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EDITORIAL

That the Institute has u responsibility to help maintain the
future supply of scientists for this country is now well recog-
nized and most Branches are actively engaged in various schemes
aimed at interesting post-primary pupils in chemistry as a career.
These activities are necessarily on a fairly limited scale and, as
pointed ont in a recent letter to the Journel, this results in our
efforts frequently being directed too late in school careers—
potential scientists have already been wrongly advised in third
"and fourth forms and either actively directed or allowed to drift
into the easier School Certificate and University Entrance options
which leave them quite unfitted for scieatific careers. The net
result of considerable Institute effort could well be that we suc-
“ceed merely in poaching a few pupils from other scientific pro-
fessions—the satisfying of the needs of chemistry at the expense
of biological sciences, medicine, engineering, etc.

The need would seem to be for u more vigorous and con-
certed attack, and Australia, with its usual realistic attitude to
science and technology, has made a really positive approach to
the problem with the setting up of a Science and Technology
-Careers Bureau. This Bureau is sponsored by a group of scien-
-tific societies, including the Royal Australian Chemical Institute,
for the purpose of increasing the flow of young people of suit-
able quality into all branches of the scientific and technological
professions and of encouraging industry, both public and private,
to use to the best advantage the scientists and technologists
presently available.

The first annual report of this Bureau records considerable
activity and indicates how problems identical with those facing
this country can be tackled through the co-ordinated efforts of
the scientific societies, industry and other interested bodies.

141
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In the first place, the serious consequences of a continued
snortage of scientists and technologists has been continually
stressed using the media of the radio, television, newspapers, and
talks to organizations concerned with community leadership. A
newsletter, Technical Manpower, is issned to industry three times
a year, Interest in careers in science and technology has been
stimulated by lectures to schools, films, visits to scientific labora-
tories and industrial works, general vocational information and
guidance and abhove all a very large number of personal inter-
views with pupils and their parents. The Bureau has also been
active in schemes to improve the general standard of mathe-
matics and science teaching by encouraging better students to
enter the teaching profession, by advoeating and assisting in the
provision of hetter facilities for teaching and by stimulating in-
terest in improved techniques for the teaching of science and
mathematics. The Burean is also active in other fields within
its wide terms of reference. It is keeping in contact with current
research into teaching methods, it is working in collaboration
with, and stimulating interest within, other organizations, it is
attempting to educate industry to avoid continued misuse of
scientific potential, and so on.

While much sound work has been accomplished, the year’s
activity has also served to highlight the magnitude of the prob-
lem. Crave concern is expressed, for example, at the loss of so
many intelligent youngsters to all technical careers through lack
of basic training in science and mathematics. It is pointed out,
too, that the inadequate use of half the brains of the country
through failure to utilize the potentialities of girls, and not just
of boys, Tor science is a handicap that cannot be overlooked in-
definitely.

All in all, the problems faced in Australia are just our own
and the approach of the Bureau seems the only logical one. We
have seen what can be done by the individual Branches of our
Institute and the success that even these modest endeavours have
achieved. At the same time we must admit the shortcomings of
these isolated efforts. Is not now, in the light of Australian ex-
perience, an opportunity for a scientific body such as our In-
stitute to take the initiative in sponsoring a similar organization
in this country? This seems a practical suggestion. If it is not
acceptable to our Institute and to other scientific bodies, then
what alternatives can be put forward to satisfy our responsibility
to the Futures of our respective sciences and technologies? If
ccientists do not themselves act, we may rest assured that no
one else will,
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“CHEMISTRY IN ACTION™”
(Based on a second series of lectures arranged by the Canterbury
Branch of the N.Z. Institute of Chemistry for sixth-form pupils
T ... from Christchurch post-primaery schools.)

THEORY AND EXPERIMENT IN CHEMISTRY

H. N. PARTON
Professor of Chemistry, University of Otago, Dunedin.

. In a book on the logic of scientific discovery sent to me
recently by a philosopher friend, one chapter begins “Science is
u system of theories”. About the time I read this remark, with
which 1 agree, I read another one in the Journal of Chemical
Education: “Chemistry is an experimental science; its teaching
deserves to be”. How can we have “an experimental system of
theories™|? 1 am going to try to explain why I do not think
these statements are contradictory; why, for examyple, the philo-
sopher would not say-that chemistry is not a science, though I,
as a chemist, am inclined to say that a lot of it is still an art, I
want to.illustrate the way in which theory and practice interact;
to show how dependent we are in the great chemical industries,
which are indeed the most characteristic industries of the
twentieth century, on well-established theories to guide our prac-
tice, and shorten the time and reduce the effort needed to make,
on a vast scale, what we want to make. As illustration I pro-
pose to take two processes, one probably well known to you, the
other not so long removed from the bonds of secrecy, which
should have no place in science.

The great German chemist Fritz Haber died in 1934. Three
years after in a memorial lecture to the Chemical Society, Pro-
fessor J. E. Coates said of the synthetic ammonia process which
bears Haber’s name, that “rarely if ever had a process been
brought in an academic laboratory to such an advanced stage
of technical development before being handed on to industry”.
This was justified in 1937 but I think the achievement was
matched and perhaps surpassed in my second illustration, the
extraction of the synthetic element plutonium in what is now
called the atomic energy industry.

Two of the important factors which must be considered
for an economic industrial process are the yield of the desired
product and the rate at which it is produced; that a high re-
action rate often requires a high temperature, but relatively low
temperatures may be unsed if a suitable catalyst is found: that
to get a good yield of ammonia the temperature must be kept
-down to, say, 500° C; that the vield is better at high pressure;
and that these last two factors illustrate the principle of Le
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Chatelier, which is in fact a theory and one which is not always
true.

The story of the process is both mare complex and more
interesting than that. Like most nineteenth century chemists
Haber had started as an organic chemist and then graduated to
clectrechemistry.  His researches on the ammonia equilibrium
were begun in 1904 as scientific adviser to the brothers Margulies
of Vienna. The idea on which they were working was that con-
tinuous synthesis of ammonia from a nitrogen-hydrogen mixture
in the presence of a metal, might result from the simultaneous
formation and reduction of a nitride by the mixed gases;
the metal would rzact with nitrogen to give the nitride, and the
hydrogen would reduce the nitride to produce ammonia and
ve-form the metal. The latter would thus be a catalyst. Haber
knew that whatever the mechanism of the reaction might be
the maximum yield must be governed by the equilibrium be-
tween nitragen, hydrogen and ammonia in the gas phase, and he
set out to study it. '

Gaseous equilibria had been discussed for many years on
the basis of the law of mass action. In particular Bodenstein
had shown that the law was obeyed by the decomposition of
hydrogen iodide.

JHI & H. + L.
[H.] [I.]
¢ = 2 = 18] %X 10 at 698.6° K.
K="TR1p 8
Concentration {Mole/ml X 10°)
I. 0.1707 0.125 0.0738
H. 0.2907 0.356 0.4565"
HI 1.648 1.559 1.354
K x 10¢ 1.803 1.807 1.812

However, relatively few gas reactions can be studied by
the direct experimental method—e.g., allowing H, I and HI to
come to equilibrium and analysing the equilibrium mixture, as
Bodenstein did. There are however other ways of obtaining the
equilibrium constant K, and moreover of finding it over a wide
range of temperature. All I can say about it in an article of
this kind is that theory showed quite clearly that the constant
K could be obtained for any reaction from the kind of measure-
ments we make in a calorimeter (that is, heat of reaction mea-
surements), if a particular problem could be solved. K for a
given reaction turns out fo be given by an equation involving
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the heat effect of the reaction, the specific heats of the substances

taking part in the reaction, the temperature and a constant
called an integration constant. The problem was the value of
the constant. Walter Nernst postulated that the constant should
be zero—his so-called Heat Theorem. This is where theory and
experiment met, the latter as a test of the former. From heat
measurements and the application of his theory, Nernst was able
to calculate the equilibrium constant of the ammonia equili-
brium. But the value at 1,000° C did not agree with Haber’s
measurements at that temperature.

The experimental situation was as follows, About 1884
Ramsay and Young, working with an iron catalyst at 800° C,
found that ammeonia did not decompose completely; that is, there
is an equilibrium set up. But they could detect no trace of
ammonia from the H., + N. reaction, Haber first worked at
1,000° C and one atmosphere pressure, and unlike Ramsay and
Young obtained equilibrium from both directions. But the am-
monia concentration was low and hard to reproduce. In fact his
values ranged from 0.005% to 0.012% ammonia, and he believed
the higher value was correct. Now Nernst’s theory gave 0.0045%
s0 he repeated Haber’s work, using a pressure of 50 atmospheres
to increase the ammonia yield and hence the accuracy of the
experiment. Nernst was the first to synthesize ammonia under
pressure. His result was 0.0032% when corrected to one atmo-
sphere, a value in reasonable agreement with the theory allow-
ing for the experimental difficultiecs. Haber and Le Rossignol,
still working at one atmosphere, then redetermined the equili-

. brium, with refinements in the experimental method, and ob-

tained 0.0048%.

% NH, in equilibrium with N, and H, at 1,000° C.
Haber and Le Rossignol  0.0048%

Theory 0.0045%
Nernst (1907) 0.0032%
Haber (1905) 0.0120%

Nernst refused to accept Haber’s new figures as accurate
because of the low ammonia concentrations at one atmosphere
pressure. Haber was very hurt.  'With Le Rossignol, a specialist
in high pressure technique, he hegan a new determination at
30 atmospheres, and in 1908 they fully confirmed their earlier
value, producing, in fact, a whole range of values from 700° C
up to 1,000°C. The equation which summed up the results
showed that yields large enough to encourage the idea of in-
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duistiial - development, which, had' been virtually given up in
1906, eould be expected only under conditions regarded as un-
attainable—e.g., 8% ammonia at 600°C and 200 atmospheres,
the upper limit for compressors at that time. But the best cata-
lysts, manganese, nickel and iron, were slow even at 700° C.
With Le Rossignol's experimental skill, and the discovery of
better catalysts—first osmium and then uranium—the yield of
ammonia was so great at 530° C and 150 to 200 atmospheres
that the gas could be liquified in a closed system consisting of
the reactor, condenser and a circulating pump. When heat inter-
changers were fitted the apparatus became a small technical
plant producing a few hundred millilitres of liquid ammonia per
hour. In essentials the problem was solved. Haber’s equation
for the equilibrium constant K, as finally published in 1914, took
the form

9591 498 0.0046
loguK = ;=7 — Tog5 °5T — 51 T
085 x 10 __

2B T+ 10

From this we can find K and hence the percentage of ammonia
in the equilibrium mixture at any value of T from about room
temperature to 1,000° C.

The remainder of the story belongs to the great chemical
firm Badische Anilin and Soda Fabrik. They were interested in
nitrogen fixation and had launched the Schonherr arc process
{N, + O, = 2NO) in Norway. They were sceptical of the syn-
thetic ammonia process. Another distinguished German chemist
Wilhelm Ostwald had claimed a good yield of ammonia with
an iron catalyst but the company’s chemists had shown-that it
came from nitride in the iron. - However, in July, 1909, their
engineer Carl Bosch and a chemist Mittasch came to Haber's
laboratory at Karlsruhe to see the process. Things went wrong
(as they did with Moissan when he first demonstrated fuorine)
and late in the day only Mittasch was there to see the ammonia
flow. He and Bosch began the task, involving new and for-
midable problems; of designing a large-scale plant, and three
years later it was in regular operation. The credit belongs to
Bosch. Haber won a Nobel Prize in 1919. In 1931 Bosch shared
one with Bergius, and Haber wrote, with the generosity -of a
gréat mind, “it is not sufficiently recognized how little had really’
béen done in_the Karlsruhe synthetic ammonia process towards
thie foundation. of a’ world: industry.” -+ .. o Ut et
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‘Ihe rest of [aber’s life work has an epic quality. His work
for the German government i 1914 un the production of nitric
acid for explosives by the Ostwald process involving the oxida-
tion of ammonia; his role in chemical warfare with the rank only
of captain, though for two years he controlled the entire chemi-
cal warfare organization, offensive and defensive, with respon-
sibility for research, design, supply and the selection and train-
ing of personnel; his attempt from 1920 to 1926 to pay Germany’s
reparations bill, equivalent to 50,000 tons of gold, by extracting
gold from the sea, an investigation which showed, tragically for
Haber, that the gold content of sea water is only one thousandth
of that claimed by previous investigators; and finally his exile
from Hitler’s Germany, which perhaps might never have come
into its evil existence if there had been more gold in the sea.

Haber was a great chemist and the story of the ammonia
synthesis reveals him as contributing to two aspects of the
science. On the one hand his experimental results contributed
to the testing of Nernst’s theoretical work, which has had far
reaching effects in the science of thermodynamics, On the other
hand it led on to a great chemical industry on which the feed-
ing of increasing populations must lean more and more heavily.

