producm? histeresis curves. This means
that one will get somethm%w ich is completely unfrue if measurements are carried
out successively from high to low rate of shear without any interval. | think
that it is much more suitable to use a system suggested by Professor Umstedter ca.
1930, i.e. a three-dimensional plot including a time”axis.

_ The Lecturer: | have found that the reproducibility with the “Rotovisko”
viscometer is not so good. as with the Brookfield. We have carried out repeated
measurements at one-day intervals because it is impossible to repeat these measure-
ments one after another, due to rheodestruction. We have also repeated the
measurements after one and two weeks’ intervals and have obtained reproducible
values. We now have the possibility to predict some properties of creams and
to compare these with older preparations. = The Helipath stand unfortunately did
not ?we reproducible results, especially for th|x0tr0ﬂy, as the spindle at the “same
point does not allow us to construct rhedgrams from the values obtained.

Mr. P. Sherman: | am not surprised that you carried out exi)erlments with the
Haake, and were unable to reproduce these one or two da}/s ater. If you get
correlation at all with the Brookfield I would be inclined to say the Brookfield
was in_error and not the Haake. We_ have carried out ver}/_ close studies at a
very wide range of shears, from very high ones down to fractions of a reciprocal
second, and find in every emulsion sklstem (we are parﬂcularlx interested in con-
centrated w/o emulsions approaching the consistency of those that you have used)
that their rheological properties aré changing from the moment they are made.
We have also found, when working at very low rates of shear, that on measuring
viscosity one can get a three or four fold decrease in the value of the viscosity
within 40 to 24 hr of manufacture. It is therefore not_surFrlsmg that you can not
ggthre[fr?dumble results with a Haake if you test immediately aftér preparation, and

r later.

The Lecturer: OUr emulsions were stable, and the flocculation which you have
mentioned will appear in unstable emulsions and to a lesser extent in stable emulsions.

Mr. P. Sherman: In @ W/o emulsion you will get flocculation from the moment
of preparation. Stability, however, has nothing to do with flocculation; it refers to
the coagulation or coalescence of the droplets, and. the rheological changes are
primarily due to this. You will find that in an emulsion system you have a Certain
proportion of very small droplets which are very unstable, even'though the larger
droi)lets are stablé ; these very small droplets confribute enormously to the rheolo%mal
pfar S oflghetsystem. They are very unstable and disappear within one or two days
of manufacture.

Mr. N. J. van Abbe: FOr many years 1 have been bothered by the discreet
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speeds employed in the Brookfield and, for instance, the Eﬁprecht rheomat, where the
speed change is by a jerk as it were. In the Ferranti Shirley there is a continuous
speed range. | would like your comments on the possible significance of this. It
seems to me that the Ferranti Shirley, in particular, makes a very good colloid mill,
and the measurement is not on the product that one first started measuring. This
appears to point in favour of the Brookfield where, at any rate the surface area of the
sh)lndle is not very great.  On the other hand, the criticized Helipath device ensures
that emulsification Is kept to a minimum. Do you not think that this is a point in
favour of its use ?

The Lecturer: | think that at the lower s%eeds of 1and 0.5 rpm the swindle is
revolving so slowly through the material that the torque is much highera  3low
rates of shear, and therefore the measurements are incorrect, Therg is a var¥|ng
pressure on the material and you therefore have a side effect which cannot be
measured accurately. The instrument must be suitable for measurements of
Newtonian and pseudo-plastic fluids but not for plastic thixotropic material.
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THE BIOCHEMISTRY OF THE NUCLEIC ACIDS, 5th Edn.
J. N. Davidson. Pp. xv + 352 + 1L (1965). Methuen & Co, Ltd.,

London.  35s. U.K. only.

The first edition of Professor Davidson’s book appeared in 1950. The apPear-
ance of this, the fifth edition, after only 15 years is a measure, not only of the
popularity of the book, but of the treméndous progress made in the study of the
chemistry and functions of nucleic acids over this period. 1t is, of course, a topic
of compelling interest to everyone, and there can be few chemists and biologists
who do not wish to be at least'acquainted with current developments in the field.

