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MEMBERS ON THEIR METTLE

Two passages in this issue are related to one theme. The
first (page 173) is the quotation, in the retiring President’s
address, from Professor Cottrell's challenging article published
in the fournal of the Royal Institute of Chemisiry for February,
1960, wherein Professor Cottrell assays analysts gravimetrically
in terms of base and precious metals, The second (page 198) is
the reference to Martin’s methods of working with which the
incoming President concludes a book review on Gar Chroma-
tography. Both passages stress the importance of applying chemical
‘theory to a problem before resorting to experiment.

A symbiosis between theory and practice is proclaimed in the
mottos of both the R.I.C. and the N.Z.I.C. “Ratio atque usus”™—
theory and practice—says. the one; “per libram et librum”—by
balance and by book—exhorts the other. The older body places
“ratio” first, the younger one prefers “libra”. Was this an un-
conscious reflection of emphasis when our motto was adopted
thirty years ago? The important peint is that the words that
link the Latin nouns are translated “and” not “or’.

For amusement let us now take Professor Cottrell’s metal-
turgical gradings of chemists quite literally, using B.D.H. Catalogue
prices. Then our plumbivalent, argentivalent and aurivalent chem-
ists are graded respectively in the proportions 1 :60 : 1200. Before
such evaluation daunts the more modest in our ranks let us
remember that these metals commonly occur together and that
cven AnalaR lead may contain a little silver.

It should not, moreover, be inferred that the aurivalent
analyst, in terms of Professor Cottrell’s definition, is always
superior to his colleagues. For some purposes silver, like wisdom,
is more to be desired than gold, and lead than cither. The aurivalent
chemist who establishes that an analysis is not necessary may not
be as valuable as the argentivalent or even the plumbivalent
when it is unavoidable. Major discoveries have emerged from the
work of men of limited background who have pursued the col-
lection of facts with skill and integrity. The genius of a Martin
lies in the formulation, from theory, of significant questions which
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can be posed -by experiment. Dependence only on theory, itself
subject to change as new facts accumulate, can lead to error
and even to dogmatism. The phlogistonists, pursuing a theory
eminently serviceable in its day, pooh-poohed La Voisier. With
similar 2 priori reasoning and heedless of the facts, Davy at first
derided Dalton. The “ratio” of the R.I.C. motto is notorious for
the variety of its meanings, some of which come perilously close
to “dogma’.

Most of our members will consider themselves in the silver
class, and not a few will hope that they contain some gold in
their composition. If the ideas that Professor Cottrell and Pro-
{fessor Parton enunciate are applied in chemical education, aca-
demic cupellation and quartation should in the future yield
graduates of higher carat. But members of our Institute, however
deeply concerned they may be with problems of chemical educa-
tion, are themselves mostly beyond its refining processes. So to
give this persiflage some point, before it falls too deeply into the
pitfalls of analogy, we commend the addresses referred to in the
hope that members will find in them a stimulus to see that “libra”
is not used when “liber” can give the answer; to consider whether
“ratio” can improve “usus”; and so to transmute themselves to
nobler metal.

ELECTION OF TWO HONORARY FELLOWS

At the Council Meeting on August 29, the Institute conferred
its highest honour upon two well-known members by electing them
to the Honorary Fellowship. The new Honorary Fellows are:

Mr R. L. Andrew, who retired from the position of Dominion
Analyst in 1946, '

Mr A. D. Monro, formerly Associate Professor, Victoria Uni-
versity of Wellington, and a member of the Chemistry Depart-
ment at Victoria for nearly forty years.

Both Mr Andrew and Mr Monro were foundation members
of the Institute and played leading parts in its early development.
Mr Monro was a member of the Publications Committee which
started this Jewrnal. Tt is proposed to publish fuller accounts of
the work of the two new Honorary Fellows in the February
1962 issue.
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T_HE TRAINING AND EDUCA'TION OF CHEMISTS-

H. N. PARTON
'(Uniuer.ﬂty of Otago, Dunedin)

Presidential Address delivered at the Annual Confere;lce in Auckl;rmfi,
Atrgust 30, 1961,

When a member of the Institute is honoured by his colleagues
through election as President, he has a choice of subjects upon
which to address them at the ‘Annual Conference. He may choose
to speak about the profession of chemistry and the state of the
Institute at the moment, a theme which is perhaps most appro-
priate in a jubilee year or on the completion of a decade of its
life. He may decide to discuss the special field of chemistry on
which his own interests are focussed, or'some new development in
theory or practice which he thinks js of special importance to
chemistry as a whole. He may choose, as 1 have done, to offer
some comments on the problems of producing the next generation
of chemists, a theme which is perhaps equally appropriate to the
current producers—i.e., those of us who teach chemistry in schools
and universities—and to- the consumers who have to integrate
our products into state, mdustrlal or agricultural laboratories and
factories. -

However, before turning to- my tOPlC I want to make one
comment of the “state of the nation” type. In .a recent issue of
the Institute Jowrnal, the Editor quoted me as saying of the Institute,
when it was seven years old, that “. . . apart from providing
opportunity for chemists to meet and hear each other’s views on
technical and general topics, admittedly a useful function, and
admittedly one which the Institute performs excellently, I have
been unable to persuade myself that the Institute is performing
any function at all.”” At the time this brash utterance was made,
the Institute was young (seven years old}, small (about 150
members), and involved in the permanent problems created by
New Zealand’s difficult geography. By 1955, W. G. Hughson,
reviewing the first 25 years in the Jubilee issue of the Jowrnal,
was able to list many significant-achievements of the ‘Institute,
and today with the membership about 600, it surely justifies the
claim made for it by Dr W. A. McGillivray in the same Jubilee
issue, that it “is probably the strongest scientific organization in
New Zealand and its Fellowship and Associateship are recognized
and valued qualifications.” The Institute has grown tc maturity
and developed many functions and we may hope that its critic
of 24 years ago has also matured in judgment with the years.
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Our geography will always make it an expensive business to bring
the Institute Council together for quarterly meetings, but we can
and do afford it, and are no longer dependent on proxies as in
the early years. Our Jowrnal expresses the vigour of the growing
profession which supports it, and its growth to maturity early in
the 1950°s measures the development of the Institute it serves.
It has taken the New Zealand Institute of Chemistry some three
decades to reach this position. It is my sincere hope that, before
another decade passes, other scientific groups will have established
institutions of their own with parallel functions to ours. The
geologists have recently done so. Many of our members will also
be members of such sister organizations, just as they are members
of the branches of the Royal Society of New Zealand, which
serves different functions again. The time will come when we wil
sce created something similar to the Australian Academy of
Science, but I think that time lies some way ahead.

In speaking of the training and education of chemists, I am
implying that the two are not exactly the same. This is a
commonplace of current thought about education, but the dis-
tinction is a valid one. By training I mean that part of a student’s
education which emphasizes that he is preparing himself for a
particular profession. A good deal has been said about the teaching
of chemistry at all levels, in New Zealand as elsewhere. You
will find articles about it in the Jowrnal of August 1952 (F. G.
Soper and G. Maskell Smith}, again in February 1956 (E. J.
Searle, H. 5. Maslen, T. A. Turney and N. L. Edson); W. A.
McGillivray (in the Jubilee issue) and N. T. Clare (Vol. 19,
118, 1955) have discussed, among other aspects of the problem,
the training of chemical technicians; my predecessor in the office
of President, Professor S. N. Slater, deaft with the university
chemist (Vol. 17, 1, 1953) in an admirable way. My excuses
for developing this theme once more are two. First, at the end
of this year, the University of New Zecaland, from which the
great majority of Institute members have graduated, terminates
its life in its 9lst year. In the years leading up to this climax
of university reform, the Science faculties in the constituent
colleges (for several years now constituent universities), have
already been diverging in their degree patterns, going forward
to meet the future in the ways decided as best by each alone.
It is justifiable, I think, to look briefly at the past, critically at the
present, and hopefully at the future, of university chemistry in
New Zealand. Secondly, I have been stimulated by reading again
some of the views referred to above, and particularly by Professor
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T. L. Cottrell’s Inaugural Address at Edinburgh, published in the
Journal of the Royal Instiiute of Chemiriry in February 1960.
Professor Cottrell is an iconoclast, and his views are worth thinking
about.

As the Institute is only 31 vyears old, and the number of
professional chemists has increased by a factor of five during
its lifetime, it is safe to assume that a large proportion of its
membemhlp has been trained in the degree pattern established in
1928. They may be excused if they assume that there never was
any other pattern and question whether anything as good could
be devised, let alone anything better, than that which nurtured
thern. The truth is that in the high and far off times when I
was a student, to go no further back into the depths of historical
eras, there were only two divisions of university studies in the
B.A. and B.Sc. degrees called Pass .and Advanced. The Pass
(first year) course became Stage I in 1928, later incorporating
into itsell the separate Intermediates for Medicine and Engineer-
ing, which had had one paper examinations only, with Medical
Organic as an extra. If you took Chemistry beyond Pass Chemistry
in a BA. or B.Sc. degree, you committed yourself to two years
work to sit Advanced, with only an internal “terms” examination
at the end of the first advanced year. The B.Sc. degree involved
either five Pass courses and one Advanced (equivalent to seven
“units® in the later pattern}, or four Pass and two Advanced
{eight “units”). Advanced Courses were examined overseas (World
War I had liberated Pass Courses from this incubus), owing to
the prevalence of the myth that overseas examiners werc neces-
sary to “maintain the standard of the degrees”.

The new degree pattern of 1928 was the 8 unit degree,
comprising at least four separate subjects, at least grie taken to
Stage IIT and at least one other to Stage Il. Prerequisites were
almost non-existent. 1f a Department wanted to cnsure that all
its students of, say, Stage III had taken some other subject
as a common background—ec.g,, Physics and Mathematics for
Chemistry—it had to rely on persuasion. Prerequisites came in
for subjects such as Applied Physics, Mathematical Physics, Applied
Chemistry, Psychology, and the “medical sciences”, Physiology and
Biochemistry. Initially they were Stage [ subjects only, hut, as
the sciences developed, it hecame more common for advanced
units to be required, notably Chemistry Il for Biochemistry III.
The University began to move away from a science degree in
which students had the widest possible freedom to present almost
any combination of subjects. As compared with the pre-1928 B.Sc.
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degree, the new one had increased the minimum requirement from
seven to eight units, and the extra unit was at Stage IT level—
a very considerable increase. This made it possible for a chemist
to take Physics If or Pure Mathematics II (or both), to the
benefit of his capacity 1o deal with the rapid developments in
theoretical chemistry; or similar combinations with advanced
units in the field sciences. In short, advanced subsidiary units
became available. Inadequate staffing, however, made it impossible
to make' these genuine subsidiaries. A chemist wanting Mathe-
matics beyond Stage [ had to take Purc Mathematics 11, and this
course was rightly planned with the needs of mathematicians
in view, not the needs of chemists. For the able students, this was
probably all to the good. For the less able, it raised problems.
It was always a matter of distress to me in planning Stage 11
Physical Chemistry that T was compelled to regard it strictly
as part of the base from which to advance to M.Sc. in chemistry,
virtually disregarding the needs of students for whom it was a
terminal course, contributing to their background for their main
subjects, such as the biological sciences. Moreover, the pass stan-
dard had to be the same for all, and the Senate in its wisdom
had decreed that the pass mark was to be changed from 40%
to 509% without changing the pass standard. This would have been
harimless enough i it were always realized, by students and by all
cxaminers, that a candidate does not pass because his paper is
worth 50%: hc is given 509 because his paper is just worth a
pass. A candidate who gets 80% may be three or four times as
good as one who gets 50%. New Zealand has been bedevilled
with percentage {(numerical) examination marks, though an ad-
vance was made when the practice of giving them to candidates
was abolished except at one college. | will not pursue this, as
its status is that of the confessional and the Official Secrets Act.

