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CHEMOTAXONOMY OF THE NEW ZEALAND PODOCARPACEAE

R. C. Cambie and R. |, Weston

Chemistry Department, The University of Auckland

Principles of Plant Taxonomy’

Plant taxonomy is a science which includes
the identification, nomenclature, and classi-
fication of plants. The identification of a
plant is the process by which it is determined
to be identical with or similar to an already
known plant. Nomenclature is concerned
with the determination of the correct name
of a known plant according to an accepted
nomenclatural system. Classification is the
placing of a plant in categorics {taxa} accord-
ing to a plan or szquence and in conformity
with the nomenclateral system. Every species
15 classified as a member of a particular genus,
every genus belongs to a particular family,
the family to an order, the order to a class,
and the class to a division.

The theory of evolution postulates that
plants now living are descendants of ancestral
t=pes, from which it follows that there are
genetical  relationships  among  the  living
plants. The principles of modern plant classi-
fication recognize that these relationships
exist and these principles have been formu-
lated in an attempt to bring tegether related
plant groups in so far as knowledge of them
permits. This knowledge, assembled for the
purpose of arriving at a satisfactory classi-
Recation, is drawn from all available sources
among which arc those phases of science
which deal with plant morphology, anatomy,
cytology, genetics, paleobotany, phytogeo-
graphy, ecology and biochemistry. However,
the differences between plants, or their simi-
larities, are measurable to a large extent by
their morphological characters. A morpho-
logical character is one inherent in, or mani-
fested by, a structural component of the
plant. In general, it is concerned with the
organography of the plant and with charac-

ters that are usually discernible with the aid
of no more than a good hand lens. The
recognition by taxonomists of the significance
of the related sciences listed above has re-
sulted in an expansion of the concept as to
what 15 a morphological character. For
cxample, in the extreme viewpoint some
taxonomists now consider the number of
chromosomes to represent as significant a
morphological character as that provided by
the number of stamens. The wvalue of a
morphological character is measured by its
constancy; the more constant the character,
the greater the reliability that can be placed
upon it

Morphological criteria can be divided into
two main classes, vegetative characters and
reproductive characters.

The use of vegetative characters, that is
the roots, stems, leaves, buds and habit of
growth, as taxenomic criteria is limited for
two basic reasons. Firstly, the total number
of vegetative characters is few compared
with the number of species of wvascular
plants, and secondly, it is often found that
these characters are not particularly constant.

Reproductive characters include inter alia
the inflorescences (arrangements of the
flowers on the Roral axis), sepals, petals,
stamens, carpels, ovary position, flower types,
distribution of sexes, fruits and seeds. The
number of these characters and the number
of components of these organs are many
times greater than that available from vege-
tative characters. For this reason the number
of mathematical combinations of reproduc-
tive characters is infinitely greater and nor-
mally exceeds the number of species to be
differentiated. In addition to being more
abundant, reproductive characters in gencral
are more constant than vegetative characters.
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Principles of Chemotaxonomy?®3+

Early in the development of natural pro-
ducts chemistry many botanists and chemists
considered that it might be possible to charac-
terize and clagsify plants on the basis of their
chemical constituents. Interest in the relation-
ship between plant constituents and plant
classification long remained insignificant,
mainly because the number of natural pro-
ducts of known structure was small and the
knowledge of their distribution was very
scanty- In recent years however, with grow-
ing knowledge of the structure of natural pro-
ducts, there has been a renewed interest in
“chemotaxenomy” and its potentialities are
becoming more obvious.

The evolution of plants depends on a com-
bination of internal and external factors such
as mutation, recombination of genetic dif-
ferences, geographical isolation and natural
selection. During evolution it may happen
that unrelated groups of plants give rise to
morphologically similar ones. Such a process
is called “convergence”. Conversely, related
plants may give rise to very dissimilar de-
scendents (“‘divergence”). Such phenomena
can cause considerable taxonomic difficulties,
and it Is in such cases and those where mor-
phological characters are not constant that
the chemist might best be able to assist
botanists in solving their problems. For
example, it is very improbable that a mor-
phological convergence would be accom-
panied by ‘chemical convergence”. The
chemical examination of such critical groups
of plants 15 therefore of considerable interest.
Chemical contributions to the classification
of plants are based on their chemical con-
stituents, that is, on their “molecular charac-
teristics”. These characteristics are genetically
controlled and have the advantage over
morphological ones in that they can be de-
scribed very exactly in terms of definite struc-
tural and configurational chemical formulae.
The method of “chemotaxonomy™ is thus
simple in principle and consists of the investi-
gation of the distribution of chemical com-
pounds, or groups of biosynthetically related

compounds, in series of related or supposedly
related plants.

Taxonomically, the most wvaluable sub-
stances are those which are not involved in
the primary metabolic processes and which
do not have any special task to fulfil. Com-
pounds in this category are those which in
the past have been regarded as unimportant
and which are, in their biological environ-
ment, relatively stable by-products often
denoted by the term “secondary constituents”.
Following the principle that taxonomically
important substances should preferably be
sought in old, less specialized organs in which
seasonal variations are unimportant, the
heartwood constituents of plants have so far
received the most attention from chemotax-
onomists. The heartwood of a plant is entirely
dead and serves essentially mechanical pur-
poses only. However, chemical constituents
generally vary considerably from one organ
to another and for this reason it is preferable
that investigations should be made on all of
the individual parts of a plant.

At present it is beyond the capacity of a
chemist to differentiate betwecn large tax-
onomic categories such as divisions, classes
and orders as does the botanist. However, the
virtue of the chemical method is that it is
completely independent of classical biological
methods and thus can be used in certain cases
to check the botanist’s conclusions and point
out problems not normally apparent. Conifers
constitute an isolated and ancient group of
plants, some of whose genera are suitable for
comparative chemical investigations and
whose classification is not clear. The family
Podocarpaceae of the order Coniferales is
represented in New Zealand by a number of
endemic species and thus provides an interest-
ing field for chemotaxenomic studies.

The Order Coniferales®

Classification: The division Spermatophyta
(the vascular, seed-bearing plants) can be
divided into five classes,
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1. Angiospermae
subclasses:
Monocotyledoneae )
(one seed-leaf)

flowering

| plants

[ {angiosperms)
Dicotyledoneae

2. Conopsida

3. Ephedropsida

4, Gnetopsida

3. Cyadopsida

| gymnosperms

The angiosperms are characterized by

{i) the presence of flowers;

(ii} the enclosure of the seeds in fruits
formed by development of the pistil
of the flower;

whereas the gymnosperms are characterized
by

(1) the absence of flowers, the polien and
seeds being produced usually in cones;

{il) the absence of a closed pistil, the
sceds being naked on a specialized
leaf or a scale of the cone.

The Conopsida, or cone-bearing plants,
are divided into three orders?, Ginkgoales,
Taxales, and Coniferales.

The structure of the orders Ginkgoales and
Taxales is shown in Table I. Included is the
number of species (in brackets} within each
genus. The order Ginkgoales has only one
species Ginkgo biloba, the maidenhair tree.
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TABLE I

Order Ginkgoales
Family Ginkgoaceae
Genera  Ginkgo [I]

Taxales

Taxaceae { Yew family)
Amentotaxus (4]
Austrotaxus [1]
Pseudotaxus [1]

Taxus [8]

Torreya [6]

The order Coniferales has six [amilies which
are not large compared with families of angio-
sperms.  Species of the Coniferales occur
throughout the world and are the dominant
lumber trees of temperate regions. The fami-

lies and genera of the order are shown in
Table I1.

The Podocarpaceae®’

This family contains approximately 150
evergreen shrubs or trees and embraces seven
genera (see Table II). Acmople, a genus
allied to Podocarpus and Dacrydium but dif-
fering chiefly in its seed-characters, has limited
distribution, its natural habitat being New
Caledonia and the Fiji Islands, although fossil
evidence indicates that Acmopyle formerly
had a wider distribution in S.E. Asia, Aus-
tralasia and South America. Dacrydium
species, which are also allied to Podocarpus,
are chiefly natives of New Zealand but occur
also in Malaysia, Indo-China, Thailand, New
Guinea, Australia, Tasmania, New Caledonia

TABLE 11

Order Coniferales

Families Araucariaceae Cephalotaxaceae Podocarpaceae  Pinaceae Taxodiaceae Cupressaceae

Genera Agathis Cephalotaxus Acmopyle [3] Abies Athrotaxis Actinostrobus

Araucaria Dacrydium [21]  Cathaya Cryptomeria Austrocedrus

Microcachrys [1] Cedrus Cunninghamia  Callitris
Microstrobos [2]  Keteleeria  Glyptostrobus Calocedrus
Phyllocladus [6] Larix Metasequoia Chamaecyparis
Podocarpus [113] Picea Sctadopitys Cupressacyparis
Sexegothara [1]  Pinus Sequota Cupressus

Pseudolerix Sequoiadendron Diselma

Pseudotsuga Tatwania Fitzroya

Tsuga Taxodium Fokienia
Juniperug
Libocedrus
Neocallitropsis
Papuacedrus
Pilgerodendron
Tetraclinis
Thuja
Thujopsis
Widdringtonia
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and Chile, They frequently yield a resinous

exudation from the wood. Microcachrys, a

monotypic genus, and Microstrobos, with only

two species, contain shrubs which are natives
of Tasmania and New South Wales and are
normally found only at alpine elevations.