The book is intended to provide an elementary outline of the main features of
the nucleic acids and nucleoproteins for the benefit of students of biochemistry, of
chemists who wish to know something about the biological aspects of the subject,
and of biologists who wish to learn a little about the chemical aspects. It Talls
naturally into two halves, which may be said to be the static and dynamic aspects
of the subject respec_t|vel¥]. Commencing with a description of hydrolysis products
and chromatographic béhaviour, the first half continues with® the “preparation
structure and properties of RNA and DNA, a discussion of nucleases and rel_ated
enzymes, and proceeds through chemical methods of estimation and histochemistry
to & discussion of nucleic acids in_viruses. In the second half are the chapters of
more dramatic_interest, being a discussion of the biosyntheses of DNA and RNA,
and a description of their functional involvement in transfer of genetic information
and in protein synthesis. Coverage of the whole field of nuclei¢ acid hiochemistry
is completed with, chapters on biosynthesis and catabolism of the_nucleotides.

Professor Davidson states that the book has hecome known in his laboratory
as "The Child’s Guide to the Nucleic Acids.” This is legitimate comment only in
so far as the book is lucidly written and is easily read by the non-specialist. The
information contained is nevertheless detailed and comprehensive, and is up to date
to January 1965. Each chapter contains a long list of references for further reading,
and the book possesses a %pod index. It isto be thoroughly recommended for
anyone wishing an introduction to, or a refresher course on, the subtject. o

There remains one small point of criticism. The two-page list of abbreviations
at the beginning of the book does not include all the abbreviations used in the text,
and the occasional searching back through a chapter to find a definition can be a
minor irritation. B. G. OVERELL.

23
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INTERPRETATION QF ORGANIC SPECTRA, Editor: D. W,
Me%hl\?g?ﬁ fs' X + 179 4 10 (1965). Academic Press, London and

This is a Fra matic book, intended to give practice in the interpretation of
three important fields of diagnostic organic_spectrometry. As an editorial principle
the sections are self-containéd - up to ten illustrative spectra are discussed in detail
but deliberatel makln%_reference to little or no ancillary chemical, physical or other
spectroscopic data. This unnatural isolation helps to Tocus attention on both the
strength and the weaknesses of nmr, ir and mass spectrometry as dl_a?nosnc tools.
Moreover the authors assume prior knowledge not only of the principles, which in
fact most empirical texts do, but also experimental procedures and to a certain
extent terminology. On reflection one must _aPre_e that this is fair since it is the
newlg practising ‘spectroscopist who mainly will'wish to use this work. It may he
noted that Bellamy (1), which is one of thé best known standard texts on the inter-
pretation of ir spectra, adopts a similar embargo; however Scott (2) includes a most
useful general introduction on the electronic significance of uv spectroscopic measure-
ments.” It is arguable just how much background material an author should include
to widen the scope and potential readership but at the same time risk unduly
increasing the size (and price) of the hook. . _ , _

The first part is allegedly concerned with nmr but in fact deals entwe%y with
proton ma?netlc resonance spectra - which is what most users will want. The so-
called “Introduction” is_no exception to the editorial rule, the reader is indulged
to the extent that there is a brief and simple example of splitting rules for adjacent
Proton interaction (in the ethoxy ?roup) but he is then unsettled by being assured
hat in Pracnce the idealized first order coupling pattern_is rarely met.” In this
respect the introductory discussion in the nmr chapter in Schwarz (3) is to be
preferred (but even those explanations are sometimes a little disjointed). " The main
section comprises a series of ten examples of pmr spectra which are discussed minutel
and are fascinating to work through, although the occasional catagoric statement,
apparently made ex cathedra, is not always rationalizable on closer study. Misprints
are few but a mistake in the molecular formula that |s_qu|_ven with Example 10 may,
temporarily, be most mwleadmgz. Judging by the difficulty which your reviewer
encounteréd in seeking to solve the six suPpIementary unworked examples, a single
reading of this book, without reference elsewhere, is not sufficient to acquire pro-
ficiency in_the interpretation of pmr spectra - but it certainly gives one a very fair
initiation into its problems. , o _ _

With regard to the display of ir spectra, inevitably the conflict of different
conventions arises.  Thus both"wavelength and wave-number scales are engraved on
every spectrum but some readers will be irritated to find that many of the traces
have the absorbance increasing from top to bottom of the charts. ~All the bands
in these_spectra are annotated and discussed. in reciprocal cm units, but wavelengths
can easily be read off from the generally linear upper abscissa. Nevertheless the
casual reader must be alert for changes in the scanning speed at certain frequencies.
Following the editorial principle, previous acquaintance with the nature of skeletal

