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The 2009 Officers of NZIC elected at the AGM in Dunedin are:
President: Prof John Spencer (Victoria University)
1st Vice-President: Dr Mark Waterland (Massey University, PN)
2nd Vice-President: Dr Gordon Rewcastle  (Auckland University)
Hon. Gen. Secretary: Richard Rendle  (Christchurch)
Treasurer: Dr Colin Freeman  (Canterbury University)

Dr Peter Hodder has taken over the editorship of the NZIC publication CHEM NZ. It is likely to appear re-named as 
CHEMED NZ.

About the President
John Spencer received his BSc (Hons.) and PhD (1971) degrees from the Uni-
versity of Otago. His PhD research, on the synthesis and structure of cobalt 
carbonyl cluster molecules, was directed by Dr Brian Robinson. In 1970 he 
was appointed Junior Fellow at the University of Bristol, where he worked 
with Professor F. G. A. Stone and Dr Michael Green on the organometallic 
chemistry of the late transition metals. John moved through several research 
positions at Bristol and became Lecturer in Inorganic Chemistry in 1977. In 
1985 he was appointed Professor of Inorganic Chemistry at the University of 
Salford and for four years between 1989 and 1993 he also served as Pro-Vice-
Chancellor. In 1996 John returned to New Zealand to take up the post of Pro-
fessor of Chemistry at Victoria University of Wellington where he is currently 
Head of the School of Chemical and Physical Sciences and Deputy Dean of 
Science. He has served on the Wellington Branch of the NZIC and was Branch 
Chairman between 1999 and 2001. During his term he took the opportunity to 
promote chemistry in secondary schools by supporting the work of secondary 
teachers. His research interests are in organometallic chemistry and homo-
geneous catalysis. He has a particular interest in controlling the reactivity of 
transition metals through ligand design, and in the activation of σ bonds in 
small molecules using transition metals.

NZIC Conferences
At the time of going to press, there 
were some 280 registrants for the bi-
ennial NZIC Conference in Dunedin. 
A full report of the event will appear 
in the April issue.

NZIC Conference 2011
The Waikato Branch has accepted 
Council’s invitation to host the next 
NZIC Conference that will most 
likely take place in 2011 so as not to 
clash with Pacifichem 2010. Michèle 
Prinsep has accepted appointment as 
Conference Chairperson and Michael 
Mucalo is Treasurer. More details 
will appear in future issues.

RSNZ
Prof David Parry, Distinguished 
Professor of Biophysics at Massey 
University, Palmerston North, was 
awarded the 2008 RSNZ Rutherford 
Medal at the Science Honours Dinner 
held on November 11.

New Fellows
Profs Terry Collins (Carnegie Mel-
lon University, Pittsburgh) and John 
Miners (Flinders University, Ad-
elaide) have been elected to Honor-
ary Fellowship of the Royal Society 
of New Zealand. Terry, an Auckland 
graduate (PhD with Warren Roper), is 
world renowned for his green chemis-
try (This Journal, 2001, 65(3), 15-17) 

while John, (PhD Victoria and Ted 
Harvey’s last student – see p.41) has 
moved from organic chemistry and is 
a noted clinical pharmacologist.

Among the ten new NZ Fellows 
elected on November 5 were A/Prof 
Jim McQuillan (Otago) and Dr Peter 
Tyler (IRL). Jim is best know for his 
co-discovery of Surface Enhanced 
Raman Spectroscopy and Peter has 
made world-recognised contributions 
to synthetic organic chemistry in the 
direct pursuit of improved human 
health.

2008 Science Honours Dinner
Prof David Parry (Massey Univer-
sity) was bestowed with the 2008 
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Rutherford Medal at this now annual 
event. NZIC utilized the opportu-
nity of the dinner to award the 2008 
Fonterra Prize for Industrial & Ap-
plied Research to A/Prof Simon Hall 
(Massey University) for his work on 
the development and commercializa-
tion of rechargeable zinc batteries. 
The award was made by then 1-VP 
and current NZIC President John 
Spencer.