My other example will be less familiar to you. In 1934 the
Italian physicist Enrico Fermi bombarded uranium with slow
neutrons and interpreted his results as showing that elements
heavier than uranium had been formed. But in January, 1939,
Otto Hahn and Strassmann discovered barium in the products
of the reaction between slow neutrons and uranium. They had
the advantage of being chemists, skilled in the analysis of small
amounts of radioactive materials. This was something quite
new. Uranium has 92 protons and 148 neutrons in its nucleus.
All previous experience indicated that when another neutron
entered, a small fragment of the uranium nucleus, say an electron,
should be emitted, and an element of about the same atomic
weight should be formed. Lise Meitner, in Stockholm as a re-
fugee from Hitler's Germany, had a revolutionary idea that the
uranium-neutron complex had split into two roughly equal frag-
ments. It is not my purpose to follow the story in detail; how
it was found that it was the isotope **3U which underwent the
fission process with the release of an enormous amount of energy,
which could be used to make a bomb; and how #*U was separ-
ated from 81, at enormous cost in effort, to make the Hiroshima
bomb, It is what happens to the atoms of ***U, which make up
99.3% of natural uranium, that I want to discuss.
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235(J absorbs neutrons but does not undergo fission. Instead
the reactions ure as follows:

2, + 'y = 20Ug = 3Npy, (+ e, + y rays).
— PPy, {(+ e F v rays).

An unstable element neptunium (No. 93) is formed, and will lose
another electron to give element No. 94, plutonium, Plutonium
is stable; it will undergo fission just as *°U (but not ***U) and
will be produced in larger amounts than **U because most
uranium  is U, Moreover, it is a chemically different
clement from uranium and there should be no difficulty in
separating it from uranium and purifying it.  This was in
fact achieved and the second fission bomb, dropped on
Nagasaki, was a plutonium bomb. An excellent popular work
on atomic energy states, “The details of chemical separation pro-
cesses make dull reading”, and goes on to discuss physical
methods of separating 25U, only one of which was worked on a
large scale, and that mainly because economic factors are re-
garded as unimportant in war time. It is this “dull” process 1
am going to outline. The intricacy of the problem arises from
the following factors. Because of the accumulation of fission
products, the conversion of *#U to ***Pu cannot be carried very
far before the plutonium must be removed. Then the fission
products (from the ***U present) are a large number of highly
unstable elements giving off electrons and gamma rays. Thick
eonerete walls have to be built between the workers and the vats,
and the process of taking the irradiated uraninm from the “atomic
pile”, dissolving, precipitating, washing and so on, has to be
done by automatic machinery with remote control. The plant
built at Hanford in the state of Washington, started in April,
1943, and operating six months later, was designed, and the
method of separating the plutonium was selected, at a time when
there was only half a milligram of the metal in existence. In
fact a small (1,000 kW) plant was built at Oak Bridge, Tennessee,
to develop “know how” for the production of plutonium at
Hunford. But time was so short that the first production and
separation plants at Hanford were far advanced before a single
plutonium atom had been made at Oak Ridge. This brilliant
achievement of chemical engineering, based on the work of
ultra-microchemists, should not be dull.

The plutonium factory is presented with rods of uranium,
encased in aluminium, and containing, after the radioactive ele-
ments of very short life among the fission products have decayed
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away, ruthenium, zirconium, niobium, some rare earths, and the
desired plutonium. Now it is true that plutonium is a different
element from wranivm, but they are both members of the
“actinide” series, which has some likeness to the “lanthanides”
ar rare earth series. The separation of the rare earths from each
other was for long a difficult and tedious operation because in
that part of the periodic table the variation in chemical pro-
perties with change in atomic number is not great. Would not
the sume situation exist among the actinide elements? The clue
is to be found in the fact that among these elements (as with
cthers) there are greater differences behween the properties of
the compounds of the sume element in different oxidation (val-
ence} states than there are among compounds of different ele-
ments in the same oxidation state. Chromium in chromous salts
{oxidation state +2) is like iron in ferrous salts, and not like
chromium in the chromates, in which it resembles sulphur, While
the rare earths {lanthanides) exist mainly in the oxidation state
+3 (LaCl, for example), the actinides show much greater varia-
tion in their oxidation states. An understanding of the methods
developed requires a short digression into the idea of “oxidation
potentials”. :

The displacement series of the metals is familiar, If
we tuke a particular pair — eg, zine and copper — we
“sez from the equation Zn + Cu*t = Zn*+ + Cu that this is an
oxidation-reduction reaction; the cupric ion oxidizes zinc to the
zine ion and is itself reduced to copper. Moreover, as J. F.
Daniell found 120 years ago, the system can be set up as a
galvanic cell. At the negative pole zinc passes into solution as
Int*—ie, oxidation occurs. At the positive pole the Cu**
ions are discharged as copper by combining with the electrons
which have flowed round in the external cireuit from the zinc—-
ie., reduction occurs, Now if we arrange matters so that no
current is drawn from the cell, and hence no reaction is occur-
ring, we can measure the potential difference between the elec-
trodes. The value is 1.100 volts—the so-called reversible e.m.f.
This sort of thing can be done with many combinations of “oxida-
tion-reduction couples” (Zn/Zn*+ and Cu/Cu?t are both oxi-
dation-reduction couples), not onty those in which the reductant
is a metal and the oxidant is an ion. With an electrode of an
inert metal, usnally platinum, the reductant can be a dissolved
gas (Ha), or an anion (CI7), or a cation in a lower oxidation state
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(Fezt), while the corresponding oxidants will be a cation (H*),
a dissolved gas (Cl.), and a cation in a higher oxidation state
(Fe*t) respectively. Instead of listing the em.f's of all the
galvanic cells which could be made up by joining all the possible
oxidation-reduction couples in pairs, they are listed in the
manner of the metal displacement series, taking the H,/H+¥
couple as zero. We thus get a table of “oxidation-reduction
potential”, some couples being positive to hydrogen, some nega-
tive. Following the convention which gives a negative sign to
the potential of the strongly reducing couples (Na/Nat,
Zn/Zn?t), and a positive sign to the strongly oxidizing couples,
MnQ,/Mnzt) a few values are given below.

Oxidant  Oxidation State Reductant  Qxidation State  E.

F, 0 F- -1 +2.65
MnO,~ +7 Mn?+ +2 +1.53
Pu(,2+ +8 Putt +4 +1.04
Putt +4 Pud+ +3 +0.97
U0t +6 U+t +4 +0.33
Ht +1 H- 0 0.00
U+t +4 Us+ +3 —0.61
ys+ +3 U 0 —1.80
Pudt +3 Pu 0 —2.03
Lad3+ +3 La 0 —2.52
Nat +1 Na 0 -2.71

The meaning of this table can be stated quite simply. The
oxidant of any couple will oxidize the reductant of any other
couple whose standard potential is less positive than its own—
e.g., fluorine will oxidize all the rest. The reductant of any
couple will reduce the oxidant of any other couple whose stand-
ard potential is more positive than its own. The table gives no
indication of how rapidly the reactions will occur, and indeed
some are very slow; but potentially they may occur. The
well-known strong oxidizing agents are at the top, fluorine and
the permanganate ion, for example. Strong reducers such as
sodium are at the bottom. A reductant such as Pu**, which
is part of a couple with a high positive value, is more difficult
to oxidize than U't and U*t. We note that it is relatively
easy to oxidize uranium to its oxidation state +6 (i.e., UO,**)
but much more difficult to oxidize plutonium to the same state
(PuQ,2t). Proper selection of oxidizing agents, on the basis of
the theory outlined, will thus allow us to get the two metals into
different oxidation states and then separate them.
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On the basis of this information, various “unit processes”
can be devised. During the war years the object was to get
plutonium to make a bomb. Today it is essential to recover
the uranium as well for economic production of nuclear power.
Some possible processes are as follows; if the irradiated
uranium has been dissolved in non-oxidizing agents, the metals
are in states Pu™ and U™. Tf hot HNQ; is used, they will be
Pul¥ and UVYT,

AB6. Oxidation to Pu"¥! and UVL
{a) 0.IM S.0¢*, 1M H*, 20°C, Ag* catalyst, 5 minutes.
{(b) 0.IM Cr.0:*, 1M H*, 90°C, Co#* catalyst, 10 minutes.
(c) NaBiO;, 5M H*, 20° C, 5 minutes.

A46. Transformation to Puf¥ and UYL
(a) > 8M HNO,, 90° C, 30 minutes.
(b} > 8M HCIO,, 90° C, 30 minutes,

A38. Reduction to Pull and U,

(a) SO, IM H+*, 20° C, 15 minutes.

(b) 0.05M N.H,, 2M H+, 20° C, Fe**catalyst, 20 minutes.
A34, Reduction to Pu'™ and U,

{a) Fe powder, 1M HCI, 20° C, 1 minute.

(b) Zn or Zn—Hg, pH 1, 20° C, 1 minute.

It is generally true that the fission products will keep their
normal oxidation states—e.g., +3 for the rare earths (lanthan-
ides), +4 for cerium and zirconium, +6 for molybdenum. But
this is not always so.

The next step is separation. The first processes used for
the recovery of plutonium were precipitation methods. Although
the concentration of plutonium may be too low to exceed the
solubility product of even very insoluble compounds, it can be
brought down by co-precipitation.  For example, lanthanum
fluoride is insoluble and will carry down with it plutonium in
the +3 or +4 oxidation states, but not in the +6 state
(PuQ.**). Many more such “carriers” are known. Secondly
solvent extraction may be used. Plutonium can be extracted
from an aqueous solution by one of a number of water-
immiscible organic liquids. Solvent extraction is applied mainly
to nitrate solutions since anions such as sulphate, phosphate or
fluoride form complexes with plutonium which do not extract
readily from the aqueous solution, Important solvents are
methyl isobutyl ketone (hexone) and tributyl phosphate (TBP).
The decisive advantage of solvent extraction over precipitation
is that uranium can be recovered and separated from the fission
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products as well. Thirdly plutonium is readily taken up from
dilute aqueous solutions by cation exchange resins. (These act
in the same way as the permutit water softener). The principal
use of the method is in the concentration of a desired ion from
very dilute solutions and the separation of the actinides from
each other and the rare earths (see later),

Some separation processes are as follows:
B6. Separation of actinides in oxidation state VI.

(a) 0.5 M HNO,, 2M Mg(NOy),, extract with ether.

{b) 0.1 M HNOQ,, 2M Ca(NO;)., extract with hexone.

{c} Precipitation from acetate buffer, U carrier.
B46. Joint separation of actinides in state IV and VI.

(a) 8M HNQ,, extract with ether.

{b) IM HNO,, 4M Ca(NQ,),, extract with hexone.

(c) 2M HNQ,, extract with TBP.
B4, Separation of actinides in state IV.

(a) pH 1.0 extraction with 2M acetylacetone in benzene.

~(b) Precipitation with 0.2M 104, 3M H*, Ce!¥ carrier.

B34. Joint separation of actinides in state I1I and IV,

(a) Precipitation with 1—3 M HF, IM H*, La™ carrier.

{b) Sorption on cation exchange resin; elution with com-

plexing agent.

In each separation process some of the fission products will
follow the actinides. Those accompanying the actinides in
oxidation states VI, IV and 1II are indicated below as FP*, FP+
and FP3, respectively.

The oxidation reduction processes A, and the subsequent
separation processes B, can be combined in many ways. Some
are indicated in the following diagram.

PurUtFPe B3 BE Pu?
A3 U~Fp*

PutU* FP* ) P
Fpr U*FP*

Al Pu?
Puryr PR B8 -
UI

In this diagram a single rectangle, with its preceding arrow,
indicates the oxidation-reduction A process by which the oxida-
tion states indicated are obtained. Two adjacent rectangles with
the preceding arrow indicate a separation process B by which
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the elements have been separated into two phases (e.g., aqueous
phase, solid precipitate; ion exchanger, organic solvent);, any
process indicated on the arrow can be used. Three rectangles
indicate separation into three phases by two separation pro-
cesses. Other combinations are, of course, possible.

Much of this information was first released generally at the
first International Conference on the Peaceful Uses of Atomic
Energy in 1955. It represented, however, a straight-forward ap-
plication of basic chemistry. The remarkable features are those
I have indicated; the way in which the essential chemistry of
plutonium was established when the amount available was about
a half-milligram; the separation of a small amount of plutonium
from a large amount of uranium and the great variety of elements
formed by fission, with their unprecedented radioactivity; the
purification of plutonium so that its original endowment of fission
products is reduced by a factor of 10° to 107; the designing and
building of an enormous factory to produce a product of which
so minute a quantity had been previously made.

I will end with a few points about the synthesis of elements
heavier than plutonium. At the Second International Confer-
ence on the Peaceful Uses of Atomic Energy, held in September,
1958, Glenn Seaborg of the University of California described
the preparation of element No. 101, Mendelevium, Einsteinium
(Element No. 99) was bombarded with a beam of helium ions
containing about 10" ions per second per square centimetre of
target. The einsteinium was prepared by irradiating plutonium
with neutrons and the target for the helium ions contained only
about 10° atoms of einsteinium. As the atomic weight of the
einsteinium isotope used is 233, the weight of the element on
the target is (10° X 233) + (B x 10%*) grams, ie., 4.2 X 10
grams—below the limit of visibility by many orders of magni-
tude,

Theory indicated that only about one atom of element 101
could be expected from each experiment. In fact three experi-
ments gave five atoms. The target was prepared by plating the
einsteinium on gold foil. The helium beam was sent through
the back of the foil so that the atoms of 101 should recoil, owing
to the momentum of the projectiles, and be caught on a second
gold foil. This was dissolved up and separation performed by
the ion exchange method. The latter will now be briefly
elaborated. It is, as Seaborg said, the key to the elements
above curium (No.96). The actinides above plutonium are
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reduction cycles are of limited use, as are most conventional
chemical separation methods. In addition, in many cases the
first isotopes of the heaviest elements to be made are very short-
lived and are obtained in very low yield. Highly specific ana
rapid methods are needed and ion exchange is far and away
the best.