1 Bellam%w1 L énfra—red spectra of complex molecules, 2nd. edn. 1958,

2) J. 16 480 (1965). _ . . .
3) Schwarz, J. C. P., Physical methods in organic chemistry, 1964,
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vibrational (and rotational) deformations is assumed and the text comprises art
emfnrjcal discussion of worked examples. Althou?h the spectra are examined in
isolation, the author rightly emphasizes the imporfance of supplementary physical
data in narrowmg the field of possible structures and that it is the exception rather
than the rule to etfect a complete structural identification from the ir spectrum alone.
The series of examples comprise hydrocarbons of increasing complexity and unsatura-
tion, followed by the introduction of various functional %roups; natlral extracts as
well as specific compounds are considered. Compared with the pmr section, there is
rather more discussion in the form of mterestlnq extensions to general cases from
the particular examples given. Instead of correlation tables for functional groups
in various environments,” there is constant reference to Bellamy and to the” other
well used standard work, Jones and Sandorfy (4). S

The section on mass spectroscopy begins with some useful empirical tips for the
general examination of low resolution spectra, including the use of isotopic abundance
ratios particularly for identifying parent peaks, the stability of various systems
reflected in the Strength of their’ parent ions, the unique siuation of mass sums
for odd numbers of nitrogen atoms and the so-called “z number” classification for
codifying the degree of unsaturation of hydrocarhons and - by suitable correction -
other fuictional Substitution. Examples are develolped from the logical consideration
of the cracking patterns of relatively simple molecules, noting particularly the bonds
at which cleavage referennaII%/_ occurs for different functions and thé particular
mass ratios favoured thereby, which being independent of chain length are diagnostic
for that function.  References are %lven sequentially to authors who have specifically
reviewed the various functions and to the American Petroleum Institute collection
of mass spectra for the unique allocation of a cracking pattern to a particular hydro-
carbon. The impression given is that the interpretation of mass spectra IS a notahly
more intuitive exercise than the consideration of pmr or ir spectra. The use of a
computer would seem a considerable advantage in rejecting numerous competing
structures, particularly for the polyfunctional compounds of higher molecular weight;
reference to such a sophisticated” approach for high resolution mass spectroscopy
was made when reviewing ﬁS) Biemann’s contribution to the 3rd IUPAC symposium
on the chemistry of natural products. It should be emphasized, however, that the
present book is concerned with low resolution, single focussing instruments; the
very_expensive double focussing machines are still sufficiently rare not to warrant
consideration in a_manual of interpretation for the majority of practising organic
chemists, There is therefore no distinction between thé masses of CH4, NH2or O,
except that one may recognize the proportion of carbon atoms from the intensity
of the “shadows” due to I3C isotope. _

The pmr and ir sections of this book are hased upon a practical course presented
by the authors at the very successful summer school in spectroscopy organized by
the R.I.C. in 1964, The Ir section is not by itself usable as a source hook but is
essentially a tutorial work. The previous Section however sets out- and largely
succeeds - in doing hoth for pmr spectra.  The account of low resolution mass spectra
has been prepared by two well-known practitioners. AIto?e_ther Dr. Mathieson has
supplied a very stimulating text book for the newly practising sgecgrospcg;l)tshps

Eé; i0n1e6s 4?8 lzll.%&é)'Sandorfy, C. Vol. 1X of Technique of organic chemistry, (1956).
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INORGA |.C CHEMISTRY IN NON-A%UEOUS SOLVI%NTS
A K Holliday and A G._Massey Pp. viil + 143 + 111 (1965).
Pergamon Press, London.  17/6.

_In their preface the authors state that this book is intended for undergraduate
chemistry students, including those at “A” and “S” levels, and for the non-Specialist
student. ” It is also suggested as an introductory work for research students who wish
to use non-aqueous systems. There is no doubt that the book largely achieves these
aims.

