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Welcome to Dunedin for the
1969 Conference

Tur, Institute Conference is being held in
Dunedin in the same month as the celebra-
tions of the foundation of university educa-
tion in New Zealand. Dunedin in 1869 was
the largest city; the discovery of gold had
made it the wealthiest; and the traditional
concern of the Scottish founders with educa-
tion made the step inevitable, Among the
first four chairs established in the University
of Otago (1870) was one in Natural Science

{Chemistry and Mineralogy), and specific

reference was made to “the application of
these sciences to agriculture and mining”.
The first professor, J. G. Black, served for
over forty years and the chemistry depart-
ment has spanned the first century with only
four departmental heads. The second cen-
tury will be very different. The new pattern
has already emerged; multiple professorships,
research schools, and a new building planned
for its purpose instead of adapted from one
designed for pre-clinical medicine (anatomy
and physiclogy) and chemistry.

The Otago Chemical Society (1929) was

formed with Black’s successor, Professor

J. K. H. Inglis, as its first President, While
Otago chemists joined fully in the establish-
ment of the Institute in 1930, the ordinary
monthly mcetings continued to be those of
the Otago Chemical Society up to the end of
1935. The proceedings of the Otago Branch
of N.Z1.C. were limited to committee meet-
ings and an A.G.M. As the two bodies always
elected the same officers, the distinction was
a subtle onc. But then the university was
both the Untversity of Otago and a con-
siituent college of the University of New

Zealand.

Whatcver there is in a naine, the connce-
tion between the university departments of
chemistry and the local branches of the Insti-
tute characteristic of the country has con-
tinued in Dunedin as clsewhere. So the wel-
come to New Zealand chemists on August
26th will be from both the Institute Branch
in its forticth year and the University at the
end of its hundredth, Tt will be a warm

welcome,

Proressor N. H. ParTon,

Conference Chairman.
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NEW DIMENSIONS IN ANALYTICAL CHEMISTRY

by Professor Lloyd Smythe

Chemistry Department, University of New South Wales

Guest Lecturer, Conference 1968

Introduction

In this review I will outline some of the
new and rapidly changing areas to show how
developments are leading to a new apprecia-
tion of what modern analytical chemistry
really is and how it can make significant con-
tributions to scientific progress. This neces-
sitates an extremely selective approach on my
part. If T can paint a picture of what 1
believe are the rapidly moving and exciting
arcas, and leave you with a few references
to follow up those areas which are of per-
sonal interest, I will not be too worried about
many of the necessary omissions I have had
to make,

The historical origins and roots of an-
alytical chemistry have until the last two
decades caused it to be the Cinderella aca-
demic subdivision of chemistry. When many
of the famous schools of chemistry arose in
the second half of the 19th century, the role
of analytical chemistry was relegated to ser-
vice functions. Many of the more important
inorganic compounds had by then been an-
alysed and their formulae determined. The
fourishing schools of organic chemistry which
stemmed from the German schools, and in
turn the German dyestuffs industry, de-
manded careful elemental analyses of organic
compounds so that formulae could be deter-
mined. Geologists demanded accurate chemi-
cal analysis of minerals and a great deal of
the early inorganic chemistry concerned
tedious, demanding and accurate analysis of
minerals, the success of which was often
judged by the fact that all the constituents
determined added up to exactly 100 percent.
If we couple these service functions to the
generally tedious and uninspired tertiary level
training in analytical chemistry involving the
old “cookery book” qualitative and quanti-

tative analysis, it is little wonder that very
few graduate scientists, engineers and others
compelled to. undertake the courses, thought
of analytical chemistry with any regard. The
academic chemists themselves thought of it
with even less regard. Who would ever think
of trying to interest a promising young re-
search worker in analytical chemistry? Such
research would be the absolute last resort
after promising topics in organic chemistry,
physical chemistry and inorganic chemistry
(in that order up until about 1946) had been
exhausted.

An eminent Australian chemist Professor
Sir Ronald Nyholm, now at University Col-
lege, London, in several lectures and reviews
spoke of the post-World War II renaissance
in inorganic chemistry and showed that this
largely stemmed from the great industrial
development of the war years and in particu-
lar the enormous war-time work on trans-
uranium chemistry. Consequently, we can
now all bring to mind periods of considerable
development in organic, physical and in-
organic chemistry.

I am happy to predict that we will now
see a renaissance in analvtical chemistry of a
type which is a far cry from the type of which
most graduate scientists have dim memories.

~ Chairs of modern analytical chemistry and
flourishing schools are now fairly common-
place in North America and Europe. In the
United Kingdom there are now three chairs
of analytical chemistry—at Birmingham
{Belcher), Belfast (Wilson) and Imperial
College {West). Tradition dies hard though
—the thin end of the wedge is in with the
“Red Brick” umversities but it will be some
time before the hallowed precincts of Ox-
bridge succumb to a subject matter and
training which is now obviously being de-
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manded by industry and modern scientific
research,

In Australia, an excellent start has been
made with the establishment of the first
Chair in Analytical Chemistry at the Uni-
versity of New South Wales. Much depends
on how successfully the new school can
demecnstrate to general scientific research,
industry and skeptical chemistry academics
that it has a genuine place and role.

New Instrumental Methods

Analvtical chemistry is now firmly
centered around complex and often expen-
sive physico-chemical instrumentation. This
does not mean that classical wet chemical
analysis is outmoded but rather that it now
is an important supplement or precursor to
instrumental chemical analysis.

The rapid trend to instrumentation in the
past 1D years is recognsed very widely. 1
think the remarks of P. B, Hamilton, a lead-
ing U.S. biochemist, in a recent review' are
typical: “The scope of analytical techniques
and instrumentation now used in biochem-
istry has grown to be enormous, far beyond
the knowledge and judgement of most single
individuals. If any scientific moral could be
drawn from this review it is that biologists,
physiologists, biochemists, organic and physi-
cal chemists, etc., are a vanishing breed, their
places being taken by scientists, people
trained in analytical techniques with a broad
knowledge who bring disciplined mental
apparatus to bear on problems at hand, what-
ever they may be. It is high time the linguistic
curtains were raised”. An interesting state-
ment with which you may or may not agree.

The first area I want to deal with is spec-
trometry. This is a large and important area
of analytical chemistry instrumentation com-
prising the areas shown in Table 1.

The most important general trend is to-
wards autornation and data processing in the
larger rescarch and industrial centres,

It is obvious that the necessary instru-
mentation is generally expensive and requires

103

Justification for purchase in terms of sample
load, speed, precision, etc. It follows that a
slower, simpler instrument may still be more
suitable for research purposes or control,
where fewer samples are involved.

One of the most dramatic developments in
recent years is the appearance of a bewilder-
ing range of excitation sources, and the good
ones have revolutionised spectrometry, One
might think that this is a somewhat old, well-
worked-over field. At present however, it is
very exciting. Table 2 gives details of some
promising spectrometry excitation sources.

I would like to draw your attention io
some interesting features of these sources.
Perhaps the first feature is the very large
temperature range of the excitation sources
ranging from 530°K in the cool nitrogen
hydrogen diffusion flame to temperatures of
the order of 50-100,000°K in the case of the
plasma jet and laser probe. One might well
ask what factors govern the choice of the
source? A notable advance has been the
evaluation of many of the factors governing
such a choice and the derivation of useful
general equations, The work of Winelordner
and his school at the University of Florida
is outstanding in this respect and should be
consulted by all who are working in this field,

A second important feature is the appear-
ance of a great variety of interesting flame
excitation sources, which means that we are
approaching the stage when a particular
flame will be selected to increase sensitivity
of the wanted elements and depress the ex-
citation of unwanted species. The flame tem-
perature range is now approximately 300°-
3200°K with a choice of controlled oxidising
or reducing conditions, special premixing, and
as a more recent choice, additives such as Ar,
CO and heavy metals to produce certain
enhancements. We have already approached
the stage when cool and/or reducing flame
excitation can be used for non-metal deter-
minations such as P, S, halogens, etc, Many
Austrahan and New Zealand chemists will
have had the privilege of attending some of
Professor T. 5. West’s lectures a few months
ago. West’s school of analytical chemistry
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. TasLE 1
SPECTROMETRY IN ANALYTICAL CHEMISTRY

Type
EMISSION (Arc, Spark, Flame)

MASS (Gaseous lonization, Surface Tonization,
Spark Source, Laser Source, Field Tonization)

SPECTROPHOTOMETRY
Absorption in solution (Absorptiometry)
Absorption in flames (AAS)
Emission in solution (Spectrofluorimetry)
Emission in flames (AFS)

RAMAN
INFRARED
ULTRAVIOLET
N.M.R.

EPR. (E.SR.)

X-RAY ABSORPTION AND EMISSION

(including electron microprobe)

MOSSBAUER

Some Applications
Dectermination of elements, isotopic composition

Gas, isotopic and structure analysis; determination
of elements

Very wide range of chemical analysis
Determination of clements {>>60)
Organic and inorganic analysis
Determination of elements

Organic and inorganic structure analysis

Chemical analysis, structurc analysis

Chemical analysis, structure analysis

Oreganic, bio- and organometallic structure analysis

Inorganic, organic and organometallic structure
analysis

Determination of elements, phases and structure
analysis

Structure analysis (e.g. Fe, Sn compds.}, pressure
effects, particle size, surface absorption, oxida-
tion states, nuclear parameters.

NoTe: AAS
AFS
N.MR.
E.P.R.
E.SR.

wwnn

has made outstanding contributions in this
area, It is a good example of how a flourish-
ing school can be built up in a short peried.
He currently has over 25 Ph.D. students and
was co-author of over 30 papers last year.

In a smaller way, Dale in the A.AE.C.
Chemistry Division has been carrying out
some interesting work with D.C, plasma jet
excitation and an air 4 oxygen-acetylene
premixed flame, both applied to flame emis-
sion spectrophotometry,

Table 3 illustrates some of our results com-
paring plasma jet (Spex) with acetylene-air
flame {Unicam) by substituting one source
or the other in front of a 0.5 Ebert plane
grating monochromator {Jarrell-Ash)
coupled to an EMI 62568 photomultiplier.
The detection limits should not be regarded
as absolute but the comparisons are perfectly
vahd.

atomic absorption spectrophotometry
atomic fluorescence spectrophotometry
nuclear magnetic resonance

electron paramagnetic resonance
electron spin resonance.

I't is interesting to note the decreased sensi-
tivities for plasma jet to flame (column 2)
for the series Sr, Cr, In, Na, K. This is due
to greatiy increased ionization {beyond the
optimum) for these elernents in the high
temperature plasma.