The resin mainly used is Dowex 50. It is a network of
chains of benzene rings, linked with methylene (CH,) groups,
and carrying hydroxyl (OH) groups, and sulphonic acid
(SO,H) groups. The latter group is a strong acid and the
hvdrogen ions from its dissociation are free to diffuse through
the resin phase. There is from 30 to 30% of water in the
resin, which can be regarded as a “solution” of a high
molecular weight sulphonic acid in water. The H* ions on
the surface can exchange with cations from an aqueous solution
flowing through a bed of resin. The affinity of a cation for the
resin increasss with increasing valence. For cations of the same
valence the affinity increases as the radius of the hydrated ions
decreases. The higher the affinity of the cation for the resin, the
more difficult it is to elute it, that is, to wash it off. The forma-
tion of complex ions plays a large role in elution. For example,
the lanthanide (rare earth) cations form complexes readily with
citrate anions. The complexes are of variable strength so citrate
solutions give selective eluting agents.

In general the method is to adsorb the cations on the resin
and separate by the difference in eluting power of suitable
solutions for the different cations. For example the transcurium
elements (Nos, 97-101) can be adsorbed on Dowex 50 and eluted
by ammonium citrate or ammonium lactate solutions at 87° C.
The elements are removed from the resin in the reverse order of
their atomic numbers. The elements can be identified in the
eluting solution by the characteristics of their radioactivity, and
the results of the separation are plotted as radioactivity (pro-
portional to concentration) against the number of drops of
eluting solution which have passed out of the column, or against
the time of elution (at constant flow). The plots show peaks
characteristic of each element. On such plots there is a striking
similarity in the spacing of the elution peaks of the actinide
series—americium, curium, berkelium, californium—and the cor-
responding lanthanides—europium, gadolinium, terbium, dyspro-
SILI,

It is thus possible to predict the behaviour on an ion ex-
change column, or rather on elution from such a column, of a
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new actinide element. For example einsteinium (No. 99) and
fermium (No. 100) were first identified at Los Alamos in the pro-
ducts of the thermonuclear (H-bomb) explosion in 1952 in the
Pacific Oceanr. The products were dissolved and then adsorbed
on Dowex-50 and eluted, and it was the appearance of radio-
activity at the expected elution position which indicated the
form of einsteinium and fermium. The same method led to the
confirmation that mendelevium had been produced in the ex-
periments described above. The einsteinium on the second gold
foil {the catcher foil) contained a few atoms which appeared in
the elution position of element 101. Later experiments with
larger amounts of einsteinium in the target produced several
hundred atoms of 101, decomposing by spontaneous fission with
a half-life of 3.5 hours. Mendelevium behaves as would be ex-
pected for the twelfth member of the actinide series. Its chemi-
cal properties so far have been deduced entirely from its be-
haviour on the ion-exchange column und are in accord with pre-
dictions made on the basis of Seaborg’s theory, namely, that the
elements from actinium (No. 89) onwards form a series parallel
to the rare earths {Janthanides).

The search for elements above mendelevium is thus aided
by a substantia] foundation of theoretical and experimental
knowledge. No. 102 has been made, though the original claim
for it by an international team at the Nobel Institute in Sweden
seems unlikely to be sustained. No.103 should complete the
actinides. The theory is sufficiently established for a prediction
to be made that No. 104 will be an analogue of hafnium and
zirconium, and Street and Seaborg have even been able to pre-
dict how it should be eluted by 6 M HCI from Dowex-50 resin
in relation to hafnium and zirconium when it is synthesized, The
problem of producing these heavier elements bristles with diffi-
culties. Mendelevium was made from helium ions and the
minute amount of einsteinium produced by irradiating plutonium
in an atomic pile. The einsteinium was an isotope of mass 253
and half-life 20 days (that is, half of any number of atoms of it
disintegrate in 20 days). No. 102 has been made by bombarding
californium (No. 98) with ions of carbon (No. 6, with mass 12
units) accelerated in a “linear accelerator” (HILAC) at Berkeley.
The Russians may have made it from plutonium and oxygen ions.
It seems unlikely that fermium can be used as a target (as
einsteinium was for making mendelevium), as the half-lives of
the isotopes are in general getting shorter as the atomic number
increases, and even less of the heavier element can be made, so
far, than the 10° atoms of einsteinium used in the mendelevium



156 Journal of the New Zealend Institute of Chemistry

experiments, By the time Nos. 104 and 105 are reached it may
be that the longest lived isotopes that can be prepared will exist
barely long enough for chemical identification even by new pro-
perties such as the mode of elution from an ion exchange resin,
When plutonium was first made from uranium in the Berkeley
cyclotron the vield in two days was only 0.5 micrograms from
ahout a kilogram of uranium. Calculations show that it will
take about ten vears to make one milligram of californium from
a kilogram of plutonium using  neutron bombardment, No
wonder this kind of research is expensive,

Have 1 made my_point? Modern chemistry is not just
matter of “doing experiments”. Fruitful experiments are related
to a formidable hody of well-established theory. Well-equipped
chemists have to he masters of the theory, and of the mathe-
matical methods by which it is developed, and. skilled in experi-
mental techniques as well.  Mujor advances come more and
more from team work under the leadership of the ablest. It
chould be a matter of great pride to us in New Zealand that the
principal architect of the foundations of nuclear science was
Ernest Rutherford, who was born at Stoke und educated at
Nelson College and what is now the University of Canterbury.
We may not produce another Rutherford in this century. But
there is no task as important as that of finding and encouraging
the few like him upon whose creative work progress in science,
will alwuays depend.
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CHEMISTRY AND THE CROP

ELSA B. KIDSON

Soil Bureau, Seconded to the Cawthron Institute, Nelson.

How wany of us realize onr complete dependence on plants?
Without plant life, anima] life could not exist an this earth. Man
with all his cleverness has not found out how to trap, and use,
and store, the light energy from the sun, a process carried out by
all green plants, Plant material, synthesized with the help of
this light energy, supports the grazing animal and so directly or
indirectly supplies us with essential foods, Though there is often
some mutual benefit, man’s relation to the plant is essentially
that of a purasite—he destroys. Fortunately, he has learnt how
to farm the plant and unlike most other parasites can exercise
some measure of control of the plant-man balance, but he is still
liable to death by hunger as a result of too many men, and not
enough plants. For this reason the study of plant nutrition is
a very important one and likely to remain so.

It has been pointed out that plant growth represents the
world’s most exuberant and extensive chemical activity. Each
year some 200,000 million tons of carbon are removed from the
air as carbon dioxide and incorporated into the plant material
of the earth, fresh water, and ocean, through photosynthesis.
Land plants account for roughly 20,000 million tons of this total,
Photosynthesis in plants is also the muin factor in preventing
civilized man from being poisoned by his own activities, reduc-
ing the abnormally high carbon dioxide of the air over cities
and even over the main steamship routes of the world.

The photosynthetic process is essentially as given in the
following equations:

. Light 2 acceptor
(1) 2H,0 + ;1;](“;;?522]— —————> molecules each + O.
green plant  containing 2H
2 acceptor
(2) molecules each + coz—_——JCH‘{Q)“ H.O +° ‘Kl'cel)lt or
containing 2H green plant Sugars mosecties

In the first reaction light energy is used to split the water
into oxygen and hydrogen, the latter being held by acceptors;
that is, by certain compounds svhich can exist in a reduced or
oxidized form by the addition or removal of hydrogen. In the
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second reaction these hydrogen atoms are given up and used in
the reduction of carbon dioxide to form sugars. This second
process is not as simple as it looks and takes place in a number
of steps. From the sugars are built up many compounds needed
for growth and reproduction. Sugars and sugar derivatives also
provide a source of energy for the plant. The energy is liberated
by respiration, an oxidation process fundamentally the same as
the burning of coal, where oxygen of the air is used up and
carbon dioxide liberated.

Cqugon + 6 02“'“"_'_—)6 CO_- + 6 I'I?_O + energy
(Glucose)

Some of the released energy takes the form of heat, but
much of it is stored in certain energy-rich’ compounds which will
liberate it easily as required, for building up of cell constituents,
for the uptake and accumulation of salts, and for the mechanical
work of growth.

Such is a very simplified account of organic transformations
in the plant, i.e., reactions of carbon-containing compounds.
Actually the processes are extremely numerous and complicated
and not yet fully understood. A great deal of progress has
been made in recent vears owing to the development of two
new and very important chemical techniques — chromato-
graphy, and the use of radioactive and other isotope tracer ele-
ments. By the first technique, which relies on the fact that dif-
ferent compounds in a selvent may move at different rates on
an absorbent material like filter paper, separation and identifica-
tion of small quantities of organic materials have become much
easier. By the second, the reactions of certain elements can be
followed by supplying a small proportion of the element as an
identifiable isotope—e.g., the pathway of carbon synthesis can
be determined by adding a little radiocative C*0. to the
normal carbon dioxide supply. )

But a great deal remains to be discovered. When man’s
dependence on plants is realized, and the fact that agriculture,
depending fundamentally on the plant, is still much the greatest
industry on this earth, the importance of plant science becomes
obvious. It is of more fundamental importance to man at present
than the harnessing of atomic energy. '

Plants do not necessarily grow and produce to their full
capacity even in their natural surroundings. In addition to the
struggle against parasitic diseases, they may not have the most
favourable nutritional or environmental conditions. For instance,
the weeds growing on clay banks or on the roadside may be
small and stunted, but they may flourish in the rich soil of the
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home vegetable garden. Wheat may produce 90 bushels per acre
in some of the most fertile parts of the Canterbury plains and as
little as 10 to 20 bushels in other parts. Apples will grow reason-
ably well in the unmanured soils of Hawke’s Bay but will hardly
grow at all in the unmanured soil of Nelson’s main apple-growing
area,

- If we are to make farming more efficient and to increase the
world’s food supply, it is of great importance to study the crop
plants and understand their life processes and requirements.
Many scientists are so engaged—Dbotanists, plant physiclogists,
plant biochemists, crop experimentalists, and so on. Some are
studying the. fundamental processes in the plant; others study
the behaviour of the crop in the field. All these plant scientists
need to have some chemical knowledge, and certain branches
of the work, for example biochémistry (the chemistry of the plant
processes), require a high standard of chemical training.

I propose now to take a brief look at some of these plant
sciences, particularly the study of plant environment and the
science of mineral nutrition, which is a part of biochemistry.

What are the raw materials a plant needs for growth, and
where do they come from? The air supplies the carbon dioxide
for the photosynthetic building up of sugars and sugar deriva-
tives, and also supplies oxygen needed for respiration. The soil
supplies water which forms a large proportion of the total weight
of the plant. It takes part in photosynthesis and it functions
as a transport system for raw materials and elaborated com-
pounds. From the soil the plant also gets the mineral elements
it requires. By minerals the botanist or plant physiologist means
a variety of chemical elements, other than carbon and oxygen,
which take part in the plant processes, or form part of the plant
structure,

In addition there must be a suitable environment—i.e., con-
ditions of light, temperature and humidity. Plants vary con-
siderably in the type of environment which suits them best. For
instance, some plants grow better in dull light than bright light;
some will flower only if they have long days, and others if they
have short days. Fruiting can be stopped by wrong conditions
of light and temperature. Plants have their own particular tem-
perature range outside which they grow abnormally or not at all.
For example, apples and pears cannot be grown in the tropics;
bananas will grow in Nelson but will not fruit; tomatoes will
flower but will not ripen fruit outdoors in some southern parts
of New Zealand. But they will ripen fruit in the artificially
raisec. temperature of a glasshouse. Iceland with its cold climate
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is a land of glasshouses in which temperate crops are grown in
an atmosphere warmed by the water of the thermal springs.
Not only day temperatures but also night temperatures have a
big effect an plant behaviour.

In recent years there have been developed in many coun-
tries methods for studying the effect of environment on plant
growth. The plants are grown' in glasshouses or rooms or
cabinets with methads of controllmg light, temperature and
humidity. In glasshouses the control is not very easy owing to
the influence of weather conditions outside, but in growing
rooms or growth chambers, which can be shut off from outside
weather, the plants can be subjected to quite a range of care-
fully controlled environments. By the use of these controlled
glasshouses and growth rooms it is possible to study the be-
haviour of plants in all sorts of climates—hot, temperate or cold,
rainy or desert. All sorts of artificial conditions can be tested,
such as the effect of the same day and night temperatures or
the effect of contintous light. These may lead to an under-
standing of fundamental plant processes.

So far it has not been possible to provide artificial light as
bright as sunlight which is of the order of 5,000 to 10,000 foot
candles; but intensities as high as 2,000 foot candles are possible
and this is enough for good growth of most plants, Qutdoors on
a rainy day the light is usually as low as 200 to 500 foot candles.