There is a general introduction describing solution processes and giving definitions.
This is followed by two_chapters on liquid ammonia and reactions in liquid ammania.
Methods of manipulation of the solvent are described and reaction mechanisms
explored. There Is a short section on other anhydrous amines. Protonic solvents,
including sulphuric acid, are described in a chapter which also deals with the relative
strengths of acids and bases. Two further chapters are devoted to non-protonic
solvents and the proi)erues and uses of fused salts as solvents and reaction media.

The book is in all parts readable and avoids catalogues of reactions. Analytical
applications of non-aqueous solvents are included as parts of the text and not as
a single section. Evidence for structures and mechanisms is well presented and
experimental techniques are dealt with in sufficient detail to make this a good bench
handhook where non-aqueous and fused salt systems are in use. For those readers
requiring more specialized information_ there i$ a short list of recommended further
reading at the end of each chapter. It is a pity that solvent systems such as hydrogen
cyanide, hydrogen sulphide and nitrosyl chloride are not described and the index
could have been fuller, but as a general introduction to the subject this paperback
has much to recommend it. G. S. INGRAM.

POLYMER TECHNOLOGY. D..C Miles and J. H. Briston.
g& 5XOI -f 444 -f 10 (1965).  Chemical Publishing Co., New York.

This is the U.S. edition of an earlier U.K. text-book, orlgmallgr]_mtended for
students seeking the Graduateship of the Plastics Institute, and"to which had been
added chapters on synthetic natural and modified rubber.  The book is written in
a simple unaffected style commendable to the student, whilst the self-contained
chapters and generally adequate index render information readily accessible to casual
consultation. ~ It is well illustrated mcludm? 32 Photographs and innumerable neat
block d|a?rams; chemical formulae_are tidily set and “errors are rare.

The “Introduction” includes sujtable definitions and discusses in general terms
polymerization reactions - distinguishing between addition, copolymerization and
condensation mechanisms. There is also a short review of the development of the
plastics industry. Raw materials are classified into natural products (including
celluloses, proteins and exudates) and those derived from coal and from petroleum.
The coverage, although superficial, is adequate and moreover is conveniently
tabulated for tutorial "purposes. Part 1l, the major portion of the book, gives
detailed attention to thermosetting polymers gphenol and amine derivatives, poly-
esters, epoxy resins, silicones and polyuret anes?, thermoplastics (homo- and
copolymers of unsaturated momomers and halogenated functions), natural polymers
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and natural, modified and synthetic rubbers. Recent work with inorganic and
metallo-organic polymers is briefly reviewed. The function of, and optimum require-
ments for, structurdl components'such as plasticizers, extenders, stabilizers, ch_elatmg
aPents and antioxidants, are examined and a final chapter considers the choice an

effect of fillers, colorants, flame retardants, blowing agents and uy absorhants.
In Part |1, five groups of techniques are described” For thermosetting plastics -
comi)r_essmn and transfer moulding; for thermoplastics - extrusion, injection and blow
mou dmg,, thermofor_mmg and miscellaneous processes such as calendermg, coating
and welding. The final Part be(t)mswnhasectlon mdmatgngthevanet)(o available
physical - including electrical - test methods, without giving procedural details; this
section might well'have been expanded. There is then a useful qualitative scheme
that summarizes familiar flame, odour and apﬁearance tests, with generally satis-
factory chemical conflrmator){ methods for each type of polymer.

In'the past one has generally perforce relied upon sPemaIlst monographs or manu-
facturers’ handhooks t0 keep abreast of developments with new polymers or new
production technigues. This book brldﬁe_s the gaﬁ) between such publications and
cumbersome multi-author compendia, [t is not only chemical engineers and plastics
technologists who will profit from this comprehensive work - any worker concerned
with the industrial application of polymers_is likely to find useful guidance whilst
the specialist seeklnE further details is given specific suggestions for advanced
reading. G. F. PHILLIPS.

" gt W o Yo e

. P. and P,
(1964).  Chapman & Hall, London. 150s. (UK. only).

.. During the eight years which have elapsed since the publication of the third
edition of “Hilditch,™ spectacular advances have been made in separational analytical
techniques, especially gas thomatolgraphy_ and nowhere has the effect of this been
moreapParenttha_n in the field of natural ails and fats. The result has been a massive
|nflu_>%,o information on chemical constitution necessitating extensive revision and
rewriting.
Profg_sspr Hilditch was joined in the Preparanon of the fourth edition b){) Dr.
P. N. Williams.  The basic plan of the volume remains the same, the changes being
in the balance of the various sections and in the amount of detailed information
included, to a large extent in tabular form. _

The contents may be best summarized by listing the chapter headings:

|. Introductory survey of natural fats.”