Phyllocladus species, which can be recognised

by their fattened leaf-lifc branchlets (phyllo-

clades) and the small hard seeds borne at the
edges of them, are natives of Tasmania, New

Zealand, the Phillipines and Borneo. Podo-

carpus, which is by far the most dominant

genus of the family, contains both trees and
shrubs which are largely confined to the
mountain forests of warm temperate to tropi-
cal countrics of the southern hemisphere.

Minor variations in leaf and seed structures

have led to the division of Podocarpus into

cight sub-penera as follows {number of
species in brackets) :

i Dacrycarpus [10] found in S.E. Asia,
East Indies, S. Pacific Is. to New Zea-
land.

ii Microcarpus[t] found in New Caledonia.

it Nageia [6] S.E. Asia, E. Indies, Phil-
lipines to New Guinea.

v Afrocarpus [6] Africa.

v Polypodiopsis [3] S. America, S. Pacific
Is,, New Guinea, New Caledonia, Fiji,

vi Sundacarpus [1] N. Australia, Indonesia,
Phillipines.

vii Stachycarpus [10] Central and S. Amer-
ica to New Zealand, Australia, New
Caledonia,

viii Eupodocarpus [74] Central and S. Amer-
wca, Africa, Asia, Australasia, S. Pacific
Is.

Eupodocarpus is divided into four sub-
sections?; A (Africa), B (Asia, S. Pacific,
Australia), C (Central and S, America) and
D {Chile, S.W. Pacific).

The seventeen species of the family which
arc endemic to New Zealand are distributed
among three genera, uiz. Podocarpus [7
species|, Daerydium [7], and Phyllocladus [3]

The New Zealand species attributed to the
Podocarpus and Dacrydium genera present
some difficulties in classification. D. cupres-
sinum is the only New Zealand species of
Florin’s group B® of the Dacrydium genus,

which includes D. araucaricides, D. balanse,
and D. lycopodioides of New Caledonia, D.
novo-guineese of New Guinea, D. beccarii of
Malaysia, and D, elatum of the Phillipines,
Malaysia and Fiji. Florin’s groupings were
based on leaf morphology. Details of chromo-
some morphology indicate a close relationship
between Florin’s group B and the section
Dacrycarpus of Podocarpus, which includes
only P. dacrydioides in New Zealand. Thesc
two groups, together with D. taxoides all
have 2n = 20 metacentric chromosomes.?
Doyle! and Quinn'* have shown that the
embryology of D. cupressinum and presum-
ably that of other members of Florin’s group
B is more similar to that of section Dacry-
carpus of Podocarpus than to that of other
species of Dacrydium or Podocarpus. The
wood!®?¥  contains abundant axial paren-
chyma and sparse tangential pitting in the
latewood, which separate it anatomically
from all other New Zealand species of Dacry-
dium and place it closest to P. dacrydioides
in Podocarpus.

However, D. cupressinum possesses morpho-
logical features distinct from Podocarpus.
For example, the mature ovule of D. cupres-
sinum is crect and possesses an epimateum
which ts reduced to a basal sheath. In Podo-
carpus species the epimateum entirely covers
the ovule and is fused to the intcgument,
while in P. dacrydivides the carpidium (sub-
tending bract) is fused to the epimateum—
conditions not found in D. cupressinum!*t15,
Although the pollen of most podocarps has
two or three well-defined bladders, in D.
cupressinum pollen the bladders are usually
small or rudimentary'®. In addition they have
coarse external thickening, a feature which
amongst the other Neew Zealand species is
found only in D. bidwillii and D. biforme.

Chemisiry of the Podocarpaceael”

The New Zealand species of the Podo-
carpaceae have been the subject of consider-
able investigation by natural products chem-
ists centred mainly at the Universities of
Auckland and Otago and at the Chemistry
Division of the D.S.LR. Early studies were
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principally concerned with examination of
essential oils which are, in general, a rich
source of diterpene hydrocarbons such as
phyllocladene(1),* kaurene(2), rimuene(3),
and hibacne (cupressene; 4). The determina-
tion of the structures and investigation of the
chemistry of these compounds has been a
major topic of research in a number of lab-
oratories both in New Zealand and overseas.
More recent studies have been concerned
with a systematic examination of the heart-
wood constituents of the Podocarpus and
Dacrydium species. In addition, the leaves
have been surveyed for the presence of alka-
loids, leucoanthocyanins, triterpenoids, sapo-
nins,'® diterpene hydrocarbons,'® n-aikanes 20
biflavonoids?' and a p-dinhenol oxidase®
The results up until 1965 are summarised in
a phytochemical register by Brooker, Cambie,
and James'”,

HEeartwoop CoONSTITUENTS

With the exception of Phyllocladus, the
heartwood extractives of most other New
Zealand species of the family have been
investigated and have usually been found to
contain oxygenated diterpenoids. As pointed
out by Brandt and Thomas™ these com-
pounds fali into two distinct groups, wviz.

(2) phenolic tricyclic diterpencids such as
ferruginol (5), totarol (6, R = Me) and
podocarpic acid (7, R =H), which
appear to be characteristiz of Podocarpus

(b) non-phenoclic bicyclic diterpencids such
as manool (8, R = Me) and torulosol
(8, R = CH,OH) which appear to be
characteristic of Dacrydium,

A noteworthy exception is D. cupressinum
whose heartwood constituents show little
affinity to those of other Dacrydium species;
they are of the phenolic diterpencid type
found in Podocarpus {see Tables IIT and
1V )*. Since anatomical features of the wood
also place it closer to Podocarpus (vide supra)
this has led to the suggestion that the species
might be better placed in the latter genus®>®,

*Note—Figures in parenthesis, e.g. (1) refer to
list of structures.
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The phenolic diterpenoids of the New Zea-
land Podocarjpus heartwoods are summarised
in Table FII. Of these trees P, spicatus is
aberrant in that its heartwood contains a
series of non-terpenic substances, wviz. the
lignans matairesinol (14), conidendrin (15)
and seco-isolariciresinol {16}, and the flavo-
noids quercetin (17, R = OH), kaempferol
(17, R =H}, taxifolin (18, R = OH), aro-
madendrin (18, R = H}, genistein (19) and
podospicatin  (20). Only one other Pode-
carpus species whose heartwood has been
examined chemically 15 devoid of diter-
penoids, this being P. gracilior, an East Afri-
can tree investigated by Bevan and Taylor®.

The four New Zealand trees in the sub-
section Eupodocarpus are distinguished from
the remainder in that their heartwoods con-
tain totarol as the major diterpenoid con-
stituent. This compound has also been isolated
however, from the exotic species P, manni*
{Stachycarpus}, P. milanjianus®* (Eupodo-
carpus), P. nagi** (Nageia), and P. macro-
phyllus® (Eupodocarpus).

An interesting aspect of the chemistry of
the totarol-containing species is that most
contain the dimeric compounds podototarin
(13, R, =Ry =H) or macrophyllic acid
{21)%. The linkage of such bisditerpenoids
is formed between the C-atoms in the ortho-
position to the phenolic group, and podo-
totarin has been synthesized from totarol both
by chemical means and by the action of
enzymes from the fungus Polyporus versicolor
and from the leaves of gymnosperms, The
biosynthesis of such bisditerpenoids can thus
be assumed to involve an oxidation of the
phenolic group by the action of a phenol-
dehydrogenating enzyme (p-diphenol oxi-
dase} as has been proposed for the formation
of lignin from coniferyl alcohol*®. The oxygen
radical produced can then become stabilized
by the union of the mesomeric ortho-radicals.

Only the bled resin constituents of P. ferru- |
gineus have been reported®®™, However, cur-
rent investigations® show that, like the resin,
the heartwood contains ferruginel (3) as the
major diterpenoid.

The heartwood diterpenoids from the New
Zealand Dacrydium species are given in
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Table I'V. With the exception of D. laxtfoltum
the remaining species have been extensively
investigated. Hosking and Brandt®® isolated
manool (8, R=Me) and an aad, sub-
sequently identified as isopimaric acid {32,
R =CO,H)™, from the heartwood of D.
biforme. More recently Carman and Grant!!
isolated the hydrocarbon biformene from the
same source and characterised 1t as the alkene
formed from the dehydration of manool
Following the synthesis and separation of the
three possible dehydration products of
manool, Carman and Dennis*! showed that

\ OH

113

Oam®

(44)

12-oxygenated

— —> diterpencids

natural biformene was a mixture of c¢is- and
trans-biformene (22, 23) with a trace of
sclarene (24). In addition to manool and
hiformene, Cambie and Mander'? isolated
the further diterpenoid constituents isopi-
maradienol (32, R = CH,OH), isopimara-
dienal (32, R =CHO), 2-oxomanoy! oxide
(27, R = Me), and detected the presence
of manoyl oxide (26, R =H]), torulosol
(8, R=CH;OH) and torulosal (8, R =
CHO) by gas-liquid chromatography. An-
other hydrocarbon, isopimaradiene (32,
R = Me), has been isolated by Enzell and
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TABLE III
Phenolic Diterpenoid Constituents of New Zealund Podocarpus Heariwoods
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P. nivalis Hook .. + + + + + 26
P. totara G. Benn. .. + + + + + 4+ -+ 28
Sect. Stachycarpus
P. ferrugineus G. Benn.* 4 4 -+ 29, 30
P. spicatus R. Br. .. 31

* Only the constituents of the bled resin of this tree have been reported.