To return to the matter of advanced units as subsidiaries
to other subjects, further complications developed as greater free-
dom was given to the separate university colleges after World
War II. In chemistry a change had been made about 1942, so
that each major branch of the subject could be developed over
the two advanced years of the B.Sc. degree. Previously Chemistry
II was usually organic chemistry {two papers) and Chemistry
III inorganic and physical (one paper each), with aspirants
for Senior Scholarships taking all four papers in their final year,
having alrcady passed two of them in the previous year. One
result of the change was 1o increase the content of Chemistry Il
and III. Then the individual colleges began to introduce prere-
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quisites independently. For example, Biochemistry at Otago re-
quired a student taking Biochemistry III to include in his degree
Chemistry 1 and II, Physics I and cither Zoology T or Botany L
Six out of eight units were fixed by regulation. If the student
intended to take M.Sc. in Biochemistry, then Chemistry II1 was
‘required; that is, seven out of eight B.Sc. units were fixed. If
Chemistry IIT had required, say, Pure Mathematics 1 (as it
should do), the whole of a B.Sc leading to M.Sc. in Biochemistry
would have been fixed by regulation, with ‘no freedoin of choice
{other than a minor one) to the student. When this point is
reached, a degree has ceased to be a general degree, and the
question of introducing parallel degree courses for undergraduates
~ becomes urgent. Otago has in fact now taken the logical step,
for this and other reasons, as I shall indicate shortly.

The M.Sc. degree in chemistry also underwent development.
[t became very difficult for a student to complete a thesis by
about September and do himself justice in an examination in
November, in a subject increasing rapidly in amount of material
and depth of treatment. Subjects other than chemistry had long
necded up to two years for the thesis. The first change was to
permit the presentation of the thesis at any time subsequent to
the written examination. Then Canterbury and Otago made two .
academic years the normal period for the M.Sc. degree, with
the right to complete in a shorter time safeguarded. The result
was the production of some theses which, both in quality and
quantity, were adequate for the Ph.DD. degree. Ih addition it was
made possible for the degree of M.Sc {without Honours) to be
gained on the written papers only. This came near to implying
that honours was obtained by thesis; if papers plus thesis equals
M.Sc. plus Honours, and papers without thesis equals M.Sc.
without Honours, what follows? The answer, of course, is that
the equation is not valid, I have long belicved that the invalidity
goes much deeper. T believe strongly that it is desirable to make
two separate statements about a student’s quality; one about his
ability as revealed by his performance in written papers which
are entirely his own work, and one about his ability to prosecute
a small piece of closely supervised research and produce an account
of its results and their relation to other work, We have long
been involved in the illogical task of expressing the sum of these
incommensurables in a single statement—first class or second
class, etc. (Of course in private testimonials we separate them
again.) I believe it is unwise to try to classify theses into more
than three grades; let us call them pass with distinction, pass, and

.



170 fournal of the New Zealand Institute of Chemistry

fail. It is possible, as some examiners do, to grade them a, §, ctc.
and even add finer distinctions by plus or minus. The use of a
percentage scale cannot be justified at all, and to combine a
percentage thesis mark with similar paper marks is surely an
academic crime. T know other academic people do not agree with
this, or, if they do, sec no reason to do anything about it.

[ have dealt, approximately and inadequately, with the past
because it is the basis from which the Science faculties in the
four universities, now about to be independent (though with
certain limitations placed upon their independence), have planned
their future degree patterns. As I sce it, some of the problems
arc as follows.

First, the content of chemistry is increasing very rapidly.
About this T agree with Professor Slater’s view “that at no stage
has it been possible to tcach the whole of the subject in detail,
that it would be folly to attempt it . . .” Moreover the advance
of chemical theory enables us to include more facts within the
scope of wider generalizations, thus easing the burden on the
memory, and there is no point in cramming students with all
the latest information, since much of it will be superseded by
more significant information. We should try rather to give
students a firm grasp of fundamental theory into which they
can fit new information as they acquire it. This, however, raises
the second problem. Fundamental theory in chemistry is in-
creasingly embraced within the quantum mechanics of atoms
and molecules, and the statistical mechanies of assemblies of large
numbers of atoms and molecules. If chemistry students arc to be
given a firm grasp of these fundamental theories, their mathe-
thatical equipment must be increased, and they must acquire the
background of classical physics, especially thermodynamics, earlier
in the course than has been usual. This can be done for only
a proportion of those taking chemistry as the major subject, and
points to the desirability of introducing optional courses, by which
the needs of students taking advanced chemistry as subsidiary
to some other science can also be met.

This is the current trend, and options can be introduced
in various ways. Auckland and Canterbury have introduced them
at Stage 1II, which they divide into IIIA and IIIB (this is
Auckland’s terminology) both being required as preliminary to
M.Sc. in Chemistry, which I understand will continue to follow
the old pattern. At Otago we have been rather more drastic, and
as ‘'our necw system involves certain verbal changes in the des-
cription of courses which may appear confusing, I will explain
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the new system bricfly. The degree of B.Sc. is to be conferred
as an ordinary degree (three years) or as a degree with Honours
(four years). The degree of M.Sc. will be awarded on a thesis,
without classification into grades of Honours, though distinction
may be granted for a thesis of special merit. The new features of
the systern are as follows:

{1} An Intermediate of four subjects selected from seven is
required of all candidates for a B.Sc. degree, and a candidate who
has not passed in at least three Intermediate subjects cannot
present himself for examination in any advanced subject. Limita-
tions of this kind have existed in B.Sc. degrees for some years and
are of long standing in professional courses. The old Stage I
courses have been renamed Intermediate. The number of hours
involved in each has been fixed to permit four subjects to becoine
the normal first year for the average entrant with experience in
Upper Sixth. By this means the tendency for courses to increase
in content is checked, without alteration in the standard. (Content
and standard are quite different concepts, though the latter is not
completely independent of the former. Some subjects appear to
be “difficult” merely becausc of an overwhelming amount of
relatively simple material.)

(2) The concept of Honours Schools is introduced, entry
to an Honours School requiring prior completion of the full four
subject Intermediate.

(3} Special examinations (better called supplementaries) are
introduced to bhalance the limitations in (1) and (2)}. A candidate
may sit a special examination in only one suhject.

(#) While students will not be prevented from proceeding
to B.Sc. (Hons) following the ordinary B.Sc., most of those who
desire an Honours degree will enter an Honours School as early
as possible. This is desirabie and in some subjects will be almost
essential if a good degree is to be taken,

(5) The introduction of parallel courses required a change
in nomenclature. In the ordinary B.Sc., Chemistry IT and IIT
hecome Chemistry Advanced 1 and Advanced II, a modified
reversion to pre-1928 terminology. In B.Sc. (Hons), the post:
Intermedtate years are called Part 1, Part II and Part III, the
last corresponding to the old M.Sc. lecture and examination
course. The differences between the Honours and ordinary courses
depend on departmental requirements. In mathematics they are
entirely separate classes, and Pure Mathematics Advanced I has
been planned with the needs of physicists and chemists in mind,
a most valuable forward step. In chemistry separation is at present
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limited to physical chemistry. The Part I course is planned to
permit a fairly rapid coverage of Thermodynamics, and the
whole class is doing Pure Mathematics Advanced I as a compulsory
subsidiary. '

In the ordinary B.Sc., optional courses arc offered in chemn-
istry. The *organic option™ is the traditional course: organic and
physical (including structural) courses in the second year (Ad-
vanced 1) and a course in each established branch in the third
vear {Advanced II). The “inorganic option” has inorganic and
physical courses in Advanced I, and three courses in Advanced 1I,
one in each branch, The latter option provides a suitable sub-
sidiary for geology, and the whole option is more suitable than
the other for post-primary teachers. This latter profession differs
from all other pursuits of chemistry graduates in that we actually
know what, out of all the range of chemical knowledge which
_could be taught, they will need in their professional life. In the
{oreseeable future, it involves far more inorganic than organic
chemistry, and in the laboratory far more experience with in-
organic materials. So long as these traditional divisions of chem-
istry remain (and I would like to see the end of them), the
“inorganic option” seems to me a useful one. B.Sc (Hons) can-
didates do both options. _

{6} In the Honours School the “unit” pattern of the last
thirty vears is substantially modified. Stress is laid on advancing
the principal subject at a faster rate than is desirable in the
ordinary degree. Honours students pursue more of a common
pattern of subjects, though an “elective” subject is available.
Moreover subsidiary subjects are not necessarily identical with
full “units” of the ordinary degree. '

While a Part III student will not present a thesis, his
laboratory work will be a research project of the traditional
M.Sc. type, but limited in time in the way common before
World War IT. Much of the value of the M.Sc. thesis, which has
contributed greatly to the training of New Zcaland chemists,
can be retained by an investigation stopping at the end of the
second term (or perhaps three weeks later), The student could
then be given a limited time to write a report, and prepare a
short lecture on his work. The report would not be marked,
except pass or fail, for the reasons I have outlined earlier.

The third major problem is undergraduate laboratory work
in advanced chemistry. T have somewhat nostalgic memories of
the unorganized and’ almost unsupervised laboratory work of my
own student days, when we were in the chemistry department
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from 9 am. to 5 p.m. and later, except when we were away for
lectures or laboratory classes in other subjects. It took us 25
hours a week to do about the same number of experiments as
are now done in a third of that time in organized, supervised
classes, but we did have time to repeat the determination of C
and H in oxalic acid five or six times to get a reasonable result,
using a gas-fired furnace which made excellent toast when at
full bore. We spent a long time analysing cement gravimetrically
and preparing and standardizing volumetric solutions, Quantitative
analysis remains basic to the solution of problems in chemistry,
and while pH meters replace indicators, and optical methods have
transformed many kinds of analysis, it is still necessary for
chemists to learn some of the traditional techniques. But how
much of them? There is no clear-cut answer. Professor Cottrell,
however, has some interesting ideas. He came to his chair at
Edinburgh from industry, and looks at’both the university and
industry with a keenly critical eye, He remarks, for example,
that “so-called experiments in chemical education are usually not
experiments at all; they arc simply changes of teaching method
or material, without any vigorous attempt to follow up the
results of the change. This means that most of the existing
knowledge about the education of chemists is at the anecdotal
level.” This is true and applies to education more generally. He
holds further that we should not set out to train new chemists
to do exactly what older chemists are doing at present. He believes,
as I do, that “the end of chemistry is its theory.” When he says
that “a high proportion of. honours. university graduates in chem-
istry are not very good chemists,” he will probably find an echo
rom industrial laboratories. But when he gives his view on why
they are not very good chemists, he probably shakes the walls of
chemical orthodoxy inside and outside the university laboratories.
For he says “when faced with a problem of a type he has not met
before, he [the chemistry graduate] resorts to the purest empir-

icism, untinged by chemical theory . . .”; he goes on “. . . an even
more depressing failing [is] a tendency to do experimental work
rather than look up the literature . . . experimentation is a time-

consuming and expensive business which should be resorted to only
if it is certain that the result is needed and that it is not already
known. One might say that if the chemist who can make a
measurement (or carry out an analysis) accurately is worth his
weight in lead, and the chemist who can improve the method is
worth his weight in silver, the chemist who can show that ihe
measurement is not necessary is worth his weight in gold.”