The problem has been not only to find strong enough
artificial light but light of suitable wave-length as many plants
respond differently to different colours. Tomatoes under red
light alone grow thin and spindly and a ittle blue light as well is
needed to counteract this effect. With blue light alone the
tomatoes are stunted, Many growth rooms use fluorescent
lights; some use mercury vapour lamps with perhaps tungsten
filament lamps as well to boost up the red end of the spectrum.
Between the lights and the plants there may be an insulating
glass screen with moving air or running water to remove the
excess heat.

The required temperature and humidity are usually main-
tained by controlling the temperature and humidity of the air
drawn through the rooms.

It is possible to grow quite normal-looking plants in these
growth rooms or cabinets and to make cereals seed and tomatoes
ripen fruit. It is strange to see plants growing and thriving
under a ceiling of artificial lights as is the case at the Crop
Research Division at meo]n for example, where there is a
walk-in growth room.
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Fig. 1: Water-culture experiment with tomatoes. Planls in polythene

buckets supplied with a solution comtaining essential chemical elements.

Air is bubbled through the solution Lo provide the oxygen required for root

respiration without wiich nieither water nor minerals can he taken into the
plant,
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The operation of growth rooms and controlled glasshouses
requires a great deal of electrical apparatus and so is a costly
business. A large set-up of this kind is often called a phytotron.
Ore of the most famous is at the Earheart Laboratories in Cali-
fornia. The general servicing of this phytotron requires a regu-
lar staff of seven and at times, plumbers, electricians, and re-
frigeration and air-conditioning specialists. Tt accommodates re-
search workers from all over the world as well as catering for
students. We hope that New Zealand may have one soon.

You may wonder why the phytotron has been included in
a discussion on chemistry and the crop. It may seem to be
mostly the concern of physicists and botanists. But environ-
ment which can have such a great infleence on growth can have
a great influence on chemical composition also. In fact the two
are inter-related.  Growth depends on a very complicated sys-
tem of chemical reactions. Environment can affect not only
photosynthesis and respiration but also mineral requirement and
absorption, and many studies of plant chemistry are best carried
out in a phytotron,

One important branch of plant chemistry is the study of
mineral nutrition, and in discussing this aspect I would like to
describe water-culture experiments on the tomato being c.lrrled'
out at the Cawthron Institute.

You will see from Fig. 1 that the tomatoes grow very well
{up to 8 or 9ft in height} and produce plenty of fruit. For
healthy growth of this kind we have to add to the water some
13 elements—calcium, potassium, nitrogen, magnesium, phos-
phorus, sulphur, chlorine, iron, manganese, copper, zinc, boron
and molybdenum. We add also some sodium and a trace of
silicon, which may not really be necessary. But there is no doubt
about the others. If any one is left out the plant will suffer. Once
by accident we left out calcium and nitrogen from one young
plant. Very soon it lagged behind the others and began to tum
pale. Even though we soon made good the deficiency, this plant
never quite caught up with the others,

Each of the essential elements has its function in the plant
and must be present at certain concentrations, There are a
number of points to watch: (1) There must be enough of the
clement present to carry on the growth of the plant; (2) The
elements must be present in certain proportions: too much of
one may slow down the uptake of another; (3) The total salt con-
centration of the solution must not be too high or the plant will
be stunted or even die because it cannot draw enough water out
of a solution of high osmotic pressure,
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Different types of plants may have different requirements
for minerals. For instance, some plants such as tomatoes, are
caleium-lovers while others, including azaleas and rhododen-
drons, do better with far less.

The following table shows the composition of the culture
solution used for tomatoes.

CuLTUBRE SoLuTiox FOR TOAATOES

(in parts per million)

Calcium ... 335-412 Iron ... 2
Potassium ... 129-229 Boron ... 0.5
Nitrogen ... 150 Manganese ... 0.25
Phosphorus ... 57 Copper ... 0.05
Magnesium ...... 53 Zine ... .. 005
Sulphur ... 114-238 Molybdenum .. 005
Chlorine ... 75

Fresh solution is supplied each week. You will see that the
solution contains up to 412 parts per million of calcium and up
to 229 p.p.m. of potassium. In the tomato, the leaves have a
very high content of culcinm, whereas the fruits contain only a
small amount.  But the fruit needs a lot of potassium. There-
fore when leaf growth is heaviest we give the highest Jevel of
caleium; and as the fruits begin to develop we have to raise the
potassium to its maximum amount of 229 p.p.n.

The first six elements are known as mujor elements and the
fust six as minor or trace elements because they are needed in
very small amounts. We supply more than 400 p.p.m. of calcium
and as little as 0.05 p.p.m. of copper, zinc or molybdenum which
is only about one eight thousandth the amount of calcium. If
we think, as some home gurdeners and even some commercial
growers do, that if a thing is good, more of it will be better, we
can cause trouble with these trace elements, The plant can adapt
itself to a certain range of minerals. It may get along quite well
with 300 to 600 p.p.m. of calcium and with 0.61 to 0.03 p.p.m.
of zinc. If the zinc is raised to-5 to 10 p.p.m. there will pro-
bably be interference with the uptake of iron. In fact ab-
normally high concentrations of most trace elements can he
quite toxic.

The element chlorine has only recently been proved essential
to the.plant. The amount needed adds chlorine to the list of
trace elements but the plants.are iiot so easily poisoned by ex-
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cess. For this reason a certain amount of calcium chloride can
he used to raise the calcium level without adverse effects : hence
the unnecessarily high chlorine content of the culture solution.

If plants are short of any one or more of the essential ele-
ments, either major or minor, they develop typical symptoms of
the shortage.

Figure 2 shows what happens when too little magnesium

and too much potassium is added to the culture solution. This
pale Teaf with green veins is typical of magnesium deficiency.

Fig. 2: Magnesium deficiency in the tomato. Leaves yellowed, veins
remaining green.
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Fig. 3: Iron defictency in the tomate.  Pualing of young leaves and spotting
of older leaves produced by depriving well-grown plants of iron.

Figure 3 shows the very pale leaves produced at the top
of thé plant when the trace element iron is left out of a pre-
viously complete culture solution. Symptoms like this can be
easily produced in water cultures because iron sometimes pre-
cipitates and becomes less available to the plant. There are
certain new compounds recently developed, which keep the iron
in solution very well. These are the chelates—organic mole-
cules which bind the iron in a complex form where it is not
easily ionized. One of the chelates used is an iron complex of
ethylene diamine tetra acetic acid (EDTA).

This iron compound can be taken intact into the plant and it
breaks down in the leaves under the influence of sunlight to
liberate the iron. Other metals can be chelated by EDTA as
well as iron but none of them is as stable as the iron compound,
Chelates have many uses in agriculture, particularly in the treat-
ment of trace element deficiencies.

The water-cultures described have been concerned with
testing the effect of different levels of minerals on an uneven-
ripening disease of glasshouse tomatoes. We know this is worst
in wet seasons, If the season is cool and fairly rainy we get the
uneven ripening in our standard treatments; but if the season
is very hot and sunny we have great difficulty in producing the
disease at all and the experiment may be almost wasted. This
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is the type of study where a phytotron would be most useful
because we could carry out each experiment in the right type
of climate—moist, conl, and dull—and need never be at the
mercy of the outside weather.

I mentioned that in the present main apple-growing area of

the Nelson Province, the Moutere Hills, trees will hardly grow
at all unless they are given fertilizer. In the nineteen-twenties
the Cawthron Institute did a great deal to establish the industry
by finding out how much fertilizer the trees needed and how to
supply it. Then in the nineteen-thirties a brown spotting in
flesh of the fruit hegan to appear on the apparently flourishing
trees and threatened to ruin the export market. This spotting
was not due to an infection but seemed to bhe some nutritional
trouble. ‘
J. D. Atkinson of the D.S.LR. working in collaboration
with the Cawthron Institute, tried injecting into the trunks of
the trees a miscellaneous selection of compounds, some of them
containing trace elements the importance of which was not fully
realized at that time. One of these happened to be boren in
the form of boric acid.

When the fruit matured it was found that, whereus the un-
treated trees had nearly 100% of spotted fruit, the boron-injected
trees had none at all. None of the other treatments was effective.
It seemed possible, therefore, that the spotting was due to a
boron deficiency. This was a very surprising and interesting re-
sult because boron deficiency in apples had never been identified
before, anywhere in the world, though it has been reported from
several countries since. The collecting of evidence to confirm
this supposed boron-deficiency was the work of the Cawthron
Institute. The chemists analysed many healthy and spotted
fruits and showed that the trouble was always associated with
low boron. The cure was found to be easy and cheap. Leaves
will absorb and use nutrients sprayed on to them in aqueous
solution. The spray must be weak enough to aveid burning the
leaves and for this reason it is not a very suitable method for
supplying major elements where comparatively large quantities
are needed. But it is a very effective method of supplying trace
elements and has been frequently used for the treatment of boron
deficiency of apples. Borax at the rate of 0.1% applied in one or
perhaps two of the early routine sprays is all that is needed.
Another method of curing the deficiency is to dig in a small
amount of borax (about 0.51b) round the tree and this remains
effective for several years. Boron deficiency is now very rare on
the Moutere Hills, and never cccurs where borax has been used.
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When the boron deficiency problem had been solved, an-
other nutritional disease made its appearance. The leaves began
to brown and drop off in early summer so that the fruit was
starved, and some varieties like Sturmer stopped sending out
new growth. Here again the injection method was used, this
time by Cawthron Institute staff. Different major and minor
elements were injected into the different branches of affected
trees quite early in the season before the browning appeared.
By March, only branches which had been injected with mag-

. STURMER

Fig. g Internal cork of apples, coused by boron deﬁcieliicy.\" -
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nesium sulphate were still holding their leaves. Analysis showed
that the magnesium content of the leaves of the magnesium-
injected branches had been raised by the injections, In many
orchards examined, wherever the browning was present, the
leaves were found to have a low magnesium content. This pro-
vided reasonably conclusive evidence of a magnesium deficiency
as a cause of the trouble.

The best way of applying magnesium had then to be con-
sidered. Quite heavy dressings of magnesium compounds on the
soil first gave disappointing results, but gradually, year by year,
the trees improved, and with the gradual improvement there
was a steady rise in the magnesium content of the leaves. Now,
magnesium, formerly the neglected major element, is applied
with the other fertilizers, usually in the form of dolomite, u
locally occurring magnesium limestone.

T think it is no exaggeration to say that the identification
and cure of these two mineral deficiencies saved the Nelson apple
industry, which now exports over a million cases each year,

The chemical staff of the Cawthron Institute has since iden-
tified other mineral deficiency diseases in the NeJson crops—e g,
boron deficiency in raspberries and boron and molvbdenum de-
ficienciesin hops. They have heen the first in the world to des-
cribe and identify these particular deficiencies.

In many of the universities and research stations of the
world and even in New Zealand attention is being focused more
and more on the function of minerals in the plant. Why are they
needed and what happens when there is a deficiency? The
science of the chemistry of the plant is a branch of biochemistry,
the chemistry of living things, Knowledge of plant biochemistry
has expanded very rapidly during the present century, but much
remains to be discovered. Plants, like all living things, are very
complicated organisms. Substances are continually being built
up, transformed, and broken down. ’

If we take only one process, such as the respiratory break-
ing down of sugars into carbon dioxide and water, we find that
a long and complicated series of transformations takes place. The
sugar is first broken down into a simpler compound, pyruvic
acid, which passes through a cycle of changes in which some ten
plant acids are involved. During the eycle earbon dioxide is
given off and electrons removed. Even the electrons then pass
from compound to compound before they finally react with
hydrogen ions and the oxygen of the air to form water.

This is only one of many series of reactions in the plant.
Nearly all these chemical changes are carried out with the help
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of enzymes, which act as catalysts, present in small quantity and
speeding up the reaction while remaining essentially unchanged
by the overall process. Each reaction, or small group of reac-
tions, has its own specific enzyme so that there are many in the
plant. Several hundreds have been recognized and it has been
estimated that each cell probably contains something of the
order of a thousand different kinds of enzymes. A very small
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Fig. 53: Magnesium deficiency of apples. Browning of leaves and severe
defoliation in mid-season.
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amount of enzyme can speed up the reaction of a very large
amount of material. A single molecule of the enzyme catalase,
which decomposes hydrogen peroxide into water and oxygen,
can effect the decomposition of approximately 5 million mole-
cules of H.O. per minute. The material being attacked is called
the substrate—in the case of catalase, hydrogen peroxide.

The molecular concentration of an enzyme may be very
small but the enzyme molecule itself is very large as molecules
go. All enzymes so far isolated are proteins, and proteins con-
sist of long chains of linked amino acids—i.e., organic acids con-
taining carbon, hydrogen and oxygen and the NH, group. The
molecular weights of the known enzymes fall between 40,000
and 230,000—for comparison cane sugar C,.H,,0;; has a mole-
cular weight of 342 and water, 18.

