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If antiquity is any measure of respectability, we as r
spgctrometrists belong to perhaps the world’s sec
oldest profession, though certainly the most emine;
respectable, in that the measurement _of mass was pr
ably the ~earliest . scientific technique applied
mankind. The development of the whole of scien
tnowledge since has come about due more than a
thing else to progressive refinements in mass meast
ment, '

Dalton’s atomic weights, Prout’s hypothesis that
atoms were built of hydrogen, the masterly recognit
be Mendeleev that chemical properties were periodi
mass; not long after the experiments of J. J. Thom
on. the- behaviour of charged atoms and molecules
electric and magnetic fields, all these are milestone:
the development of our field. J. J. Thomson certai
foresaw::the: tremendous potentialities for chemistry
his-book -published in 1913 entitled Rays of Posi
Electricity and their Application to Chemical Analysis.

Thomson’s young associates, Aston and Demps
went on, the .first to build mass spectrographs,
measure isotopic masses and to discover packing fi

tions, leading to-'the knowledge of nuclear bind__

forces and" to. the. exploitation of atomic energy;
second to build the mass spectrometers which were
predecessors of all our present machines.

A very early Australian involvement with mass s
trometry was ‘made by my old chief in CSIRO,
Wark. As a PhD student in 1922, he wrote to As
seeking advice on building a mass spectrograph
measure molecular ionization potentials. Aston’s re
was enough to persuade him that mass spectrom
as not practicable for a chemist at that time. The le
® Interesting, however, in that Aston has been give
;%“t;?ﬁn for secretiveness and unhelpfulness to ot
int, this'is sometimes quoted as a reason for the los

°rest in Britain in ‘mass spectrometry after his ti

§ le’gtgr shows at least that this reputation is
wholly justified (Figure 1).
2 vta:cis really only with the tremendous technolog
trometé‘rs' of-World War 2 that a Rractlcal mass sj
analysig ~Was created that was suitable for chem

g r-?'n a4 routine basis. This was the Consolide
quantita’tjng _COmp_al}y’s CEC 21101, designed for

an wa“"l?(fmalyms of petroleum products.
Industrial‘r‘(jhhaq become chief of the new Divisior
Wustrig] 5 emistry of the Council for Scientific |
ting of ¢ ?;;arch, CSIR, later CSIRO, at the be;
Lioyd Rees " ‘Ef‘ (1939), and in 1944 had appoir
Dplying o, as head of a section to be concerned v

Physical techniques to chemistry (Figure 2).
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I think it must have been Ian’s earlier interest in mass
spectrometry which alerted him to the possibilities of
this technique. It was decided in about 1946 to purchase
a CEC mass spectrometer, but this proved at that time
not to be a simple matter. With the beginning of the
‘cold war,’ the US government had embargoed the
export of anything to do with isotopes and atom
bombs. Clearly mass spectrometers fell into this cate-
gory and it was only after an interchange at the very
highest level between Prime Minister Chifley and Presi-
dent Truman that an exemption was made for Aus-
tralia, on the grounds, as it was put: ‘In the light of our
nations’ successful collaboration in the recent war.” A
CEC 21102 mass spectrometer was brought to Mel-
bourne from Pasadena by Graham Hercus (Figure 3).
This machine was not cheap, costing around £15000 at
a time when a new PhD’s salary was £600 p.a., ic. a
ratio of 25: 1. It is interesting to compare this ratio with
the corresponding figure today.

In 1947, ITan Wark had paid a visit to Glasgow Uni-
versity, where I was a PhD student completing a degree
in x-ray crystallography. Ian painted a glowing picture
of his new laboratory at Fishermans Bend, a picture
reinforced for me by Geoff Badger, a young Australian
ICI Fellow working in the Organic Chemistry depart-
ment at Glasgow, who showed me a book of photo-
graphs of sunlit Australian beaches. I applied for a job,
was accepted, and set sail for Australia in 1948. Before 1
left, I was sent to visit a physicist at the National Physi-
cal Laboratory, Teddington, a Dr Barnard, I think one
of the very few men in Britain at that time who had
built his own mass spectrometer. It was a depressing
visit. His machine was in bits, he told me that mass
spectrometers were usually in this state, and strongly
advised me to repent, and turn back before it was too
late and I had embarked on a lifetime of disasters and
despair. I think, looking back on it, that I caught him
on a bad day. Mass spectrometrists sometimes do feel
like that, but fortunately not quite all the time.

My coming to Australia was, I think, fore-ordained,
in that on the back of my birth certificate, issued in
Glasgow in 1924, it stated that ‘any attempt to alter the
document rendered the person so doing liable to up to 7
years’ transportation.’ I swear I didn’t do it, but I am
now just completing my 6th term. The Scots are an eco-
nomical race, I guess that pile of forms they used for me
must have been printed in 1830.

My brief, as a new young research officer of the Com-
monwealth, aged 24, was to see whether a mass spec-
trometer could be of any use in chemistry. In 1949, mass
spectrometers had not been used for qualitative
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assistance of the Bendigo Ordnance works and m
other workshops in Melbourne (Figure 13).