Theomas*®, while a further oxygenated diter-
penoid 1s still under investigation**.

Brandt'®, and more recently Grant and his
co-workers', examined the heartwood of D,
bidwillii and found manool (8, R = Me),
isopimaradiene (32, R =Me), and isopi-
maradienal (32, R=CHQO) as the major
components. Minor diterpenoids were identi-
fied as isopimaradienol {32, R = CH,OH),
isopimaric acid (32, R = COyH} and toru-
losol (8, R =CH,OH), while a new nor-
diterpene was characterised as 18-nor-isopi-
maradien-4e-0l (33).

Three oxido-diterpenes, manoyl oxide
(26, R =H), 2-oxomanoyl oxide (27,
R =Me) and what was considered to be a
trihydroxymanoyl oxide, C,3H3504, m.p.
208°, were isolated from the heartwood of
D. colensoi by Hosking and Brandt'’. From
the same source, Grant*® isolated a tetrol
“dacrydol” which he later showed to be a
mixture, He also obtained an unusual ring
A nor-diterpenoid, colensenone {31)4%5 1In
a recent series of papers, Grant and his co-

workers®#* have reported the isolation of
four manoyl oxide derivatives and four san-
daracopimaradiene derivatives. The oxido-
diterpenoids were shown to be 2a-hydroxy-
manoyl oxide (26, R = OH), 2-oxo-3-oxa-
manoyl oxide (29), 2,3-dwcarboxy-2,3-seco-
manoyl oxide (30) and 19-hydroxy-2-oxo-
manoyl oxide (27, R = CH,OH). The diol,
38,19-dihydroxysandaracopimaradiene (34,
R = Me) was also isolated. “Dacrydol” was
shown to consist of three compounds each
possessing a novel geminal hydroxymethyl
group, which were identified as 24,38,18,19-
tetrahydroxysandaracopimaradiene (33, R =
OH), 2a,18,19-tithydroxysandaracopimara-
diene (33, R = H) and 38,18,19-trihydroxy-
sandaracopimaradiene (34, R = CH,OH).
Hosking™ examined the heartwood of D.
kirkil and showed that the major constituent
of the neutral extract was manool. An acid
also present in the heartwood was subse-
quently identified as isopimaric acid (32,
R = CO,H)*. The heartwood extractives of
D. kirkit have recently been reinvestigated in
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conjoint work at the Universities of Auck-
land®* and Otago®™. Tdentified in the extracts
were the ¢is- and trans-biformenes {22, 23),
sclarene (24), manool (8, R = Me), torulosol
(8, R=CH,OH), manoyl oxide (26,
R = H), isopimaradiene (32, R = Me), iso-
pimaradienol {32, R =CH,OH), 38,19-
dihydroxysandaracopimaradiene (34, R =
Me) and two new diterpenoids whose struc-
tures have been determined as 7a-hydroxy-
mancol (23) and 28,3@-dihydroxymanoyl
oxide (28). Other constituents are still under
investigation.

As is the case [or the Podocarpus genus,
anomalies are also found in the heartwood
constituents of the Dacrydium genus. The
Tasmanian species D. franklini differs from
its New Zealand relatives just as distinctly as
does P. spicatus from the other Podocarpus
species stnee it is apparently lacking in higher
terpenic compounds. The steam volatile oil
from the heartwood of D. frankiini contains
eugenol (36, R =H), eugenol methyl ether
(36, R =Me), elemicin (37) and several
other phenolic compounds®.+ This apparently
anomalous chemistry of D. franklini is re-
flected in its cytology. The number of chronio-
somes possessed by thirteen of the twenty-one
Dacrydium species is known. Of these thir-
teen, eight possess 2n = 20 chromosomes, D.
kirkii possesses 2n = 22, D. biforme possesses
2n =24, and D. franklini, D. intermedium,
and D. laxifoliuin possess 2n = 30 chromo-
somes.

Hosking™ noted that, unlike other mem-
bers of the Dacrydium genus, an extract of
D. intermedium heartwood yielded consider-
ably more acidic material than neutral
material, the latter being characterised by
the presence of a small quantity of a volatile
oil with an odour reminiscent of eugenol
methvl cther (36, R = Me). Recently, in
addition to manool, we have isolated two
and detccted a further two phenolic com-
pounds from the heartwood of D, inter-
medium which have been shown to be lig-

tSce also the recent paper: K. H, Baggaley, H.
Erdtman, N. J. McLean, T. Norin and G. Eriks-
son, Acta Chem. Scand., 1967, 21, 2247.

nans™ Lignans are dimeric compounds
formed by the oxidative coupling of phenols
related to cugenol. Although this is the first
report of the occurrence of lignans in the
heartwood of a species of the Dacrydium
genus, lignans have been isolated from Podo-
carpus spicatus (Podocarpaceae)®, and a
number of species (e.g. Thuja  plicata,
Chamaecyparis and Juniperus species) of the
family Cupressaceae™, Taiwania cryptomeri-
oides’  (Taxodiaceae) and from several
species of genera in the Pinaceae™. Hence the
occurrence of these compounds in the heart-
wood of a conifer is not unexpected.

The occurrence of manool in the heart-
wood of D. intermedium is a necessary and
sufficient criterion to classify this species with
the remaining six endemic New Zealand
Dacrydium species. The isolation of lignans
from the heartwood of D. intermediym is
important, however, with regard to the tax-
onomy of this species within the Dacrydium
genus. It was indicated earlier that D, inter-
medium is cytologically similar to D. fronk-
lint and D. laxifoltum and now it has been
shown to be chemically similar to D. franklini.
[t will therefore be of considerabie taxonomic
interest to find whether or not the heartwood
of D. laxifolium also contains lignans or lig-
nan precursors. Unfortunately, this species is
one of the smallest conifers known, mature
specimens sometimes being found which are
no more than three inches high and wide,
Some difficulty may therefore be experienced
in collecting sufficient heartwood for exami-
nation.

Only one heartwood of the three New
Zealand Phyllocladus species has been ex-
amined chemically. This is of P, trichoman-
otdes which was found by Harvey and his co-
workers™ to contain the cyclitols sequoyitol,
pinitol, myoinositol, (-F)-inositol, 1-0-methyl-
mucoinositol (38) and the pentose, arabinose.
The bled resin of this species contains diter-
penoid acids, as yet unidentified®.

Bark CoNSTITUENTS

The barks of only a few of the New Zea-
land species of the family Podocarpaceae
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have been investigated. In general, the bark
constituents of those examined systematically
(t1z. D. biforme', D. cupressinum® and
Phyllocladus glaucus™) appear to be unex-
ceptional in that the major diterpencid con-
stituents of the first two are the same as those
{i.e. manool and totarol) from the corres-
ponding heartwood.

Lear CoNSTITUENTS

Leaves are usually more easy to collect
than other parts of a plant and thus the
leaves of members of the Podocarpaceae
have been investigated in some detail. Most
of the cssential oils from the New Zealand
species have been examined at some time
and the majority found to contain monoter-
penes and/or sesquiterpenes. A number of the
latter compounds are still unidentified and
considerable scope exists for a re-examination
of the monoterpenoid and sesquiterpenoid
constituents by modern methods utilizing
gas-liquid chromatography and mass spectro-
metry. Some progress towards this objective
has been made by workers at the University
of Auckland®.

In a comprehensive gas-liquid chromato-
graphic survey for the occurrence of diter-
pene hydrocarbons in the essential oils from
the leaves of conifers, Cambie and co-
workers'? noted that, without exception, all
New Zealand species contained this type of
compound, From 32 members of the family
only the four exotic species Podocarpus fal-
catus, P. gracilior, P. salignus and P. usam-
harensis were found to be devoid of diter-
pene hydrocarbons. However, no clear pat-
tern of characteristic constituents emerged
for the different genera or sub-genera and it
was concluded that the diterpene hydro-
carbons were of limited taxonomic value, A
comparable survey®® of the n-alkanes from
the surface wax of the leaves was more
encouraging since it was found that Podo-
carpus spectes have mainly n—Csq and
n-—Cy, compounds while Phyllocladus species
have n—QCj3 and n—C,; as the dominant
alkancs. Furthermore, the amount of alkane
material in the Dasrydium species is low
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compared with that present in the Podo-
carpus species. Of the eight Dacrydium
species examined, D. cupressinum, D. frank-
lini, and D. laxifolium have similar distribu-
tion patterns which are different from those
of the remaining species. It is therefore note-
worthy that these three species also differ
from the remaining species in their heart-
wood constituents,

Following the isolation of the bisditer-
penoids podototarin (13, Ry = Rs = H) and
macrophyllic acid (21) [rom the heartwood
of P. totara and P. macrophyllus respectively,
Cambie and Bocks® carried out a survey of
the leaf extracts of gymnosperms for the pre-
sence of an enzyme capable of oxidative
coupling. p-Diphenol oxidase activity was
observed in the leaf extracts of all New
Zealand species except P. dacrydioides, P.
ferrugineus, P. hallii and D. cupressinum. In
a further survey Cambie and James®' ex-
amined the leaf extracts of gymnosperms for
the presence of biftavonoids. They found that
all species contained biflavonoids with C—C
linkages between the moieties. Compounds
such as bilobetin (39, R, = R, =R, =H),
ginkgetin (39, R; = Me, Ry = Ry = H) and
kayaflavone (39, R, =H, Ry =Ry = Me)
with one, two, and three methoxy groups
respectively, were the most commeon. While
the presence of biflavonoids in the leaves
secems to be diagnostic for species of the
Podocarpaceac, little correlation was observed
with the presence of a p-diphenol oxidase.
This would indicate that the method of test-
ing for the oxidase was too insensitive since
it has been suggested® that biflavoncids are
probably produced in the plant by the oxi-
dative coupling of flavonoid precursors,

In an earlier survey'® the leaves and other
parts of the New Zealand conifers were ex-
amined by means of simple test-tube reactions
for the presence of alkaloids, leucoantho-
cyanins, saponins, and triterpenes. No mem-
ber of the Podocarpaceae was found to con-
tain alkaloids, saponins or triterpenes but all
contained leucoanthocyanins. The antho-
cyanidins derived from these compounds by
acid hydrolysis were identified for each species
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by paper chromatography, cyanidin (40)
being the predominant product. In most
cases the bark appeared to be the richest
source of the leucoanthocyanins and only
P. dacrydioides was unusual in that it was the
only tree to contain a leucopelargonidin.