The enzyme proteins form a large proportion of the total
protein of the plant. Leaf protein, which forms some 10 to 30%
of the total dry weight, appears to be almost wholly enzyme
protein involved in the many reactions of the metabolism of the
leaf. It is believed that enzymes can speed up a reaction because
a temporary substrate-enzyme compound is formed which requires
less energy for the reaction than does the substrate alone. The
enzymes are organized in the plant according to their function.
For example, the many needed for respiration are all bound up
within the cell in small bodies called mitochondria, and those
necessary for photosynthesis are located in the chlorophyll-
bearing bodies, the chloroplasts, ’

Certain enzymes consist wholly of proteins. But many
others consist of two parts, the protein and another constituent,
non-protein in nature, known as the prosthetic group or co-
enzyme. In these the protein by itself will not act as an enzyme.
and must be activated by the co-enzyme. If the co-enzyme is
removed, the protein loses its activity. If the co-enzyme is
replaced the protein again becomes active. It is known that a
number of substances behave as co-enzymes or enzyme acti-
vators. Some activators are single elements and some are com-
pounds. It is here, functioning in enzyme activators, that we
find not only certain vitamins but also certain trace elements
known to he necessary to the plant. These trace elements in-
clude iron, copper, manganese, zinc, and molybdenum, We may
say that heavy metal trace elements essential to the plant are
essential because they form parts of enzyme systems. Copper
by itself can act as an enzyme activator and functions in several
different enzymes. The action of one of these you have seen
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for yourselves. If peaches or apples are bruised, the damaged
patches devclnp a brown colour. If potatoes are peeled and
left in the air before cooking, they blacken. These colours are
produced by an enzyme called phenolase or polyphenol oxidase
which forms coloured oxidation products from phenols in the
presence of air.

COMPLETE PROTEN PROSTHETIC
EMEYME cRoUP

=
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Fig. 6: A complele enzyme molecule iv frequently made up of two parts,

@ protein component and a non-protein prosthetic group. The combination

of the two portions is essential for enzymatic activity. (From “Principles

of Plant Physiology™ by James Bonner & Arthur W, Galston, San Francisco:
W. H. Freeman and Company, 1952.)

The simplest phenol is carbolic acid and a variety of related
phenolic compounds occur in plants.  The reaction is essentially
the same as the browning of stale photographic developer which
takes place of its own accord in an alkaline solution. In damaged
fruit and vegetub]cs it can happen under acid conditions pro-
vided the enzyme is present.

The very colour of tea is due to this enzyme, wluch pro-
duces phenol oxidation products during the fermentation pro-
cess. You see the same reaction in the hrown rot of stone fruits,
in the brown tunnels made in apples by the codlin moth, in
hrown seeds, and incidentally in brown moles and freckles on
the human skin. The function of this enzyme in the plant?
Normally it takes part in respiration and does not go to the stage
of producing brown oxidized pigments. These are almost in-
variably the result of injury and abnormal exposure to the
oxygen of the air. If this copper enzyme is treated with a chelate
or some other compound which can take the copper away it will
no longer function,

A recent discovery concerns molybdenum, Nitrogen is
usually taken into the plant as nitrate. Before it can be assimi-
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lated and built into the plant structure it must be reduced to
the ammonium form. The enzyme responsible for the reduc-
tion contains molybdenum in its prosthetic group. Hence with
molybdenum deficiency the plant ean show symptoms of nitro-
gen starvation.

Magnesium is unother element found in the activating
groups of certain enzymes. This element is also a constituent
of the chlorophyll molecule and of the cell wall,

Nitrogen has received much attention from plant chemists
and a great deal is known about the synthesis of nitrogen com-
pounds such as aminoe acids and proteins and their place in plant
metabolism.

Modern techniques in recent years have greatly increased
our knowledge of the behaviour of phosphate in the plant. A
mechanism of particular interest is the storing of the energy
of respiration in energy-rich phosphate compounds which cun
release it easily as required.

For other mineral elements the information is not so pre-
cise. It is known that they are present in certain parts and
affect certain reactions though the actual mechanisms may not
be fully understood.

In this paper I have touched no more than the fringes of
plant chemistry and related sciences. I hope I have been able
to convey to you some appreciation of the wonderful organiza-
tion of the lving plant and its importance to man, I also hope
I have given the impression that, in spite of the mpid progress
of recent years, plant biochemistry is still a comparatively young
growth, Perhaps some of my readers are destined to take purt
in chemical research which will help to bring it to maturity.
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THE CHEMIST AND THE WORLD'S
FOOD PROBLEM

N. W. VERE-JONES
Principal Scientific Officer, Dominion Laboratory, D.S.LR., Wellington.

People considering the choice of chemistry as their life
occupation are entitled to the assurance that chemistry is a live
and vigorous science, and that the work they will be doing will
contribute something towards the general well-being of humanity.
In this discussion on “The Chemist and the World’s Food Prob-
lem”, 1 shall go much further than this, and attempt to show that
either the chemist plays a far more important role in this prob-
lem of feeding the world than he is doing at present, or the
future of mankind is going to be pretty grim.

Consider then Mankind. In Figure 1 is represented his
growth since the birth of Christ. T believe that what this not
very impressive curve represents is both of great interest and
of the utmost importance. Unfortunately its significance is not
generally recognized.

POPULATION
4000 |
3000 |
2000 |

1000

500
400

200

|Q\50
1 e L 1 LL L
I 400 800 1200 1600 2000 2400
A.D.
Fig. 1. Growth of world population. (In millions.)

In the first place you will notice that the y-co-ordinates are
logarithmic, Indeed it is a law of all populations; whether of
men, microbes, or mice, -that they increase exponentially. This
is 0 mathematical way of stating the obvious—namely, that the
increase of population in unit time is proportional te the popu-
lation at that time, Obviously, the annual increase in population
of a country with 20 million inhabitants will- be, other things
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being equal, ten times the increase in the same time of a country
with only 2 million inhabitants, As also each year the popula-
tion becomes larger, the annual increase in the population must
also get larger. Hence the population goes shooting ahead at
a rate which the mathematicians call exponential and express hy
the equation dN/dt = kN. The plot of log N against ¢ is a
straight line for such exponential growth.

This law of the exponential growth of a population is a
bit like Newton’s second law—"every body continues in its state
of uniform motion in a straight line, unless acted on by a force”.
Nobody ever yet saw a body moving like that and similarly
populations rarely grow exponentially because outside influences
—war or famine or birth control—are always upsetting the
growth rate.  What is important to remember is that the greater
the population, the greater will be the annual increase.

You will see on the graph that from ap. 1, to about the
middle of the seventeenth century, the plot is roughly a straight
line—the population was growing nearly exponentially. Then
something happened and the graph takes a sharp upward bend
and proceeds on a new line of greater slope. What happened?
Historians are not very helpful in the matter for rarely, if ever,
do they even mention it. However, the historical period when
this increase occurred was towards the end of the Renaissance,
that burgeoning of men’s minds from the Dark Ages of ignorance.

If we put a little circle round the “hinge” of the curvé, we
should find, if we looked closely enough, that we have included
Lavoisier and Dalton, the founders of modern chemistry, Galileo,
Newton, and the foundation members of the Royal Society. In
fact, we have encircled those men to whom we attribute the
birth of modern science.

From their work there developed three revolutions, Firstly
the agricultural revolution which increased the supply of food;
old methods of strip cultivation under feudal land tenure gave
way to more rational farming practices, such as crop rotation.
Secondly, a medical revolution which was to increase man’s span
of life, and, thirdly, the Industrial Revolution with which you
are all familiar. Each played its part in raising the standard of
living which, I would suggest, caused this dramatic upsurge in
the population,

Such a startling increase could hardly have passed without
comment. By the end of the eighteenth century, that irascible
clergyman, Malthus, pointed out in his essay on Principles of
Population, that man’s numbers increased exponentially, but
that his food supply did not. The result, thundered Malthus,
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will be that war, famine, and disaster will overtake mankind
(and, reading between the lines, a good thing too, and serve him
right). It is popular today to say that Malthus was wrong. Cer-
tainly he would never have believed that the world could reach
its present population without disaster, but his law of increase
of population without a corresponding increase of food supply
remains incontrovertible. Nor should we forget the profound
influence he had on men’s ideas. For example, Darwin himself
describes his Origin of Species as being but a generalization of
Malthusian doctrine.  What Malthus did not and could not
know was the effect which science was going to have on our
productive capacity and our ability to feed ourselves.

For example, just 100 years later the eminent chemist, Sir
William Crookes, again warned mankind that disaster threatened
him unless food supply could keep pace with population in-
crease. Crookes argued that the known reserves of nitrogenous
fertilizers were inadequate to maintain the production of wheat
to feed the rapidly increasing population. Only five years later
mankind was to be assured for all time of an adequate supply of
nitrogenous fertilizers by the discovery of the fixation of atmo-
spheric nitrogen.
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Fig. 2: Growth rate of world population. Figures in circles denote number
of years for population to deuble.

Now let us attempt an extrapelation of the population curve,
Figure 2 is an enlargement of Figure 1 from 1650 onwards. Tt is
apparent that it is not a straight line but that there are forces
at work still pushing up the rate of growth. If the present
trend is continued it is fuirly certain that the present world
population—of—about -2,800 million will have doubled before
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the year 20060. In my lifetime the population of the world has
doubled and has increased by 1,400 million. In a rather shorter
period of your lives it is likely to again double, but do not forget
that the increase you will see will be 2,800 million against only
1,400 million seen by me.

Those of you who like your figures with a political flavour
may find something to argue about in Table 1. T will content
myself with pointing out that the United Nations’ estimate was
an underestimate, and that by 1958, according to the Population
Reterence Bureau, the increase in world population was actually
47 million—more than the population of England and Wales,
This year, then, we have to find food for a new country with a
population nearly equal to that of the United Kingdom. By the
end of the century this increase is likely to be 100 million pro-
vided abways there is no drastic change in the vital statistics. of
the wvorld. Is such a change likely?

I emphasized the kink in the curve representing world popu-
lation that occurred in the seventeenth century. It is possible,

TasLe |: AxNval EsTiMATEDR PoPULATION INCREASES BY
PorrTicaL Grourings

CoMMUNIST millions
U.SS.R... 3
Eastern Burope.. oo 1

Total 10.5 (18)
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Rest of AT e 6
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WesTERN PowERSs
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Actual, 1958 (Population Reference Bureau, Washington). 47
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even probable, that this century will see another equally dramatic
swing in the curve, and for similar reasons. Today we are wit-
nessing a new factor in human history—the industrial revolution
of Asia. In China, with a population of 600 million the tempo
of this revolution is said to be the fastest that the world has
ever known surpassing even that of the Soviet Union. India,
Indonesia, and virtually the whole of the Far East have started
on the same road. If history is any guide we may expect this
industrialization fo lead to an improved standard of living, for
that is its purpose, and to a new upsurge in population, similar
to, but of much greater magnitude than that which oceurred in
the seventeenth century. The repercussions will be immense
will profoundly affect the economies of the West. 1 think we
inadequately appreciate its significance.

To what extent is the food supply keeping pace with the
expanding numbers? Between 1937 and 1957 the world had the
largest increase in agricultural production which has ever oc-
curred in any twenty-years’ period of man’s history. The in-
crease was rather more than 20%—and on what was, in 1937,
itself a record. In spite of the slaughter of the second world
war there occwrred in the same period a population increase of
over 300 million. The result was that in spite of the huge leap
forward in agriculture, the average daily calorific value of our
diet fell from 2,300 to 2,260 calories. Not a big fall, but the
figure must be compared with the generally accepted minimum
for maintenance of health of 2,800 per day for a sedentary occu-
pation. The figures I have quoted are in fact more disturbing
than at first appears because in this period in the United States,
Europe and the U.S.5.R. there has been an increase in calorific
intake. Today there must be at least 500 million more people
in the world than there were in 1937 with not enough food. The
plain fact is that agricultural production is failing to keep pace
with the enormous growth in mankind’s numbers.

That is the problem facing the workl. Though agricultural
production will, almost certainly, continue to expand, man will
have to rely increasingly upon the additional help which the
chemist can provide for the increase of his food supply.

Let us, then, consider each of the three major groups of
foodstuffs—carbohydrates, proteins and fats—and examine in
what way the chemist can supplement (not, of course, replace)
agricultural production.  Our aim is to look forward rather than
backward so that we shall be concerned more with future poten-
tials than past or present achievements.
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CARBOHYDRATES

_ These are essential for the supply of calories. To increase
the calorific value of the world’s diet there must be an increase
in carbohydrate production. The grains such as wheat and rice
and root crops such as potatoes, yams, beet sugar, ete,, provide
the major sources today. Carbohydrates, e.g., sugar, starch and
cellulose, are formed in plants by photosynthesis from carbon
dioxide and water. Photosynthesis is thus the essential key to
resolving the problem of the world's food supply.

Today, the number of scientists in the world engaged on u
fundamental study of photosynthesis might be between fifty
and one hundred—judged by the number of scientific papers pro-
duced on the subject. T have no idea how many scientists in
the world are engaged on the study of nuclear fission but they
must considerably exceed 10,000. Though the peaceful uses of
atomic energy are many and important the major reason for this
tremendous scientific effort was, and still is, the more efficient
means of killing ourselves. We may also compare the relative
interest taken in space travel and photosynthésis. Judging by
the severity of the security measures imposed, one must con-
clude that the chief object of the former is not knowledge of
what the back of the moon looks like.