I1: The component acids of fats of aquatic_ flora and fauna.
[l The component acids of fats of land animals.

[V: The component acids of vegetable fats.

V. The component glycerides of natural fats: general survey.
V1. The component glycerides of individual vegetable fats.
V11 The component glycerides of individual animal fats.

VIII: Some aspects of the biosynthesis of fats,

IX: Constitution of individual natural fatty acids.

; S%/nthetm glycerides: naturally occurring fatty alcohols: acyl ethers
of glycerol.

XX=——=
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X1 Notes on experimental techniques employed in the quantitative
_ .. Investigation of fats. o _

The individual sections are supported by comprehensive b|b||ograi)h|es, some of
the references being as recent as early 1964. Excellent indexes include a general
index of subjects, Indexes of individual fats and waxes, plant families, individual
fatt¥ acids and individual glycerides. , ,

_This first-class volume 15 absolutely essential for every cosmetics laboratory and
will serve as a major reference work on oils and fats for many years ltqo %OmReEEVES

THE KJELdDAHL METHOD FOR OR%ANIC NITROGEN.
S 1 (199).

R. B. Bradstreet. Pp. viii + 239 + Academic Press,
New York and London. 76s.

The K!eldahl method is an example par excellence of a well-established
analytical method of which the theoretical chemistry is rather obscure. The many
modifications which have been proposed to the method have consequently tended to
be ad hoc improvements directed at a particular type of sample.  In'this mono%ra?h,
Bradstreet has attempted to draw together the various strands of research, hoth the
rel_atlyel?/ few concerned with elucidation of mechanisms and the many with the
principal aim of improvement and adaptation of the method.  The result’is an inter-
esting and readable review. o o o

The eight-page Introduction is a brief hlstorP(/ reminding us of the orurun of the
method inthe Carlsberg Laboratories in Denmark and Kjeldahl’s first publication in

1883. The 47 references quoted are selected to illustrate the 80 years of its history.

The second chapter entitled “Kjeldahl digestion” discusses, in 81 Pagies, acld
requirements, salt additions, oxidizing agents, b0|I|n[q time and catalysts. The
amounts of acid consumed b¥ various types of sample and the effect of the salt
addition in raising the temperature of d|g_est|on are critically examined:; the advantages
of using oxidizing agents prior to the digestion proper afe discussed, as are the re-
ducing agents which mag be used to enable substances containing nitrogen directly
bonded to oxygen to be determined. S _ _

_ The function attributed (p. 61r) to salicylic acid in preventing loss of nitrate
nitrogen, viz. to supph{ a source of sulphur dioxide, is quite different to that which
many chemists faithfully imbibed from standard texts, where salicylic acid_is des-
cribéd as a substance that can be readily nitrated. Unfortunately for such illusions
logic a[)pears to be on the author’sside. ~ The controversy over catal¥sts has received
due attention concluding with reasons for the general acceptance of mercury nowa-

ays. : _— L .
The foIIowm% chapter on digestion Rrocedure overlaps in subject matter with the
previous one but this is admitted by the author as a necessary Tault, if the form of
sub-division of the hook is acceRted and yet completeness is to"be maintained within
each part of the discussion. The chapter discusses treatments necessary for natural
products from cereals and soils to_coal and petroleum, and for organic substances
according to function, and ends with eight pages devoted to “sub-micro” methods
where the amount of nitrogen is within the range 0-100/ig. The reviewer deprecates
the use of the symbol Xin this context, particularly as the author has been sufficiently
inconsistent as'to use the more widely understood j.i\ at least once (p. 134).
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_The final chapter of 22 pages, deals with methods of determination of ammonia in
Kjeldahl digests or in resulting distillates, and comprises a straight-forward review
of such methods. The volume ends with 66 pp. of bibliography; from a brief exa-
mination this appears to be as comprehensive as would be hoped for such a mono-

raph.
! F\)lest clearly the larger laboratories, and also smaller ones using the method a
great deal, will find such a volume almost a ne,cessu?/ for their libraries, its high ?nce
presumably associated with its American origin, will deter many smafler users from
purchasing the book. M. J. GLOVER.
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Society of Cosmetic Chemists of
Great Britain