.
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To quote {urther, “The student spends most of his time in
laboratory exercises, and . . . has to memorize a large amount of
information for reproduction in examinations. Since the laboratory
course conmsists largely of experiments (. . . really manipulative
exercises) in which the method of working out the result is
prescribed, he has little experience in the understanding and
application, as distinet from the memorizing, of chemical theory.”
Cottrell criticizes the role of manipulative work (“most chemists
do not do titrations”), meeting the objections which are no doubt
rising in your minds with the comment “there are parts of chemical
research where manipulative skill of a very high order is required
of the chemist himself but this skill is usually too specific for it
to be worth while training all chemists for it in an undergraduate
course.” He is thus led to advocate “a drastic reduction 1n the time
spent in laboratory work,” proposing its replacement by practical
cxercises in calculation, being careful to avoid calculations be-
coming as much a formality as practical work. '

I have time for two comments only on these stimulating
opinions. Some of Cottrell’s points are met by the research project
traditional in the New Zealand M.Sc. degree. This is why we
will keep it in Part IIT of the B.8c. Honours degree at Otago.
My other comment relates to the traditional divisions of chem-
istry. In reviewing the symposium on the Kekule-Couper cen-
“tenary (published under the title Theoretical Organic Chemisiry),
the Faradayv Society reviewer (V. Gold) observed: “Reading this
beok, one is forced to ponder again how much chemical progress
in this country is retarded by the strict segregation of the estab-
lished sub-divisions of chemistry in so many of the chemistry
departments of our universities, and alas also in the minds of some
of their inhabitants.” This is equally true of theoretical and prac-
tical svork. For the latter, T think chemsts have much to learn
from chemical engineers. In particular the concept of unit opera-
tions could well be applied in chemistry courses. Many operations
such as vacuum distillation; optical rotation measurements, frac-
ttonal distillation, and chromatographic separations, are first intro-
duced to students in a laboratory designated Organic Chemistry.
To the minds of the students, these laboratory operations become
inevitably Organic Chemistry (I hesitate to reler again to Gold's
addition “also in the minds of some of their inhabitants™}. These
misconceptions continue till finally we find some students believing
that infra-red spectroscopy and nuclear magnetic resonance spec-
troscopy are also “Organic Chemistry”. Lest my friends who belong
to the Cult of Carbon feel affronted at these references, let me

’
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say that if I dared to reconstruct chemistry, I should probably
climinate Physical Chemistry entirely.

Classical Physical Chemistry has become General Chemistry,
and some of it is done in the Intermediate year. More of it is
incorporated into the theory of analysis. In fact one of the awkward
features of the traditional three divisions of Chemistry is that
in the laboratory there are four: inorganic, organic, physical, and
analytical. The Americans have overcome this by devoting the
second year of a four-year undergraduate course to the theory and
practice of analytical chemistry, and by so doing can also offer
a valuable subsidiary course to scientists other than chemists who
want a general training in laboratory methods, which chemists
can offer better than anyone else. With us, analytical chemistry
has tended to be fused with inorganic, to the detriment of both,
especially inorganic chemistry. The renaissance of inorganic chem-
istry, which is an outstanding feature of recent decades, has
required careful consideration of university courses.

What of applied chemistry? Courses under this name were
added to the B.Sc. degree in 1946 when the chemical engineering
degree was introduced. They were initially taught at Auckland,
Canterbury and Otago. Only the Otago course survived con-
tinuously from this beginning and it has provided both extra
analytical work and some experience with materials of industrial
importance. The course is now being developed in the direction
of unit operations. Moreover, a second year of applied chemistry
will be offered as one of .the optional courses of the final year
of B.Sc. Honours. Victoria University has introduced applied
chemistry with special reference to instrumental methods, in-
cluding those used in nuclear chemistry. Canterbury has modified
its chemical engineering degree, but does not offer a separate
applied chemistry in the B.Sc. degree.

In 1959 the Senate of the University of New Zealand received
and referred to the University Grants Committee a report entitled
“The training of Technologists in the Universities of New Zealand”,
based on a memorandum by Dr F. J. Llewellyn and Professor
J. Packer. The Parry Committee endorsed the view that the
training of professional technologists requiring the usual univer-
sity qualifications should be done at the University. It recom-
mended the introduction of more of the applied sciences, and
in -addition such technological subjects as food, wool, leather,
and building technology. There is no doubt that development of
such technological courses will take place in the near future. I
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propose only to comment on them in relation to the training
of chemists. Quite apart from the setting up of new degrees,
as for example in Food Technology at Massey College, it is
" useful to see how subjects could be grafted on to the B.3c. course,
so that graduates in chemistry, whose first requircment is an
adequate course in chemistry and its main subsidiaries (which
I regard as mathematics and physics), can have an intreduction
to some technological specialty. I should say right away that the
addition of more subjects to the B.Sc. course inevitably produces
time-table problems, at least so long as we continue to allow
students to go ahead with advanced courses while repeating
others they have failed in, and in addition permit them freedom
to “shop for a degree”, or, to change the metaphor, to proceed
to a degree by a random walk. In the B.Sc. (Honours} degree
in chemistry at Otago, we have one subsidiary course described
simply as “an approved course”. This will usually be taken along
with Part II chemistry, that is in the third year, and can be any
course at all, in principle, which the Faculty of Science and the
Professorial Board are preparced to approve. This year “approved
courses” have been as follows: {1} A course in advanced Physics,
not quite the whole of Physics Advanced I (Physics II}; (2) Pure
Mathematics Advanced II; {3} one paper of Biochemistry Ad-
vanced I; (4) Geology Advanced I. These are orthodox science
courses, except that the whole of a unit is not necessarily required.
We could, however, approve a course in Metallurgy, provided
by the Mining School, or a proposed course in Industrial Man-
agement, if it proves satisfactory for the needs of future managers.
If the demand for chemists with some metallurgical training
grows, we could then add a more advanced course in metallurgy
as one of the optional courses in the final year {Part III) of
B.S¢. {Honours). o

This is perhaps a convenient point at which to eldborate a
little on the B.Sc. (Honours) course in chemistry as we have
conceived it. T indicated earlier that following a four-subject
Intermediate, the second year is devoted to Part I chemistry
(which is 50% greater in content than Advanced I), and sub-
sidiary Mathematics (Pure Mathematics Advanced I}. The third
year consists of Part II chemistry and the “approved course”.
In the final (fourth) year, the Part I1I course will be varied -from
the traditional M.Sc. course, which involves four papers, all of them
comipulsory, and with some variations in the nature of the fourth
paper. We intend to offer seven optional courses of which each
student will do four. Each course will involve about 39 lectures
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(which fits a 286-week year conveniently}. Though we do not at
present contemplate compulsion, I hope that all candidates will
take the course in Quantum Chemistry, as it will deal with bond-
ing, which is fundamental to all chemistry, and which chemists
shouid no longer be satisfied to deal with in a qualitative way
based on doubtful analogies. It is often said, with justification, that
advances in a science should enable courses to be shortened,
because our much better understanding of certain aspects of the
subject allows us to get down to the fundamentals of the science
and thus link things together. Unfortunately for chemistry, its
fundamentals reside in physics, and to get down to fundamentals
means to go deeper into physics than many chemists like to do.
Teachers of physical chemistry have always been troubled with
the amount of time needed to lay the foundations of thermo-
dynamics, quantum theory and statistical mechanics before grapp-
ling with chemical problems in terms of these theories. The other
courses proposed are Inorganic Chemistry, Physical Chemistry,
Statistical Thermodynamics, two courses of Organic Chemistry,
and one of Advanced Applied Chemistry. As I remarked, other
options, such as an advanced course in Metallurgy, can be added
il a demand appears, and as the research project can he done
in any field of pure or applied chemistry which staff members can
offer, a student opting for a metallurgy course would probably
do his project in that field, if the Mining School found it practic-
able. These ideas are at the moment only possibilities, but they
illustrate the way in which the training of chemists can be
widened without sacrificing adequacy in basic chemistry.

Finally, T must turn to the education of chemists, or morc
widely of science graduates. A former Vice-Chancellor of Adelaide,
A. P. Rowe, who was at one time head of Telecommunications
Research Establishment, has in the course of a book (If the Gown
Fits) and various articles, dealt many shrewd blows at university
complacency. In one of his articles, he wrote of “the importance
of a broadening of education so that graduates go out into the
world with some knowledge of how their profession fits into the
pattern of socicty, and so that they are at least not less educated
than they would have been if a university education had not
channelled their minds along paths of specialization and the
absorption of factual material. . . . There is no lack of lip service
to the idea of a broadening of education in universities, but a
rigid departmentalism and the professor-god myth prevent any-
thing much from being done” (The myth referred to is hardly
part of New Zealand’s culture pattern.)
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I have argued earlier, and Professor Slater argued before me,
that we have never been able to teach the whole of chemistry
and we should not try; and I have indicated some ways in which
concentration of studies can be achieved within chemistry, and
room can still be left for some other valuable vocational training.
But how can we graft on something called education to all this
training? The only answer I can give is that if it is a matter
of “grafting on”, it cannot be done. We can only rely on conceiving
our courses in so broad a way that they will have educational
value as well as training students in the limited sense. What do
we mean by education? Let me quote some remarks from an
article shortly to be published by Professor A. J. Danks.