Photosynthesis can kill nobody but provides us with food,
and without it we should be asphyxiated within 24 hours through
lack of oxygen. It is thus by far the most important single
chemical reaction on this earth and as such you might expect it
to hold a special, almost reverential, place amongst chemists. But
this is not the case. In fact you may go right through post-
primary and university education to a first-class Honours degree
in chemistry and yet vour knowledge of photosynthesis may be
confined to the general ideas you learnt in the General Science
course which was compulsory in the third and fourth forms.

Chemically, photosynthesis is of exceptional interest and
yet it is totally ignored by chemists in the training of chemists.
To me this indicates a serious shortcoming of scientists, includ-
ing chemists, namely a sublime indifference to the soecial conse-
quences of our scientific work. We are satisfied, apparently, with
the scientific content of our work, and cannot see further to its
social or political implications.

I do not want to make any exaggerated claims, but I
would assert that if we had attacked the chemistry of photo-
synthesis with the same effort as has been given to nuclear
physics, the world might be better off than it is today, and
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when I look at the dandelions flourishing on my lawn, I cannot
help thinking that perhaps photosynthesis is a simpler matter
than it appears to us at present. Perhaps we do not think right.

Though we know little about its mechanism, the final result
of photosynthesis is the formation of starch in the leaves of
plants. This starch does not continue to accumulate in the leaf
as further photosynthesis occurs.  Using the leaves of red clovers
it has been shown that the 3 or 4% by weight of starch produced
in the leaf in daylight has almost completely disappeared by the
end of the night. What happens to it? It is used to provide the
plant with the matter for its growth. Probably, for we are also
profoundly ignorant of these carbohydrate transformations, the
starch is reconverted into soluble sugars which are carried by
the sap to the plant cells where it is fixed as cellulose. Cellulose
makes up the larger portion of the carbohydrate present in the
plant, and forms the main substance of its structure. Later in
its life the plant will convert leaf starch into a rather different
reserve, starch in the seed or tuber. This is usually the only part
of the plant that we eat. The major carbohydrate component,
cellulose, we are unable to digest. Of course, the bulk and
roughage it provides do aid our digestive processes.

A very different situation obtains with an animal such as a
cow, which, as it contentedly stands chewing its cud, is convert-
ing cellulose into food. But the cow on its own is no more able
to digest cellulose than any other animal. It is the micro-
organisms in the cow’s rumen which convert cellulose into sugar
and other soluble and digestible carbohydrates.

There is no reason why we should not do likewise and in
suitable factories convert cellulose, particularly the enormous
quantities of waste cellulose lying around, into perfectly good
usable carbohydrates. During the lust war, Germany was des-
perately short of food, and did in fact utilize waste wood pro-
ducts for conversion into sugar. Two processes were used——
the Schoeller in which cellulose is converted into sugar by cook-
ing it with 5% sulphuric acid under pressure, and the Bergius in
which dried wood is hydrolysed with hydrochloric acid vapour,
In neither case was the sugar recovered as such, but was used
for growing yeast. Dried yeast contains half its weight of pro-
tein, and it was protein of which Germany was in most need, The
yeast was finally converted into products like “Marmite” by
hydrolysis.

New Zealand has a flourishing new industry in the produc-
tion of wood pulp from her exotic forests. As we have seen,
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plant carbohydrates consist of sugar, starch and cellulose. In
the manufacture of newsprint from wood pulp, it is the cellulose
that is required. In the process the non-cellulose materials are
converted into soluble materials which are then separated from
the non-soluble cellulose. These materials contain much sugar
and in New Zealand are wasted. Nor, as far as I am aware, is
there any work being done here on methods for recovering these
waste wood sugars. In Sweden, Canada and the United States,
however, considerable progress has been made, alcohol, by
yeast fermentation, being the usual end product, though food-
stuffs are obviously equally possible.

One possible source of carbohydrates is by photosynthesis
from the carbon dioxide in coal or ail-fired electrical power
plants. A little work is being done, both in the United Kingdom
and Germany on this subject. At Poole in England, there is a
large power plant burning coal. To avoid air pollution they are
required to strip their flue gases of sulphur dioxide which is a
fairly expensive process. The resulting gases, containing about
11% of carbon dioxide, are led into sea water tanks containing
small quantities of the uwsual fertilizers and the photosynthetic
activity of marine algae is thereby greatly increased o the
benefit of ovsters also present. At Essen in Germany, purified
flue gases are led into greenhouses where, with extra artificial
illumination, greatly increased rates of growth and yields of
tomatoes have been obtained. Work has also been carried out
at Essen on the growth of fresh-water algae, chiefly chlorella,
in tanks supplied with dilute solutions of fertilizers into which is
bubbled air enriched with carbon dioxide from flue gases. Under
these artificial conditions much higher rates of photosynthesis
per acre of pond can be ohtained than would he possible with
any ordinary agricultural crop. Attempts to grow chlorella
under these artificial conditions for food production are also
being made in Japan and Palestine, both countries desperately
short of agricultural land.

PROTEINS

These are both chemically and nutritionally more compli-
cated than the carbohydrates. They consist of very long chains
of amino acids joined together, the simplest known protein,
insulin, having 18§ different amino acids present, and a total of
107 of them in the molecule. Most proteins are much more com-
plicated and many contain a thousand or more of these amino
acid “bricks” of which all proteins are composed.
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Excluding water, fat and bone, most of our bodies is protein.
Muscles and organs like the heart are nearly wholly so. The
activity of every cell in our bodies is carried out with enzymes,
and all enzymes are wholly or in part protein. Moreover, our
body proteins are in a continual state of flux, their molecules
being incessantly broken down and regenerated. In fact, if ever
we are able to define life, it will be tied up with protein activity.
Hence it is obvious that they play a very important part in our
nutrition, If at any time the hody is short of a particular
protein, it will cannibalize the less essential organs to provide
material for the more important,

For our bodies to be able to build up a particular protein
molecule there must be present exactly the right variety and
proportion of amino acids. Some of these amino acids we are
able to manufacture ourselves, others we cannot. These latter
are the “essential” amino acids which we must obtain from the
digestion of protein in our food—and in the right proportion
needed for synthesizing our body proteins. It is convenient that
the proteins of all mammals are almost identical in composition
with our own, so that animal protein is the ideal food to supply
us with just the right mixture of amino acids.

Now there are several catches in this consumption of animal
protein. To start with it is very expensive. Meat contains about
75% of water, so at 4s. per Ib for steak, this means that we pay
16s. per 1b for the protein. Dried skim milk, which is nearly half
protein, costs about 9d. per Ib. It has a useful sugar content as
well, but allowing nothing for this the price of protein works out
at only 1s. 6d. per lb. This skim milk protein is nutritionally as
good as meat protein but not as nice. Vegetable protein, soya
hean for example, is cheaper still.

One result of this high cost of animal protein is that only
wealthy countries can afford to obtain most of their supply from
this source. This is illustrated in Table 2, which also shows how
protein deficiency nearly always accompanies a calorie deficiency.

-

TasrLe 2: RELATIVE PER CaPITaA Consumprioxn oF CALORIES
AND ANiMaL PRoOTFRIN

Animal

Caolories Proteins
United States of America ... 160 100
Australasia 101 104
Euwrope ... 89 32

South ANIEriCA ..o ere e erer e T 52
Asia 60 10
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TanLE 3: Eigur EssixTiaL Amino AcIps

Amount Present in :

Minimum Daily Myosin, a Typical  Gliadin, a Typical

Amino Acid Requirements Animal Prolein Vegetable Protein
(grams) (%) (%)

L-tryptophane 0.25 0.8 1.1
L-phenylalanine L1 43 24
L-lysine 0.8 1LY 0.7
L-threonine 0.5 51 2.1
L-valine 08 26 33
L-methionine 1.1 3.4 2.0
L-leucine 111 =
L-isoleucine 07 15.6 119

Plants also synthesize proteins and, unlike ourselves and
animals, can make amino acids direct from inorganic nitrogen,
such as ammonia. Seeds of most plants are fairly rich in vege-
table protein—e.g.,, wheat contains about 11%, dried peas 24%,
and soya beans as much as 40%. Vegetable and animal proteins
differ in their amino acid make-up. The former do not contain
the essential amino acids in the correct proportions for our needs.
Now if a protein contains a much smaller proportion of one or
more of the essential amino acids than the proportion in which
we require it, then we have to eat more of the protein to make
up this deficient amino acid. Hence, in general, to supply all
the essential amino acids in the proportion in which we require
them needs more vegetable than animal protein, and the vege-
table proteins are therefore often called second-class proteins.

It conveniently happens that the vegetable protein in most
seeds, such as wheat, is short in only one essential amino acid.
Table 3 sets out first our daily requirements of each of the essen-
tial amino acids and then the amounts present in animal and
vegetable proteins respectively. It is apparent that lysine is the
odd one out.  Except for lysine the proportions of amino acids in
hoth animal and vegetable sources are not far from our require-
ments.  Accordingly, by the simple addition of lysineg in small
quantities to vegetable protein it is possible to upgrade it into
a protein comparable with animal protein. By such an addition
we can greatly reduce the amount of vegetable protein we must
eat to supply all the amino acids we require.  Gliadin, after the
addition of about 5% of lysine, is actually equivalent to more than
twice its weight of unfortified gliadin.

Here then is a first contribution, and it is a major one, that
the chemist can make to protein nutrition—the upgrading of
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cheap \egetable proteins by the addition of one or other of
the essential amino.acids. Already lysine is being manufactured
in tonnage quantities for this purpose. The process is interest-
ing. It consists of a double fermentation with two organisms in
succession, First a synthetic fermentation broth, largely glycerol,
is used for the growth of E. coli, which in the process of its
metabolism produces diaminopimelic acid. Then toluene is
added and another organism, A. aereogenes, whose enzymes
liberate lysine from the diaminopimelic acid. (For the manufac-
ture of these amino acids we shall have to depend upon living
processes, such as fermentation.)

You might perhaps expect that lysine so manufactured was
being distributed amongst the teeming millions of Asia, but this
is not the case. Much of it is used to fortify the diet of chickens
reared on the battery system, an exceedingly well fed, if rather
dull form of existence. You may also have seen in American
“glossies” advertisements for special flour, cake mixes, etc., in
which human food is being fortified with lysine. Americans
have, with the exception of ourselves, the biggest intake of
animal protein of any people in the world. In fact many of them
undoubtedly over-indulge their appetite for meat. Great indeed
are the powers of advertising!

Referring again to the cow, it consumes only vegetable pro-
tein and lacks nothing in consequence. It can, in its rumen,
supplement this vegetable protein with micro-biclogical protein.
This can be synthesized, if nothing better is available, from
inorganic nitrogen and this suggests another way in which the
world’s protein requirements could be augmented—namely, by
the production of suitable proteins by micro-organisms from
waste organic matter. I have mentioned one such develop-
ment, the growth of yeast on waste wood in Germany during
the last war,

The fungi, some poisonous, but many highly nutritious, are
also of considerable interest. Many of them have remarkable
powers of digesting cellulose and can be used to convert it into
a pleasant foodstuff rich in protein. Generally we eat only the
reproductive organs of fungi—the sporeheads such as mush-
rooms—but .the threadlike mycelia with which fungi grow by
proliferating their environment are also edible, nutritious and
tasty. Mushroom mycelia have, in fact, been grown in deep
tanks contamlng organic wastes from citrus factories, concen-
trated, and used to make mushroom soup. In general, howevel
no serious attempt has been made to exploit the potentialities of
fungi for protéins.
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In the transformation of vegetable to animal protein by the
normal process of animal husbandry there is very considerable
lass of protein. For some years, experimenters at Rothamsted
have been trying to develop cheap engineering methods which
would enable the protein of grass to be separated from the fibre,
without the wasteful interposition of the animal. Reasonable
methods are now available which would enable grass protein to
be produced at about 1s. per Ib dry weight compared with our
figure of about 16s, per 1b for meat protein. However, I have
no knowledge of there being any commercial developments
from this work, largely because the [ood technologists have not
yet succeeded in converting this product into an attractive
human foadstaff.

Another source of protein not fully exploited is the sea. No
attempt has been made as yet to harvest the smaller organisms
which occur in much greater quantity than do fish. Photo-
synthesis and fixation of atmospheric nitrogen are being per-
formed simultaneously by the unicellular marine algae, the
phytoplankton. These are, apparently, of limited wvalue for
human food. But the phytoplankton nourish the rather larger,
but still microscopic zooplankten,  Shipwrecked sailors are re-
puted to have survived for ten to fifteen days by fltering such
material with their shirts or other cloth. This is of no great
significance because you should, with care and adequate water
supply, be able to survive for 30 days on nothing at all. But this
zooplankton does satisfy whales. At present we lack the whale’s
ability to harvest this material economically, Incidentally, this
zooplankton has a pleasant shrimplike flavour.

A little work has been done in Scotland on a related subject,
namely, adding fertilizers to a contained body of sea water, such
as lochs, for the more abundant preduction of plankton, and thus
the increase of the fish population. Fish farms have been used
for centuries in Asia, fresh-water fish in China, sea-water fsh in
Indo-China and other South-east Asian countries. In fact we
seem to have rather a blind spot for the Asiatic utilization of
fish as a source of protein. We probably know that the Japanese
capture and eat more fish than any other people in the world.
They fish as far afield as New Zealand. But few people, I think,
are aware that Indo-China alone produces nearly as much
“nuoc mam™—a fish sauce—as New Zealand does lamb. Nuoc
mam is produced by a microbial fermentation of whole fish
whereby a liquid rich in amino acids and organic nitrogen is
produced, which is used as a sauce of high nutritive value, for
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their mainly rice diet. In the fermentation there is no great loss
of amino acid as there is, for example, in the transformation of
vegetable to animal protein.