1966 DINNER AND DANCE

Dr. G Carriere, D.Sc. (Unilever N.V.,_Rotterdam), Central
Coordinator for I_,e?|slai|on of the International Federation of Societies
of Cosmetic Chemists, was the Guest of Honour at the SouetY’s Annual
Dinner and Dance. This year it was held at the Europa Hotel, London,
where a Iarge number of members and their friends spent an enjoyable
evening togéther. _ _

The toast of the guests was proposed by the President, who mentioned
that the Society, aIthou%h still small and younP, Wwas a respected one.  He
felt that the qbjects of the Founders—to éstablish and maintain the status
of the cosmetic'chemist—were being achieved, and that this was evidenced
R}( the value placed on the Journal, Symposia and the Diploma Course.

. Clark was glad to welcome a number of g{uests incluging Mr, Seager,
reloresentmg the T.P.F., and his wife, In introducing Dr. Carriere, Mr.
Clark praiséd his ImFmstlc abilities and his it as an aftér-dinner speaker. .

Dr. Carrigre replied to the toast in a humorous vein, drawing upon his
many exR_erlences in Europe and America over a period of ftwo years,
durmqw ich he had lectured on cosmetic legislation.” He emphasizéd the
|m_Por ance of a.combined effort by manufaCturers and scientists on com-
mittees considering legislation of this nature.

1966 PROGRAMME
LECTURE: _
Wednesday, 13th Agrll. _
Some aspects of laborato I_annln%2
D. J. Alexander, B.Sc. r(\U?]llever esearch Laboratory, Isleworth).
FILM EVENING:
Thursday, 19th May.
Venue:_The Royal Society of Arts, John Adam Street, London, W.C.2
Time: 7.30 p.m.
243
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ANNUAL GENERAL MEETING:
Mond,aR/, 23rd MaP/.
Washington Hotel, Curzon Street, London, W I, at 7 p.m.

SYMPOSIUM ON COLOUR
A Symposium on Colour will be held at the Grand Hotel, Eastbourne,
Sussex,” on 26th and 27th April 1966. Participation is permitted only
when application has heen made on the aPpropr!ate form, and the fee duly
aid. _ This is £5 5. for each participant who is a member of ong of the
ocleties of Cosmetic Chemists affiliated to the |.F.S.C.C.. The registration
fee for non-members_is £8 8, Registration forms giving all details are
available from the General Secretary, Mrs. D. Mott, 18 Wamer Close,
Harlington, Midax.

PROGRAMME
Tuesday, 26th April 1966

, Chairman: R. Crark, Esq., President
Morning

9.30  “Colour and vision.” _ o _
Dr.F. J. J. crarke (Light Division, N.P.L., Teddington).

10.15  “Colour measurement.” o
P. R. Bunkant (J.C.J. Dyestuffs Division, Manchester).

10.45 Coffee.

1100 “Instrumental colour matching control.”
R. P. Best (B.I.P. Chemicals Ltd., Birmingham).

11.30 “Sut&}lective aspects of colour.” _
. Drewitt (British Colour Council, London).

1200 “Colour slides illustrating use of uv absorbers.” ,
R. N. Howard (General Aniline and Film Corporation, New York).

13.00 Symposium Lunch.
ST Bt BRSBTSt P Bt

20.00 Symposium Dinner.

Wednesday, 27th April 1966
. Chairman; Dr. A. W. Middareton, Vice-President
Morning

9.30 “Thetoxicologyofapttifi'&ial coIouH_nggaPtﬁrlials.[’;S e lC ECPah
1 Bropemn R Rudarly D Pl DSe. FRLC. FCPath,
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1000  “Reactions to artificial colourin%materials.”
Prot. C. D, Calnan, MA]. B, B.Ch., FR.CP.
{Institute of Dermatology, London).

1030 Coffee.

1045  “The inter-relationshi b%tr\qvgen |t:he rgelljano’\cﬂ%egy?ﬁem and keratinization.”
{AUni?e?gﬁitCoWége"Hosmfél ol st odl, Loridon),

1115 “Measurement of the effect of hair colourants.”