The subject matter ‘of course work done in the University
may suffer several fates as the years pass and come to cobtrude
between the ex-student and his memories of lectures, texts, dis-
cussions and the rest. Some may keep professional knowledge well
nourished by practice in their occupations. But the narrowly
vocational material will often sink out of the conscious memory
if it is not used. Techniques will become dim, and the burden of
facts and information may be pretty well cast aside. But something
will be left, and for want of a better term let me call it cultivation
of the mind, This will be an amalgam of beliefs and attitudes;
it will include an appreciation of methods of thought and of in-
tellectual honesty and consistency; it will embrace tolerance,
scepticistn and  ability to perceive resemblances and analogies.
This - enrichment, for that is what it is, is perhaps the best
thing that serious work in some field of study can bequeath
to those who have done it, whether it has been done in or out
of the University,

A writer in the Economist (24/6/61) expressed this same view
of the primary function of a university education in these words:

The University . . . exists primarily to give the country’s
" ablest young men a pause of three or four years to think,
to learn, and to reflect; to acquire intellectual (and perhaps social
and aesthetic) standards which will enable them to see through
bogus arguments quickly and to develop valid ones with con-
viction; and to realise that the frontiers of knowledge are neither
certain nor static. The core of this process is the mastery of the
basic theoretical principles of one or two subjects, and some
acquaintance with those of others. The method consists as much
in mutual discussion between the undergraduates as in formal
or informal tuition. In this connection the really able men play
a part out of all rclation to their numbers, for they teach each
other, form a serious link between dons and undergraduates,
and set the intellectual pace for undergraduate life in the Uni-
versity as a whole.
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Holders of this view of a university education are inevitably
suspicious of “practical courses”, and of courses which are claimed
to be “relevant” to the needs of a specialized and intricate society,
hecause they are planned with the immediate needs of that society
in mind. Courses meant, with the best will in the world, to be
relevant to today’s needs may be entirely irrelevant to tomorrow’s,
As the Eronomist writer put it, “to use a military metaphor, those
who argue for direct relevance are always committing their main
forces to action against enemies which may not exist, or whose
strength may be wildly misjudged.”

I find myself returning to Professor Cottrell and will leave
with you these final ideas of his with which I fully agree.
We must plan our courses so as to give our students three
things: a firm grasp of fundamental theory into which they can
fit new information as they acquire it; a critical approach so they
can appreciate the significance (or lack of significance)} of new
information; and an interest in chemistry so that they will seek
to extend their knowledge of it themselves. It is by some such
criteria that our success or faiture is to be judged.

A very recent visiter (Dr K. L. Sutherland, now of the.
Colonial Sugar Refining Company) asked me whether our chem-
istry degree courses were designed for any other purpose than
the training of university lecturers, There is more truth in the
implied criticism than I find comfortable. I can only answer it
in terms of the three objectives I have given. If our courses go
a reasonable distance towards achieving them, they should produce
the kind of graduates we need for the varied work which has
to he done, including, of course, university teaching.
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FLOUR

P. MEREDITH
Wheat Research Institute, Christchurch
(Present address: Grain Research Laboratory, Winnipeg, Cunada)

Flours can be made by crushing or grinding many seceds.
However, to mast of civilization flour implies wheaten flour, Leaven-
ed bread is traditionally made by mixing flour, water, salt and yeast
into a dough, allowing the mixture to ferment so that small gas
cells are formed, then baking to fix the structure. The pre-
“eminence of wheat over other seeds for breadmaking purposes is
due to the coherent properties of the dough which is formed on
wetting the flour. Rye has this property only to a limited degree
and the other cereals lack it entirely. Some other seed flours
have coherent properties but are less suitable in other ways.
The coherence is necessary, of course, for the cellular structure
of bread to be developed. Our relative ignorance of the mechan-
isms of doughing, fermentation and baking is a fine example of
how little we yet understand the common things around us.

To the investigator there are two obvious ways of looking at
flour. These we may picturesquely describe as the microscope
and the test-tube methods. Each alone may take us some way
towards understanding but it is necessary that both techniques
be used in parallel for full understanding to be obtained. The
wheat grain is a highly ordered structure quite amenable to
descriptive histology and its detailed structure has been known
for a considerable time. The distribution of some nutrients within
the grain has been studied because of its importance to milling
technology and nutrition. However, it is only recently that the
structure of flour has been looked at in detail.

Flour particles are anything but uniform in size and shape.
This variation has two causes. Flour is produced by crushing
the endosperm of the wheat grain which itself is not uniform n
structure, the cells being smaller near the periphery and larger
near the crease of the grain. These box-like cells contain essen-
tially a mixture of large and small starch granules enibedded
in a proteinaceous matrix. This intracellular structure is itself
broken into irregular fragments in the milling process, so that
variously sized chunks of cellular structure exist together with
isolated large and small starch granules and protein fragments
in the flour.

The discovery by a German worker in recent years that the
protein of the flour particles occurs in two distinet situations
has gone far towards explaining the mechanism of air-classifica-
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tion of flour, a modern development in milling whereby high-
protein and low-protein fractions of flour may be produced. Part
of the protein occurs as irregular particles filling the interstices
between the starch granules. Hess termed this “zwickel” (wedge)
protein. The other part of the protein lies as a film on the surface
of the starch granules, and Hess called this “haft” (fixed) protein.
These fractions may be separated by flotation methods, as the
wedge protein is less dense than the starch granules.

Air:classifying of flour aims at separating the finest particles
of the flotr from the remainder by a system similar to a cyclone.
The fine fraction consists mainly of small starch granules and
wedge protein particles. A mid fraction of rather larger sizes
can be obtained, which is chiefly large starch granules and has
low protein content, whilst the largest sized fraction consists of .
chuftks of endosperm having characteristics similar to those of
the original flour. The complex air-classifying system is necessary
since sieving cannot {ractionate flour; in effect, the finest particles
cling to the coarser ones and do not pass through the appropriate
screens. For full economic advantage to be taken of air-classification
it is necessary to break down the endosperm structure more than
normally, while retaining the starch granules intact. This is ac-
complished by a turbo-milling process in which a flour-air mixture
is passed through the space between two counter-rotating, pin-
studded plates. Probably the structure is broken by turbulent
buffeting of the particles.

The endosperm structure has been formed during the ripening
of the grain from a system in which we may imagine the starch
granules to be suspended in a solution of protein and other
substances. Ripening is physicaily a desiccation and the properties
of the mature grain seem to be influenced greatly by the rate
and temperature at which this desiccation takes place. “Hard”
wheats have a vitreous structure which is probably continuous
throughout the endosperm, whereas “soft” wheats contain air
spacés produced by shrinkage of the cell contents on drying.
Whether or not such air spaces will form may depend on the
quantity of protein in the grain and on its “quality”. As we
shall sec later, many other things are influenced by this mysterious
“quality” factor of the protein. Occasionally wheat ripens to a
mottled state when there are patches of vitreosity in an otherwise
soft grain. This we can possibly look on as a borderline state
when ripening conditions did not lead to one-or the other definite
condition.  Vitreosity of wheat is, however, largely the concern of
vraders and millers and has no direct interest for the baker
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except that, as stated above, vitreosity 1s generally associated with
higher content or quality of protein.

We have now to turn from the microscope to the test-tube and
discuss the physical and chemical properties of flour. There are
three major types of compound to consider; carbohydrate, protein
and lipid.

Carbobydrate is largely in the form of the starch granules,
although there are also free sugars, on which the yeast initially
{eeds, and pentosan gums which have been shown to have a con-
siderable influence on the baking properties of flours. Like the
starches of most other plants, wheat starch contains both straight-
chain amylose and branched-chain amylopectin molecules. Sur-
prisingly, the distribution of these two types of starch in the two
sorts of starch granules dogs not appear to have been looked at.
It has been shown that the two sorts of starch granule start to
form at different stages in the growth of grain, so that we might
well expect some difference in composition. It has also been
shown that amylese and amylopectin are formed separately, not
one from the other.

The proteins of flour, which account largely for its unique
properties, have a long history of investigation. Gluten, the protein
mass which is easily obtained by kneading dough under a stream
of water, was the first protein for which a preparation was publish-
ed (in 1745). In the late years of last century gluten and the flour
proteins were the subject of much investigation, the names of
Kjéldahl and Osborne being particularly associated with this
work. Osborne classified the proteins into several water- and salt-
soluble fractions and into gliadin, soluble in aqueous alcohol, and
glutenin, insoluble in all but acid and alkali. This classification has
remained, through periods of favour and disfavour, to the present
time, Gliadin is sticky, easily wetted, but structureless, whereas
glutenin is not sticky, is not so easily wetted and has a gelatinous
quality which enables it to absorb a considerable amount of water.

The years following 1920 saw many attempts to fractionate
gluten by the partial precipitation procedures of physiological
chemistry which were then the vogue. By vigorous stirring gluten
was dispersed In either agueous acid or solutions of urea or
sodium salicylate and from such “solution™ fractions were preci-
pitated by stepwise additions of neutral salts. The results were in
all cases disappointing since, although a progressive change in
properties of the precipitated fractions was found, there were
no sharp changes in properties indicating clear separation of com-
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ponents. These results naturally led to speculation on the nature
of gluten; whether it was a system of very many components
or of a few components with considerable interaction between
them,

Although theoretical grounds have been published for deciding
that fractionation by solubility and fractionation by precipitation
must give identical results, the author returned to fractional
solubility in working on gluten structure, and from the properties
of the resulting fractions there emerge reasons for the super-
iority of the method in this instance. If dry gluten is allowed
to stand in dilute aqueous acid, part of the protein disperses in
the acid and part remains as an insoluble gel. The recovered
protein fractions can be recombined to give a hydrated mixture
closely similar to the original gluten. The properties of the gel
depend strongly on the concentration of salts in the medium.
As salts are reduced to very low concentrations by repeated wash-
ings or dialysis the gel swells and eventually reaches a stage
where it becomes mechanically unstable and disperses, though
not molecularly, in the acid. The protein gel is rapidly rendered
soluble in acid by oxidation or reduction, both of which are con-
sidered to break disulphide linkages between protein chains. Exam-
ination of the dry gel protein by X-ray diffraction showed no
ordered structure and it must therefore be presumed to be a
random three-dimensional network of peptide chains with both
disulphide and ionic linkages present.

That part of the gluten that was soluble in acid has been
further split, again by fractional solubility, with a mixture of
chloroform and methanol. Part gave an absolutely clear solution
in the organic solvent mixture and has proved to have properties
quite unlike most proteins, being somewhat lipid-like in character.
This is ascribed to a relative lack of ionizable groups and high
content of non-polar groups in the protein. It is not this lipid-like
character itself which concerns us, however, but the solubility
behaviour in water, acid and salt solutions. This protein, in fact,
has no solubility in the accepted sense but forms two-liquid phase
systems with salt solutions and in some circumstances with acid.
A curve similar to the phenol-water phase diagram is easily
obtained and by manipulation of the salt and acid concentrations
in the aqueous phase three humps can appear in the curve. With
more care, conditions can be chosen whereby a closed circle
appears as part of the curve, similar to the well known nicotine-
water system. The properties here are interesting, for a mixture
of definitc composition may be homogeneous at low temperature,
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separaté into two layers on warming and again become homo-
geneous  at a higher temperature. At temperatures above the
maxima of the curves, the protein and aqueous phase are miscible
in all proportions. Some complex lipids give similar two-liquid
phase systems with water, but the gluten preparation discussed
is completely free of lipid, although it contains about 10% of
carbohydrate. The remainder is accounted for as amino acids.