FATS

Fats present probably the least worry of the three major
food constituents. = Provided people are on an adequate diet
with enough calories and enough protein, they are almost cer-
tain to collect adequate fat therewith. However; there have
been times of a world-wide fat shortage—e.g., at the end of
the last war.

Nutritionally, the fats are the least important of the three
groups. We are ourselves readily able to convert carbohydrates
into fat and the chief function of fat in our diet is actually to
make it attractive. Without any fat our food would be incon-
ceivably uninteresting. For this reason they are of considerable
‘importance to the cook and to the food technologist. Moreover,
the food technologist has the ability to alter their constitution
fairly readily to suit his special purposes. This is impossible, or
extremely difficult, with carbohydrates or proteins.

There is no significant nutritional difference between the
animal and vegetable fats as there is with protein. The vege-
table fats or oils are mostly obtained from the seeds of plants.
This is an interesting point because fats appear to play little

.

TaBLE 4: WonLnp Propuction or Fars

EpmLe VecerasLy Ons  tons
Cottonseed 1,481
Groundnut 1,481
. Coconut 1,437
Sova ... 1,201
L0 1 V2 U E OOV VPP 3,005

Total 8,615

ANIMAL FaTs
Butterfat oot e s 3,304
Lard . 2,679
Mutton and beef tallow oo 1,285
GREE e e e e 830

Total 8,128

Marve OiLs
VL et et en e 522
ISR ettt e 281

Total 803
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part in plant metabolism and the plant produces fat, apparently,
to make its seeds attractive to birds and animals and thus ensure
their wide dispersal. Table 4 shows the total world production
of edible fats. In addition very large quantities of fats, mainly
vegetable, are used for making soap.

You will notice that edible vegetable oils now exceed animal
and fish oils. Most of these vegetable oils are used in the pro-
duction of margarine but as obtained from the plant they are
unsuitable for this purpose as they are mostly liquid. However,
oils can be converted into solid fats by hydrogenation which is
carried out by treating the hot lignid fat with hydrogen in the
presence of a catalyst, usually nickel. Deodorization is also
necessary and this is done by a steam distillation at high
vacuum.

Some of you have probably seen or smelt whale oil at
Picton.  You will know that it is an oil, stinking of fish, which
very easily oxidizes and so goes rancid as well, For a really
revolting smell whale oil takes a lot of beating. However, by
hydrogenation and deodorization it is converted into a hard
white substance with no odour and very little taste. The process
of hydrogenation can be reasonably controlled to give any re-
quired degree of saturation and we can thereby harden the fat
or raise its melting point.

World production of margarine now exceeds that of butter,
and must, it seems to me, continue to replace butter, and it is
right that it should do so. With our present technological pro-
cesses, butter is an unnecessary luxury. The world can ill
afford the extravagant use of our limited land resources which
butter-fat production requires.

Perhaps the chief interest of fats is that they are the only
foodstuffs which man has as yet succeeded in producing entirely
synthetically, Again war was the necessity which drove Germany
to accomplish it. A paraffin wax fraction from either the Fischer-
Tropsch synthesis of petroleum or the hydrogenatio product of
brown coal was oxidized with air at 105° C in the presence of
small amounts, 0.2 to 0.5%, of potassium permanganate.  After
24 hours, about 30% of wax had been oxidized to fatty acid. The
mixture was treated with soda to convert the fatty acid to soap
and separate it from the residual wax. The SGap. was recom-
verted to fatty acid by treating with sulphuric acid and a middle
fraction containing acids from C,, to Cio was taken and esterified
with glycerol which can itself be synthesized. The product was
then purified and deodorized and finally emulsified with water to
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make margarine with the usual additives of flavour, carotene
for colour and as a source of vitamin A, etc.

In conclusion, I want to underline two points.

First, the important role of micro-organisms. Only within
the last half century has man come to realize, and as yet but
dimly, how they can help him in his struggle for existence.
Previously, because of their invasion of his body and resulting
disease, they were his major enemies. Today this is rapidly
changing, Only those of us who lived before their introduction,
can appreciate what antibiotics have meant to mankind. But
even more important than these medical benefits is that our eyes
are being opened to the immense potentialities of micro-
organisms in our continuing struggle, and a struggle not going
too well at present, to feed our expanding population. “Bug-
food™, if that is what it will come to, may not at first sound very
attractive but I notice that poets continue to praise, and he-men
to relish, those two products of micro-organisms, beer and
cheese.

Second, when man has learnt to control photosynthesis and
to utilize the thousands of tons of potential food even now pro-
duced by it every minute and we are still unable to feed our-
selves, then and not till then, will be time to talk of over popu-
lation. Until then we simply echo Malthus and his cry of despair
that War, Famine and Disaster will be the inevitable results of
our increasing population. The despair is needless for the
remedy is in our hands—chemistry., Theoretical chemistry to
explore and comprehend photosynthesis and similar living pro-
cesses and technological chemistry to formulate the produects of
these processes into attractive and satisfying foodstuffs.
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INTRODUCTION

This report does not cover the usual twelve-month period | November-
31 October. With the chunge of the [nstitute vear it seems dosirable that
a general report on the year’s activitics should be presented by the retiring
Council to the general mecting of members held during the Conference,
and with this in mind it is suggested that future ammual reports should
cover the period L August-31 Tuly, This will of necessity mean that deci-
sions reached at the August meeting of Counci] will not be incorporated
in the report presented one or two davs later.”
MEETINGS OF COUNCIL

During the period under review, the Council has met only three times
(instead of the wsual fow) and there has been no general meeting of
members.

MEMBERSIIP
During the perind L November, 1958 - 31 Tuly, 1959, membershin of
the Institute changed as follows:

Associutes  Fellows
New Members 15 3
Resignations ........... 6 L
Leave 8

Membership figures for the last three years are as follows:

1957 1958 1959
Auckland 91 94 97
Waikuato 34 37 a3
Manawatu 40 42 45
Wellington 155 167 179
Canterbury ... 77 81 68
Otago ... 63 66 63
OVersens ....oooeeeeeeeeeeeeene 53 52 62

513 539 547

HONOURS

The services to the profession and to the community of four members,
Professor Robert Robinson, Drs Muriel Bell, M. M. Burns, and F. B.
Shorland were reeognized in the New Yeur list of Honours,



Journal of the New Zealand Institute of Chemistry 189

REGISTRAR

Council appointed D. ]J. Hogan as Registrar to replace L. J. Rollo who
resigned. The transfer of the Registrar’s Office from Wellington to Christ-
church has introduced some administrative problems, but these should
diminish with time, and Mr Hogan’s intimate knowledge of [nstitute affairs
makes him admirably fitted for the position of Registrar,

SUBCOMMITTEES OF COUNCIL

Much of the essential administrative and organizational work of the
Institute has continued to be carried out by subcommittees anpointed by
Council, and some of these activities are itemized below.

MEMBERSHIP SUBCOMMITTEE

Dr J. K. Dixon, Dr R. Gardner and S. G. Brooker have handled .a
large number of applications for the Associnteship and the Fellowship.
Despite the fact that much painstaking work is involved in the processing
of applications, especially those from applicants with overseas qualifica-
tions, there is now relatively little delay in deciding individual cases.

JOURNAL

At the beginning of 1959, the Institute entered into un ngreement
with Editorial Services Ltd. of Wellington which it was considered would
simplify the publication of the Journal and at the same time relieve the
ecitorial committee of much of the mechanical work inveolved in dealing
with printers, etc. Editorial matters remain in the hands of the editor,
but publication and advertising are dealt with by Editorial Services Ltd.
It is perhaps too early to judge the success of this arrangement but it
appears that the benefits to the Institute, both financial and organizational,
may be considerable.

A new list of members has been published but already some 80 entries
require alteration und it seems that the provision of up-to-date lists of
addresses will alwavs be a time-consuming and cxpensive problem.

SALARIES

G. S. Lambert and A. G. Fricberg undertook the preparation of a salary
survey as at November, 1958, and this has already been published in the
Journal. Members have frequently expressed the view that sulary surveys
are one of the more important Institute activities, and the new survey, which
follows the general plan of those carried out in 1944, 1948, 1952 and.
1955, has already received apprecintive comment,

EMPLOYMENT

. L. Mandeno has continued to handle a steady stren of enquiries
from overseas regarding employment prospects in this country.

EXAMINATIONS

The L.A.C. examinations continue to attract a considerable number
of candidates, and this vear examinations for the Associateship will be
conducted also. The Examination Committee has again this year been
closely connected with the discussions on technical education referred to
below,
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TECHNICIAN TRAINING

Discussions with the Department of Education contineed during the
year with the submission to the Department of the detailed syllabus and
proposals relative to the structure of courses, prepared by the Examinations
Committee and the Auckland group under the chairmanship of Dr A, L.,
Cdell. Discussion led to agreement between all the interested parties on
a scheme which is now being considered by the Education Department
and the Council of Technical Education.

INSTITUTE PRIZES
Madified Regulations for the prizes awarded annually were approved
by Council and have already come into operation.

UNIONS

Earlier reports have frequently referrcd to the activities of certain
unions which have forced, or threatened to force, Associates or Fellows to
become members.  This problem is not a new one but it has probably
received nore attention during the past year than formerly, After a very
ull discussion, Council approved in principle of the formation of a union
to cover Institute members, Since this decision was taken, further discus-
sions have been held but no active steps have heen taken to put the
policy into operation,

FINANCIAL .

The audited balance sheet as at 30 April, 1959, covers a period of
18 months and is thus not strictly comparable with previous balance
sheets. In particular, the fact that subscriptions for the period 1 Novemi-
ber, 1958 - 30 April, 1959, were waived, has meant that the Institute has
operated for 18 months on the usual annual income from subseriptions,
It was considered by the previous Couneil that reserves were sufficient to
allow the adoption of this policy, and this expectation has been borne out
in practice. The financial drain oceasioned by the Journal appears to be
lessening and overall the financial position of the Institute is sound. Sub-
seriptions in arrears continue at an undesirably high level but the deter-
mined effert which has been made to remedy this position appears to be
succeeding.

For and on behalf of the Council.

L. H. Brices, President.
W. E. Harvey, General Secretary.

HONORARY MEMBERSHIP

The attention of members is again drawn to the present membership
regulations relating to Honorary Membership. The position is that any
member who has attained the age of 65, is financial, and has paid sub-
seriptions for not less than ten consecutive vears immediately vrior to
reaching that age, shall be automatically entitled to become an Honorary
Member of the Institute and shall be free from the payment of any further
subscriptions.

Owing to the dificulty of maintaining a watch on the ages of mem-
bers, any wishing to take advantage of this regulation are asked to make
personal application to Council, -
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BRANCH NEWS AND NOTES
AUCKLAND BraNCH

9§ The July meeting of the Branch was addressed by Dr F. S, Dainton,
from the University of Leeds, who spoke on the subject “Hydrogen Atom
Transfer Reactions in the Gas Phase and in Agueous Solutions”.

€ Our congratulations are extended to Dr D. R, Llewellyn, Professor of
Chemistry at the University of Aucklund, who has been appointed as
representative of the Senate of the University of New Zealand to the Atomic
Energy Committee. :

4§ Dr E. G. Brooker, formerly of Forest Products Ltd., Auckland, has
transferred to a position at Tvon Watkins Ltd,, New Plymouth.

€ A. M. Murphy, formerly Bacteriologist-in-charge, Green Lane Hospital
Laboratory, has transferred to a research position in bacteriology, Sydney,
Australia. ' .

€ The Branch welcomes C. F. Denmead, formerly Princinal Scientific
Officer, D.S.L.R., Wellington, who has been appointed to the new post of
Chemical Inspector of the Department of Health at Auckland.

¢ In late August some members of the Branch attended the first post-
graduate course in nuclear chemistry at the new isotope laboratory, Uni-
versity of Auckland.  The course was planned by Dr A. L. Odell and
R. W. Olliiff, Chairman and Treasurer respectively, of the Auckland Branch,
in conjunction with Professor Llewellyn, and was designed to introduce a
wider use of radio isctopes in chemicul work in New Zealand.

Waixato BraNcH

¢ J. E. Allan of the Ruakura Soil Research Station recently spent two
weeks in Australin where he gave a paper at the Australian Spectroscopy
Conference at Melbourne and visited the Spectroscopy Section of the
Chemical Physics Division at Fisherman’s Bend.  The visit was at the
invitation of the C.5.1.R.O.

MaxawaTu BRANCH

t Dr. A. T. Johns, Director, and Dr. J. W. Lyttelton, Chief Cherist, Plant
Chemistry Division, D.S.1R., ure both on short visits to Australia. Dr
Johns is attending the AN.Z.A.AS. meeting in Perth and Dr Lyttelton -is
in Melbourne Tor a Protein Symposium. Both will also be taking the oppor-
tunity of visiting various laboratories and research establishments.