Biosynthelic Relationships

The elucidation of the structures and con-
figurations of naturally occurring organic
compounds paves the way to an understand-
ing of their biosynthesis which is a matter of
fundamental systematic importance. Relation-
ships exist between the “biosynthetic com-
plexity” of a substance and its taxonomic
significance. Many organic compounds, even
those of quite complex nature, may be formed
by relatively simple biosynthetic processes-
Different plants sometimes contain substances
which, although belonging to different chemi-
cal classes, appear to be biosynthetically
analogous- Such plants probably contain
similar enzyme systems, and the compounds
which they produce may therefore indicate
that a relationship exists between the rele-
vant plants.

The biosynthesis of diterpenocids is now
well established and a number of reviews on
this topic have been published®. Excluding
those with a phenolic ning C, three basic
types of diterpenoid are encountered in the
New Zealand Podocarpaceae—those possess-
ing a labdane skeleton, an isopimarane skele-
ton, or a kaurane skeleton. The three types
are biosynthesized from geranylgeranyl pyro-
phosphate (41) which can pe arranged on
an enzyme such that an acid-catalysed cycli-
zation followed by loss of a proton gives
15-hydroxylabda-8(17),13-diene. The result-
ing structure has a two-chair conformation
and the typical trans-anti-trans stereochemis-
try which is that possessed by most but not
all diterpenoids. The subsequent rearrange-
ments of 15-hydroxylabda-8(17),13-diene
pyrophosphate to give the above three types
are shownin Fig. 1.

The formation of the aromatic diter-
penoids has been assumed to arise from

manool type compounds by proton-initiated
cyclization and dehydrogenation. The occur-
rence of numerous 12-oxygenated aromatic
diterpenoids has led ApSimon and Edwards®®
to suggest that the cyclization may take place
from the diene (42) or tricne (43) by initia-
tion with oxygen as shown in Fig. 2. Biosyn-
thetically, podocarpic acid (7, R =H) has
suffered the loss of an isopropyl group, but
more remarkable structurally is totarol and
its derivatives which do not obey the Isoprene
Rule®. Two suggestions have been made to
account for their formation from an isopre-
noid precursor® %,

Coneclusion

The heartwoods of sufficient of the New
Zealand conifers of the Podocarpaceae have
now been examined in order to observe an
emerging pattern of diterpenoid constituents.
From a consideration of previous chemical
studies and of morphological features it has
even been possible to predict with some con-
fidence the type of compound and in some
cases particular compounds to be expected in
the heartwoods of species which have been
examined in more recent work. As detailed
above however, some unexpected results have
been obtained. Perhaps the most striking of
these is the recent isolation of diphenyl sul-
phone (44) from the heartwood of D. inter-
medium and of sulphonic acids from that of
D. kirkii™®. Sulphur-containing compounds
are not common constituents of plants and
this is apparently the first isolation of such
compounds from a heartwood. Their func-
tion and biosynthesis pose an interesting
problem.

While some attempt has been made to
study the chemistry of heartwoods and leaves
of New Zealand species, considerable work
is still required on these and other organs
of the plants before it will be possible to
claim that a reasonably satisfactory chemical
description of a single species has been ob-
tained. This is especially so in the light of
the much greater number of established
botanical facts for each spectes.
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PERCY REGINALD PARR

1899

— November 1967

An Appreciation . ..

“FroM various sources there has been com-
piled a list of persons in New Zealand who
. The

earn a livelthood by chemistry .
number is 139 . . .

2

teachers . ..”.

This may seem an odd start to an obituary,
but Percy Reginald Parr, who died last
November, was one of the other 87 and 1
understand was the first chemistry graduate
of Auckland University College to enter in-
dustry as a chemist.

He was one of the University Scholarship
winners in 1917 and took pride in later years
in his part in the establishing of the Auck-
land Grammar School tradition. He didn’t
tell you of his success in the Scholarship
examination but ene of his friends recently
produced his marks with a note that he
topped the list in one subject, was second in
chemistry and over-all fourth in New Zealand.
His academic record at the University was
very much what one would expect from this.
He graduated M.Sc. with Honours in 1922,

He started work with W. & R. Fletcher
{N.Z.) Ltd. in 1923 and spent the whole of
his working life with them. After a month
with H. W. Lawrence at the laboratory in
Johnsonville, he was on his own. At that

time he did all the work for three freezing
works and for the N.Z. Cattlecake and Oil
Company in a basement with windows on a
level with a cinder roadway,

The early industrial chermist in New Zea-
land had literally to be a jack of all trades
and a master of one. If you couldn’t solder,

including 52 who are

The Profession of Chemistry in New
Zealand — Wright, N.Z. Jour. Se¢i. &
Tech. Vol X, No. 1, May 1928, p. 62.

hard as well as soft, you had no water-baths
or ovens, If you couldn’t wind a muffle for
an electric furnace vou waited months for a
new one—and in the meantime devised some
alternative method that needed no ignition,
If you wanted equipment in a hurry you
built it if it was “one off”, or otherwise de-
signed something that a works carpenter or
plumber could turn out—and usually showed
them how!

If the works ran out of nitrite because the
all-wise purchasing department had ordered
nitrate, the lab turned out nitrite by the

hundredweight until stocks were replenished.
Always, if it couldn’t be bought or if the
price was uneconomical, the lab was called on
to fill the gap.

In the rush of day to day routines, investi-
gating complaints and checking or developing
new processes, there was the insistence on
meticulous standards. More than one of his
assistants was surprised to hear the quiet in-
quiry “How long is it since you checked your
work on . . " whatever might have been on
hand at the moment. Out of the oven would
come something—"“Check this and show me
the result.” He spoke firmly but I cannot
call to mind any occasion on which he ever
spoke harshly. If anything was astray, every:
thing was checked by two people, both of
whom knew a lot more when it was all over.



Vol. 32, No. 4, August 1968

There is no doubt whatever that he was
the complete master of his chosen profession
but it was always clear that his skill at im-
provisation went beyond his mastery of
chemistry.

As a man he was of very great breadth of
vision and his interests were as wide. This is
natural in one who originated from pioneer
stock. The family moved from the East
Tamaki area because of troubles with the
Maoris and took up land at Glen Eden in
1851. They were orchardists. Life in a family
of this kind explains his talent for improvisa-
tion. He had many tales of achievement—a
whole row of apple trees, too valuable to
jose, transplanted without losing a crop; a
blackberry hedge the fruit from which labelled

“berries” fetched top price in the markets at
the start of the boysenberry craze!

He could tell you the number of wells in
the Westficld industrial area. He could state
the acreage, the average annual rainfall, the
amount of water pumped from each well—
all to disprove the existence of any under-
ground stream.

He could discuss music with you, particu-
larly church music as he was at one time the
deputy organist at the Church of the Holy
Sepulchre at the top of Khyber Pass.

If you wanted to shoot rabbits he could
tell you accurately within minutes the times
they would appear to feed in the country
round his home.

If you had a problem with a tidal mud-
flat at your door he could advise you about
it and the Spartina townsendii at Westfield
has grown from what he personally planted
there.

He knew his New Zealand trees and could
quote that the largest tree, timberwise, ever
to be milled was a kauri from somewhere
down Thames way. This produced sufficient
timber for some fantastic number of average
size state houses—33 T think it was! At the
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other end of the scate he had for many years
a lawn of native grasses, principally Miero-
fena sp.

He would discuss books and literature—
“Cautionary Tales” or Shaw as well as
classics. He reminded me rather more than a
year ago that I had introduced him to Kip-
ling’s “Proofs of Holy Writ” and was inter-
ested that I was glad he had lent me a copy
of “Salambo”.

These notes do not mark the limits of his
interest and accomplishment for people
ranked very high in his concern. Often their
problems were his, particularly in depression
days. As a landlord he accepted responsibility
for feeding five tenants, and told them that
only when they had some work need they
pay some rent.