We are now in possession of two facts which may explain
the difference between iractional solubility and fractional precipi-
tation when applied to gluten. First, there is an insoluble protein
present which is not in true solution in the dispersions used for
precipitation. Secondly, part of the protein forms liquid phases
in aqueous media and from such liquid systems distinct fractions
may not be obtained. I mentioned above that fractional precipita-
tion was the vogue in protein chemistry during the nineteen-
twenties. There is always some method particularly in vegue in
most branches of chemistry and the method now in favour in
protein chemistry is electrophoresis. This has been difficult to
apply to the gluten proteins since the need for sufficient salt to
suppress molecular interactions and the precipitating effect of
even low concentrations of salts in solutions ‘of gluten proteins
appear mutually exclusive. However, these problems are being
overcome and further advance in knowledge of the molecular
structure of gluten may well come from application of this
method. :

We are still not in a position to answer clearly the question
from the 1930°s—*Is gluten a system of many components or
of a few interacting components?” A tentative conclusion from
the two fractionations mentioned above is that gluten is a giant
molecule, the framework being the gelatinous protein, with the
other proteins and lipid linked to it so that there is a continuous
molecular structure throughout a piece of gluten, The mechanical
propertics of this structure may easily be modified by change
of pH and salt content, mechanically and by oxidation, all of
which processes may occur during bread making. Therefore, rather
than attempt further fractionations or structural studies I have
concentrated on the effects of some of the changes mentioned.

The fractionation by mixing with dilute acid has proved a good
tool for investigating changes in dough structure, once the more
imporiant experimental variables had been recognized and con-
trolled. The mixing of the dough is of great importance in baking,
for too little or too much mixing alike cause™a deterioration in
the quality of the loaf produced. The optimum amount of mixing
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varics for different flours and there are differences in the toler-
ance of flours to more or less mixing. These properties of mixing
time and mixing tolerance can be determined comparatively
easily with laboratory mixers which record the amount of work
performed on the dough piece, and the results are frequently
used as a guide to the required treatment in the bakehouse. The
two experiences are not exactly parallel, however, and-no clearly
recognizable part of the mixing-work curve necessarily corresponds
to the baker’s assessment of dough requirements. Different mixers
scem to do different things to the dough piece; principally com-
pression, extension and shearing occur in varying combinations.

The proportion of gel protein to be found in gluten from
dough at various stages of mixing has been determined, using four
types of mixing. Since the physical difference between, say, hand-
kneading and the use of a Z-arm mechanical mixer appears so
great, it was a surprise to find that all four mixings gave similar
results. There was a sharp fall in the proportion of gel, for about
the first two minutes, followed by a rise for five or ten minutes to
a maximum. There was then a decline, steep where the mixing
appeared severe and slight where the mixing appeared gentle.
The earlier observations of the structure of flour are where we
look first for an explanation of the observations. The initial,
falling part of the curve probably represents the frecing of the
shell of “fixed” protein from each starch granule, so that in the
carliest stages this will be washed away with the starch granules
in preparing gluten for examination, and the protein of the gluten
is chiefly that of the “wedge” protein. At the minimum of gel
content the “fixed” protein has been transferred from the starch
surface to the surface of the “wedge” protein particles but has
not been bound into the gel structure. The increasing proportion
of gel protein found probably reflects this binding of the two
lots of protein into a single structure. However, the protein
structure is mechanically unstable and there "Is an increasing
hreakdown with time, so that the overall effect is that the gel
‘content reaches a maximum and then declines.

This speculation concerning what happens during mixing of
dough has been tested in a series of experiments in which pieces
of dough taken from the mixer at different times were rapidly
frozen and dried. A range of mixing speeds was used. In
microscopical preparations the disappearance of protein from
the surface of the starch granules was followed. The same amount
of work was required to reach the minimum gel content in every
casé, so that this phase is independent of time, as would be
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expected for a mechanical transfer of material. The middle phase,
from minimum to maximum, was dependent on both amount of
work and time, but more largely on the amount of work. The
final phase also depended on both amount of work and time but
was more largely time-dependent. If we assume that molecular
processes are time-dependent then these additional observations
support the theory. The most, exact test of such a theory can
be made only by physical methods such as X-ray diffraction. Such
examination of experimental doughs has yet to be carried out.

It was mentioned earlier that a preparation of the gel protein
showed no ordered structure, other than that of the polypeptide
backbone, when examined by X-ray diffraction methods. Several
workers in the past five years have examined whole gluten by
this technique and have found evidence of oriented structures,
but only when lipid was present in the gluten. Tt is suggested that
leaflet structures of lipid and protein layers are formed, Certainly
both glutenin and the gel protein have been shown to have
affinity for lipid and it may be that lipid-protein interaction
structures are of considerable importance in determining the
properties of dough. In the chemistry of dough all the possible
combinations of protein, lipid and carbohydrate seem to occur,
A considerable part of the lipids has already been shown to
contain galactose and other sugar components, whilst some protein
fractions contain bound carbohydrate. The presence of carbo-
hydrate in lipids or proteins is not remarkable, for many animal
tissues contain such assemblages. The chemical nature of the
linkages involved is open for speculation and investigation, Protein-
lipid interactions are, like protein structure itself, a realm of
chemistry where salt linkages and Van der Waals forces are at
least as important as covalent linkages and crystalline structure.
These interactions between the fundamental components bring
problems right at the start of investigations since it is difficult
to separate all the lipid of flour free of protein and similarly all
the protein free of lipid. The lipid-like protein and the highly
polar lipids which are known to be present must be a major
cause of this difficulty,

The lipids of flour are a mixture of considerable complexity.
It is estimated that about one-third is truly lipid of the endosperm
cells whilst two-thirds is derived from wheat germ by migraticn
during milling. When vitamin E was being isolated and identified,
squalene and similar hydrocarbons were identified as constituents
of wheat germ oil. The hydrocarbon fraction which is separable
from flour oil may be of similar type. The sterol fractions have
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similarly been studied in the germ oils of wheat and maize, the
component sitosterols being first separated into alpha, beta and
gamma fractions. The alpha. fraction was further separated into
alpha 1, alpha 2 and alpha 3 fractions. There has been little work
on these since the last war and only befa-sitosterol seems well char-
acterized and identified. So far as the methods of analysis can
be relied on, there are mono-, di- and tri-glycerides present in
the flour lipids, together with frec faity acids. The titratable free
acid of the lipids, generally assumed to be [ree fatty acids, is of
technological interest since there is an increase on storage of flour
and the value is sometimes used as an index of deterioration. The
‘remaining 50 to 60% of flour lipid we may refer to as “complex”
lipid. Early workers have claimed the presence of choline and
ethanoiamine phosphatides and of phosphatidic acids, but the evi-
dence is sometimes rather doubtful. Several groups are at present
working on the structures of these complex lipids, in most cases
scparating them by partition chromatography or countercurrent
distribution. Many peaks are found in the elution curves but
few identifications have been made yet. There are many building
units in each molecule, hence there is scope here for much
“pure” chemistry.

The role of the native lipids and of added lipid in baking
is very variable and there are many absolutely conflicting reports
in the literature. It is concluded that samples of flour vary con-
siderably in this respect and until much more is known the
subject does not lead to profitable discussion.

Having looked at the three predominant classes of compound
and the way they are arranged in flour, we are in a position
to consider the bread baking process, the ultimate use of most
wheat flour. In the presence of yeast, enzyme kinetics are extremely
important and in many instances are the controlling factors in
deciding the final state of the dough and bread. Yeast in dough
does two things. Most obviously, it leavens the mass, creating
bubbles of carbon dioxide which cause the dough to rise or
“prove” and so form the open texture we associate with bread.
To ‘the baker it has another important function—it matures or
ripens the dough, bringing it to the physical state best suited
for the production of a well-risen loaf of good texture. A dough
which is under-mature or “green” gives bread with a coarse
cetlular structure and poor volume, amongst other symptoms.
Over-maturity is associated with uneven cells and again poor
volume. There are also obvious differences in the colour and
texture of the ¢rust. ‘
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The -state of maturity of the dough may be varied by
altering- the duration of fermentation, the proportion of yeast
and its food supplies, by mechanical, treatment and by treatment
with oxidizing or reducing agents. Long ago it was common
practice to store flour for a period of weeks or months before
use, fo mature it. Nowadays there is widespread use of chemical
oxidation, either by treatment of the flour at the mill with a
gas such as chlorine dioxide or by addition to the mix in the bakery
of potassium bromate or sodium chlorite, to quote two examples.
Only trace -quantities of these “improvers” are used, of the order
of 10 to 20 parts per million by weight.

Investigations of flour “improvement” and dough “maturity”
dre' probably the most interesting fields of cereal chemistry being
carried on today. Several theories have in the past been proposed
and discarded, but it now scems clear that the major - action
of these oxidizing agents is on the gluten protein and in particuiar
on ‘the disulphide linkages which are involved in its structure.
Enzymic processes have been eliminated as the major pathway of
cxidation, though it is probable that there is more than one
reaction mechanism. Tt is not clear whether oxidation of the
protein occurs directly or via other smaller molecules containing
SH groups. Two such compounds, glutathione and lipoic acid,
have been isclated from flour and the latter observation accords
with the faster or more complete reaction of the protein in the
presence of the flour lipids. This could, however, be a matter of
orientation. The major uncertainty is whether disulphide linkages
are being formed or broken by oxidation of the protein, either
being .possible. Another alternative is that lability of the protein
due to 8-S .interchange mediated by a few free S-H groups could
be seriously. hindered by oxidation of the S-H groups. There is 2
large field of work here for both the analytical protein chemist
and for him who would synthesize simpler model compounds and
observe their properties. -

The enzyme chemistry of yeast growth and multiplication has
been studied more by the brewing industries than by bakery
chemists, though it is no less important to the bakery trade. The
commercial production of yeast has rcached the stage where a
consistent product is received by the baker and there is little
incentive to investigate further. Although many enzyme systems
may be demonstrated in flour, only two chiefly concern us. In
most flour there is present fefa-amylase activity to assure a con-
tinuous supply of sugars for the ycast to feed on, but there must
be a sufficient number of starch granules broken open «in the
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milling process, so that enzyme attack will be possible, As in
so many phases of cercal technology, a balance is desirable. With
too few broken grains there is insufficient yeast growth unless
sugar is added to the dough, while with too many broken grains
the water-absorbing property of the starch is unduly high. The
situation is quite different when we consider «/pha-amylase activity.
Flour from sound, ripe wheat contains little of this enzyme and
in some cases additions of malt are made to increase the activity,
so that a desirable degree of softening of the breadcrumb may
occur. In effect, beta-amylase nibbles at the cnds of the starch
molecules, so that there is little reduction in molecular size and
hence change in properties. A/pha-amylase, however, cleaves the
molecules near the middle and attacks the parts again and again,
so that there 1s a rapid reduction in molecular size and a drastic
change of properties. This process is termed dextrinization. This
change is very noticeable when flour containing an excessive
amount of alpha-amylase activity is baked into bread. The crumb
1s very sticky and difficult to cut cleanly or, in the extreme case,
the middle of the loal may be structureless owing to the lack of
starch gel.

The formation of this starch gel is the major change during
the baking of bread. In dough we have starch granules embedded
in layers of hydrated protein surrounding the gas cells. When the
temperature is raised the starch is gelatinized, using the water
which was held by the protein. The gas cells swell until the stiucture
“sets” due to the absorption of water by the starch. Thus bréad
has two complete structures, one of starch and one of protem.
This is easily demonstrated by digesting with amylase, protease
or both. Only when both enzymes are used does bread disintegrate.
There are many other baked goods which have only protein or
only starch structure. The carrying of water for the swelling of
the starch in the oven is the major function of the protein in
dough, and in this respect it may be replaced by other water-
holding celloids. Loaves made in such a way are clearly inferior
to normal bread so that the importance of the protein in forming
the texture and flavour of bread is emphasized.