This machine proved very successful indeed
looking at larger organic ions, particulary using f
desorption and fast atom bombardment (FAB)-type
sources, which were Peter Derrick’s special interest
specialty. He took the machine with him when he
appointed to the Chair of Physical Chemistry at
University of New South Wales and it has since gon
Britain with him when he took up the Chair at the T
versity of Warwick. In 1976, a special stimulus to
work came from an extended visit to our laboratory
Fred McLafferty.

A most important development in Australian M
Spectrometry took place in August 1971 at Macqu
University, with the inaugural meeting of the Austral
Society for Mass Spectrometry (ASMS), largely brou
about by the enthusiasm of Tony Aspinall, Barry Ba
and Peter Greenhalgh. At this first meeting, on
motion of Jim Shannon, the name was changed at o
to ANZMS, to include the mass spectrometrists of N
Zealand. The list of participants at this meeting i
veritable ‘who’s who’ in Australian and New Zeal:
mass spectrometry, and very happily almost all of th
who were there then are still active in the field.

ICR machines were not popular in Australia in
1970s. So far as I know there were only three, one w
John Bowie in Adelaide University, doing very r
work on negative ions, one with John MacLeod in C
berra and the other with Trevor McAllister in CSII
in Melbourne studying reaction kinetics.

Until 1971, we had always designed ion lenses, !
sources, etc., by art rather than by science. Having b
a computer graphics set-up by that time, we gradus
developed a suite of programs for electrostatic poten
and charged-particle trajectory calculations. This v
gathered together and greatly improved by a ma
effort on the part of Don McGilvery, under the name
SIMION. It has proved invaluable to us in the design
electron and ion optical systems, has spread slos
round the world and now finds wide application.

In 1973, I had become very interested in the pos
bility of examining directly the structure of ions
trying to obtain the spectrum of an ion in the gas pha
All we knew about ion structure up to then v
deduced indirectly from cracking patterns. This led
to build a linear triple quadrupole mass spectromet
combined with a flashlamp-pumped tuneable dye las
in 1974. In this machine, a given ion could be select:
undergo interaction with photons and any pho
dissociated fragment ions examined. The signals
obtained from this experiment at the beginning we
very small, about one ion per laser flash, but a sophis
cated data system and signal averaging gave us ve
respectable vibration-rotation spectra, resolving ro
tional structure and ultimately allowed us to make t
first direct calculation of an jon structure in a giv
electronic state in the gas phase.

A chance happy meeting with an old friend from 1__,
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time at Princeton, Professor Chris Enke, and his th--

graduate student Rick Yost, at an ASMS meeting
Washington led to Rick’s coming to our laboratory
Melbourne, and our proving the special advantages a:
really unique applicability of the triple quadrupole me

Figure 14. The first triple quadrupole mass spectrometer 5 L
Trobe, built for laser photodissociation of ions, used by Rick vy
to prove its suitability for analytical work, 1977.

spectrometer for the tandem mass spectrometr
(MS/MS) technique. This led very soon to its very sy
cessful commercial application (Figure 14).

. Some 6 months_later, Professor John Tedder of g
Andrews, spending a sabbatical with us, found that g
triple quadrupole mass spectrometer was excellent alg
for studying organic ion—molecule reaction mechanismg,
This collaboration has led to the construction of twg
quinque-quadrupole mass spectrometers, one in §t
Andrews and one in Melbourne.

Throughout my whole mass spectrometric life, |
would have got nowhere without the enthusiastic help
of the men in the mechanical workships, all real per
fectionists, John Colberg at Chicago, Sid Powell and
Jock Mills at CSIRO and John Chippindali, Don
Balaam and John Reukers at La Trobe, also electronics
experts like Don Swingler, and later Georg Haertel.

Opver the years there have been some excellent instro-
mental contributions from Australia ‘which deserve
mention. Foremost of all I list Don Swingler, who hasa
most impressive list of ingenious achievements—slotted
quadrupole rods, the leak detector using a Penning ion-
ization source, the aluminium foil electron multiplier
which is now marked by ETP and also a lot of clever
electronics. John Richards of NSW is noted for the
square-wave quadrupole, which it is a great pity has not
been exploited. I would also give John Bowie special
mention for his efforts in building a number of ing-
nious ICR cells.

Being known as a builder of mass spectrometers cab
sometimes get one into trouble in strange ways. In 1967
when I first joined La Trobe University, David Myets:
the Vice Chancellor, an electrical engineer and €
CSIRO man, on this basis asked me to design and bul!d
a university residential college. I approached this I
exactly the same fashion as building a mass spectron”
eter, and in 1971, having completed it, thought I #&
finished with the job. He then however proceeded to put
me on the spot by asking me to run it as its Masr
While not a mass spectrometer, it worked very well,
always full of students and always operating financially
in the black. Living actually on the campus did have the
great advantage that I could appear in the rescar
laboratories in the small hours of the morning.
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/MS).
ad always been a source of fascm..uon to

endous sensitivity and analytical
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the cucumber fish, because when caught it gave off a
smell reminiscent of cucumbers. This fish was thought
to be extinct. However, Tim Berra, of the Monash Uni-
ver31ty Department of Zoology, found a healthy colony
in the Tambo river in eastern Gippsland. He caught one
fish and brought it back to the laboratory but we could
find no unusual odour substance present. Finally he
took liquid nitrogen in a Dewar vessel down to the
stream, caught a fish and froze it at once. A headspace
analysis back in the laboratory showed at once that the