Simon Hall accepting the Fonterra Indus-
trial & Applied Chemistry Award from 
John Spencer (images courtesy RSNZ)

NZAS Awards
Two chemists were among the recipi-
ents of the 2008 NZ Association of 
Scientists awards. Dr Graeme Gains-
ford (IRL) was awarded the Shorland 
Medal for a lifetime contribution to 
original research, for his extensive 
studies involving X-Ray crystallog-
raphy, while Dr Yeap Foo received 
the organization’s Marsden Medal. 
He has thirty-eight years of research 
with IRL as an organic chemist study-
ing complex plant tannins and identi-
fying their structures.

The NZAS research medal went to 
Dr Ulrich Zuelicke of Massey Uni-
versity’s IFS for his work into the 
theory of new electronic devices at 
the nanometre scale. The Commu-

nicator award was made to Prof Ian 
Spellerberg of Lincoln University.

News from the RSC
It would seem that the Royal Society 
of Chemistry is culinary capable! It 
recently made the bold proclaimation 
that Yorkshire puddings simply aren’t 
up to scratch unless they rise to four 
inches or higher. With the collabora-
tion of Dr John Emsley – chemist, 
RSC author, and proud Yorkshireman 
– our sister organization established 
that the perfect Yorkshire pud stands 
at just over four inches, with a light, 
fluffy texture and crisp exterior. A 
more detailed report and the detailed 
recipe can be found at: http://prospect.
rsc.org/blogs/rsc/2008/11/12/jon/
yorkshire-puddings-must-rise-four-
inches-or-higher-rule-the-chemists

BRANCH NEWS

AUCKLAND

University of Auckland – Chem-
istry
Drs David Barker and Andrew Ding-
ley were successful in securing Mars-
den Funding from RSNZ. David ob-
tained $100,000 for each of 3 years 
for his research on HIF-1 inhibitors; 
the project is titled Hunting for HIV-1 
inhibitors: synthesis of Manassantin 
B, a potent, non-cytotoxic HIF-1 in-
hibitor, while Andrew’s project Pro-
tein dynamics is the key to the regula-
tion of cytokine-induced intracellular 
signalling secured $740,000 per year 
for 3 years.

Prof Laurence Melton was elected as 
one of 25 new Fellows of the Inter-
national Academy of Food Science 
and Technology (IAFoST) at the 
World Congress of Food Science and 
Technology in Shanghai. Laurence 
is Director of the University’s Food 
Science Programme and his research 
focuses on the microstructure of plant 
foods, particularly the changes in tex-
ture that occur during freezing, can-
ning or drying. He also has an interest 
in how proteins and polysaccharides 
interact in food.

An  Australian Scientific Glass-
blowers Symposium was held on 
7th November hosted by Mr Mike 
Wadsworth and Mr Alistair Mead. 
The affair was a wild success with 

glassblowers from NZ, Australia, 
Germany and the USA attending. 
Our lads absconded with two of the 
four competition trophies, Alistair for 
best presentation of his glass Beam 
Engine, and Mike for best practical 
workshop demonstration. The Sym-
posium wound up with a Dinner and 
Awards evening at the Viaduct.

CANTERBURY
The Branch meetings continue to be 
well attended. In July a combined NZ 
Institute of Food Science and Tech-
nology and NZIC meeting was held 
at ESR. A large crowd appreciated 
Keith Woodford’s talk The Science 
and Politics of A1 and A2 milk. Also 
in July a beer tasting sponsored by 
Three Boys Brewery was very popu-
lar. The President’s talk featured in 
August, and in September Michael 
Taylor, ESR, explained blood spatter 
analysis to a gruesomely fascinated 
audience. In October, this year’s Triv-
ia and Truffles was enhanced by the 
use of smart visuals, music clips and 
an electronic score board. Our thanks 
to Marie Squire and Chris Fitchett 
for these, and thanks also to our quiz 
master Michael Edmonds. Twenty 
one teams enjoyed an evening of hi-
larity and tense competition ponder-
ing over questions that sometimes 
had a less than tenuous link to chem-
istry. Contestants came from over-
seas, ESR, Chemistry, Biochemistry, 
Management, Chemical Engineering 
(a first!), Physics, and Student Ser-
vices. The results were:

1st Manganesium (Jan-Yves Ruzicka, 
Michael Hunter, Rachel Hanover-
O’Connor)