The next comparison in Table 4 illustrates
the enhancement factors of from 4-120 for a
number of elements by adding oxygen to an
air-acetylene flame (Dale). This flame also
completely overcomes the interference effects
of phosphate on calcium and magnesium,
and partially eliminates the effect of alu-
minium on calcium.

In order to save space I have summarised
other developments in applications of new
spectrometry instrumentation in tabular forn.
Table 5 lists some of these new developments.

The first three methods were listed because
I feel that analytical chemists will be in-



105

Vol 33, No. 4, August 1969

“Answonjoadg vossiury = gq
fAnswondudg ajuadsazonyy VWOl = G4V TAnewondadg uondiosqy Mwoly = gyy ‘Answonsadg uolssTwy SWel] — SH :SILON

g req e M.006z  cdwa] ydry ahrEoy — uelixg + a1y (8)
1Z SHItM pu® soury SYV M.000¢ ~ “dway, yuyg U N2DY-2pIX() SNONIN ()
0g “4RUPIOJIULA, PUR BYIRY Sqd Alanisuds pasgaiou]  |ay patenuyf-uaforpA-uoiry (o)
SV punaadyaeq
61 150 pue quiag yySugyary SVY DANRIPRI QWEY SAINDPIY B[qels ud[A1v0y-aTy pareaedag (p)
SVYV
g1 “1sep pue uosdwoy] ‘[luudec sq H,0011-,06G aurey Sumnpaa ‘foon) uotsnyi uafoupdH-usSonin (o)
LAY
L1 1sapq pue uvosduroyy, ‘|reufecq S dupnpay 4 8uoeng ‘dwa ] ysiyy uaBoIpAH-aptx() snoany (q)
A A
91 ‘1sap pue uosdway 1, [euleq Sq awery [000) UBFCIpA-11y () saure[g
G] ‘I9UPIO[AUIA, PUE plOysURN ‘UO[[12A A IoreWwaIyIoucw Suruuess sanmbay
H1 ‘A9]381UY] puE UBWSSOID) “1J0SSORN ‘losse,] VY orles aslou-oy-[eusis pasoaduny (9 "82) Aysumjuf ySipy -e%anog wnnunuen
¢1 ‘yruoSel] pue enbeT ‘njossopy SVV
71 ‘euso sd M000°001-,000°¢ "dwa ], ysig aqosg 1ase
Sdv
11 sapn pue uosdwoyy, ‘jreuSeqq SYVY sauy] asuajur dieys sy dure ssojapoa1ds|y PoIOXT SARMOIDLA
0 ‘eruedRIngy puE OJOIUEWEA
§ ‘uosqie) pue sEUUTY ST sajdwes |[ews syng sadreyosyg yaro “qY
g “(mataayg} sipm )
L US[EMA PUE UBAl[(NG ‘UBWLWOG Sq (wone[npop sanvapg
9 ‘YS[EAL PUE ueAl[ng SVY oner astou-03-[euds poscadur] “Aysusug yS1yy) sdurer] apoyie)y mofol
¢ “aleq

+ ‘UOSS[IIIag PUB UIISITY]
§ ‘weySuipiog pue ‘Apiipm ‘qaem
g Mauquog pue saysoBrepy e M.000°06-,000¢ "dwa L ySiy ("a4'H pue ") 1] vwselq

§2oUinfayf puv sioynp suotpanddy safimquvapy adLy

SADUNOS NOLLVLIDXA AMLIWOHLIAAS INISINOML A0S
Z 1AV},



106

Chemistry in New Zealand, Journeal of the New Zealand Institute of Chemistry

TaBLE 3
COMPARATIVE SENSITIVITIES — PLASMA JET AND ACETYLENE-AIR FLAME
Element Sensitivity of PLASMA JET FLAME
{in aqueous Plasma ]et Detection Limit Line Detection Limit Line
solution) |Relative to Flame p.pom. (4) p.p.m. (A)
B > 1000 1 2498 Not detected at 1000 p.p.m. 2498
Be > 1000 0.05 3130 Not detected at 1000 p.p.m. 2349
Zn > 200 5 2062 Not detected at 1000 p.p.m. 2139
Si > 1000 1 2516 Not detected at 1000 p.p.m. 2881
Mo > 100 5 2816 Not detected at 300 p.p.m. 3798
Hf 2 2641 _
Al > 70 2 3962 Not detected at 1000 p.p.m. o
Zr 10 3392 _—
Cd 100 3 2265 300 3261
Mg 50 0.1 2796 5 2852
Sh > 40 25 2528 or 2598 || Not detected at 1000 p.p.m. 2068
A4 20 5 3110 100 VO Band Head
Bi 4 100 5068 400 3068
Pi 2 25 2203 50 4058
Ca 1 0.05 3934 Q.05 4227
Co 1 1 2286 l 3527
Ag 1 5 3281 5 3281
Ni 1 10 2216 10 3525
Mn 0.4 0.5 2376 0.2 4031
Sr 0.2 0.1 4077 0.05 4607
Cr 0.1 i0 3579 1 4254
In 0.02 50 2306 1 4511
Na 0.002 1 3890 0.002 5890
K > 0.003 Nat detected at 7665 1 7663
{300 p.pm.
TaBLE 4
SENSITIVITIES (pg/ml)} FOR THREE PREMIXED FLAMES
. Detection Limits
Element L:;'te ir-O A I Oxy-d !
(4) dir-Acetylene Atr xyg;:) celylene Xy (ie)t} ene
Ag 3281 0.5 0.05 (10) 0.3
Al 3961 60 0.5 (120) 0.2
Ba 5536 0.05 0.005 {10) 0.03a
Ca 4227 0.01 0.0005 (20) 0.005
Co 3529 1 0.1 (10) 1b
Cr 4254 0.1 0.003 (20} 0.1
Cu 3274 1 0.1 (10) 0.1
Fe 3720 I 0.2 {3) 0.7
Li 6708 0.005 0.001 (3 0.001
Mg 2852 0.5 0.03 (1) 0.2
Mn 4031 0.1 0.025 {4) 0.1
Mo 3798 1000 30 (33) 0.03
Ni 3525 4 1 (4) 0.6
Ph 4058 20 2 (10} e
Sr 4607 0.004 0.0004 (10) 0.004
\Y 4379 140 2.5 (55) 0.3

{#) Enhancement [actors in brackets.
(*) These detection limits are included as a guide only, and ne direct comparison is intended.

1t is understood that they will vary for different instruments and flame conditions.
a  Ba 4554A line used.

b Co 3454 A line used.

¢ Pb 3683 A line used.
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TaBLE 5
APPLICATIONS OF NEW SPECTROMETRY INSTRUMENTATION
Cost ..
Type AS (approx.) Applications Authors and References

N.M.R. 50,000 H and F in organic compounds; specific organic| Paulsen and Cooke, 22,

(High resolution and molecules in mixtures; functional group determina-| Chapman and Magnus, 23,

wide line} tions. ‘

Analysis of oils, moisture, oxy acids of P Heeschen, 24,
deuterium, fluorine compounds. Numerous
structure investigations,

E.PR. (ESR.) 50,000 Structure of paramagnetic inorganics. Atkins and Symaons, 25.
Determination of free radicals (organic and Fischer, 26. Koenig, 27.
inorganic).

Determination of H, OH, Cl, Br and 1 in gas Westerberg, 28. Eargle, 29.
phase. Review.

Méssbhauer 17,000 Nuclear parameters. De Voe and Spijkerman, 30.

(with MCA) Finger-print spectra,

Surface adsorption.
Solid phases in metals.

Isotopic X-ray 5,000 Portable analysers. On-stream analysis {(ores and | Baker and Gerrard (Eds.), 31.
coatings).

Analysis of alloys, metals, solutions. Watt, 32. Rhodes, 33,
Review. Campbell and Brown, 34.

Gamma 20,000 High resolution radiochemical analysis. Birks, 35. :

(with MCA) Computer-coupled resolution of spectra. Yule, 36. Palmer, 37.
Non-destructive automatic neutron activation Prussin, Harris, Hollander, 38.
analysis (with Ge(Li) detector), Storrer, 39.

Spark Source Mass 50,000 Trace elements in metals, ceramics, non-metals, Owens, 40.
etc, Schuy, 41.

creasingly concerned with them in the future.
For a large variety of applications in science
1t is no longer sufficient to describe a material
by indicating the amount of a particular
element that is present. In addition to this,
it is important to indicate the chemical state
and/or the compound in which the element
exists in the material. It is this information
which correlates most often with the physico-
chemical properties of the material. These
methods and instruments are at present
mostly confined to the larger research insti-
tutions but it is interesting to note that
N.M.R. is now widely in use in the oil indus-
try for chemical control and analysis. Further
interesting applications of E.P.R. and Mass-
bauer spectrometry can be expected.

Isotopic X-ray spectrometry or energy dis-
persion X-ray analysis is a rapidly developing
aspect of spectrometry. The use of 1sotopic
X-ray sources (a, £ and ) coupled with
energy dispersion techniques based on elec-

tronic pulse amplitude discrimination and
selective X-ray filters has resulted in a range
of portable, inexpensive X-ray spectrometers
suitable for the quantitative semi-micro deter-
mination of a selection of clements for on-
line and field applications,

Some of the isotopic sources used are:
Po 210, Cm 242 -4 emitters exciting  low-
energy  Xerays; Pm 147, M 3-8 emitters
(Bremsstrahlung production); Pu 238, Am
241, Gd 153 - y-ray excited X-ray sources.

Gamma spectrometry is of more specialised
interest to those working in radiochemical
analysis. Very real advances have resulted
from the use of new semi-conductor detec-
tors (e.g. Ge(Li)) and computer resolution
of spectra, This is tending to reduce but not
eliminate the need for radio-chemical separa-
tion of constituents of complex mixtures such
as may be produced on neutron activatjon of
a complex matrix in N.AA,
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TABLE

6

MISCELLANEQUS INSTRUMENTS OF INTEREST TO ANALYTICAL CHEMISTS

Name and Cost Uses Authors and References
Electron Microprobe Composition of discrete phases in metals | Thiesen, 42.
{A$40,000} and ceramics
Scanning Electron Microscope | Observation of ‘topographic details Catley, Nixon and Pease, 43.
(A$50,000) (e.g. 150 depth of field vs. 2-10u

Sealed-Tube Neutron Generator | On-line non-destructive
(A$1500 — AS6000) logging.
General fast (14 MeV)

(Alux = 2 X 10" n/cm/sec.)

analysis, hore-hole | Coleman and Pierce, 44.