Most of you who read this never met Percy
Parr, let alone knew him, yet if you are a
member of the N.Z. Institute of Chemistry
you owe him something because he was one
of its founders. He was a prime mover in the
Auckland Chemical Society and one of those
with sufficient vision to realise the wisdom

of establishing a national organisation. It
has been common talk that his was the
deciding vote which ensured the establish-
ment of the Institute.

I car’t tell you how many papers he had
published. I don’t know the lectures he de-
livered. When he was Chairman of the
Auckland Branch and which year he was
President arc other matters beyond my ken,
though the records will telt you.

Here was a man who never sought the
limelight. When there was work to be done
he was there. When the credit was being
distributed he was mostly somewhere else
doing some other job out of sight. Mostly
he was giving. What immortality a man may
achieve, he has. So many things stand firmer
because of his efforts. I think all of us are in

his debt,
Eric Pain.
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NEW FACILITIES FOR RESEARCH

‘New Zealand Fertiliser Mamufacturers’ Research Association

/- Rogers, M.Sc., Ph.D., FN.Z.1.C.

Director, New Zecaland Fertiliser Manufacturers’ Rescarch Association

In the past cighteen months important de-
velopments have occurred at the Otara
Research Station of the New Zealand Fer-
tiliser Manufacturers' Research Association
(FM.RA), and with the N.Z.1.C. Confer-
ence being held at Auckland in August, an
outline of these changes involving staff,
equipment and buildings is timely. The set-
ting of F.M.R.A’s laboratories, 12 miles south
of Auckland on the motorwvay—20 minutes’
drive from the city, is the ‘star-shaped’ build-
ing with tower and flag-pole almost in the
centre of Figure 1. Five thousand feet of
space in this building, which is shared with
the Auckland office of the New Zealand Geo-
logtcal Survey, and eight acres of surround-
ing land arc leased from the D.S.1.R. which
purchased the property in 1948,

The Otara Research Station was originally
built, using bricks and tiles brought from
Europe as ship’s ballast, by the Dilworth Trust
in 1917 as a farm school for the sens of men

lost in the Merchant Navy during the 1914-18
war. Of distinctive architecture, the building
is a landmark in a community which has
grown in six years from about 500 to over
30,000 people. Clydemore Primary School
and Bairds Intermediate School are close at
hand. Otara College—now in its third year—
is several hundred yards away. The M.T.I.
(Manukau Technical Institute) is now build-
ing half a mile down the road,

At the 10th Conference of the Fertiliser
[ndustry in Noverber 1966, Mr. R. A. War-
burton, M.B.E., B.8c., Chairman of FM R A,
opened the J. K. Dixon Memorial Wing
which had been altered to provide labora-
tory space for physical chemistry and staff
offices. Dr. Dixon, a former President of the
New Zealand Institute of Chemistry and
director of Scil Bureau, had represented
D.SIR. on F.MRA’s Management Com-
mittee from its inception in 1950. Mr. War-
burton referred to Dr. Dixon’s distinguished




Nt

g

“contributions to soil chemistry in New Zea-

land—so excellently summarised by A. ].
Metson in the September 1966 issue of New
Zealand Agricultural Science.

Figure 2 shows X-ray diffraction and
fluorescence equipment recently installed in
the physical chemistry laboratory in the J. K.
Dixon wing. Manufactured by General Elec-
tric, U.S.A., this X-ray spectrometer is of
advanced design and the first of its kind in
New Zealand, and possibly Australasia. The
arrival of these units at Otara just before
Christmas was a highlight in the first year
of a current triennium of development for
which the fertiliser industry doubled its con-
tribution to F.M.R.A. in the year ending
30th June 1968, For the next two years this
grant will increase again to treble, so that
from 1968-69 F.M.R.A’s income from indus-
try and government will be more than
$100,000. Plans are presently being prepared
for a chemical engineering building which
may be under construction by August—an-
other step in implementing the policy of
emphasis on research into fertiliser manu-
facture.

Dr. J. B. Macaskill, a new member of
F.M.R.A. staff, recently graduated Ph.D.
{Otago), is shown working with the X-ray
equipment. In a staff of 13, seven are gradu-
ates and another, Mr. John Rouse, recéntly
nassed the Associateship examination of the
N.Z.1.C. with merit,

' Fig. 3

Since 1963 much research at Otara has
been devoted to ways of using the 150 million
tons of iron/aluminium phosphates which
cover the apatite on Christmas Island. One
rescarch finding which is being developed is
that the availability to pasture plants of the
phosphate in the iron/aluminium phosphate
minerals crandallite, millisite and barrandite
is markedly increased by heating them at
500°C. This heat treatment also destroys the
ordered arrangement of the atoms in these
minerals, Their X-ray diffractograms no
fonger are sharp characteristic peaks, but
only a broad curve. The Christmas Island
Phosphate Commissioners have generously
recognised F.M.R.A’s work on ways to use
this important mineral resource, jointly owned
by New Zealand and Australia, by a sub-
stantial donation to the cost of this new
equipment.

By arrangement with the British Phosphate
Commissioners a sample, which is represen-
tative of each shipment of phosphate rock
coming to New Zealand from Christmas
Island, is taken by special equipment on the
loading cantilever at Christmas Island. Im-
mediatelv the shipment reaches its unloading
port in New Zealand the sample is forwarded
to Otara. In less than two hours, grinding,
pressing and analysis for phosphorus, iron and
aluminium by X-ray fluorescence can be com-
pleted. The results possibly reach the fertiliser

{continued on page 134)
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INSTITUTE OF CHEMISTRY

CONFERENCE 1968

Parers in the Biochemistry, Geochemistry and Mineral Resources, Liaison, Chemical
Engincering, and Student Papers sessions are outhned below. Readers are reminded
that notes on all aspects of Conference were given in the previous issue. The full
programme and final timetable details will be available to delegates on registration.

ABSTRACTS
{Please take these with you to Conference)

BIOCHEMISTRY

ELECTRON MICROSCOPY AND THE ELU{I-
DATION OF MEMBRAKE STRUCTURE
5. BULLIVANT
Department of Cell Biology.
University of Auckland

THE “unit membrane” theory of the structure of
membranes regarded all membranes as bi-molecular
lipid layers with proteins on their surfaces. Differ-
cnces between membranes were supposed to reside
largely in the protein layers. Recently developed
techniques of electron microscopy, especially nega-
tive staining and freeze-etching, allow a view of
the plane of the membrane rather than its cross
gection. A constant feature of membranes seen by
these techmiques is an array of particles which
appears to be within the membrane and indeed
to form it. In some cases these particles can be
correlated with biochemical subunits; a particular
example is the quantasome of the chloroplast. It
appears that in many cases the "unit membrane”
theory is an over-simplification and that membranes
are composed of arrays of biochemically actlive
lipid-protein subunits,

MECHANISMS OF 1ONIC ACCUMULATION
: ACROSS MEMBRANES

P. M. WIGGINS
Department of Cell Biology,
University of Auckland

Aryost all living cells have the ability te main-
tain a high internal concentration of potassium
and a low internal concentration of sodium. This
they contrive to do in the face of steep concen-
tration gradients of both ions, the external solu-
tien bathing the cells containing relatively high
sodium and low potassium concentrations.

These ionic gradicnts could be maintained either
by active transport processes on the cell membrane,
or by sclective accumulation of potassium and
exclusion of sodium by the cell as a whole. Evi-
dence for both points of view will be discussed.

BIOCHEMICAL ASPECTS OF TRANSPORT
ACROSS MICROBIAL MEMBRANES

R. G. LAWRENCE
The New Zealand Dairy Inslitute,
Palmerston North

THE permeases, or transport carriers, were until
recently merely hypothetical proteins invented by
biochemists to account for the puzzling phenomenon
of membrane transport. Yet one by one permeases
are being isolated, characterised and cven in one
case, crysiallised. A permease, defined by its ability
to catalyse transport across an intact cell mem-
brane, cannot be dircctly assayed when the
membrane is no longer present. All procedures for
monitoring the isolation of permeases therefore
make usc of ancillary features of the transport pro-
cess—in maest cases the ability of the isolated mole-
cule to bind its substrate. Recent work in this field
is briefly reviewed. In many instances the assump-
tion that specific inducible transport systems exist
allows a ready explanation of the experimental data.
As an example, the rate of oxidation of fatty acids
and triglycerides by spores of Penicillium rogue-
forti is discussed.

BICCHEMICAL PROPERTIES OF THE
ERYTHRGCYTE MEMBRANE

G. WINTERBOURN
Department of Chemistry and Biochemistry,
Massey University of Manawatu

Tue lack of any internal cell structures aﬁq*.the
membrane localisation of virtually all the céll lipids
make the erythrocyte a popular choice for the
study of membrane properties. Membrane protein
characterisation is as yet incomplete, but the pre- "
sence of a structural protein having a tendency 'to
aggregate and some helical configuration is evident.
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With regard to lipid-protein interactions, most of
the polar groups can be removed from the phospho-
lipids without destroying gross membrane structure.

Each species has a characteristic erythrocyte
phospholipid distribution, but considerable inter-
species variation exists, Fatty acid constituents,
however, are considerably influenced by diet. In
addition to direct exchange of cholesterol and some
phospholipids with plasma counterparts, the circu-
lating erythrocyte can take up and esterify plasma
monoacyl phospholipids.