A discussion of breadmaking would be incomplete without
mention of the “continuous processes” which are recent develop-
ments, Flour, fat and a liquor containing the other ingredients
arc metered continuously to a premixer and then pumped into a
“developer”. Here the dough is intensively mixed for a short
period under pressure and then extruded straight into the baking
tins, to be proved and baked in the normal way. The process
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from flour to bread takes little more than an hour, compared
with 5 to 6 hours for the conventional processes, and is economical
in space and man-power. Many of the difficulties of putting
dough through handling machines are avoided and faults in the
bread may be rapidly corrected by adjustment of the controls.
However, the capital cost is high. This process provides a challenge
to the scientists of the industry since it appears to contravene
several of the established theories of dough behaviour, and it
is for that reason that it has been mentioned. We have much to
learn from it.

This essay has covered in a fairly general way the problems
which confront the scientist in the bakery trade, one of the
older chemical industries. Naturally, morc emphasis has been put
on those fields in which the author has worked. The bakery
trade is rapidly becoming completely mechanized so that it is
now comman to talk of “bread factories” or “plants” rather than
bakeries. The discussion has not been entirely concerned with
chemistry but it is the nature of most technologies that a number
of complementary scientific disciplines are involved and that these
cannot be arbitrarily separated.

The natural and fall-out induced radioactivity of wheat is
~currently the subject of discussion and experiment, but it seems
likely that we shall continue to cat bread, baked from flour,
milled from wheat, for a long time yet. It is also likely that
we shall go on arguing whether white or wholemeal flour is
better for us!

INSTITUTE PRIZES

At the meeting of Council on August 29 the Institute Prizes for 1961
were awarded as follows:

I.CI. PRIZE: Awarded to Dr W, A. McGiLuivray, Dairy Rescarch In-
Institute, for outstanding research work on the biochemistry and
metabolism of Vitamin A. This work was largely carricd out while
Dr McGillivray was on the staflf of Massey College.

CHEMICAL ESSAY PRIZE: Awarded to Dr P. Merenrra of the Wheat
Research Institute, Christchurch. Dr Meredith’s Essav, “Flour”, is
published in this issue of the Journal.

MORCOM GREEN, EDWARDS PRIZE: Awarded to Dr J. R. L. WarLxen,
Cawthron Institute, Nelson. This award was made for chemieal
studics on the nature of substances which determine the characteristic
flavours of cheese. This work wus largely carried out at the Dairy
Research Institute.

INSTITUTE OFFICERS
The President of the Institute for the ensuing year will be Dr F, B.
SuonLanp, Director of the Fats Research Laberatory, Wellington. As a
result of the postal ballot Mr W. G. Hucksox, Dominion Laboratory,
Lower Hutt, was elected Vice-President and President-Elect.
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THIRTY-FIRST ANNUAL REPORT
For the vear ending-July 31, 1961

OFFICERS :

The list of Officers for the year was published in February 1961 issue
of the Journal, n. 19.
INTRODUCTION :

The general activities of the Institute have followed the puttern of
earlier years, but two matters deserve special mention, No Conlerence
was held during the period under review, but members were fortunate to
be able to enjoy visits from an wousually large number of outstanding
overseas chemists,

MEMBERSHIP -

Membership of the Institute, bas, during the period covered by this
report, changed as follows

Associates Fellows
New members 56 G (4 elected from
Resignations > — associates
Deaths 1 * 1
Membership figures tor the last three vears are as follows

1959 1960 1961
Auckland a7 105 111
Waikato 33 29 32
Manawatn 43 51 o8
Wellington 179 177 182
Canterbury 68 79 81
Otago 63 61 71
Overseas 62 52 66

347 554 601

COUNCIL SUB-COMMITTEES :

JOURNAL: The Journal is now frmly established under the Editor-
ship of Mr N. T. Clare and a committee of the Waikato Branch. The
cost of the fournal during the period under review changed very little
from the cost in the previous 12 months.

EXAMINATIONS . The Education Department courses leading to a
National Certificate in Chemistry appear to be rapidly decreasing the de-
mand for the L.A.C. qualification and it appears that this phase of the
Examinations Committee work will be coming to an end in the not too
distant future., The Examinations Committee has for a number of veurs
been drawn from members of the Otage Branch, but at the request of
that Branch the Committee will be re-constituted in another centre. It
seems that in the future the Conunittee will be concerned largely with
Examinations for the Associateship, which may be expected to assume
greater importance when the National Certificate is well established.
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PROFESSIONAL STATUS AND SALARY COMMITTEE: No salary
survey has been carried out for some time but a new survey is now heing
undertaken and it is expected that the results will be available before the
end of 1961. The need for a new survey has been appreciated for some
time but the timing for the survey is a4 matter of some importance if the
results are to be uselul for more than a short period.

OTHER SUB-COMMITTEES: The Membership Committee, the
Employment Officer, the Honorary Librarian and the Institute's Represenia-
tive on the Standards Council continue to play a vital part in the smooth
running of the Institute. These groups carry out an increasing amount of
work reguiring much specialised knowledge.

INSTITUTE PRIZES:
Prizes for 1960 were awarded to the following :
I.C.I.—Professor H. Bloom.
Morcom Green, Edwards—Dr H. P, Rothbaum.
Chemical Essay—Dr J. C. Dacre.

OVERSEAS VISITORS:

This year the number of overseas chemists to visit New Zeuland was
unusually high. The Institute was fortunate that a number of outstand-
ing chemists who visited Australia for the Conference on Natura! Product
Chemistry were able to extend their itineraries to include hrief visits to
this country. With the financial assistance of the D.S.LR., the University
of New Zealand, the individual University institutions and the Chemical
Society tours were arranged for Professors A. W. Johnson, E, Lederer, C.
Djerassi and A. J. Birch and Dv H. W. Thompson. Professor N. A.
Sorenson paid a short visit to New Zealund in May, 1961,

“ROYAL” TITLE:

For a number of years there have been sugpgestions that it would be
desirable for the Institute to seek permission to use the word “Royal” in
the title. During the vear this matter was raised again and after a full
discussion Couneil decided that no action should be taken.

FINANCIAL :

The balance sheet (see August Journal, p. 152} shows an excess of
expenditure over income of about £30, a satisfactory vyear's operations
when the expanding range of Institute activities is congidered in relation
to a relatively stable and modest income from subscriptions, The auditor
comments on the healthy state of the Institute’s finances.

H. N. Panron, President.

W. E. Hanvev, Hon. Generdl Secretary.
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BRANCH NEWS AND NOTES
AUCKLAND BRANCH

Mr R, 5. Jebson, Brauch Secretarv, has transferred from Kempthorne
Prosser Ltd,, to Dairy Research Institute, Palmerston North.

Professor L. H. Briggs has been awarded a Commonwealth Visiting
Fellowship to be taken up at Aberdeen University,

Dr D. Hall and Dr R, C. Cambie have not resigned from their posi-
tions at Auckland Universitv, as stated in the August Branch News, Dr
Hall is taking sabbatical leave in the United States. Me has attended an
X-ray crystallography conference at Denver, Colorado, and is now working
in the Department of Chemical Crystallography at the University of Pitts-
burg, Pennsylvania, Dr Cambie has been awarded a Pressed Steel Re-
search Scholarship for doctoral research in the Dyson Perrins Laboratory
at Oxford University,

Mr J. L. Hoare has been awarded a N.Z. Waol Board Rescarch Fel-
lowship for three years doctoral research at the University of Leeds.

Mr G. Dodson is shortly leaving to work under Mrs Hodgkin in the
X-ray Crystallography Department at Qxford University,

Mr 8. B. Tricklebank has left to work under Professor Bockris at the
University of Pennsylvania.

° Dr G. A, Wright, 1958 Rhodes Scholar, has recently returned to
take up a position as lecturer. For the past vear he has been working with
Professor Bjerrum in Copenhagen,

Mr R. N. Seelye and Dr B, R. Davis will shortly be returning after
two years’ doctoral research in the Dyson Perrins Laboratory at Oxford
University.

OTAGO BRANCH

Guest lecturers addressed both the june and July Branch meetings.
Mr T. A. Rafter, Director of the Nuclear Science Institute, gave local mem-
brs much food for thought in his address on “What we have lost and
what we have gained in the nuclear age”. “Recent theories on protein
synthesis” was the title of a lecture from Dr J. W. Lyttloton of the Plant
Chemistry .Division, 12.8.1.R., and this was regarded by the audience as a
most interesting sequel to Sir Alexander Todd's nucleic acid discourse of
last year. It is «uite obvious that.branch members welcome the policy
of bringing more guest lecturers to address local meetings.

CANTERBURY BRANCH

Dr A. Fisher has returned to the Chemistey Department, University
of Canterbury, after a year at the Calilornia Institute of Technology on
i post-doctoral fellowship, :

Mr . E. Moffat has transferred to Standard Vacuum Oil Co., Wel-
lington. .

Dr J. W. Lyttleton, Plant Chemistry Division, Palmerston North, gave
a stimulating address to the Branch on recent theories of protein svnthesis,
Dr Lyttleton’s visit to the South Island was at the joint invitation of
the Canterbury and Otage Branches, an arrangement which is proving very
successful.

MANAWATU BRANCH
Dr E. L. Richards was in Australia for three weeks recently, represent-

ing Massey College at the Poultry Nutrition Conference in Sydney, and
visiting biochemical laboratories in various parts of the country,
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THE REGISTRY

Honerary Fellows
Elected August 29, 1961)

ANDREW, Robert Leslie, F.RI.C., Wellington. {Retired, formerly Direcior
and Dominion Analyst, Daminion Laboratory.)

MONRO, Alexander Donald, M.Sc., A.RIC., Paremata. (Retired, formerly
Associate  Professor, Chemistry Department, Victoria University of
Wellington.}

Fellows
{Elected August 29, 1981)

CLARK, Percival James Comfort, M.Sc., Dominion Laboratory, Private Bag,
Petone {(Dominion Analyst).

HOLLAND, Harold Cecil, M.5c., Ph.D., W. Sutherland & Co., Auckland
(Managing Divector).

Associates .
{Elected August 29, 1961)

ALET, liwi-Ret (Miss), M.Sc., Chemistrv Departrent, Victoria University
{Junior Lecturer).

BRIGGS, Michael Harvey, B.Sc{Liverpool), M.Sc{Cornell), Biochemistry
Department, Vietaria University (Lecturer).

BROWNE, Gavin Fair, M.Sc., Standard Vacuum Qil Co., Petene (Industrial
Chemist). :

FRANCE, John Terence, M.Sc., Central Laboratory, Aucklend Public Hos-
pital {Biochemist). .

SEGAL, Wolfe, M.Sc., PhaID>.(Mclh.), Chemistry Department, Victoria Uni-
versity (Lecturer).