2nd Past Due Date (Jan Wikaira, Don 
McNickle, Sim Wikaira)

3rd Victory is (mela)mine! (Sam Ed-
wards, Paul Wilson, Brett Davis)

4th Sparge My Phlogiston (Henry 
Toombs-Ruane, Tammie Cookson, 
Chris Hawes)

Best Artwork – 210P (Phil Emnet, 
Paul Kruger, Kiran Dayaram)

Best team names – Victory is 
(mela)mine! (Sam Edwards, Paul 
Wilson, Brett Davis) and Amide (S)-
touch (Aidan Harrison, Tim Allison, 
David Tran)
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Spot prizes – Rebecca Hurrell, Jes-
sica Baker and Graham Townsend

Mystery Problem – Sparge My Phlo-
giston (Henry Toombs-Ruane, Tam-
mie Cookson, Chris Hawes)

First Entry – Manganesium (Jan-Yves 
Ruzicka, Michael Hunter, Rachel 
Hanover-O’Connor)

Best wrong answer was (Q: How 
many doctors in Shortland Street have 
been murdered by the evil pharma-
ceutical company?) – Not enough!

CPIT
The Year 11 chemistry competition 
had 23 teams from 13 schools across 
Canterbury, ranging from Ashburton 
in the south to Rangiora and Kaiapoi 
in the North. Teams of three students 
completed activities in qualitative 
inorganic analysis and use of a pH 
meter, in a limited time. The winning 
team was from Lincoln High School, 
with Hillmorton High School runner-
up. A comparable competition for 
Year 10 students was held in late No-
vember and was sponsored, in part, 
by The Canterbury Science Teachers’ 
Association.

University of Canterbury
Professor John Blunt who retired at 
the end of 2008, has been awarded the 
title of Professor Emeritus. Dr Chris 
Fitchett was welcomed as a lecturer 
to the Department. Chris is interested 
in the synthesis of large planar het-
erocycles, the investigation of their 
properties and their interaction with 
metal atoms. He is also interested in 
the development of charge density 
studies using X-ray crystallography. 
Chris comes back to the Department 
following several short stints as lec-
turer, X-ray technician, laboratory 
supervisor, and postdoctoral fellow at 
Trinity College (Dublin) and James 
Cook University (Townsville).

Craig Tennant’s appointment as an 
Adjunct Senior Fellow has been ex-
tended for another three-year term. 
Andrew Gross, is a new PhD student 
under the supervision of Alison Dow-
nard. Originally from Ipswich he 
graduated from the University of Sur-
rey with a Master’s degree in analyti-
cal chemistry, and worked for a year 

at Hill Laboratories (Hamilton).

We have had two Erskine visitors: 
Professor Peter Griffiths, from the 
University of Idaho, whose research 
interests are in FTIR and Raman 
Spectroscopies, and remote sens-
ing and environmental applications. 
Dr Robert Raja, currently Reader 
in Chemistry at Southampton, has 
a focus on discovery and design of 
novel nanoporous and mesoporous 
solids for application as single-site 
heterogeneous catalysts in chemi-
cal, fine-chemical, pharmaceutical 
and environmental technologies, us-
ing energy-renewable feedstocks and 
sustainable processes. Sabbatical vis-
itors have been Andy Sykes (Univer-
sity of South Dakota) and Don Has-
tie (York University, Toronto). Andy 
is working with Richard Hartshorn 
and Alison Downard on mutually in-
teresting topics in the realm of inor-
ganic, organic and electrochemistry. 
Don was collaborating with Murray 
McEwan.

The past months have seen a number 
of visiting students with us. Wiradej 
Thongsuwan has joined the group of 
Vladimir Golovko for a one year re-
search project as a part of his PhD in 
Materials Science at Chiang Mai Uni-
versity (Thailand). Jérémie Gatignol 
is visiting from Saint-Bardoux, near 
Lyon (SE France). Jérémie is in the 
second year of graduate studies at the 
National Graduate School of Chemis-
try (ENSCCF) in Clermont-Ferrand. 
He is hosted by Jim Coxon. Nurul 
Aqmar, a visiting post-graduate stu-
dent from MARA, the University of 
Technology in Malaysia, is working 
on collaborative research with Profs 
Tony Cole, Murray Munro and John 
Blunt. Lisa Roeder, from Germany, 
has been working with Peter Steel. 
After working with the Marine Natu-
ral Products group, Suwannee Saisan 
has returned to Thailand.