DISTRIBUTION OF H* ACROSS THE
CELL MEMBRANE

DR. D. 5. CAMPION
Medical Unit, Auckland Hospital

Tue central role of the hydrogen ion (H™) in
metabolic processes makes accurate measurement
of intracellular pH(pHicr) and determination of
the factors controlling the transcellular membrane
distribution of H™* of considerable interest. Using
double-barrelled pH-sensitive, glass micro-electrodes
we have made simultaneous measurements in rats
of pHicr and membrane potential (Ew). Rat
extracellular Auid pH is 7.4; muscle cell pH
measured by electrode is 6.0 and simultaneous Em
is —90 mV (negative inside) ; liver cell pH is 6.95
and En is —25 to —28 mV. This demonstrates
that in these tissues the H™ is in electrochemical
equilibrium across the cell membrane according
to the Nernst equation:
Em = RT/F InHY ce/H " s0r
=61.5 {pHuer — lecr) at 38°C.

Manipulation of muscle En resulted in very
rapid adjustment of pHycr so that electrochemical
equilibrium was always maintained. This demon-
stration of extreme mobility of H* across the
membrane suggests that water in the cell mem-
brane may be in a structured state and that H*
may be “moving” by the phenomencn of protonic
conduction as observed by Eigen.

THE MECHANISM OF ACTION OF
INSULIN

J. G. T. SNEYD

Department of Clinical Bivchemistry,
University of Qtage Medical School

InsyLiy is well known to stimulate the transport
of glucose into muscle and adipose tissue. Recently
it has bccome clear that not all the biological
effects of insulin can be explained on this basis.
Evidence will be presented that the actions. of
insulin on lipolysis and glycogen synthesis in
adipose tissue and oo glucose output by the liver
are mediated by a fall in the tissue level of cyclic
35" AMP. Ghlucose transport does not appear to
be controlled by cyclic 35 AMP.
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PATTERNS OF GROWTH HORMONE
RELEASE AND ITS PERIPHERAL ACTION

D. J. SCOTT
Radioisotope Unit, Auckland Hospital

Humax growth hormone is a polypeptide of 187
amino acids and molecular weight of 21,500. After
synthesis and storage in the acidophil cells of the
pituitary gland it is relcased into the blood under
the influence of a small, polypeptide releasing
factor arising from a specific area in the hypo-
thalamic region of the brain stem. This area senses
changing levels of blood glucose and amino acids
and integrates these with neural stimuli set up by
stress and exrcise,

The fluctuating pattern of plasma growth hor-
mone levels consists of slowly rising peaks prior to
meals and troughs during and after meals. Sharp
p=aks associated with stress and exercise are super-
imposed.

The peripheral action of the hormone is con-
cerned with stimulating protein synthesis. An
chvious aspect is the impulse to cartilage forma-
tion at the epiphyssal plates at the ends of long
bones, resulting in linear growth.

STEROIDAL HORMONES IN PREGNANCY

J. T. FRANCE
Postgraduate School of Obstetrics and Gynaecology,

University of Auckland

Tue biosynthesis, catabolism and function of the
steroid hormones in human pregnancy involve
complex interrelationships between foetus, placenta
and mother. These interrelationships are as yet
only partly understood. Although the production
of all steroid hormones is influenced by pregnancy,
the most striking change is the tremendous in-
crease in the production of progesterone (up io
10 times non-prcgnancy rate) and ocestrogens (for
aestriol, up to 1,000 times non-pregnancy rate).
The biosynthesis of progesterone takes place in the
placenta, probably from maternal cholesterol. Oxy-
gen biosynthesis involves the foeto-placental unit,
precursors from the foetus being further meta-
bolised by the placenta to yield ocestrogens. The
significance of the high levels of progesterone and
the cestrogens in pregnancy is not clear; preg-
nancies with abnormally low production of oestro-
gen or both cestrogen and progesterone can follow
an apparently normal course. '
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GEOCHEMISTRY AND MINERAL RESQURCES

THE CHEMISTRY OF ORE BODIES

B. G. WEISSBERG
Chemistry Division, D.S.I.R.

MixeraL exploration philosophy and the evalua-
tion of mineral prospects and deposits are strongly
influenced by one’s theory of origin of the deposits
involved. General theories of origin of some types
of deposits are reviewed and the influence of con-
flicting genetic theories on exploration programmes
are pointed out. Element and rock type associa-
tions recur in many ore deposits, e.g. tin with
granites, arsenic with gold, platinum and nickel
with ultra-basic rocks, and although not always
well understood, are used successfully in many
exploration programmes.

The genetic details of hydrothermal deposits
are, in general, poorly known and the application
of chemical studies at elevated temperatures and
pressures to clarify the mechanisms of transpor-
tation and deposition of heavy metals in hydro-
thermal systems is briefly reviewed. The hydro-
thermal chemistry of gold-silver deposits associ-
aed with Tertiary volcanic rocks is examined, and
a genetic parallel is drawn between the Taupo
Volcanic Zone, the Coromandel Peninsula, and
areas in central Nevada, U.S.A., that are currently
expericncing  an  exploration and development
boom.

GEOCHEMICAL PROSPECTING

A. ]. ELLIS
Chemistry Division, D.S.LR.

THe geochemical prospecting method involves the
detection and interpretation of unusual concentra-
tions of elements associated with a particular type
of mineralization. An outline is given of its role
as an important exploration technique in compari-
son with geophysical methods.

The types of element anomalies that are found
about particular mineral deposits are briefly re-
viewed. In partcular situations collection and
analysis of rock, soil, stream waters or stream scdi-
ments for the mineralized element or an associated
“path-finder” element are undertaken. The methods
used for chemical analysis must be capable of
handling hundreds of samples in a few days. Geo-
chemical prospecting usually is based on the sec-
ondary dispersion of clements which occurs during
the weathering of rock and associated minerals.
[nterpretation of results requires some knowledge
of the chemistry of solution, transport, and precipi-
tation processes for the elements in ground waters,
streams, soils and sediments. Methods of examina-
tion are used which amplify the differences which
occur in samples because of their proximity to
nmineralization.

Regional geochemical surveys based on the
analysis of stream silts have proved to be an
efficient and economic means of examining large
areas (102-10% square miles) for potential minerali-
zation, Detailed examination of a mineralized
locality on the other hand is often based on a
survey of clement concentrations in a particular
soil horizon.

To illustrate the principles and applications of
geochemical prospecting, examples are given from
New Zealand projects,

BHOGEOCHEMICAL PROSPECTING FOR
URANIUM IN NEW ZEALAND

R. R. BROCKS and N. E. WHITEHEAD
Department of Chemistry and Biochemistry,
Massey University of Manawatu

Tre uptake of uranium by the flora of the Buller
Gorge Region of New Zealand has been investi-
gated with a view to carrying out hiogeochemical
prospecting in the area.

Uranium was determined fluorimetrically and
the total activity of samples of plant ash and soils
(preswmably radium -+ thorium 4+ uranium) was
determined with a low-hbackground a-counter,

Two species of trees (Weinmannia racemosa
and Nothofagus fusca) and two shrubs {(Coprosma
australis and Quintinia acutifolia) had concentra-
tions of uranium in the leaves which correlated
well with the soil levels, 1t is hoped to use this
fact for biogeochemical prospecting for several
elements simultaneously by spectrochemical analy-
sis of the plant ash in addition to the fluarimetric
determinations of uranium,

The discovery that certain elements such as

- berylliom and molybdenum, which are found in

assoclation with uranium, are also accumulated in
some species of plants leads to the possibility of
using these elements as ‘pathfinders’ for uranium,

THE MICROBIAL LEACHING OF
COPPER ORES

R. M. ALLEN
Department of Chemical Engineering,
University of Canterbury

A corper extraction plant has been designed in
the Department of Chemical Enginecring at the
University of Canterbury based on microbial re-
search in the US.A. and New Zealand on the
rate of bacterial attack on copper sulphide ores.
Such a microbial leaching process substantially
reduces the capital investment required, enabling
the copper from the relatively small deposits occur-
ring in this country to°he economically recovered.
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PAPER FILLER CLAYS

I. R. C. McDONALD
Chemistry Division, D.S.I.R.

Tne successful utilisation of a mineral deposit
often involves an investigation of industrial pro-
blems far removed from the more obvious aspects
of mineral chemistry. This is well illustrated by
experiences with New Zealand clays used as fllers
in writing paper.

Writing papers commonly contain up to 10 per-
cent of a kaolinite-type filler-clay. The abrasive
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properties of these fillers influences the subsequent
cutting properties of papers prepared with the
fillers, but there is little gquantitative data relating
clay abrasion to paper cutting properties. Methods
have been developed to relate cutting properties to
the increasing load on the cutting knife caused by
abrasion of the cutting edge. The successful de-
velopment of laboratory tests is an essential pre-
requisite to any attempt to beneficiate the clay and
thus gain its acceptance in industry, since it is not
practicable to carry out experimental work with
the output of a factory cutting writing paper on a
commercial scale.

LIAISON BETWEEN GOVERNMENT, INDUSTRY AND TERTIARY
EDUCATION

RESEARCH ORGANIZATIONS

W. A, McGILLIVRAY
Director, New Zealand Dairy Research Imstitute,
Palmersion North

REsEARCH organizations, jointly financed by indus-
try and Government, occupy an important place
in the New Zealand scientific scene. In their main
function of carrying out research and development
work, both short-term or applied and long-term or
fundamental, and in their other responsibilities
they are often in the position of helping to define
for their respective industries the need for high
quality professional staff and the type of graduate
they require; and they should be able to feed back
to the universities information ahout the scientific
and technological requirements of the country.