NAA Kaman Nuclear, 45.

Electrograph Multi-purpose electrochemical analysis Nationa! Instrument Labs., Inc.,
(A$5000) (coulometry, chronopotentiometry, 46.

polarography, electrogravimetry, etc.}

Field Ion Microscope Surface studies on metals, semiconductors,1 Gomer, 47.

thin films, adhesives.

Spark source mass spectrometry with a
high capital cost is still in limited general
use, It is an extremely useful trace element
method for high purity materials with sensi-
tivities frequently in the range 0.01-0.001
p.p-m. However, there are difficulties with
non-conducting materials,

In Table 6 I have listed five instrumental
methods of interest to analytical chemists. I
can briefly comment on each of these:

Flectron Microprobe

This is a non-destructive method suited to
high (>>0.1%) local concentrations of ele-
ments in a small area or sample of about a
cubic micron, Under ideal circumstances one
can determine and locate as little as 10 g
of an element,

Scanning Electron Microscope

This instrument permits direct viewing of
specimens with resolution and magnification
intermediate between those of light micro-
scopy and conventional electron microscopy.
The depth of field (~150u) compares with
2 for light microscopy and 10y for electron
microscopy. This permits observation of topo-
graphic details. _

Four modes of operation are possible, cach
relying on different phenomena associated
with the interaction of an electron bearn with
a solid: high energy backscatter; low energy

secondary electron emission; electron-beam
induced current; cathode luminescence. Each
mode reveals complementary information,

Sealed-Tube Neutron Generator

Tubes up to 8 inches diameter with power
supply and control unit are used. The tubes
have a life of 100-200 hours at half-rated
yield and a mixture of tritiwin and deuterium
gas is used to continuously replenish the
tritium target. The tube gives a good usable
flux of 2 X 10° n/om?/sec, 14 MeV neutrons
which can be used to activate about 20
elements. The neutrons can also be thermal-
ized in a paraffin block to give a yield of
about 10° nfcm?/sec. for a useful range of
activations with elements of appreciable cross
section, Applications have been listed in
Table 6.

Electrograph _

The “Electrograph” s a multipurpose
clectroanalytical  instrument of compact
multipurpose design. Many so-called multi-
purpose instruments are a nuisance with their
attendant difficult changeovers, but this in-
strument seems to offer a great deal for its
price.

Field lon Microscope

Maximum resolution of the field ion micro-
scope is about 2.5 Angstrom units—about
equal to the spacing between atoms in a
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metal surface. It is a remarkably simple
device consisting of an extremely small, sharp
tip of single crystal cooled by liguid H, im-
mersed in a vacuum system containing a
small quantity of He. Opposite the tip is a
fluorescent screen. The tip is positive and
the screen negative and a high voltage is
applied giving 450 million volts/cm. de-
veloped around the tip. When an electrically
neutral He atom diffuses to a point just
above an atom in the tip, the intense electric
field strips off an electron. This ion, now
having a positive charge, is propelled toward
a point on the screen corresponding to the
position of the atom over which it was
ionized.

The Influence of Autoanalysers and
Data Processing in Analytical Chemistry

There is little doubt that automation will
greatly influence analytical chemistry during
the next twenty years. This is not to say that
such techniques will replace the present inte-
grated complex of physico-chemical instru-
mentation and mare classical “wet” methods,
but rather that autoanalysers and data pro-
cessors will greatly influence the through-put
and reliability of data arising from instru-
ments and repetitive determinations.

Already small, inexpensive digital com-
puters are firmly established for the contral
and data handling of mass spectrometers,
gamma ray spectrometcrs and other instru-
ments. There has also been an explosion in
the number of publications on autoanalysers
during the past two years, Anyone interested
in a review of these developments may care
to consult a forthcoming paper.

I have space to briefly mention only three
aspects of this new dimension in analytical
chemistry.

Autoanalysers

Two typical examples are to be seen in
automatic colorimeters or spectrophotometers.
One typical automatic colorimeter system
has a basic cost of A$7,000 (Technicon).
Another manufacturer provides an automatic
spectrophotometer with digital presentation
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of absorbance values and capable of measur-
ing from 1-50 samples at up to 10 preset
wavelengths.

Small Digital Computers or Data Processors

A small digital system, the PDP-8/I
(Digital Equipment Corp.) costs approxi-
mately A$12,000 and is suitable for use with
a number of physico-chemical instruments
such as mass spectrometers, X-ray spectro-
meters, NM.R.-E.S.R. spectrometters, ctc.

Table 7 shows some recently reported
applications of computer techniques to
spectroscopy and related fields, illustrating
what can be done with such computers. One
important aspect, for example, is signal aver-
aging, whereby one can make digital addition
of spectral scans to increase signal to noise
rativ and bring weak signals out of the back-
ground.

Curve Resolvers

The Dupont Curve Resolver costs approxi-
mately A$9,000. It is a special purpose anolog
computer for the rapid resolution of over-
lapping peaks in experimental curves.

Applications include the resolution of seven
into ten peaks in a pyrolysis chromatogram.
Many diverse analytical chemistry methads
such as chromategraphy, electrophoresis and
spectrometry produce curves which are sums
of peaks or distribution functions. Frequently
these peaks overlap, and the curve must be
reduced to component parts in order to
accurately interpret results. This curve re-
solver generates on each of its function
generator channels (say 6 channels) peak
shapes corresponding to Gaussian, Lorentzian
or other distributions. Individual peak para-
meters of height, width and horizontal posi-
tion are independently varied on each chan-
nel until the resulting summation curve from
alt channels exactly matches the original
curve.

1 saw this curve resolver demonstrated at a
conference in U.S.A. in 1966, After five
minutes’ instruction many of those at the
exhibition were using the instrument without
difficulty.
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TaApLE 7

APPLICATIONS OF COMPUTER TECHNIQUES TO SPECTROMETRY AND RELATED FIELDS

Method

Some Examples

EMISSION

FLAME AND AA

ABSORPTION

X-RAY AND ELECT. PROBE

NMR

MASS

NAA
GG

Direct reader output signals — cones,, % T — rel. intensities and
intensity ratios, background correction, matrix corrections for inter-
element effect,

Investigation of experimental parameters, interelement effect studies,
output — concentrations.

Smoothing of digitized abs. spectra by least squares, correction of
band shapes and wavelength errors, peak searching and matching.

Fitting working curves and calc. concs., interelement corrections,
control of diffractometer operation, file search, Fourier analysis of
single crystal patterns.

Digital addition scans and smoothing (improves signal/noise ratio},
peak enhancement, corrections for instrumental drift.

Correction for line widening (due to [ocusing errors), evaluation of
complex spectra, peak matching.

Evaluation of complex spectra, photopeak area calcs.,, peak resolving.

Determination of integrated peak areas from digitized signals, correc-
tion for baseline drift, auto. fraction collection, on-line control analyses,

New Separation and Preconcentration
Methods for Trace Elements

The most important separation methods
used in analytical chemistry depend on dis-
tribution of the element of interest between
two phases, followed by physical separation
of both phases.

Volatilization, liquid-liquid extraction, pre-
cipitation, electro-deposition and ion ex-
change fall into this category,

There is generally a practical limit to
sample size in trace element determinations,
the average range being 0.1-10 g. Instead of
processing several tens to several hundred
grams of a solid or solutions of 10 to a few
hundred litres, attention is paid to improve-
ments in separation and preconcentration
procedures. I only have space to mention
some of the improvements.

Analytical Distillation and Volatilization

As a separation and concentration method
for trace elements, the literature has not re-
vealed any interesting advances during the
past decade.

Liguid-Liguid Extraction

The developments in this field are truly
bewildering and it is impossible to generalize.

Morrison’s work®® gives a simplified classi-
fication for primary and mixed systems. Even
this scheme, prepared in 1964, does not in-
clude the large class of amine extractants
operating as ion association and co-ordination
systems.

Some of the most significant developments
have concerned the extraction of transition
elements using primary amines, long chain
amines, high molecular weight amines and
quaternary ammonium salts, A comprehen-
sive table prepared by Freiser® lists many
applications of these extractants. In amine
extraction systems it has been found that
aqueous phase reactions predominate so that
extraction follows an inverse order to the
case of hydration. Thus, for simple acids,
extraction follows the order: primary >
secondary > tertiary amines and G107 > I
> Br > Cl. It has also been shown that steric
factors and tendency to aggregate modify
basic strengths of amines in extraction pro-
cesses. The extraction of UO.CL by amines
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involves an ion association rather than co-
ordination.

Precipitation

At first thoughts most analytical chermnists
would not have noted many advances in pre-
cipitation or gravimetric techniques, Yet
there has been a significant advance in the
understanding of precipitation processes, An
increasing number of studies are being made
of the kinetics of precipitation processes using
such techniques as light scattering and
stopped flow spectrophotometry. The influ-
ence of adsorbed films on particle growth
and of ultrasonic stirring on nucleation are
examples of two such studies,

Significant advances have been made in
our knowledge of the mechanism of precipi-
tation from homogeneous solution (as seen
in a review by Cartwright, Newman and
Wilson® and the induction of homogeneous
nucleation—[or example via the clectrochemi-
cal generation of precipitants by Klein and
Driy*.

Electrodeposition and Electrochemistry
Studies

In this very large field all I can usefully
do in the space available is to select three
areas in which the advances appear to be of
interest. These are:

(a) Optical methods for observing electrode-
solution interfaces. Involves the use of
transparent electrodes and internal re-
flection spectroscopy by Mark and co-
workers®®,

{b) Thin layer cells for studies of electro-
chemistry by Reilly and co-workers™
and a review by Reinmuth®™. Most thin
layers fall into two categories:

bounded layers—those from which no
electroactive material can enter or
leave except at the electrode, e.g. use
of thin Mg-amalgam films;

non-bounded layers—those at which
the concentration of electroactive
material in the boundary other than

[it

the electrode is maintained constant,
e.g. use of membrane-coated electrodes
with convection assuring constant con-
centration at the edge of the mem-
brane in contact with bulk solution.

(c) Electrolytic sample dissolution. For ex-
ample, the autormnated anodic dissolution
of a steel sample followed by spectro-
photometry by Barabas®®,

Ion Exchange

There have been both “gains” and “losses™
in the applications of ion exchange for separ-
ations in analytical chemistry. Present trace
element methods such as AAS, AFS, GC,
and NAA have eliminated the need for many
ion exchange separations.

The “gains” are represented by the ap-
pearance of some new ion exchange materials
which are shown in Table 8.