4 Dr J. C. Hawke, formerly of the Fats Research Laboratory, D.S.IR.,
Wellington, and Dr., E. L. Richards, formerly of The Dairy Research In-
stitute, Palmerston North, have both joined the stall of Massey College as
Senior Lecturers in Biochemistry.

WELLINGTON BRANCH

€ Dr H. O. Askew, formerly of Cawthron Institute, Nelson, has joined
the staff of N7, Breweries Ltd., Wellington, where he will be working en
haps and their utilization.

9 The Hon. General Secretary, Dr W. E. Harvey, and Mrs Harvey will
be leaving in November for the United States. Dr Harvey has been
awarded a Harvard Rescarch Fellowship and o Fulbright Travel Grant,
\vl'Vhile at Harvard he will be studying some aspects of biochemical. syn-
t]ESiS, I e e e m -
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. The 1959 Mellor Memorial Leeture was delivered last August by Dr
C. R. Barnicoat, Director, Cawthron Institute, Nelson.

1 I. C. McDowall, Director of the Potterv and Ceranics Research As-
sociation, has accepted a Research Fellowshin at Melbourne University
and will leave New Zealand early in 1980. The Fellowship is being
financed by the Victorian Clay Products Association and will involve both
teaching and research.

€ I. R, C. McDonald, Principal Scientific Officer, Dominion Laboratory,
Wellington, left in June for the United Kingdom. Mr McDonald will be
visiting research centres in Great Britain, the Continent and Australia.
 P. P. Williams, Dominion Laborutory, D.S.LR., Wellington, left in
August for the United Kingdom to take up a National Research Fellowship
at Cambridge University, where he will study crvstallography.

CANTERBURY Branch

T W. E. Anderson has transferred from Woalston Tunneries Ltd, {now
closed down) to the firm of G. L. Bowran & Co. Ltd., Christchurch.

% A. D. Shand has transferred from Birdseye Foods Ltd., to the position
of Technical Manager for D. H. Brown & Son, Ltd., Flourmillers, of Christ-
church.

§§ H. A. L. Morris, Production Manager for Birdseve Foods Ltd,, Christ-
church, has now transferred to their Hastings Factory.

€ Dr ]. F. Duncan, Render in Radiochemistry, University of Melbourne,
who is touring New Zealand at the invitation of the University, addressed
the August mecting of the Branch on “Industrial Uses of Tsotopes”. Some
Branch members were also privileged to hear some of Dr Dunean’s lectures
to the staff and students of the University of Canterbury.

Otaco Braxcu

% D. F. Nelson, Deputy Government Analyst, Dunedin, has gone to the
"United States to study for the degree of Doctor of Criminelogy at the
University of Californiu.

INsTITUTE PrizEs
Our warmest congratulations to the winners of this year's Institute
prizes:
LC.I. Prize: Professor ]J. Packer and }. Vaughan, Univessity of Canter-
bury, Christchurch {joint award).
Morcom Green, Edwards Prize: Dr E. L. Richards, Binchemistry De-
partment, Massey College, Palmerston North.
Chemical Essay Prize: Dr D. R, Batt, Biochemistry Department,
Medical School, University af Otago, Dunedin.

REGISTRAR'S BOX NUMBER

Please note that the Registrur's Box nuinber is P.0O. Box 1926, Christ-
church. A wrong number was published in the February issue of the
Journal and, although twice corrected in subsequent issues, this wrong
number is still in use,
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OBITUARY

Lewis Grecory NEUBAUER

Dr L. G. Neubauer, Chief Chemist, Tasman Pulp and Paper Co. Ltd,,
Kawerau, and his wife, were killed under very tragic circumstances in a
road accident on 18 July.

Dr Neubauer was horn in Greymouth on 7 Scptember, 1916, and was
educated at Grevmouth Main Schouol and Grevmouth Technical College.
In 1938 he graduated B.Sc. and in 1939 M.Se. with first class honours in
Chemistry at Victoria University of Wellington. He was awarded the
Jacob Joseph Scholarship in 1939. Dr Neubauer joined the Institute in
1939 and was elected a Fellow in 1953.

His earlier work wus in the field of organic chemistry as a member
of the staff of the Dominion Laboratory, Wellington, During the period
from 1936 to 1946, while with the Dominion Laboratory, Dr Neubauer
carried out toxicological work for several vears with studics of the fibre of
Phorminm tenax, the alkaloid content of ragwort und of other plant pro-
ducts and the resins and other extractives of New Zealand timbers.

Awarded a National Research Fellowship in 1946, he undertook a
two year post-graduate study of wood and cellulose chemistry at MceGill
University, Canada, where he obtained the degree of Ph.D, While in
North America, and with particular reference to the establishment of the
Murupara Scheme for forest ntilization in New Zealand, he spent several
months in the Southland Paper Mills at Lufkin (Texas) and visited Canadian
and American universities and other laboratories engaged in the study of
wood chemistry and many mills engaged in the production of kraft and
newsprint.

Returning to New Zealand in 1950, he rejoined the Dominion Labora-
tory and later hecame Section Head of the Organic and Wood Chemistry
Section of the Laboratory, working mainly on the structural components of
woocl.  In 1955 he joined the staff of Tasman Pulp and Paper Co. Ltd. as
Chiel Chemist and established the Technical Control Department of the
Company.

WiLLiay Percivan Evaxs

The death occurred last month in his 95th vear of Emeritus Professor
W. P. Evans, Foundation President of the New Zcaland Institute of
Chemistry,

Born in Melbourne and hrought to New Zealand as a small child,
Professor Evans was educated at Nelson College, Canterbury University
College and the University of Giessen, Germany. He taught at Wellington
College and Christ’s College before joining the staff of C.U.C. in 1801, A
few years later be succeeded Professor A. W, Bickertan to the chair of
chemistry and physics.  He subseqgnently became Professor of Chemistry
anc held this position uutit his retirement in 1922,

After his retirement, Professor Evans maintained his interest in Uni-
versity affaits and was o member of the Senate from 1930 to 1946, He was
President of the Royal Society of New Zealand in 1937-38 und was awarded
the Hector Medal in 1931, Professor Evans took an active interest in u
numher of other scientific'and eultural organizations.  He was well known
as o genial, versatile man of conspicuous aftainments and wide interests.

In 1944 Professor Evans heeaime the first Honorary Fellow of our
Institute.  Three vears ago his services to science were further honoured
by the award of a C.BE.
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CONFERENCE 1960

The 1960 New Zealand Institute of Chemistry Conference will be a
joint Congress with the Royval Society.  This Congress will be held in Wel-
lington and the tentative dates are 12-17 May. A circular will be issued
shortly and the Wellington Branch Seeretary would appreciate it if in-
tending authors of papers could indicate titles only hefore the Christmas
vacation this vear.

At this Congress, the Wellington Committee is adopting 1 method
that is generally used in overseas conferences for presenting papers con-
taining a considerable amount of factual data—namely, cvclostyling the
complete paper before the conference und devoting the major time tu dis-
cussion of results,

It is felt that awthors ut previous conferences have often Failed to
realize that nou-specialist listeners cannot appreciate o mass of daka read
to them aloud, while the interested scction of an informed audience would
Lain much more from more detailed discussion,

The Wellington Committee therefore proposes two types of paper:
+a) Complete eyclostvling with ten minutes presentation and twenty minutes
discussion, and (h) abstact ol wp 1o 300 words cyelostyled with 20
minutes presentation and 10 minutes discussion.

If the second methad of presentation is chosen, anthors are usked to
remember to include an introduction giving the general background under
which the work was undertaken, to present only o limited amomt of
factual duta (say five slides) and to devote the muajor amount of their time
to disengsing the implieations of their results.

1t is hoped that these two methods will raise the general standard of
presentation of papers and add interest to the conference, which is particu-
larly important in a year in which the Institute meets as onlv one section
of the complete Roval Society meeting. -

CONFERENCE ON AUTOMATIC COMPUTING AND DATA
PROCESSING

We have been asked by the Royal Australian Chemical Institute to
draw the attention of members of our Institute to the recently formed Aus-
tralinn Nutional Committee on Computation and Automatic Control and to
the Conference which they are plamning to hold in May, 1960, The Com-
mittece wus founded in April, 1959, as an association of professional
societics, with the object of advancing the design, development and applica-
tion of automatic computing equipment in this country,

Any enquiries concerning the committee or its activities should he ad-
dressed to the Secretary, ¢/o The Institution of Engineers, Australia,
Science House, 157 Gloncester Street, Sydney, The address for conference
correspondence is the sane hut this should be. marked “Attention, Papers
Subcommittee™.

LIST OF MEMBERS

A further reminder is given of the publicationin the very near future
of a new List of Members.  All members are asked to check their entries
in the last list and, if they have not already done so, to advise the
Registrar of any corrections or alterations.
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CHEMICALS

by
Garrett, Davidson & Matthey (N.Z.) Ltd.

The following chemically pure and Analytical Reagent quality
“CHEMICALS” are manufactured in our laboratory to
the highest “world standards"—

-

SILVER NITRATE C/P. GOLD PLATING
SILVER NITRATE A/R. SOLUTION
SILVER NITRATE COLD PLATING SALTS
DENTAL PLATINUM BLACK

SILVER CYANIDE PLATINIZED

SINGLE SALT ASBESTOS
SILVER SALT _ PLATINUM CHLORIDE

(ready mix) L ODIUM SOLUTION

SILVER IODIDE '

7 ELECTROLYTIC
SILVER IODATE CLEANING SALTS
SILVER OXIDE ' “QUALTEST” OUTFIT
GOLD METAL C/P. (Testing precious metals)
GOLD CHLORIDE AMMONIA C/P.

ats
s

22 Drake Street AUCKLAND P.0. Box 2073
Telephones: 43-131; 40-042. Telegraphic Address: “Rollers”




ot news

YESTERDAY’S
LABORATORY
OVENS ARE

NOW STONE COLD!

This is TODAY'S OVEN ...
GALLENKAMP made to BS 2648,
Reliable temperature control (see
figures below)—small temperature
fluctuation—rapid temperature re-
covery.

COMPENSTAT

The anly ovens fltted
with the

COMPENSTAT®

the best thermostat
contrel in the
lzboratory world.
invented in our own
laboratories — are
GALLENKAMP*
ovens.

Regd.
Trade
it Marks

allenham}

SET & FORGET

POOR
TEMPERATURE
DISTRIBUTION
= UP TO 30°C
EM=—"  VARIATION

STANDARD OVENS

SIZE MNo. I 2 3

Temperature fluctiation

at 1000C 0.25 025 025 °C
Temperature variatiin

at 100°C =25 +25 #3 °C
Temperature Auctuation

at 2000C 03 03 03 e°C
Temperature variation

at 2000C +6 6 7 °C

Ask for Publication No. 588A—for details of Standard

and Mechanical Convection Ovens.

SUPPLY THE
WORLD'S LABORATORIES

A. GALLENKAMP & €0. LTD. Sun Street, London, E.C.2., England.

Cuables: Callenkamp, London.

Appointed Agents for New Zealand:

GEORGE W. WILTON & CO. LTD.

63 Shortland Street, Auckland, C.1.
156 Willis Street, Wellington.




39,999,988

39,999,987

We've been doing some
arithmetic in [.C.1. We spend
over 13 million pounds ster-
ling a year on research and
development—that works out

Over 8 Shillings a Second!

39,999,989

39,999,990

39,999,999
40,000,000
40,000,001

40,000,002

40,000,003

40,000,004

at over eight shillings every
second! One reason for
LCILs leading  position
among the world’s chemical
manufacturers is this concen-
tration on the discovery of
new products and their trans-
lation from test-tube to full-
scale manufacture. LCL re-
search and development have
brought the world many en-
tirely new products, some of
which have become part of
the day-to-day fabric of our
lives. There's polyethylene®,
for instance, discovered by
1.C.I. chemists engaged on in-
vestigating the effects of very
high pressures on certain
gases, Discovery was only the
start. The journey to pro-
duction on a commercial
scale was arduous — often
dangerous. Explosions blew
the roof off the first Polye-
thylene plant. Fires destroyed
the equipment. But the skill
of I.C.I’s chemists and en-
gineers finally tamed the mat-
erial which, today, is known
the world over as one of the
most versatile of all plastics.
The polyethylene story is
only one of the many LC.L
could tell. The wealth of
I.C.L's vast technical re-
sources is at your disposal in
the few seconds it takes you
to put in a telephone call to
LCIL (N.Z) Lid.

¥ *Alkathene’ Is 1.C.1’s brand name for polyethviene.

IMPERIAL CHEMICAL INDUSTRIES (N.1.) LTD.

PR.4.59




Laboratory
(lassware

ORDER YOUR
“PYREX”

Laboratory Glassware

WHILE
STOCKS
LAST...

We would also suggest that you
consult us in regard to your
requirements for  Scientific
Apparatus and Laboratory
Chemicals.

It is our aim to be of assistance
on either an ex-stock or indent
basis.

THE NATIONAL DAIRY
ASSN. OF N.Z. LIMITED

THorNDON Quay, Beacit Roap,
WELLINGTON. AUCKLAND.
P.O. Box 28. P.O. Box 1001,

A K. WILSON LTD-