It is suggested that while the quality of the New
Zealand graduate is as high as anywhere else in
the world, the direction of his training is seldom
consciously related to the nceds of New Zealand
industry; the New Zealand universities have failed
to develop a national character in keeping with
our agricultural economy and, as a consequence,
have tended to train our best students for export
rather than for service in our export-earning
primary industries.

INDUSTRY

DAN A. WATKINS
Managing Director, Tvon Watkins-Dow Limited,
New Plymouth

It ts one of the contradictions of living that in a
world reticulated with unprecedented forms of
communication we should have to discuss liaison
amongst tertiary educational institutions, govern-
ment and industry—or to he precise, the need for
improving it. In a country as literate as ours
communication, with its connetation of “common
participation”, shonld be a fact of life in our
relations.

As a representative of industry I will try to tell
you the changing attitude of industry, in particu-
lar the manufacturing section, to what we believe
has developed into competition between the uni-
versities, government organizations and industry
for the country’s top brains. I will also stress the
need for a greater understanding of industry’s re-
quirements by those responsible for tertiary educa-
tion,

Maybe it is industry’s fault if a graduate leaves
a university with the impression that by going into
industry he has started on “a straight run to the
grave” as one rescarcher put it; or that the under-
graduate, unable to face the thought of a con-
tinuous rat race, finds it difficuit to believe that
industry can be “a community of people working
together for a common end with mutual support
and mutual respect, and no place for a rat!”

1 believe that laison is basically a gquestion of
attitudes, and I hope to explain how these can
change or be changed to our mutual benefit.

THE TECHNICAL INSTITUTES

R. A. KEIR
Auckland Technical Institute

[¥ the modern technological society, education
and training are two sides of the same coin. Be-
cause they reach into every aspect of commercial
and industrial activity at all levels, the technical
mnstitutes have a vital role in the economy of a
developing country like New Zealand. Their work
in vocational training should complement that of
the universities and the two should flow in parallel
to ensure that the university trained scientists are
provided with the increasing numbers of tech-
nologists and sub-professional supporting personnel
that the successful development of their research
and planning requires.

The accelerating demands for craflt and sub-
professional training will require many more tech-
nical institutes and it seems reasonable to expect
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that many of our provincial towns will need these
facilities during the next decade. This demand is
characteristic in many countries; Britain has 39
universities and more than 600 technical colleges;
U.8.A. is building many more junior and com-
munity colleges the courses in which closely re-
semble some of those in our own lechnical insti-
tutes; Australia is developing colleges of technology
providing part-time courscs leading 1o degrees and
diplomas in a wide range of technologies outside
those in the universities. Such a development in
New Zealand may assist in producing professionally
qualified people with the more practical type of
approach which some industries may require. This
type of development should be encouraged rather
than resisted by our universities because experience
shows that benefits derive for all in the end.

Greater apportunities are required for one or
two-year full-time courses in technical institutes to
prepare adolescents for careers in applied science.
Prolonged adherence to the traditional British
system of craflt apprenticeship may impede the
development of a flexible work force. The advan-
tage of the American type of vocational training
is that it provides a reservoir in times of under-
employment which can supply the increased need
for skills when the demands come. The trade
schools and community colleges fill up when jobs
are scarce and empty out when work is plentiful.
A reduction in apprenticeship such as 1s taking
place in the. building industry at present leaves
an irreplaceable gap in manpower.

Technician training in applied scisiice has sup-
plied an urgent need but much more should be
done, There is a growing demand for post certi-
ficate courses in Applied Chemistry and Food
Technelogy which could be met by providing
part-time courses in technical institutes leading to
diplomas in these fields. If the N.Z. Institute of
Chemistry supports these, they will be in good
company because the leading professional institu-
tions in the world have never opposed develop-
ments of this kind.

UNIVERSITY

H. N. PARTON
University of Otago
New ZeaLanp is a late entrant into fields of
tertiary education other than those regarded as
appropriate to the universities and to {ecachers’
colleges. However, the agricultural colleges have
long ago developed a distinctive form of tech-
nical-cum-university training which makes a major
contribution to our principal industry—agriculture.
We cannot yet envisage development of other in-
dustries to match agriculture, and consequently
our demand for any particular type of technical
skill is likely to remain small for a long time. In
some fields graduate training will be most economic
if carried out overseas, while numbers at the tech-
nician level in these fields may justify courses in
our own technical institutes, In others, the demand
for graduates and technicians may fall short of
justilying separate university and technical insti-
tute courses, but may call rather for co-operation
in the sharing of the time of specially qualified
staff for training both groups, and even of equip-
ment and laboratory space. Technical institute
staffs should have access to research facilities with-
in universities.

Universities are criticised here and clsewhere on
the grounds that the fields into which university
teachers lead their students bear little relation to
the problems of industry and the government ser-
vices. A university is a teaching and research insti-
tution, concerned with undergraduate and graduate
instruction. Tt has two products, graduates and
scholarship  (usuwally termed research in the
sciences). Its claim on the public purse must be
primarily based on the community’s need for these
two products. Direct service to industry can only
be a marginal activity and must never be the basis
of university financing. The fields in which uni-
versity research supervisors choose to train their
apprentice researchers must remain a matter of
frec choice. Those who choose unwisely will soon
discover their unwisdzn,

CHEMICAL

THE FUEL CELL

P. L. SPEDDING
Department of Chemical and Materials
Engineering, University of Auckland

Tue basic principles of direct electricity genera-
tion by means of the fuel cell are presented with
emphasis on the thermodynamic and mass transfer
phenomena involved. Various types of fuel cells

ENGINEERING

are described in some detail with emphasis on the
more practical varieties. Typical operating data
are outlined together with the various factors which
limit cell output and operating life. Attention is
directed to various areas where research could
well help in overcoming the prob]ems‘which at
present are limiting cell performance and whose
solution would lead to wider applications of the
fuel cell. Some of the practical uses to which the
fuel cell has been put are detailed.
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THE RECOVERY OF FLUORIDE FROM
SUPERPHOSPHATE MANUFACTURE

W. E. RUSSELL
The N.Z. Farmers' Fertilizer Co. Ltd., Auckland

I the manufacture of superphosphate from phaos-
phate rock and sulphuric acid a small proportion
of silicon tetrafluoride is evolved as part of a
gaseous by-product. In gencral, these fluoride-
containing gases have been regarded as a nuisance
and water scrubbing and subsequent neutralisation
have been required in certain cases to prevent
atmospheric and stream pollution.

The Auoride, however, represents a potentially
valuable recoverable material. This paper describes
the design and operation of a small process for the
economical recovery of a substantial parct of the
evolved fluoride in the form of a commercial 15%
strength hydrofluesilicic acid. This material is find-
ing increasing acceptance overseas as a fluoridating
agent for public water supplies and the major part
of the production from this plant is utilised for
this purpose.

THE EVALUATION OF KRAFT BLACK
LIQUOR EVAPORATOR PERFORMANCE

W. J. BELL
N.Z, Forest Products Ltd., Tokoroa

Tue evaporatien of waste liquor from the Kraft
pulping process is a very necessary step in the
recovery of waste chemicals. The waste liquor,
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commonly known as black liquor in the pulping
industry, is evaporated from 13 percent solids
content to 45 percent solids content by means of
multiple effect, long tube, vertical evaporators.

This paper describes the development of a
method to evaluate the performance of these units.
The application of heat transfer theory, develop-
ment of testing methods, correlation of basic data
and layout of a digital computer programme are
described.

AUTOMATIC CONTROL IN THE PROCESS
INDUSTRIES

R. M. ALLEN

Department of Chemical Engineering,
University of Canterbury

Auromatic control of industrial processes is a part

of modern technology at all levels from the thermo-

stat to the process control computer. A number of

basic techniques using pneumatic instrumentation
are available to handle many types of control pro-

blems and recommendations can be made on their

use and adjustment. At present, the scale of most

industrial processing plants in New Zealand

favours the use of control equipment of this type.

rather than direct digital computer control.

STUDENT PAPERS

There will be a second session on Friday
afternocn in addition to the one on Thursday
morning in the programme. The speakers
will be present Ph.D. students in chemistry
or biochemistry. The following University
nominations have been received at the time
of printing.

Auckland
MR. W. A. DENNY

“STEROID SYNTHESIS FROM DITERPENE

PRECURSORS”

Massey

MR. W. D. SUTTON

“SEQUENCE STUDIES WITH BACTERIO-
PHAGE DEOXYRIBONUCLEIC ACID”

Victoria

MR. D. F. COOK

“CO-ORDINATION COMPOUNDS OF SOME

CYCLIC TETRA-AMINES”

MR. T. W. JORDAN
“INSECT MICROSOMAL OXIDATIONS"

Otago
To be selected

Canterbury
To be selected
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(continued from page 125)

manufacturers before unleading is com-
pleted. One aim of this service is to provide
a better basis for making superphosphate
from blends of Christmas Island phosphate
rock with Nauru and Florida phosphates.
Figure 3 shows Mr. John Rouse making
calibration analyses for iron and aluminium
with the AA-4 Techtron Atomic Absorption
-Spectrometer installed at Otara in August
1967.