Amplification and Cascade Reactions

These reactions can be conveniently listed
under the general heading of separation pre-
concentration metheds. I do not propose to
deal with these reactions in any great detail,
since they were well described by T, S. West
during a recent lecture tour of Australia and
New Zealand.

I would remind you that the basic prin-
ciple is to apply an amplification reaction in
which one original test-ion is responsible for
the production of several other ions of the
same or of a different species. The reaction
is attributed to Leipert whereby one equiva-
lent of I- is oxidised by Br, via 10, to 31,
giving 6:1 amplification. West"" recently
applied this principle to the determination of
phosphorus. “The PO,* is converted to phos-
phomolybdate, in which 12 molybdate ions
are associated with each PO, ion {12 MoO,
PO,) and the complex is extracted away
from excess molybdate and other ions by
means of butanol-chloroform. The extract is
then put in contact with a pH9 buffer which
re-extracts the phosphate ions and the associ-
ated molybdate ions into the buffer. In this
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{“Sephadex” is a modified dextran obtained by fermentation of sugar. The linear macromolecules of dextran are cross-linked

NoTE:

giving a three-dimensional network of polysaccharide chains.

medium these are no longer chemically com-
bined, so that molybdate ions can now be
made to react with the sensitive reagent,
4-chloro-2-aminobenzenethiol to give an easily
measured complex, This amplification pro-
cedure results in an effective molecular ex-
tinction coefficient of 360,000 for PO,*, so
that solutions as dilute as 0.008 p.p.m. P may
casily be determined. By contrast the stand-
ard molybdenum blue procedures have values
of about 27,000”. A similar procedure can be
applied for 8i determinations,

Weisz"™ has developed repetitive (cascade)
reactions. Examples are the determination of
CrO,*-, Ag* or Tl+. In the case of silver, the
Agt is precipitated as Ag.CrO,. This is re-
acted with BaCl, — 2AgCl 4 BaCrO,. This
is then reacted with excess AgNO, — 2AgCl
-+ Ag.CrO,. The reaction with BaCl, is then
repeated — 4AgCl 4 BaCrO,. This is con-
verted to 4 AgCl 4+ Ag,CrO, and the cascade
repeated n times. In the nth operation the
reaction with ClI* — 2n(AgCl) + 2AgCl and
finally 2(n+41)AgCl. The amplification is
therefore 1:n41.

Recent Developments in Trace Element
Analysis

Many of the interesting developments and
new dimensions have already been outlined.
Under this heading, I only wish to comment
on an important trend in the work of an-
alytical chemists during the next few decades.

It is becoming increasingly clear that quan-
titative results for the concentration of trace
elements will not be sufficient in many scien-
tific areas. Information will be required on
the nature and form of the constituents.
Physico-chemical methods such as: NMR,,
E.P.R., Mbssbaver, electron microprobe,
scanning electron microscope, field ion micro-
scope, infrared, U.V. and Raman will be
increasingly used by analytical chemists, in
addition to the more familiar methods.

It can be seen that the new dimensions in
analytical chemistry are a reality and many
exciting challenges and much interesting
work can be expected,
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New Approaches to Teaching Under-
graduate Analytical Chemistry

In British Commonwealth universities
analytical chemistry courses and research
have a very long way to go to achieve recog-
nition and respectability alongside inorganic,
physical and organic chemistry.

Within the past two years there have been
numerous discussions concerning the role of
analytical chemistry in  chemistry cur-
ricula®™ ", Does it have a place? Should it
engage in a headbutting competition with the
other branches of chemistry for instruction
time?

Unfortunately many of our academic col-
leagues rush to answer such question in the
negative, without bothering to inform them-
selves of the pros and cons of the situation.
This attitude is undoubtedly influenced by
their own memories of the largely unsatis-
factory, piecemeal instruction in analytical
chemistry coupled with a view of what I will
call the “fashionable areas” for post-graduate
research in chemistry. It must be obvious that
some areas of chemistry are currently “fash-
lonable”: co-ordination chemistry, molecular
spectroscopy, natural product chemistry, etc.

The pressure for a changed concept in
analytical chemistry is not necessarily arising
from academic discussions. A very large pres-
sure is currently emanating from industry
(control and research) and the employers of
chemists, The reason is simply that analytical
chemists may even constitute the largest single
group of chemists in the whole professional
area and their training is important,

In Australia, Royal Australian Chemical
Institute surveys have revealed on successive
occasions that chemists involved directly in
analytical chemistry constitute the second
largest group after organic chemists™. Pro-
bably even more are indirectly involved than
would be the case for the other branches, so
that cumulative effort and involvement in
analytical chemistry is perhaps now greater
than any other branch of chemistry,

If we appreciate this, it is not difficult to
see how a successful department of analyticai
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chemistry can arise. One of the best recent
examples is that of T. S. West at Imperial
College. West was appointed to- a newly-
created Readership in 1963 and following
considerable all-round success, to a Chair in
Analytical Chemistry in 1965. Some idea of
the birth of a successful department and of
new dimensions in the teaching of analytical
chemistry can be gauged from the fact that
he currently has 25 PhD. candidates in
analytical chemistry and West was co-author
of 30 high quality papers in 1967,

This did not happen by chance or by a
headbutting competition with the other
branches of chemistry, West is meeting the
current need by recognition of the potential
to be tapped.

The question as to what should be done
to bring such developments about is a
lengthy one. My own ideas can be sum-
marized in the following way:

(1) Publicising an acceptable definition of
what constitutes modern analytical chemistry,
so that chemists can bring to mind an entity
that replaces their older picture of analytical
chemistry.

(2) Introduction of advanced analytical
chemustry associated with physico-chemical
instrumentation at the third year level in a
B.Sc. course. This may seem to be putting
the cart before the horse but it has more
advantages than may at first be apparent.

For example:

{a) The two years’ groundwork in all aspects
of chemistry can serve as a good founda-
tion for the modern approach.

{(b) The greatest impact on basic chemisiry
degree graduates either leaving  the
university or continuing on with research
can be made at this stage,

(c) All-round support from industry, grants
from other areas, etc., will be easier to
gain at this level—once it is shown what
can be done.

(d) It is possible to work back to earlier
years of instruction once the more
advanced level is established.
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(e) At the third year level of instruction out-
side specialist lecturers can be obtained
at moderate cost to cover areas where
there is insufficient expertise or instru-
mentation within the department,

(3) Introduction of “analytical chemistry
thinking”, ultimately at all stages of instruc-
tion. What I mean by this is expressed well
by the remarks of S. Siggia, University of
Massachusetts™:

“However when I look at ‘fundamental
principles” in regard to analysis, I see more
than just {fundamental physical principles.
The analytical chemist must also be inbred
with fundamental analytical principles and
an analytical pattern of thinking. These
fundamental analytical principles concern
themselves with a constant awareness of:
{1) accuracy and precision; (2) sources of
error; (3) the use ol several approaches
to firm up a conclusion (confirmation};
(4) significance of data”.

Finally I would conclude with one reason-
able definition of analytical chemistry by
G. H. Ayres, University of Texas™:

“I maintain that analytical chemistry 1s

a discipline in its own right, including
principles, reactions, theories, explanations,
calculations, applications, technique, etc.;
it affords the type of training both in the
classroom and in the laboratory that is
needed by all chemistry students {as well
as by students in certain related fields)
and that is not likely to be obtained in any
other course or by piecemeal treatment in
other courses”.
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Inst., 33, 369 (1966).
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CONFERENCE 1969

Abstracts of papers to be given in the symposia to be held on Tuesday 26 August (Proteins),
Wednesday 27 August (Fibres), Friday 29 August (Chemical based Industries).

Protein Symposium
Chairman: Dr. A. T. Johns

PROTEINS FROM THE MEAT INDUSTRY

R. H. Locker
Meat Industry Research Institute of
New Zealand Inc.

Txe meat industry is now our major source of
overseas funds (42 percent). Over 70 percent of
this comes from meat which reflects a low degree
of by-product utilization. While the greatest im-
mediate returns would no doubt come from
changes in marketing and presentation of meat
itself, there is no doubt that much more artention
to by-products, particularly proteins, is essential to
gain maximum returns and reduce wvulnerability
on world markets.

Collagen, while devaluing meat, is our most
valuable by-product. Processing skins to leather
offers far the biggest financial oppontunity. Casings
also are a valuable collagenous by-product, now
suffering from competition by “synthetic’ casings,
due to insufficient attention to quality of the
natural product, Rescarch on improving and dry-
ing casings and also on the reconstitution of casings
as “synthetic” collagen is now in progress in New
Zealand,

In the field of edible proteins there should
be a general up-grading of petfood and stock
meal materials to human food, and a promotion of
fertilizer to stock meal, leaving only bone as
fertilizer. A scheme is presented for doing this. One
feature of the scheme is the drying of low fat
offals to protein powders. Another is the solvent
extraction of protein meals to convert them to
human food.

The potential of glards as the basis of a national
fine proteins industry is briefly discussed. It is
suggested that for both finc proteins and edible
proteins special research units are needed which
might study utilization from a national rather than
industry point of view.

Some of the present problems facing such
diversification are briefly discussed, such as grossly
inadequate research cffort, lack of gualified per-
gonnel in works, finance, etc. Tn conclusion it is
suggested that if it is to progress as its importance
to the economy demands, the freezing industry

should be passing from a phase of rearrangement
to meet edicts from overseas, to one of anticipating
problems in advance and building quality into both
meat and by-products. Only in such a way can the
industry avoid more costly rearrangements and
hope to enjoy premium prices and stable demand.

DAIRY PROTEINS

P. S. Raobertson

New Zealand Dairy Research Institute,
Palmerston North

NaruraL selection through thousands of genera-
tions has ensured that milk is a particularly suit-
able foodstuff for mammals, In broad terms the
composition of milk differs only slightly from
species 1o species.

Cows' milk contains about 3.7 percent protein.
The main types of milk protein are caseins (78
percent), lactalbumins (17 percent) and lacto-
globulins (5 percent). From a nutritional point of
view the aminoacid composition of the constituent
proteins is particularly well balanced, making cach
a ‘first-class’ protein source. On a per pound pro-
tein basis dairy products such as casein and skim
milk powder arc less than a quarter the cost of
meat proteins.

Casein normally exists as miscelles in which
@n-casein and P-cascin are enclosed in a sheath
of k-casein. The caseins may be separated from
other milk proteins by acid precipitation or by
coagulation with enzymes such as rennin. Either
of these agencies normally give curd plus whey.
Lactalbumin may be separated from other whey
proteins by heat denaturation which leads to pre-
cipitation. These reactions form the basis of com-
mercial methods of cheese, casein and lactalbumin
manufacture.