TURNER, Alan Asthur, B.Sc., Shell Qit (NZ) Ltd, Wellington (Seniov
Chemist). -

WILSON, Margaret Nellie, B.H.Sc., B.Sc., Home Science School, University
of Otago {Assistant Lecturer). .

Leave ol Absence
HALL. D. For onc year,
HOARE, J. L. For three vears.
MEREDITH, P. For nne veur,

Resignations
BOON, Wanda Lois. ELPHICK, B. L. HARRIS, A. C. RUSSELL, Louise.
L ° L]

The address of Mr W. Boustridge was incorrectly recorded in the June
Registry. Mr Boustridge is Works Chemist, British Tmperial Paints, Auckland.
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OBITUARY

James Murray

The University of Otago and New Zealand science have suffered a
severe loss in the death in a motor accident, on June 24, of Dr James
Muarray. In a time of excessive specialization he was a mun of unusually
wide diversity of attainment, His work on the borderling of chemistry
and hotany would have developed fraitfully in the way which has so
often occurred in the sciences. e had completed the long apprenticeship
needed before work of significance to two sciences can reach the stage
of publication, and his wide knowledge of chemistry combined with his
enthusiasm for certain aspects of botany promised a cross fertilization
from which results of great value could be expected.

He was dux of Otage Boys™ High School in 1941, and won a Univer-
sity National Scholarship. He graduated M.Se. with First Class Honours
in Chemistry from the University of Otago in 1945 and was appointed
Assistant Lecturer in Chemistry.  Awarded a National Research Fellowship
in 1951, Dr Murray went to Cambridge, where he gained the degree of
Ph.D. in Chemistry. His principal research interest has been in the
chemistry of New Zealand plant products and he has published some 15
papers on this field.  From his chemical investigations of New Zealand
lichens has stemmed a keen interest in their botanv. In 1959 he was
awarded a Nuffield Foundation Travelling Fellowship in Science, for
study in London at Imperial College and the British Museum. He
visited some of the great herbaria in Europe and on returning to New
Zealand embarked on the preparation of a scries of papers on New Zealand
lichens, of which four have been published. Fe also began the even moru
important task of writing in collaboration with the British Muscum a world
inonagraph on the lichen genus Sticta,

At the time of his death, Dr Murray was Senior Lecturer in the
Department of Chemistry, Here and in the University generally, he won
the friendship of colleagues and students alike. Those research students
who worked under his personal supervision eame quickly to appreciate his
quality, and equally quickly became his friends, He gave freely of his
wide knowledge and ability to other investigators. Tndeed unselfish co-
operation was a key note of his character., He read casily in several
languages and was deeply interested in all uspeets of Library work, The
task of making the literature of science more accessible to research workers
was close to his heart, and his work for the chemistrv library was an ex-
presston of this.

Dr Murray married, in 1949, a member of the staff of the chemistry de-
partment, and there are three childen. Fe was a man of great vitality
and, despite his many activities, never lacked time to share the enthusiasms
of athers. 'The University community, and the community at large, can
ill afford to lose a man of such high ability and character ut the height of
his ereative capacity.
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BOOK REVIEWS

AN INTRODUCTION TO TRANSITION METAL CHEMISTRY, LIGAND
FIELD THEORY, by Leslie E. Orgel. Methuen and Co. Ltd., London.
1960. 180 pages. Price, 25s.

Ligand Field Theory suffers from the disadvantage that it has to be
either understood as fully as pessible to give any satisfaction or studied
only in a qualitative manner. Orgel, however, has achieved a good balance
of theory and general qualitative principles. For this reason the book
will become very useful as a guide to teachers of Ligand Field whe do
not wish to go too fully into the theory.

The book covers stereochemistry, stabilities, spectra, bonding in co-
ardination chemistry, and special tvpes of complexes involving unsaturatec|
hydrocarbons as ligands.  Orgel shows how the theory can be applied to
transition- metal compounds. A large number of tables and diagrams are’
helpful in summarizing data and enabling one to visualize what is happen-
ing to the d-orbitals of the transition metals.

There are some minor faults in the book, such as its title which is
partly a misnomer in that very little transition metal chemistry is discussed.
The baok is concerned with the application of a theory to examples
where it works and for this reason one must not use the baok as a substitute
for a knowledge of chemical properties of the transition metals, Some of
the explanations of a ligand field function, for example A, the ligand field
energy, are scattercd througheut the book. It wonld be useful to have had
them collected together in an appendix. :

—J.EF.

THE THEORY OF TRANSITION METAL IONS, by [. S. Griffith. Cam-
bridge University Press, England, 1961. 455 pages. Price, 95s.

This book is written primarily for the theoretical chemists, but has a
great number of uses for the practical inorganic chemist. Griffith describes
in detail the theory of the Ligand Field and its application to the transition
metals, He devotes the first six chapters to the mathematical techniques
required for the theory and excepting for a reference to certain aspects
of quantum mechanics the book is self contained. The last six chapters deal
with the applications of the theory to the properties of transition metal
ions, such as paramagnetism, spectra, paramagnetic resonance, and electron
pairing, followed by a very useful appendix of tables of mathematical func-
tions which are used throughout the hook. .

The first chapter is well worth reading by itself as a clear, concise
definition of the metals and their properties.

Griffith approaches the subject by first discussing the theary of the
structure of an atom and free ion and then showing how this theory can
e extended to the structures of complex ions as formed in transition
metal compounds. This approach helps to point out that there is really
little difference excepting that the d-orbitals in a free ion break up in a
complex into different sets of orbitals which then can be treated just as
ordinary orbitals. :

The author’s use of Dirac’s ket and bra notation in his mathematical
section in connection with vectors in quantum mechanics could give some
difficulty to those wishing to study the book as it is first neeessary to
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learn this little-known notation. However, once that is mastered the
book, together with its complementary volume by Orgel, reviewed above.
should prove a great contribution to understanding of the fast developing
field of transition metal chemistry,

: , —]EF.
INDEX DES HUILES SULFONEES ET DETERGENTS MODERNES,
{Index of sulphonated oils and modem detergents), Volume 111 By the
late J.-P. Sisley. 560 pages. 1961, Paris: Editions Teintex. Price,
80 New francs.

Today the chemist is faced with an ever increasing number of pro-
ducts known by trade names and any works which light the way through
this confusion can be very useful. Therefore the three volumes under the
ibove title are assured of a welcome. They deal with the nature, manu-
facture and trade-names of surface active products of all countries, The
third volume (possibly the last as Dr Sisley died before its publication)
begins with the formulation of products by the mixing of individual surf-
actants and “building” them with mineral salts, fatty acids, tale, starch,
ete., into commercial procducts for various purposes including toilet and
heauty aids. The manufacture of surface active agents is then discussecd
in a well documented review covering 210 pages. Finally there is a list
of about 2,500 commercial products with notes on their composition,
physical properties, type, manufacturer and application. Other lists classifv
surfactants by tvpe and manulacturer.

It should be emphasized that the information given is largely com-
plententary to that in Volumes I and 11 so that the three togcther form what
is, in the reviewer’s opinion, the most valunble work in print on surface-
active agents and detergents.

—S.G.B.

CAHIERS DIE SYNTHESE ORGANIQUE. Mcthods and Tables of Ap-
plication. By Jean Mathieu, Andre Allais, and Jacques Valls. Volume
VI, 418 pages, 1960, 110 New francs.  Volume VII, 310 pages, 1961, 100
New francs. Volume VIII, 234 pages, 1961, 75 New {rancs. (10 francs
extra for cloth binding). Paris: Masson et Cie., 120 Boulevard Saint-
Germain,

These volumes continuc a series which has been reviewed before in
this journal. The whole domain of organic synthesis has been divided up
according to tvpe of reaction, e.g., Volume 6 deals with transposition of
carbon atoms under four subheadings:

(1) Structural rearrangements of carbon skeletons.

{2) Migration of functional groups from one carbon to another

(3} Migration from carbon to a hetero-atom,

{4) Migration from one hetero-atom to another hetero-atom.

After a general discussion of the reaction and its mechanism, particular
cases arc discussed in detail with full references. Volume 7 discusses
intramolecular ring closures, and Volume 8 intermolecular ring closures.
These volumes can be highly recommended as a useful addition to the
literature of organic chemistry, French chemical literature deserves n
much wider circulation in New Zealand than it enjoys at present.

—5.G.B.
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GAS CHROMATOCRAPHY. Edited by Henry ], Nochels, R. . Wall and
Nathaniel Brenner. The Academic Press Inc., New York and Lowdan, 1961.
463 pages. Price, 113s.

The volume contains the procecdings of the 2nd Intermational Sym-
posium of Gas Chromatography held at Michigan State University under
the auspices of the Instrument Society of America,

In 1952 James and Martin described for the first time equipment using
gas chromatagraphy which they used for the separation and analyses of
mixtures of fatty acids and amines. The amounts of these constilutents
were determined Ly automatic titration in association with a recording
potentiometer,  Although gas chromatography techniques have not changed
in principle since 1952, the scope hus been greatly enlarged and attention
has been paid to the many factors involved. Factors affecting the degree
of separation of constituents have been studied and the eonditions for
operating at maximum efficiency have been more closely defined. Detec-
tors of hitherto unbelievable sensitivity have been developed. As a methad
for the detection, identification and cuantitative estimation of constitu-
cnts, gas chromatography has proved invaluable and its use hus heen ex-
tended to all compounds that can be volatilized to some extent in a
strewn ol inert gas.  In mare recent times the utility of gas ehromatography
has been enhanced further by subjecting substances as they emerge to
mass spectrography, infra-red and ultea-viclet spectrography or to some
chemical tests to verify the nature of the constituent as it emerges. Gas
chromatography has also been worked in association with counting equip-
ment to determine more or less automatically the amount and activity of
the individual components in mixtures of radio-active substances. The
advances mentioned above are well covered in this volume.

As indicated by 1975 references listed, it is no longer feasible for
even the specialist to keep pace with the vast output of literuture in this
field. This bound volume of 34 papers, therefore, serves a very useful
pirrpose in providing the chemist with a bird’s eye view of this rapidly
advancing phase of chemistry. The bock is well organized and well
printed. The papers indicate that much of the present day development
in gas chromatography is coming from chemists in industrial firms, particu-
tarly those firms which are manufacturing gas chromatography equipment,
Of special merit is Dr James's paper dealing with “Development of an
Idea”. This gives the reader an account of the period preceding the pub-
lication dealing with the first gas liquid chromatography apparatus.  Its
main use, however, is the insight which it gives into Martin's genius and
method of approach in developing gas chromatography. The experiments
which he carried out were preceded by a great deal of thinking so that
all the uscless experiments were discarded and only the critical experi-
ment carried out, One cannot help feeling that the development of gas
chromatography might have been long delayed if it were not for the
genius of this man,

—F.B.S.
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KINETICS AND MECHANISM, by A. A. Frost and R. G. Pearson. Wiley,
1961. Price, 11 dollars.