C h%nd M W Parslow

. A Scort, B.sc, Ph.D., ARIC.,
FUnﬁev%r(ﬁtetseaBrcﬁ Laboratory, Islewort
1200 Civic Reception by the Mayor ofEastbourne at the Winter Garden.

13.00 Symposium Lunch.

Afternoon _
Chairman: S. 3. Bush, Esq.

1430 “The action of Iighé on C(IJ:loFyrllmr? matsteDrs(.:"
Moy BRidon Wanchisier.
1500 "The rapid assessment of colour for routine storage testing.”

D. eshijre, ,AR'C an T C or ,B.Pharm., MPS
{Beecham 8|IetryBD?\ﬁS|on, Brentfortﬂ. corvy

1530 “The chemistry of synthetic dyes used in cosmetics.”
3. C. Brown, B.Sc, F.R.I.C. {Ciba Clayton Ltd. Manchester).

1600 Symposium ends.

SYMPOSIUM ON PRODUCT TESTING

A Symposium on Product Testing will take place in Royal Leamington

E,oa, arwickshire, on 16th Noveniber 1966, Programme Secretary: Mr.

. J. Van Abbe, Beecham Toiletry Division Ltt., Great West”Road,
Brentford, Middx.
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Dr. W. W, Myddleton

With the passing of Dr. Myddleton the Society has lost a valued
member of high attainments and gentle culture. He was bom in 1890,
educated in Northem Ireland and graduated at Belfast University where
he was awarded the degree of Doctor of Science. In his younger days
he was a chemist at Crosfield, Warrington, where he built up a reputation
as a soap chemist and gained a wide knowledge of oils and fats.

Subsequently he came to London and was for a number of years a
lecturer in chemistry at Birkbeck College. During this period he extended
his field to include mineral oils and became a Fellow of the Institute of
Petroleum. Just prior to the 1939 war he received a senior appointment
at the newly founded Coal Utilization Research Station but owing to
happemn%s eyond his control the Research Station was ahandoned.
|t wasin 1940-41 that | was fortunate in gettm%hlm to join meat County
Perfumery Co. Ltd. He stayed until 1955 when he retired at the age
limit. During the ensuing years he published many notes and regqrts
in the technical press. His great undertaking was to rewrite and bring
up-to-date Vol. 11 of the book by R. S. Harry dealing with Cosmetic
I\/é%t??nals, a labour which he carried out on his own and published in
193,

He became a Member of the Society in 1952, was a Member of Council
from 1956-58 and acted as Hon. Advertising Manager from 1957-59,
His death occurred suddenly on 26th December 1965, but thankfully in
peace.

As a man and colleague he was loved especially in that he was a
gentleman of the first order, and his memory will be treasured in the

years {0 come. _
Robert H. Marriott.



Perfume is like a flower;

a living, eloquent presence
that casts a subtle spell

of magic all around.

Geneve

He loves me... he loves me not... he loves me...
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Firmenich is the magician  and ultra-modern scientific instruments
the magic wand. Exploring the secrets of advanced chemlstn{,
Firmenich reproduces perfumes that surpass Nature for their natural-
ness and evocative nuances, creations of wondrous m_swratlon. This
scientific art, the perfumer's rare flair, enable Firmenich to solve the
infinite complexity ofindustry’s requirements of the held of fragrance.

If you are looking for a fragrance
Fifmenich will put you on the right scent.

New York Toronto Brookvale N.S.W. Buenos-Aires Sdo-Paulo Santiago de Chile Cali Quito México Lima Caracas



INS

iAY

P. ROBERTET &CE

PARIS - GRASSE - NEW YORK - TOKIO

i rsrﬁf1 Br%m(%P&rg (rln Oehe[ nha danlae d|n n

I
ar||

A e B AL



	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1966 VOL.17 NO.4 APRIL
	CONTENTS
	INDEX TO ADVERTISERS
	Turbidimetric method for the rapid evaluation of antimicrobial agents Inactivation of preservatives by nonionic agents
	Particle size analysis using Coulter Counters
	Rheological studies of new cream bases with the Brookfield Synchro- Lectric viscometer
	Book reviews
	Society of Cosmetic Chemists of Great Britain
	OBITUARY