The main dairy products rich in protein are
casein, lactalbumin, skim miik powder, whole milk
powder, cheese, condensed milk and ‘whey, whey
powder, buttermilk powder, and “cpliured products
such as yoghurt and kefir, el

Some 63,000 tons of 96 percent pure casein is
manufactured in New Zealand each year. It is
used for both edible and industrial purposes in a
very large number of products ranging from
sausages and salamis through cereal products, stock
foods, adhesives and paper-coatings to plastics.
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In a world chronically short of first-class protein
it is a tragedy that the price which casein com-
mands for industrial and edible purposes virtually
precludes its use as a food for the poor., Tt is
perhaps an even greater tragedy that most cheese
and casein whey with its 0.8 percent of nutrition-
ally very valuable protein is at present disposed
of by discharge into rivers. Active attention is
currently being devoted to methods of changing
a whey disposal problem into high protein food-
stuffs of which the dairy industry can be proud.

PLANT PROTEINS

J. W. Lyttleton
Plant Chemistry Division

TuE population explosion that the warld is ex-
periencing has created a crisis in nutrition, not
only in the ahselute amount of food required, but
more specifically in the protein available. It is pro-
bable that a large increase in protein supply will
be possible only by developing resources which are
at present little used, and plant protein is a major
source which is capable of rapid expansion.

The study of plant proteins as a separate class
goes back to around the turn of the century, and
has been brought together in a classic work by
Osborne, “The Vegetable Proteins”. The major
interest at that time was in the protein which
could be extracted from seeds of various types,
and these proteins were classified in terms of solu-
bility in a systemm which is still widely used. More
recent studies of the seed proteins, using modern
physico-chemical techniques, have revealed a com-
plexity beyond that which could be determined by
solubility studies alone. In many cases the in-
dividual components underge association—dissocia-
tion reactions, and the full range of constituents
can only be separated in solvents such as 8M urea.

The seed proteins which have been most studied
are those which are economically important—the
cereals, legumes, and oilseeds, Cereal protein is
seldom isolated as a foodstuff, but the level and
composition of the protein of grain is of vital
importance, as cereals constitute such a large part
of the diet of the human race. Qil seeds are pro-
duced on a very large scale, but full utilization
of protein from this source is far from being
achieved.

The storage protein in the seed is without ap-
parent biological activity, but the protein of grow-
ing tissue is of much greater interest to the bio-
chemist. Many of the bicchemical pathways found
in plants are similar to those in animal and bhac-
terial systems, with similar enzymes involved, while
in addition there are found in green tissue all the
proteins which are responsible for the enzyme
reactions in photosynthesis.

From the point of view of food, although seeds
contain protein in the highest concentration, the
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amount to be found in leaves is considerably
greater, Extraction, however, is more difficult.
None the less, if full use is to be made of the
potential supply of protein from plants, methods
of using leaf protein must be devcloped.

NEW ZEALAND’S CONTRIBUTION

W. A, McGillivray
New Zealand Dairy Research Institute,
Palmerston North

IvcreasiNGg public awareness of the problem of
malnutrition which faces a large proportion of the
world's rapidly expanding population is focusing
attention on the better utilization of resources for
food production and on distribution of existing
food supplies. Already, with its highly-efficient,
low-cost primary industries which have developed
as a consequence of favourable climatic and other
conditions and the eflective application of agricul-
tural and processing technologies, New Zealand is
a major contributor to world food supplies. Qbvi-
ously, since these products form the basis of our
interantional trade they go predominantly to mote
affluent societies, but with increased productivity
and changing patterns of world trade greater
emphasis is being placed on the needs of devclop-
ing areas.

Clearly, the products on which cur traditional
trade has developed may not necessarily suit the
requirements of these new markets in which the
emphasis will be on low cost and high nutritive
value. New Zealand is in a position to diversify its
production and indeed has donc so te a quite
considerable extent over recent years, but the
establishment of a new market, or the introduction
of a new product, poses difficulties—economic,
secial; climatic and technical.

Despite protein shortages there is generally a
reluctance to accept a new and different food
type, and even in areas of severe malnutrition
success or faliure of a food product depends more
on acceptability by the population at large than
on nutritive value or cost. There is in most areas
a general, and understandable, reluctance to accept
a foodstuff which may be regarded as a cheap
substitute for the food which more affluent neigh-
bours enjoy. Thus, many schemes to provide
cheap {oods have failed on the grounds of the
novelty and the unacceptability of the product.

There is thus some evidence in aid programmes
of a swing away from new food forms and a
revaluation of the place of more traditional ones.

In addition, much of the thinking regarding
traditional foods has been influenced by the high
cost of production in Europe and other areas
where farming is heavily subsidized. On this basis
an alternative food may appear relatively cheap,
but the situation is reversed when the comparison
is made with traditional foods produced in low-
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cost, highly-efficient countries such as New Zea-
land, since although the basic raw materials for
some of these new food products are relatively
cheap, the processing required to get them into a
reasonably acceptable form is generally expensive,

Work which has already been done in New
Zealand on the production of food products more
suited to developing countrics and the further
contribution which New Zealand can make to
overcoming problems of protein deficiency will be
discussed in this paper.

Fibres Symposium

Chairman: Mr. W. Olsen

INTRODUCTORY LECTURE

G. N. Malcolm
Massey University

“Duming the early days of his existence man de-
pended upen animal skins and furs to keep him
warm, but as the years passed his susceptibilities
became more tender and his hide less coarse. A
sheep-skin wrapped round the body may be better
than nothing for keeping out the cold—but only
just. Inevitably, man began to look around for
something better.”

Se much for semebody's speculation about pre-
history. Today we have textiles—warm, soft,
glamorous, strong, and sufficiently supple to take
up the contouns of the human body.

The reason for these attractive propenties is
found in the structure of textile materials. Textiles
are made by weaving varns which themselves arc
made by twisting together (spinning) long, thin,
flexible yet sirong components called fibres. The
fibres in their turn are made from macromolecules.
The properties of the cloth will depend on the
kind of yarn which is used and the way the yarn
is woven. The properties of the yarn will depend
on the kind of fibres from which it is made and the
way in which the fibres are spun into yarn. The
properties of the fibre will depend on the kind of
macromolecules involved and the way in which
they are associated to form the fibre.

A number of extremely good fibres, notably cot-
ton, wool, jute, flax and silk, occur naturally. The
main contribution of man to textile production for
many centuries was in the craftsmanship of spin-
ning and weaving these fibres, In the ninetecenth
century in England great progress was made by
the application of inventive and engineering skiil
to the spinning and weaving processes. On this
basis Britain's textile industry built itself to great-
ness in Victorian times,

Science, as distinct from engineering, was slow
to reach the textile trade, and has played a sig-

nificant role only in the last fifty years. The results
of scientific study in this field have been spectacu-
lar, and highly profitable for those who invested
heavily in fundamental research. The two major
success stories of fibre soience have been the pro-
duction of fully synthetic fibres in which the fibre
forming material is made from simpler substances,
and the development of regenerated fibres from
naturally occurring non-fibrous cellulose. In 1968
the fully synthetic fibres accounted for no less than
one-fifth of the total world consumption of fibres
and may account for one-third by 1975 (Nature,
1969, p. 328). '

One of the disappointments of fibre science has
been the failure so far to produce cconomically
and technically satisfactory regenerated protein’
fibres from natural protein sources such as milk
(casein}, peanuts, maize and soya beans. Casein
fibres are still in himited production, but manu-
facture of fibres from the other protein sources
has been discontinued. At the present time the
producton of fAbres from industrial waste protein
in egg residues (from dried egg preparation) and
in poultry feathers is being investigated. Advances
in synthetic fibre science have had some unfor-
tunate consequences alse. A quality natural fibre,
once the economic support and material comfort
of a whole nation, has been threatened with rele-
gation to the ignoble role of an ingredient of
sponge cake!

Much of the incentive for the scientific study
of fibres came from the commercial importance of
textiles, but the results of this study have been of
great significance in other fields where fbrous
materials are involved. In biological systems in
particular the understanding of the structure and
function of collagen and muscle protcin and of
the blood-clotting action of fibrinogen has been
aided by the general development of fibre science.

The properties which are important in a fibre
include mechanical properties such as tensile
strength, elongation, elastic recovery; physical pro-
perties such as density, and the effect of motsture,
heat and sunlight; chemical properties such as
reaction with acids, alkalis, organic solvents and
dyes. The molecular characteristics on which. these
properties depend are the chain-like shape of the
molecules, the chain length, the chain symmetry,
the chain stiffness, the inter-chain attractive forces,
and the conformation and arrangement of the
chains within the fibre. Tespite the tremendous
increase in the scientific understanding of fibres
which bas occurred in the last filty years it is still
not possible to account for all the properties of
fibres in terms of their molecular structure, and
many matters are stll controversial.

An attempt will be made to outline current ideas
of the relation between general fibre properties and
molecular structure without trespassing too severely
on the territory of the special lectures on vegetable
and synthetic fibres and on wool.
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WOOL

A. J. Farnworth
Technical Director, Australian Wool Board

WooL as an appare] fibre is undergoing a period
of considerable challenge in end uses formerly its
traditional and exclusive province. This challenge
15 occurring on almost every front associated with
textile fibre utilization—that is,

(a) Production

(b) Presentation and Packaging

{c) Price

{d} Processing

(e) Promotion

{f) Properties and Performance,

The broad boundaries suggested by the organi-

sers and the time factor necessitate confining the
address to items (a), (c) and (f).

Production

World demand for textile fibres is increasing at
a much greater rate than can possibly be met by
natural fibres and the short-fall in fibre avail-
ability is being filled by synthetics,

Production statisiics will be presented and refer-
ence will be made to the possibility of increasing
the producticn of wool.

Price

There are two aspects of fibre price which
greatly influence the attitude and profitability of
textile manufacturers: the absolute figure in rela-
tion to alternative fibres and the stability of price
over the long and short term,

Information will be presented in relation to
past and present prices, and the Woolmark pro-
gramnme to identify and establish pure new wool
products as quality articles worthy of a price
premium.

Price stability of fibres, on the other hand, has
an important bearing on the profitability of textile
manufacturers and thelr competitive position in
relation to others,

Properties and Performance

Of all textile fibres available, wool has by far
the broadest spectrum of desirable properties
which make it outstanding for use in apparel.
Thus, it is outstandingly good in many aspects,
shows moderate performance in others, and 15 de-
ficient in relatively few properties.