This is a second edition,aof a book published in 1953, and, although
the reviewer has not seen the first edition he can unhesitatingly recommend
this revision. The book is to be praised for dealing with the relationship
between kinetics and mechanism. The best known books on mechanism
use kinetic data wherever helpful, but seldom show the limitations of the
technique, and conversely many texts on kinetics are more concerned with
deductions of formulae than with the application of these to real data,

Frost and Pearson arve clear in their aims. Kinetic information is
frequently imperfect, it needs to be rationalized, and interpreted, and
also supplemented by as much other information as can possibly be ap-
plied to the problem. A mechanism is a mental model devised to explain
facts—facts not only about rate processes, but alse about the overall
stereochemistry, and the nature and lifetimes of intermediates in a reaction.

The book has four hundred pages, of which fifty are devoted to the
treatment of data, fifty to the theory of gas reactions (including collision
and transition-state theory), one hundred to reactions in solution, and one
hundred to the discussion of the mechanism of specific reactions. There
are also sections on rapid reactions, and on chain reactions.

Throughout the book the emphasis is on the application of theory to
experimental results, and it is quite exciting to see this process so fre-
guently applied to results of work done in the last ten years., The usual
gap between the texthooks and the original literature has been consider-
ably narrowed here by the incorporation into the text of much relevant
literature of 1959 and 1960.

The selection of reactions for detailed consideration is good, and the
authors have managed to avoid the well-trodden paths without losing bal-
ance of treatment. Some of the reactions discussed are: nucleophilic
substitution in alkyl halides (briefly); hydrolysis of ethylene oxide and re-
lated compounds—a good section since the contentions topic of neighbour-
ing group effects is aired; hydrolysis of lactones and esters—the H, function;
aldol condensation; and the decomposition of ditertiary butyl peroxide.

The book is well produced and printed, and only a few minor érrors
were found, It can be recommended as a good source of material informa-
tion about kinetics and the mechanisms of organic reactions. |

—B.E.S.

BOOKS RECEIVED

BIOCHEMICAL PREPARATIONS, Vol. 8, edited by Alton Meister. Wiley,
New York, 1961. 146 pages. Price, 6.25 dollars,

The latest volume in this series of preparations of compounds of bio-
chemical importance is nearly fifty per cent. larger than most of the earlier
volumes. In addition to 34 prescriptions (each independently checked
and with footnotes incorporating the checker’s experience), this volume
contains an index for volumes 1 to 8 inclusive—about 1,000 entries cover-
ing 180 individual preparations. There is also a list of 86 “compounds
of biochemical interest” which have appeared in the 40 volumes of
Organic Syntheses.
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WOOL RESEARCH ORGANISATION OF
NEW ZEALAND

(Incorporated)

CHEMIST

The Wool Research Organisation of N.Z. (Inc.)
wishes to engage a well qualified chemist, with.an
interest in micriobiology and enzyme chemistry, for
research relating to the production of slipe wool.

This is an opportunity to join a large new research
organisation and to study wool, particularly in rela-
tion to skin structure and composition, depilatory sub-
stances and enzyme de-woolling.

Initially, these investigations will be carried out
in the laboratories of another research institution at
Wellington. In about four years’ time the appointee
will be transferred to the Organisation’s laboratories
which are to be built at Lincoln, near Christchurch.

Salary will be, acording to qualifications and ex-
perience, up to £2,300 a year. Superannuation is
available. Financial assistance will be provided to-
-wards removal expenses involved in taking up ap-
pointment and subsequent transfer to Lincoln.

Applications stating details of age, qualifications
and experience should be addressed to:

The Secretary,
Wool Research Organisation of N.Z.. (Inc.),
P.O. Box 5115,
WELLINGTON.

Applications close 15th November, 1961.
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METTLER

MULTI - PURPOSE

BALANCE

Capacity 160 gms.

Optical Scale
1200 mgm.

DELIVERY FROM
N.Z. STOCK

ASK FOR CATALOGUES ON FULL
RANGE OF METTLER BALANCES.

* ANALYTICAL TYPES
B5 B6 M5 HI5 HIS8

* MULTI PURPOSE H3 H4 HS

* PRECISION K4 K5 K7 or with
built-in Taring Device.
K4T EK5T KiT

For all your laboratory requirements
CONTACT

M'ﬂrgamemm

LURIY T E D
AUCKLAND " CHRISTCHURCH
WELLINGTON ° DUNEDIN

Established over 70 years
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% High reproducibility.

* Maximum  sensitivity:  full  scale
deflection for 0.5 g of powder of
sp. gr. 1.5 in o liquid of sp. gr. 1.0.

¥ Soves time Duration of fest: &
hours fer full range 5g to 7.

Y Saves lubour Recording equipment:
releases operator for ¢ther work.

% Easy operation.

W Simplé mointenance.

% Balance sensitive yet robust: recd-
ings by an infegral optical system.

British Patent No, 712,434 and U.S. Patent
_ Application No. 320,996,
NOVE—This apporatus is under considera-

fion by the BSt for possible adoption as
British Standard.

Cia"enlzam

— TOWERS

PARTICLE SIZING
BY SEDIMENTATION

Cia"enlmmlo

BALANCE
recording

SEDIMENTATION
with  automauotic
Ask for Publication 615 .which also

includes details of onr Centrifugal
Sedimentometer,

Sedimenlatian  bal-
ance with recorder
_ liming  wnit and
Juto-camere.

For particle size determination within
the range 5 to 7g. H, however, the
largest size is not greater than, say,
20, the lewer limit can be extended
te about 2u provided the temperature
is controlled within  fairly narrow
limits and ogglomeration or floccula-
tion dees not take place.

A wide variety of materiols which
have been examined includes alumina,
carborundum, china-clay, cement, fel-
spar, flint, flour, limestone, pyrites and
plastics and dusts collected by electro-
stafic precipitators and cyclones from
boiler, blast furnace, and flash rooster
plants,

SUPPLY THE
WORLD'S  LABORATORIES

A, GALLENKAMP & CO LTD., Technico House, Sun Street, London, E.C.2.

APPOINTED AGENTS FOR NEW ZEALAND

GEO. W. WILTON & CO. LTD.
63 Shortland Street, Auckland, C.1.
156 Willis Street, Wellington.
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"UNION CARBIDE’
molecular

These products are highty porous dehydrated crysialiine zeolites,
with pores of rmolecular dimensions and absorbing only those
motecules that are small enough to enter the pore system. The
emptycavities have a strong tendency to recaptuse water molecules
driven off in manufacture, and if no water is présent will accept .
any molecules small enough to pass into them. This screening
_action enables molecular sieves to separate molecules smaller
than the size of the pores from those that are larger.

By arrangement with Union Carbide International Company,
.U.S.A. and Unién Carbide Limited - Chemicals Division, London,
they are available for taboratory use from the B.D.l—f?’.l;aburatory
Chemicals Division, and a B.0.H. booklet which describes them
very fully will gladly ‘be sent without charge to laboratories
interested in their potential uses.

THE BRITISH DRUG HOUSES LTD.

B.D.H. LABORATORY CHEMICALS DIVISION - POOQOLE ' ENGLAND
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Life’s great mysteries can only be solved by,
patient research— the kind of assiduous investiga-
tion that I.C.I. brings to bear on the problems of
pain and disease. At LC.L's pharmaceuticals
laboratories, years of work by a team of scientists
may be rewarded by the sight of a blank wall —or
it may vyield a drug that will prevent untold
suffering. Over the years 1.C.I. has given the
medical profession a whole new armoury of
weapons: a widely-used treatment for epilepsy,
for example; a revolutionary new drug to combat
the scourge of leprosy; the ultra-powerful amti-
septic chlorhexidine, now widely used in hospitals
and in the home to keep germs at bay. One of

LIFE 1.C.1.s recent discoveries is a potent new anaes-
thetic, specially developed to meet today’s needs.
IS It took seven years to perfect, but now in hospitals

throughout the world it is easing the work of both

M YST E R l O U S surgeons and anaesthetists.

YOU benofit from LC.I. Research

IMPERIAL CHEMICAL INDUSTRIES (N.Z.) LTD.

¢

2941
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A well aimed blow by English Pyrex

A machine called the Turret Chain made these: it
avtomatically makes blownware such as flasks, beakers
and other types of [aboratory ware, to a very high
standard of uniformity. It's the only machine of its kind
in Europe. Just an example of how PYREX, the first and
most important source of borosilicate glassware in this
country, use the latest and best processes available.
PYREX are always improving their production methods to
attain even higher standards of quality. This is one good
reason [(among many) why everyone who is looking for

quality glassware, looks for PYREX.

Pyrex beakers and flasks

PYRE

Regd. Trade Mork

Laboratory

are made in all
practical sizes and
shapes for students,
routine or research
work.

Extremely low
expansion
coefficient
virtually eliminates
breakage from
thermal shock
allows more robust
construction giving
greatly increased
mechanical
strength

High stability
against attack from
water and all acids
(except hydroflueric
and glacial
phespheric)

Therefore durable,
accurate,
economical,
dependable,

most used.

and scientific

glass

N.Z, Agents: Messrs, F, O. & H. S. HART,
20 Victoria Street, Wellingten, C.1
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Bamples from every batch of M&R laboratory chemi- .
cals are subjected to stringent tests by May & Baker
analysts — you can be sure that each M&B chemical
¥ou use conforms to our high standards of specification.

Our extensive range of M&B laboratory chemicals
has been developed to meet all everyday analytleal
and educational needs as well as to provide a s_élection
of chemicals for specialized laboratory work,

Detailed information s available on request

M & B LABORATORY CHEMICALS:::REAGENTS

orand

)




FIXANAL
GUARANTEED REAGENTS

Speed and exact preparation of volumetric

solutions save time and money
*

These chemically pure reagents are supplied in
ampoules and bottles, which contain the correct
amount of reagent. To obtain the desired normality
(1, 5, 10 litres, etc.) it is only necessary to add the
correct volume of pure distilled water.

*

The reagents are accurately weighed and an accuracy
within the limits of plus or minus 0.2% is guaranteed.

*

Prices are remarkably competitive and a complete
range is available.

*

Also handy rolls Indicator Papers in distinctive plastic
containers, with colour chart built in, can readily be
carried in pocket, Simple refills available in pH
1/11, 1/5, 5/9, 9/13.

*

N.Z. Representatives:
ELLIOTT BECKETT & CO. LTD.,
156 Grafton Rd., AUCKLAND.
P.O. Box 989
REIDEL-DE HAEN A.G. S'éELZE-HANNOVER




You bave. a

Laborator
4 o

WHETHER it's small or

large . . . research or industrial

. whatever the size or type the

N.D.A. can be of assistance to
you.

WE stock a comprehen-
-sive range of analytical .and lab-
oratory reagents, technical and
industrial chemicals, scientific
apparatus and laboratory equip-
_ment,

. CONSULT the N.D.A. in
regard to your particular require-
ments. We will be pleased: to
quote 'you on an ex- stock or in-
dent basis.

THE NATIONAL DAIRY
ASSN. OF N.Z. LIMITED

TrorNDON Quay, BeacH Roap,
WELLINGTON. - AUCKLAND.
P.O, Box 28. P.O. Box 1001.

Registered at H'le G.P, O Walllngion 83 2 Maqezme
4. K. WILEON LTE. :