Don House recently made his annual 
visit to us and ex-student Prof Ray 
Butcher (Howard University, Wash-
ington) spent six weeks with us. An-
drew Abell has also visited.

Professor Ian Shaw, has announced 
his resignation as PVC – College of 
Science; he will become a Profes-
sor in the Department of Chemistry, 
where he will conduct research into 

human exposure to environmental 
chemicals and teach environmental 
chemistry and biochemistry.

Outreach Activities have included 
Info Days, Science of Air and the 
Golden Key Youth Forum. Vladimir 
Golovko energetically led a large 
group of visitors in a tour around the 
Department; Chris Hawes, Henry 
Tombes-Ruane, Rob Stainthorpe 
and Archna Tandon received praise 
and thanks for their contributions to 
the Science of Air day in November, 
and Paul Kruger received compli-
ments for an excellent presentation 
that made quite an impression on the 
students at the Youth Forum.

Student successes include: David 
Garrett who won the inaugural IBM 
Visiting Scholarship for this year. He 
is currently undertaking a 10-week 
placement at the IBM Almaden Re-
search Center in San Jose CA on a gen-
erous stipend of NZ$20,000. Wanting 
Jiao has recently embarked on a mo-
lecular modelling study of calpain 
interactions under the supervision of 
Emily Parker and Jim Coxon under 
a Top Achiever Doctoral Scholarship. 
Francine Smith has been awarded an 
ESR/BIC PhD scholarship; she is 
working on the metabolites of cya-
nobacteria under the supervision of 
Sally Gaw. Students who have been 
awarded UC Summer Scholarships 
are: Chris Hawes (with Paul Kru-
ger), Rosanna Archer (Owen Curn-
ow) and Lauren Pinfold (Sally Gaw 
and Marie Squire). Jan-Yves Ruzicka 
has been awarded a joint Chemistry-
Engineering Summer Scholarship 
on Electrospinning of cobalt col-
loid – PVP nanofibre assemblies for 
novel catalysis applications [with 
Mark Staiger (Eng.) and Vladimir 
Golovko (Chem.)]. College of Sci-
ence Summer Research Scholarships 
go to Jackie Knobloch, a 300-level 
student in Chemistry, who will work 
on metal-sulfide nanoparticles with 
Vladimir Golovko and Andy Pratt. 
Jayne Gulbransen, a 400-level hon-
ours student, will study the imidazole 
frameworks for new colossal aromat-
ic molecules with Chris Fitchett.

PhD completions include: David 
Bones (Liquid Aerosol Photochem-
istry – Leon Phillips/Colin Free-
man); he is now working with Prof 
Sergey Nizkorodov (UC-Irvine) on 
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atmospheric and aerosol chemistry; 
Justine Cottam (Studies in Metallo-
supramolecular Chemistry – Prof Pe-
ter Steel; Neroli Ayling (Photochem-
istry of Coordination Complexes in 
the Aging of Dyed Fibres – Richard 
Hartshorn).

Paul Kruger has recently heard that 
two of his papers hold citation re-
cords: Anion Recognition in Organic 
and Aqueous Media Using Lumi-
nescent and Colorimetric Sensors 
(Coord. Chem. Rev. 2006, 250, 3094-
3117 – Elsevier) and The role of acid 
in the formation of hydrogen-bonded 
networks featuring 4,4 -dicarboxy-
2,2-bipyridine (H2dcbp): Synthesis, 
structural and magnetic characteri-
sation of {[Cu(H2dcbp)Cl2 ]H2O}2 
and [Cu(H2dcbp)(NO3 )2(H2O)] 
(CrystEngComm. 2005, 7, 90. The 
first Nature publication of this cen-
tury by a departmental staffer came 
from Vladimir Golovko on selective 
oxidation involving gold nanopar-
ticles. The article warranted an addi-
tional commentary by Wayne Good-
man (Nature, 2008, 454, 948-949) 
entitled Precious Little Catalyst.