The biggest challenges to wool from other fibres
lie in the arca of performance characteristics, par-
ticularly those related to easy-care, and a major
portion of the wool textile research effort in Aus-
tralia and elsewhere is directed towards imparting
improved and new performance characteristics
through fibre modification.

Reference will be made to the latest work in
establishing the basic structure of the wool fibre
and to a variety of chemical treatments for modi-
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fying the properties of wool to achieve such per-
formance characteristics as mothproofness, machine
washability, permanent creases, non-iron finishes,
increased stability of dyes to light and washing,
and prevention of yellowing in use.

WOOD FIBRES AND PROBLEMS AFFECTING
THEIR WIDER USE AS A TECHNICAL
RAW MATERIAL

D. J. Brash, M.Sc., Ph.D.
Chemistry Department, University of Olago

AvrHoucH there is considerable industrial interest
in New Zealand flax and kenaf, no vegetable fibres
used in this country can approach those {from wood
in economic importance. Qur forest industries,
which include our two largest industrial enter-
prises, provide 41 percent of manufactured cxports,
employ 10 percent of the industrial labour force
and have a present gross output value of over $270
million per annum. The aim of this paper is there-
fore to discuss some of the problems affecting the
wider and more efficient use of wood as a tech-
nical raw material.

Wood fibres, while complex in organisation, are
basically cemposed of the polysaccharide cellulose,
and it is the high strength, inertness and insolu-
bility of the cellulose fibres which give wood fibres
their industrial {and biclogical) importance. These
preperties arise from the overall shape of the cellu-
lose molecule because other glucose polymers are
quite different, Infrared spectroscopy and X-ray
diffraction have contributed to an understanding
of this shape, but still the final conformation of
the cellulose chain must be taken to be unknown.

Cellulose always occurs in vegetable fibres as
aggregates of molecules called fibrils which in turn
agglomerate into the fibre structures visible under
the light microscope. In conifers such as Pinus
radiata the fibres under consideration are the
tracheids, thin walled cells which have a high
length to diameter ratio. A great deal of published
information is available on the nature of the
external surface of the fibre and its role in the
formation of interfibre bonding and paper quality.
The properties of papermaking puips are largely
dependent on the morphology and chemical com-
ponents of the fibres constituting the pulp.

Information on the porous inner structure of
the wood cell is still fragmentary. Recent work
suggests a multi-lamellar model in which the lamel-
lae are separated by layers of water in a wet fibre,
and coalesce into a solid wall when the fibre is
dried. This theory, while oversimplified, explains
many of the effects of both mechanical and chemi-
cal pulping, as well as beating and refining, on
fibre properties.

Papermaking is essentially a process of water
removal, and the cellulose-water relationship is
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hasic to present theorics of papermaking. Novel
experimental techniques have clarified many points
and reapportioned the emphasis to be attached to
the various factors affecting papermaking.

Of the non-cellulosic constituents of plant fibres,
the main structural features of the glucuranoxylans
and glucomannans of wood are well known, but
much of their detailed chemical structure has yet
to bhe discovered. The important reactions which
these polymers undergo in pulping are known only
in general terms, but nevertheless this information
has led to many improvements in pulping pro-
cesses, for example the use of muliistage pulping
to preduce pulps with increased polysaccharide
retention,

What to do with by-products—turpentine, tall
oil, bark and sawdust—has always been a problem
of the forest-based industries. Any real programme
for the wider and more efficient use of wood fibres
in New Zealand should involve both bark and
sawdust, the two outstanding sources of unused
waste materials from our sawmills and pulpmills.

MAN-MADE FIBRES

A. F. Wilson
N.Z Forest Products Ltd., Kinleith

OxLy a small number of New Zealanders have had
an opportunity of seeing a man-made fibre pro-
duction operation. Those that have will have been
impressed by the contrast between man's and
nature’s methods of making fibres. In a typical
plant, molten polymer or a pelymer solution is
passed through hundreds of spinnercts to produce
thousands of filaments at very high production
rates. The fibre denier, or diameter, is accurately
controlled by adjusting the rate of flow of polymer
melt or solution to the spinneret and the extruded
yarn take-up speed. Continuous filament yarns are
praduced with as many flaments in the yarn as
there are holes in the spinneret. Staple fibres are
produced by collecting the filaments from many
spinnerets and cutting them to the required
lengths.

For a New Zcaland chemist the particular
interest in man-made fibres is likely ‘to be an under-
standing of the chemical composition of the impor-
tant Abres and the factors that account for their
different propertics. How do man-made fibres
differ in their commposition and properties from
such natural fibres as wool, cotton and silk? In
what ways have studies of the composition and
morphology of man-made fibres led to improved
properties and distinctly different fibres?

There are two main classes of man-made fibres.
Firstly, man has utilised naturally-occurring poly-
mers, particularly cellulose, and converted them
into extrudable forms to produce fibres. While

nature has produced the polymer, it has been
possible to change fibre properties appreciably by
the addition of different side-chain groups to the
main polymer chain or by establishing covalent
bonds between chains. The properties of celllose
acetate fibres, for example, can be varied by chang-
ing the degree to which the hydroxyl side-chain
groups on cellulose are acetylated,

In the late 1920's man learned to synthesize
high molecular weight polymers from low mole-
cular weight monomers and today many synthetic
polymers are extruded to make commercial fibres.

In making synthetic fibres man is able to control
not only the extrusion process but also the com-
position of the polymers being extruded. Dyesites
can be built into the main chain by choosing small
amounts of the appropriate monomer. The physical
properties of a fibre are dependent on such factors
as degree of crystallinity and orientation of polymer
molecules and these in turn can be controlled by
the choice of monomers and the degree to which
the fibre is drawn or stretched after extrusion.

This paper will review the following:

differences between natural and man-made
fibres,

chemical composition of the important man-
made fibres,

relationships between fibre chemical com-
positicn and morphology and properties,

examples of how a knowledge of such rela-
tionships can be used to develop new
fibres such as high temperaturc-resistant
and elastomeric fibres,

preduction of man-made fibres in New Zea-
land,

versatility of man-made fibre extrusion pro-
cesses in changing fibre properties,

developments in the use of man-made fibres
to make non-woven fibrous materials.

Chemical Based Industries
Chairman: Professor A. M. Kennedy

“THE ONLY SUBSTITUTE FOR PROFIT
15 LOSS™

P. K. Foster
PACR.A,

In a general desecription of the context within
which industrial science operates the prime impor-
tance of profit in industry is first emphasised. The
relationship between “technelogy” and “research”
is discussed and it is argued that “technology”
creates demands for “research™ far more often than
vice versa. Urgency in industry and the effect of
delays in reducing profits ensure that technelogical
N

.
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advance proceeds largely independently of research.
The change in emphasis in scientific effort as an
industry develops is examined. The implicit dif-
ferences between the “technological” chemist and
the “research” chemist are then stated explicitly,
and the reality of the difference illustrated by the
attittudes of the twe to scientific publications.
Finally, the implications of the foregoing are dis-
cussed in relation to the Institute and to University
research. The barriers to communication between
Institute members are emphasised. Tt iz shown that
there are severe restrictions on the assistance that
University research should be expected to provide
for industry, and that the conditions under which
post-graduate research operates unduly influence
the best graduates away from a carcer in industry.

THE FERTILISER INDUSTRY

J. Rogers

Director. New Zealand Fertiliser Manufacturers’
Research Association, Auckland

AFTER Kempihorne Prosser and Co. built a super
phosphate plant at Dunedin early in the 1880
the industry’s growth was steady until between
1945 and 1966 when the annual use of fertiliser
rose from half a million to almest two million tons
{or from six to fifteen hundredweight per New
Zealander) at a total cost on the farms of about
sixty million dollars. Correspondingly, during the
same period the fo.b. value of pastoral exports
grew more than five-fold—from 136 to 738 million
dollars. Recently the Naticnal Deveiopment Con-
ference set a target for pastoral exports of 910
out of 1215 million dollars for 1972-.73 and 110C
out of 1583 million dollars for 1978-79. Although
there are Industries with greater percentage in-
creases, agriculture's contribution is more than 24
times the next biggest—manulacturing.

These figures show how gradually New Zea-
land’'s dependence on pastoral industry is likely to
change, and consequently the continuing growth
ahead of the fertiliser industry. In the five-year
period 1962-67 our six fertiliser companies, all
New Zealand owned, spent 15 million dollars on
land. buildings and plant. Estimated expenditure
in 1967-72 is eleven million. Despite a serious
drop in fertiliser sales in 1967-68, the industry's
spending on research doubiled and currently it has
been trebled.

Geography is one of several important factors
bearing on the continuing dominance of super-
phosphate as the fertiliser for our major crop,
grass. In New Zealand the suiphur and phos-
phorus in superphosphate are the catalysts for the
annual fixation by clover-ryegrass pastures of nitro-
gen equivalent to five willion tons of ammonium

121

sulphate. This amount is a recent conservalive
estimate——it could be twice as much—and it could
cost 250 miliion dollars a year.

Three minerals—sulphur, phosphate rock and
potassium chloride—are the presently imported
chief raw materials. The discovery of six million
tons of sulphur near Lakc Taupo is the Iatest of a
series of recent developments affecting the fertiliser.
industry which embodies so much of the important
findings of agricultural research. The prospects of
future changes will be considered.

THE CHEMICAL FACETS OF ALUMINIUM
PRODUCTION

J. R. Hunt
Comalco

WitH the major costs involved for processing and
of power to break the strong bond between alu-
minium and oxygen to allow the production of the
raw metal, it must be expected that reduction in
costs will be unlikely; but the favourable pro-
perties of the metal and its alloys still allow a
world increase in usage of over 10 percent per
annum over the last ten years.