5. Plots of '8/'80 ratio versus distance in fron

shell carbonate at any given point correlates
rature: at the growing edge just before death indit
23,20 (1988).)

a real note. At that time a ‘Mr ne by molecule reponsible was identical with that which gives
ras being termed by the newspap ;, was the characteristic odour to the English cucumber. It is
t'a time, very presentable forged ! ) bills. only given off for a few seconds, and appears to be a
sing GC/MS, that the forged n s did fear or alarm substance which causes other fish in the
1tly from the real ones, but unfor aately school to flee the vicinity of the hurt or frightened fish.
the perpetrator before we could ge  mass I have always had a fascination for dinosaurs ever
placed into every bank. since a small boy. All the best dinosaurs are found, of
s ago we were approached by t New course, in the Morrison formation, at the top of the
railways. They had been receivi com- Jurassic, and which has numerous exposures in Utah. In
the smell of their trains travelling: m the the centre of some newly cut fossil bone specimens one
ns to Sydney, but surprisingly nc n the finds a reddish silicified deposit. Careful examination of
r first suspicion was the brake locks. this material with a heated probe ion source sometimes
nple, however, gave nothing that ‘emed indicates the presence of small traces of porphyrins and
e. However, holding the brake 1terial polypeptides. It is interesting to speculate whether in
dstone immediately gave a fou dour. fact these are remnants of dinosaur blood. :
a macroreticular resin, we were ble to Shell middens are found all along the Victorian coast-
stomshmg collection of isocyanides. line, each consisting of & heap of shells and charcoal.
‘of the early settlers in Victoria re red to For millennia before the coming of the white settlers,
tern grayling, which was popular called the various tribes are believed to have visited the beach,
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1e growing edge for shells gathered on Aboriginal shell middens. The '80/'¢0
th the temperature of the water in which the shell is growing at that time. The
1s that all shells died in late winter or early spring. (Courtesy of Archeology in
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sent the lubras (young women) into the water for shel
fish, then over a camp fire eaten the contents of tt
shells. These middens are sometimes large, and tl
charcoal yields '“C dates going back some 40000 year
Mr Godfrey, my latest PhD student has been examinir
the 180/1%0 isotope ratios in these shells. By scrapir
off layers from the shell very carefully, a variation ._
isotope ratio is found which indicates a series of
summer and winter temperatures of formation, ar”
hence indicates how old is the lifetime of the shell.
this case, to our surprise, the temperature found at tl
growing edge indicates that every shell, in all tl
middens, appears to have ceased growth, i.e. died, in t!
months of July, August or September. Obviously shel
fish gathering was a highly seasonal business (Figu
15).

Reverting to the smell of fear, by studying studer
behaviour in college at examination times, I am co1
vinced that the phenomenon of panic in humans
induced by a chemical message. It is very noticeab
that fear in humans can be detected by, among other
horses, dogs and bees. Wright of the Vancouver Polic
Department maintains that a trained dog can detect
. would-be criminal even just thinking about committin
a crime. We have been trying for some considerab
time to isolate this substance for mass spectral analysi
So far it continues to elude us, but with ever increasin_
sensitivities of detection I think it is only a matter «
time before we find it.

I have been very, very, lucky indeed to have got ini
the field of mass spectrometry when I did. Througho
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my whole career, it has always been a source of 2re

happiness to me to find how helpful and friendly mait
spectrometrists are to each other. Also, far more sq thas
in any other field, the field has always been so e)(citjn[1
There are constantly new interests, new problems, ne&
applications, new instruments just around the corpe, I
am just a little sad that there are so few new YOux'l

mass spectrometers are first rate, but they can only Mee;
needs that have already been defined. There has to be 3
demand before they will endeavour to meet it. We pegy -

to be continually finding and establishing new ppj,.
ciples and discovering hitherto unimagined new proy,
lems.

I confidently expect that in the near future I wil]
molecules with molecular masses of up to 10° being
analysed,t really portable mass spectrometer gay
analyser sniffers about the size of a flashlamp apg
finally that we will prove Einstein’s equation, E = p2
by weighing the excited states of atoms, and the chep;.
cal bonds in molecules. After all, 1 eV = 107° Dajto,
This last only needs about another 20-fold increase i
mass resolution over what can be achieved with th
latest FTICR machines. It is time for the young mag

“spectrometrists t0 prove how much better they can d;
all these things than their predecessors were able to.

t I said it was exciting; this has already been surpassed. At the 19%)
ASMS meeting John Fenn reported on observing gas-phase ions at
masses up to 5 x 108,

machine builders today. Our commercial builderg ngfl
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