Another project for which the X-ray equip-
ment is providing valuable information is a
study of phosphorite dredged at 1,200 feet
from the sea floor on the Chatham Rise.
X-ray diffractograms show clearly the dif-

ferent minerals—apatite, calcite, quartz, feld-
spar, glauconite—and the proportions in
which they are present in the pebble, sand,
silt and clay fractions. This work is bheing
done on a contract basis for a United States
mining company in co-operation with the
Department of Mineral Technology, Univer-

“sity of Otago. The products from research on

the beneficiation of the apatite in this
material are being analysed at Otara and
tests made of their suitability for superphos-
phate and phosphoric acid production.

This  co-operative  project  illustrates
F.M.R.A’s policy of working with university
and government research groups as well as
the member companies in order to serve the
fertiliser industry more effectively,

NEW ZEALAND FERTILISER MANUFACTURERS' RESEARCH ASSOCIATION (INC.)

CHEMICAL ENGINEER & PHYSICAL CHEMIST

Enquiries are invited for positions of chemical engineer and physical
chemist from the beginning of 1949,

The chemical engineer will be responsible for the development of a
chemical engineering section as part of FM.RA's current expansion pro-
gramme,

Preference will be given to physical chemists with experience in surface
and/or mineral chemistry.

The salaries for both positions will be in the range N.Z.$3,000 to $5,400

p.a. -depending on qualifications and experience. The positions entail close
liaison with the ferfiliser industry, government and university research groups.
- Personal responsibility is considerable and prospects for advancement excellent.

Further particulors are available from:

The Director,
P.O. Box 23-594, Papatoetoe East, Auckland,
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MODULINE—the time-tested G.C. concept that has been copied, but never equalled

DETECTORS

FLOW CONTROL

New ionization detectors for high-
est sensitivity and linearity at all
operating temperatures up te
400°C. A universal detector base
allows rapid interchange of FID,
phosphorus, H? and Ni* E.C. de-
tectors. The new T.C. detector
features WX filaments and
decreased cell volume for high
stability and sensitivity.

Dual/differential flow controllers
for each column provide precise
control, and maximum versatility
and ease of operation. You can
choose either the rotameter or
pressure gauge type. Panel-
mounted needle valves provide
convenient, precise conirol of the
separate H; and air flow 10 each
ionization detector.

varian aeroGcraprH

PROGRAMMERS

COLUMN OVEN

Choose from the unique fully auto-
matic Matrix with step program-
ming, the autemalic linear, or the
all-new linear programmer or iso-
thermal proportional controller.
Forunequalled accuracy, perform-
ance, and operational flexibility,
each programmer is a plug-in
madule—all solid state with no
baltteries or tubes,

Moduline gives you the largest
column avenavailable in a bench-
type G.C. With over 1000 in® of
readily accessible, usable space,
it easily accommodates prepara-
tive, capillary, and analytical coi-
umns, either metal or glass. And
it stilt has ample room for a variety
of valves.

N.Z. REPRESENTATIVES . . .

GEO W. WILTON & CO. LTD.

BOX
BOX 9071,

367, WELLINGTON
NEWMARKET, AUCKLAND



Were
growing

.TOW
withus

IWD'S growth over the past seven years has been tremendous—as a result we now have unparalleled need
for qualified personnel. We have openings for graduates in research, quality control, development, process
control, marketing, sales and advisory services. Programmes range from weed and pest control to veterinary
products, from detergents to fumigants. If you're a science graduate this is what the IWD group of com-
panies has to offer: % Employment in a position of status. % A position of satisfactory work content —
on programmes where there are problems to solve and something to really get to grips with.
# Work with distinguished colleagues # The opportunity to continue academic study., * Good
prospects for the future. * A satisfactory remuneration during the induction period —as well
as later. If you're interested drop us a fine. The address is The Secrefary, Ivon Watkins-Dow. L{d.,
Box 144, New Plymouth,

THE IVON WATKINS-DOW GROUP OF COMPANIES




Gallenhampy

BS OVENS-HEAVY DUTY
OVENS INCUBATORS

® Stainless steel interiors ©® Copacities up lo 7.5 cu.ft.
@ Unitised control chassis ® Fan convection
® Built-in safety thermostats

Gollenkamp have designed ond produced o new range of twenty-six
Ovens and Incubators ensuting that each model incorporaies all the
features necessary for efficient, reliable and lime-saving operation.

BS OVENS AND INCUBATORS are COMPENSTAT controlled with buili-in
coupled safety thermostat.

HEAVY DUTY BS OVENS are controlled by o new SOLID STATE ELECTRONIC
CONTRQLLER with push-bution temperature telection ond supporting safety
thermostat. All models have wunitised front removing control chassis for
simple odjustment ond mointenance, alse fan convection.

OVENS € INGUB

Flease write for
Publication 659

A. GALLENKAMP & CO. LTD.
LONDON

P.0O. Box 290, Technico House,
Christopher Sireet, London, E.C.2

Qur oppointed disiributors are . . .
GEQ. W, WILTON & CO. LTD.

Box 9071, Newmorket, Auckland
Bax 367, Wellington

allenhamp




ONE OF THE MOST
SIGNIFICANT TEGHNICAL
DEVELOPMENTS IN 1966!
THE TECHTRON AA-4
ATOMIC ABSORPTION
SPECTROPHOTOMETER

This atomic absorption spectrophotometer has been hailed by leading
American publication ‘Industrial Research’ as one of the 100
most significant new technical products of the year. AA-4 atomic
absorption spectroscopy is used in such diverse fields as
biomedicine, agriculture and animal husbandry, industrial hygiene,
and forensic medicine, heavy industry, food and beverage
manufacture, petroleum chemistry, mining,
metalturgy and geology, to name only a few, mrl & GARREII IITD-
As the latest development in chemical analysis—which determines over
65 individual elements—the AA-4 is invaluable in every laboratory.
Spare lamps are always available for the AA-4 and similar instruments.
Literature available . . . contact us now for further details.
Represented and Serviced by CARREL & CARREL LTD.,
14 McDonald St., Auckland 3. P.0. Box 2102. Phone 869-124.
13862C




® Help for
harassed
® dyers

To speed the work of textile dyers

and printers has always been a major
objective for ICI's colour chemists.
Recently they solved a long-
outstanding problem of these dyestuffs
users: how to match colours
accurately other than by lengthy trial-
and-error. Using ICl's new Instru-
mental Match Prediction service (IMP),
dyers and printers in a dozen
countries can now receive, by
teleprinter, a dyeing ‘recipe’ for any
shade within hours of asking for it.

A computer in Manchester and
special instruments in ICI technical
service laboratories overseas make
this rapid colour-matching possible.

Not only the changing needs of
colour users come under the scrutiny
of ICl's 10,000 research and
development workers,
Important technical advances are
being made almost daily in fields as
varied as paints, plastics, fibres,
medicines and crop-protection
chemicals. The resulting ultra-modern
chemical materials are made available
throughout the world by ICl's
network of selling organizations.

IMPERIAL CHEMICAL INDUSTRIES (N.Z.) LTD.

nz




Space probe .. .
instrementation . . . packing,
cushioning . . . shockproof,
shatterproof . . . Shall.
Plastics, 'Epikote’ resins,
'Cariflex’ rubbers ...
chemicals for a modern age . ..
by Shell. Chemicals for industry
.+« by Shell. Production,
research, marketing . . . by Shell,
Behind the advances of

science and industry . . . Shell,
Now, and in the future.

For further inform&0s
Shell Qil New Zedlzh

In New Zealand Industry [N TR




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

Itleads to reliability. Look for it in the seven thousand-
odd BDH laboratory chemicals. They never fail.

@ BRITISH DRUG HOUSES (NEW ZEALAND) LTD.,
C.P.0. BOX 151, AUCKLAND.
ANH Laboratory Chemicals available through.-

National Dairy Association of N.Z., Auckland and Wellington.
Scientific & Laboratory Equipment N.Z. Ltd., Auckland.

Townson & Mercer [N.Z.) Ltd., Auckland, Christchurch and Wellington.
Geo. Wilten & Co. Ltd., Auckland and Wellington.

Kempthorne Prosser & Co. N.Z. Drug Co. Ltd., Dunedin,

20540




Mettler makes mlcrothermal | }
investigations without disturbance
possible. |

The researcher

) . retains first, by simply pressing a button, the temperature
; at the moment, where characteristic changes cccur to
) the micro sample during the heating process. All rou-
tine manipulations, such as control of the temperature,

T I he Mettler FP 2 thermometer reading and recording of the results are
| : eliminated.

consists of three elements: Micro hot stage, electronic
cantrol unit and push button station for the fixation of
the temperature values, The following features guaran-
tae that one can rely on the analytical data supplied by
the METTLER FP2,

The temperature field of uniform pattern of the micro

hot stage is heating up the sample regularly. Fully auto-

matic temperature control allows three heating rates. :

The exact measuring of the sample temperature is WATSON VICTOB LTD

guaranteed by a platinum resistance thermometer, em- Head Office: 4 Adelaide Road, Wellington. @
bedded in the healing plate and in direct contact with o A .

the sample, Thanks 1o digital result storage, three inde- Branches: Auckland, Christchurch and Dunedin.
pendent temperature values can. by stored with-an
accuracy of 0.1°C.

DAVID F. JONES LTD.