The electrochemical process of converting
bauxite, the ore of aluminium, into ingot alumin-
ium metal will be described,

BIOCHEMICAL INDUSTRIES

Professor R. L. Earle
Biotechnology Department, Massey University,
Palmerston North

IT is opportune, with the increasing necessity to
add to overseas earnings, to look carefully into the
possibilities of producing fine chemicals from bio-
logical sources in this country. New Zealand indus-
tries are in many cases very favourably situated
with large quantities of fresh, raw materials. The
most substantial source of raw malcrials is the meat
industry where at present the only enzyme pro-
duced in quantity is rennin. There are many other
cnzymes, some in high demand overseas, such as
pepsin, trypsin, gastrin; there are hormones; there
is cholic acid as a possible source of steroids. Also,
some of the major protein mixtures such as blood
might be fractionated to yicld commercial pro-
ducts. Planis are also possible sources of enzymes
and pharmaccuticals, for example proteolytic
enzymes from the chinese gooseberry and linoleic
acid from flax seeds. We might also lock towards
further extension of the fermentation industries in
this country, in the production again of enzymes
and of fine chemicals such as citric acid.
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LETTER TQ THE EDITOR . . .
EXPLOSION IN FREEZER UNIT

Dear Madam,

The hazards of storing inflammable cherni-
cals in domestic refrigerators do not seem to
be well known, although reports have been
published. A standard text{! recommends
that all electrical equipment be rernoved
from the storage box while an article on
Laboratory Safety(?) draws attention to the
spark hazards of thermostat controls in
domestic refrigerators, and the disastrous
explosions which have occurred. Whetstone(3
reports an explosion where the refrigerator
contained hydrogen peroxide, ether and a
catalysed ethylene oxide condensation. In this
case it was presumed that the condensation
mixture hecated spontaneously and produced
an explosive ethylene oxide-air mixture which
was ignited by live electric contacts within the
cold compartment,

A recent explosion in the laboratory of a
local hospital provides yet another reminder
of these hazards. About 4 a.m. of 18 April
a powerful explosion occurred in a 10 cubic
{foot upright home freezer unit, bulging out
all faces of the unit (see photograph) and
hurling the door across a corridor and
through the wooden door of the room oppo-
site, Fortunately nonc of the staff was in-
volved but considerable secondary damage
was caused by the dislodgement of chemicals
and glassware from shelves in the vicinity.

The unit was about two-thirds full of
pathological specimen bottles and jars, very
few of which were actually broken by the
explosion, and also contained some dead
rats. The rats had been anaesthetized, killed
and were being stored in the freezer pending
collection for incineration; the method of
anacsthetizing was by pouring a few milli-
litres of ether on a cotton wool pad in a jar.
The dead rats, some with their cotton wool
pads, had been wrapped in polythene and
then in brown paper.

It is thought that, during the night, resi-
dual ether in the rats and their wrappings
evaporated until the ether concentration in

e - ] L. A

the limited volume of free air reached an
explosive level. Calculation indicates that
only about 5 grams of cther would be suf-
ficient to reach this explosive level and it
was considered that between 2 and 3 milk-
litres of ether were used for the anaesthesia
of cach rat. This explosive mixture was ap-
parently ignited by the thermostat switsh
inside the control knob on the inside wall of
the unit. The control knob was found loose
in the unit and the live make-and-break con-
tacts on a similar unit were found to produce
sparks in normal operation.

It is felt that the danger of such an ex-
plosion in what is probably regarded in most
laboratories as a perfectly safe piece of
domestic equipment should be emphasised
and where there is an unavoidable risk of
explosive vapours in an enclosed space such
as a refrigerator or oven, particular care
should be taken to ensure that thermostat
contacts are located outside any possible
danger area. Yours faithfully,

. BrapwrLL,
Chemistry Division, D.S.I.R., Auckland,
References
(1) Manufaciuring Chemists Association, 1954:
“Guide for Safety in the Chemical Labora-
tory” {Van Nostrand, New York) p. 21.

(2) Anon., J. Chem. Education #¢, A321-2 (1967).
{3) J. Wheistone, Chem. and Ind., 71960, 686.
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RETIREMENT OF MR. P. J. C. CLARKE, F.N.Z.1.C.

Deputy-Director and Dominion Analyst, Chemistry Division, D.S.LR.

In April 1969 the Dominion Analyst, M.
P. J. C. Clark, retired from the Chemistry
Division of D.S.1.R. after 43 years of service
in the laboratory. He joined the staff of
Chemistry Division {then Dominion Labora-
tory) on 15 January 1926. This was at a
time when few of the laboratories existing
today had been founded,

When Mr. Clark began work as a chemist,
the Chemical Research Laboratory at Ted-
dington was only a year old, and Battelle
Memorial Institute had been established
only two years earlier, CSTRO in Australia
had not then been established; it started in
1926, the same year as the New Zealand
Department of Scientific & Industrial Re-
search.

Laboratories like the United Kingdom
Road Research Laboratory and the Forest
Products Research Laboratory still lay in the
future. Even some of thé laboratorics that
we now think of as household words lay so
far mm the future that their existence could
hardly have ben predicted; laboratories such
as Euratom, Harwell, Brookhaven, Armour
Research Foundation and the Central Re-
search Laboratories of AEI

Mr. Clark entered a laboratory that
already had a proud tradition of accuracy in
analysis and virtuosity in research. Only two
years before he was appointed, the laboratory
had examined the corrosion of brass sheath-
ing of piles in the Hutt estuary, correctly
identifying the cause as concentration cell
corrosion caused by differential salinity, as
the waters of the Hutt river passed over the
top of the salt water in the harbour. Mr.
Clark carried on both of these traditions.

When he joined Chemistry Division it
had a staff of twenty-one. Over the 43 years
the stafl' has increased up to ten times this
figure. When Mr. Clark began work he
received a salary of $160 a year, and during

his service this has increased more than
fortyfold!

Early in his career he recognised the chemi-
cal problems that lay in insecticides, he saw
the problems that were going to arise, and
he worked to see that formulations were
developed that would have a maximum
toxicity to pests and a minimum toxicity to
humans, He realised that overseas agricul-
tural research could not be simply transiated
to New Zealand conditions, owing to dif-
ferences in agricultural practices and climalte.
He built up collaboration between Chemistry
Division and the agricultural and biological
divisions of DSIR, and the Department of
Agriculture.

Mr, Clark established a sound reputation
as a scientist in his chosen field of work, and
he collaborated with others. Many of his
published papers have been co-authored with
someone from another laboratory. His first
scientific publication was in 1933, on the
particle size of lead arsenate sprays. This
paper demonstrates his skill as a laboratory
worker and shows a painstaking attention to
detail to get the curve from which the par-
ticle size distribution could be calculated, |

The other great enthusiasm of Mr. Clark
has been forensic science. The New Zealand
police have made an ever-increasing use of
science in their work, and to a great degree
this has been the result of contact with men
like Mr. Clark, who demonstrated their
ability to evaluate the significance of evi-
dence, to explain their findings to the police,
and to defend the findings under cross-
examination in court.

Mr., Clark has given lectures at police
training schools and to senior police officers
to ensure that the force has an understanding
of what science can do, and to build up a
close liaison between the Police Force and
DSIR.
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One forensic issue in which Mr, Clark has
been deeply involved is the drinking-driver
problem. He played a significant part in
providing the technical advice on which the
present legislation is based.

His great strength as a forensic investigator
is that he has never aligned himsell with the
palice, nor considered that he should produce
scientific evidence to support an ofhaal
theory; he has ahwvays seen his job to be the
scientific evaluation of evidence, no matter
what conclusion it led to. This has been the

administrative strength of maintaining a
forensic laboratory independent of the police
force.

In addition to his cheinical interests Mr.
Clark has had an extensive career outside
of the laboratory, both as a local preacher
for his church and as a local councillor, He
was a key figure in the battle which Tawa
waged to avold amalgamation with the sur-
rounding local bodics.

Tan K. WarLker, D.Sc. (N.Z)),
Director, Chemistry Division, DSIR,

BRANCH NOTES

WELLINGTON

Chemistry Division

Dr. A. ], Ellis was recently elected to the
Fellowship of the Royal Socicty of New Zea-
land by its Annual General Meeting of
Fellows.

The laboratory enjoyed a visit from Pro-
fessor R. L. Scott, University of California,
on 11 June. Professor Scott, at present on
sabbatical leave at the Umversity of Otago,
delivered a lecture on recent work in the
field of the heats of mixing of binary non-
clectrolyte solutions.

New equipment includes a Toshiba X-ray
Generator which Dr, P. P. Williams has
already put to use on single-crystal work,
and a Northern Precision Flash Photolysis
unit which is under the charge of Dr. G. J.
Leary.

Mr. R. Norris, an M.Sc. graduate of Auck-
land University, has joined the Toxicology
Section.

Institute of Nuclear Sctences

Professor A, Longinelli {from the University
of Pisa joined the Institute as a visiting scien-
tist in January. His chief interest is in Ise-
topic Geotogy and he will attend a symposiuin
on this subject in America on his way back
to Italy in July.

Dr. G. B, Taylor returned to the staffl of
the Institute in June after four years’ study
overseas, His thesis for the degree of Dr. Rer.

Nat. at Heidelburg University dealt with iso-
topic studies of water in the troposphere.
Soil Bureau _

Mrs. M. R. Kampjes (née Thomson) is
now doing a Ph.D. in the Applied Biochem-
istry Department at Nottingham University.
Victoria University

Dr. J. T. Craig will spend the period from
August 1969 to Apnl 1970 on sabbatical leave
at the University of Melbourne, working with
Dr. Q. N, Porter" on the chemistry of some
polynuclear heterocyclic compounds,

OVERSEAS

The President of the Institute of Paper
Chemistry at Appleton, Wisconsin, announced
in May 1969 that Dr. G. A. Nicholls had
been promoted to Senior Research Associate,
the Institute’s highest rank, and would now
hold a Professorship as a member of the
Institute’s faculty.

Professor R. 1. Topsom, Dean of the
School of Physical Sciences, La Trobe Uni-
versity, Melbourne, leaves in August on a
year’s sabbatical leave which he will spend
at the University of California, Irvine, Vic-
toria University, British Columbia, Cornell,
Harvard and Connecticut. He will then spend
several months at the University of East
Anglia, Norwich, to have discussions on fur-
ther developments of a programme of re-
search work being jointly conducted with
Professor A. R. Katritsky. Cel
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‘Pronalys™ analytical reagenis.
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UNIVERSITY OF OTAGO  DUNEDIN, NEW ZEALAND
LECTURER IN APPLIED CHEMISTRY

Applications are invited for a lecturer in Applied Chemistry. Experience in
industry and/or in chemical engineering is desirable.
Salory Scales: Under review, For 1969, the rates are as follows:
Lecturer: $3,100 x $200 — $4.700 x $100 — $4.800 per annum.
Senior Lecturer: $4,700 x $200 — $5,500 per annum; thereafter o range of
salaries up to $6,600 per annum.
Further particulars are available from the undersigned. Applications close on
30 September, 1969.

J. W, HAYWARD, Registrar.

UNIVERSITY OF OTAGO DUNEDIN, NEW ZEALAND

TECHNICAL CONSULTANT
DEPARTMENT OF MINERAL TECHNGOLOGY

Applications are invited for the position of Technical Censultant in the Depart-
ment of Mineral Technology, within the Faculty of Science.

Applicants should be qualified in the field of analytical inorganic chemistry,
including X-ray and aftomic absorption techniques and have a knowledge of
minerals. An appreciation of the methods of mineral processing would be an
advantage.  The commencing salary will be in the range $4,000 to $5,000
per annum inaccordance with qualifications and experience.

Further particulars are availoble from the undersigned. Applications close on
30 September, 1969. J. W. HAYWARD, Registrar.

SCIENTIST

CHEMISTRY DIVISION, D.S.LR., LOWER HUTT

Salary up to $5430 according to qualifications and experience. Further advance-
ment on scientific merit. Appointee will undertake research into the chemistry
of wines and fruit juices, and assist with the general work of the Food and
Drugs Section.

Applications close on Monday, August 25, with the Secretary, State Services
Commission, Box 8004, Wellington. Applicants should preferably use Form
PS17A obtainable from Post Offices and should enclose copies only of testi-
monials and quote vacancy number 2951. Assistance fowards expenses will
be given to a married man required to move his household.




SHELL OIL NEW ZEALAND LIMITED

Staff appointments

At the end of this year Shell will be offering employment to men

(or women) with degrees in Chemistry, Civil or Mechanical Engineering,
Agricultural Science and Commerce. There may be also a few opporlunities
for graduates in other subjects, e.g. Economics, Law or Arts.

POSITIONS AVAILABLE

Most of the graduates will initially be stationed in Wellington,

Each man is appointed as soon as possible to a position best suiled to his
gqualifications, talents and interests and he is asked to follow a planned
programme 10 enable him to use all his knowledge and ability at an early
opportunity. The work is accepted as qualilying for corporate membership
of professional tnstitutions or Societies.

Chemists will begin in the Central Laboratory on product development
and tesling, technical service, and the supervision of quality control,
and may also be employed in chemicals marketing.

Engineers are responsible for design,development, construction and
maintenance of oil storage facilities, processing plants, buildings,
pipelines and road tankers.

Agricultural Science graduates are appointed o the Shell farm
trade organisation, acting as specialist advisers on the marketing, develcpment
and application of chemicals for agricultural purposes.

Commerce graduates are employed primarily in finance, where the
responsibilities include quarterly accounts, treasury, taxation, credit,
investment, audit, payroll, costing, budgets and management accounting.

Data Processing with a Systems 360 60 IBM computer also offers a
lield for graduates with the necessary aptitudes for systems analysis,
pragramming, operational research, etc.

ADVANCEMENT
As weli as specialising initially in work for which he is qualified the
graduate will be trained to take a comprehensive view of Shell activities generally.

The Shell group of companies, which is international in character,

scope and shareholding, is engaged in New Zealand and throughout the world
in two industries, petroleum and chemicals. Both are growing in volume and
complexity and show ample prospect of development in the future. .

Shell il New Zealand Limited is staffed by New Zealanders, of whoni

the most able may be eligible for promaotion to senior positions overseas,
With individual recognition, supervision and guidance each graduate is
encouraged to progress towards the most senior pasition he is capable of
filling. His own efforts towards self development may be aided in several
ways, including overseas training for the most promising men.

SALARIES

Young graduates have a special salary scale and it is Shell's policy

to affer salaries and conditions of emplayment (including retirement benelits)
at least comparable (0 those offered by other large firms.

VACATION EMPLOYMENT

A few vacation jobs will also be available in Wellington next summer

tor students now in their second to last year of a degree course in
Engineering, Commerce or Chemistry. No unusual obligations are imposed
but preference will be given to men seriously interested in the eventual
prospect of a Shell career.

ENQUIRIES

More detailed information is available in the booklet

“A Guide to graduate employment with Shell Qil New Zealand Limited",

Coples of this booklet are available from the University, or Shell Oil New Zealand Limited

Interviews can be arranged to suit any students who may be interested.

Enquirizs may be addressed to:
The Staff Manager, Shell Oil New Zealand Limited,
Shell House, The Terrace, PO Box 2091, Wellington, Telephone 45-0860.

or Shell House, Albért Street, PO Box 1084, Auckland, Telephone 78-800
or 5t. Elmo Courts, Hereford Street, PO Box 2095. Christchurch, Telephone 62-939,

549
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In every BDH laboratory chemical you'li find a very
special ingredient. It’s impossible to purchase, yet we
give it to you free. It's known as quality.

Itieadsto reliability. Look for it in the seven thousand-

odd BDH laboratory chemicals. They never fail.

B.D.H. NEW ZEALAND LIMITED,
P.O. Box 624, Palmerston North. ..
BDH Laboratory Chemicals available through:-
Nationa! Dairy Assaciation of N.Z., Auckland and Wellington.
Scientific & Laboratory Equipment N.Z. Ltd., Auckland.
Townson & Mercer (N.Z.) Ltd., Auckland, Christchurch and Weltingte-.

* Geo. Wilton & Co. Ltd., Auckland and Wellington,
Kempthorne Prosser & Co’s. N.Z. Drug Co. Ltd. Dunedin

o
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One Gontinuous Line...
... of Philips scientific recorders

Flatbed. .. Rack-Mounted, Single-Function . .. Multi-Functien, Single Line ... Multi-Point

Scientific recording may involve
tiny fluctuations or wide variations
.. . observation of a single function
with known limits or many simul-
taneous measurements with widely
varying time-amplitude characteris-
tics . . . operation with a single type
of scientific instrument or with a
wide variety, including gas chroma-
tographs, mass spectrometers, photo-
spectrometers, X-ray spectrometers,
calorimeters, and many others.

No matter what your need may be,
when it comes to recorders for re-
cording physical and chemical
phenomena, Philips can meet it,
with this continuous, unbroken line
of instruments — the finest avail-
able.

Concentration on purely scientific

applications has resulted in a range
of recorders that is not only tailored
to the job, but low in price as well.
Philips have incorporated only
those features you can use!

Here is the Philips scientific re-

corder line . ., a continucus line ., .’

a fine line . . . the newest genera-
tion from a long line of quality
instruments developed and manu-
factured through many vears of
research, experience and service.
The PM 8000 A single purpose flat-
bed recorder offering a unique
combination of accuracy opera-
tional convenience and low cost
The PM 8100 A universal multi-
purpose low price flatbed recorder
with unbeatable accuracy and ease
of operation.

PHILIPS

The PR 2500 A multi-function
model with accuracy meeting the
most stringent demands. -

The PR 2510 A single-function in-
strument designed to fill an impor-
tant gap in scientific recording,
where control or alarm are not
needed, and the PR 3500 a multi-
function, multi-point  instrument
offering up to 24 channels, and
especially suited to data logging
applications.

Take today the step to madern
recording. Write for our descriptive
leaflet.

Head Office: P.O. Box 2097, Wellington
Branches: P.C'. Box 5124, Auckland

[PHILPS P.O. Box 1488, Christ¢hurch

Professional and Industrial Division



WILD M20 MICROSCOPE

with dvual illumination source Swiss Quality and Precision:

for bright field, dark field, phase SPECTRAL-COLORIMETERS

cantrast and fluorescence micro- CONDUCTOMETERS, RECORDERS

scope. MAGNETIC STIRRERS PISTON BURETTES

F &M SERIES 700

LABORATORY GAS CHROMATOGRAPHS

A fow cost modular instru-
ment with high perform-
ance characteristics and a
full line of interchangeable
detectors.

FOR ALL YOUR SCIENTIFIC INSTRUMENT REQUIREMENTS

DENTAL & MEDICAL SUPPLY CO. LTD.

Auvckland Wellington Christchurch Dunedin



— and other applications

Fo r D I ssn lv I N G L] Please writé for further information
. to . ..
A. GALLENKAMP & CO. LTD.
DISPERSING-EXTRAGTING
® Accepts up to six 500 ml flasks.

Cur appainted distributors are . . .
GEG. W. WILTON & CO. LTD.

Box 9071, Newmarket, Auckland
Box 367, Wellington.

P.Q. Box 290, Technice House,
Christopher Street, Londen, E.C.2.
® Controlled speed range up to 800 oscillations per minute.
® Integrol fimer, range O to 20 minutes, with position for
prolanged shaking.

Only £40.10.0d  (Prices £ Sterling Ex Works, tondon)

MANUFACTURED BY

Cia“enkamlt

FLASK SHAKER




Balance errors can be awsided todoy,
Metiler guarantees the reproaducibility of the
measurement results and the aceuracy
the weight indication on its bolances. In the
ulira micro range up to -+ 210,000,000

Until Mettler constructed the Frst s ?c;-

n substitution balance in 1946, peaple

od to nccept for had been accepting) the
inherent errors of the two-pan bolance for
6,000 yeors, Even the first Mettler bolance
had on accuracy of 31710000 g.

Then the Mettler research department
{120 men) bantled cgainst thesa errors which
oceur when weighing in the ronge of
hundred thousandths and miltianths of o

gram,
In order to efiminate these insidiously tiny

o

errors, o few dazen inventions were neces-
sary. For example: we found o way o
uce scales on which the scole divisians

ave on accuracy of posifion in frodtions of
VK00 mm. We invented the ring weights
which are supported completely symmetri-
colly end da not oscilate.
We developed an efectrochemical
treatment for the surfoces of the weights
50 that dust parficles connot settle on them.
To our way of thinking, a Few particles
of dust weighing ane millionth of o gram
would be intolerable.

The Metiler resecrchers have also elimi-
nated subjedtive weighing errors. The
Mettler level-matic compensates automati-
cally slight changes in bolance level. The

* and volumetric measurement,

rapid ond fine foring simplifies operation.
The compadt digital indicator makes
reading errors almost impessible, For those
who are scared of reading errors, the
printer; which prints out the result to five
dedmal ploces is ovailable. Or they can
combine u Mettler with a recording deviee
or computer.

For a while, our researchers were some-
what disturbed because they had mastered
ermors in determining weight.

However, they are very safisfied agoin
todoy because they hove discovered many
sources of errer in the methods of thermal

Almost os mary as there were in 1946
with the old two-pan balarce.

@

WATSON VICTOR LTD.

Head Office: 4 Adelaide Raad, Wellington.
Branches: Auckland, Christchurch and Dunedin,

SOLE AGENT

David F. Janes Ltd.

12.6006.72 -

Mettler Instrumente AG
-8606 GreHensee-Zirich, Switzerland
Jel. 051 87431
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