Congratulations go to UC Adjunct 
Professor Richard Keene (Towns-
ville), Grant Collins (Adelaide) and 
Peter Steel who have recently been 
granted three year ARC funding 
the Development of New Materials 
Based on Multinuclear Ruthenium 
Complexes and to Richard Harts-
horn and Ken Morrison (Chemical 
and Process Engineering) who have 
been awarded Bright Ideas Funding 
regarding a research project regard-
ing the Minimising of Bio-film Build-
up.

The Department sponsored prizes in 
the Year 9+ Technology section at 
the Canterbury-Westland School’s 
Science and Technology Fair. The 
1st Prize was won by Emil Martin 
(Shower Boss – also Senior 2nd prize 
Environment Canterbury Award); 
Joint 3rd Katelyn Thorn (Breathe Ezy 
Mask) and Jake Eastwood (Hove 
Fatboy Hover). The students were all 
from Lincoln High. The NZIC Branch 
awards for the best Chemistry-re-
lated exhibits went to Brendan Chin 
1st (Cobham Intermediate – From 
Dirty Water to Clean), 2nd equal Liam 
Mciver and Callum Dow (Kirkwood 
Intermediate – Graffiti, is it a Prob-

lem in Your Neighbourhood?) and 
Savannnah Adams (St. Margaret’s 
– Walking on Water) and Sankari Ga-
neshan (Lincoln High – Going with 
the Flow of the Avon River).

MANAWATU
Massey has just seen a MacDiarmid 
Institute-funded Rigaku Spider X-
ray diffractometer installed. It is de-
signed for the structural analysis of 
small molecule and protein crystals 
and powder samples. It is connected 
to a previously unused port of Geoff 
Jameson’s micro-focus rotating an-
ode X-ray generator. The high beam 
intensity and curved image plate de-
tector will allow challenging prob-
lems involving small and/or weakly 
diffracting crystals to be tackled. In-
terested users are invited to contact 
Shane Telfer for further information.

Marco Wenzel joined the Plieger 
group earlier this year as a Massey-
funded post-doctoral fellow and is 
currently developing new ligands 
for metal salt extractants. PhD stu-
dent Karl Shaffer is continuing to 
develop small cation chelators and is 
hoping to head back to Los Alamos 
National Laboratory later next year 
for further beryllium studies. Quintin 
Knapp is completing the last of his 
anion titration studies prior to writing 
up for MSc. Paul Plieger recently 
visited and gave a talk at Auckland 
University, a day after swimming 
across the Auckland harbour with 
1400 other people and some very big 
Orca whales (did I mention they were 
big?). Massey will be hosting Peter 
Tasker for a couple of days prior to 
IC’08 in early December.

Islah-u-Din has completed a post-
graduate diploma in Science and will 
be working with Jeff Tallon at IRL 
over the summer period, before be-
ginning his PhD studies with Mark 
Waterland. Islah’s study is support-
ed by the Higher Education Com-
mission of Pakistan. At the annual 
Massey-Victoria Student symposium 
(at VUW), Hilary Corkran was 
awarded the best talk of the day, for 
her work on coordination complexes 
of paracyclophanes, supervised by 
Shane Telfer, Gareth Rowlands and 
Mark Waterland – some suggest that 
she probably deserves another award 

for surviving the year with three su-
pervisors.

Phil Bunker from the Steacie Insti-
tute for Molecular Sciences, Ottawa 
visited on November 29 and gave a 
talk on the structure and symmetry 
of the benzene dimer. Steve Kirk suc-
cessfully passed his PhD oral exam. 
Steve studied with Andrew Brodie 
and Eric Ainscough and is currently 
fabricating carbon nanotubes with 
Ashton Partridge with whom Gaile 
Dombroski and Helen Hsu have be-
gun PhD studies.

Sivakumar Balakrishnan joined 
Shane Telfer’s group as MacDiarmid 
Institute-funded post-doctoral fellow 
in late November 27. Sivakumar has 
a background in materials chemistry 
and joins Massey from the CSIRO in 
Melbourne.

OTAGO
The Branch AGM elected Drs Julian 
Eaton-Rye its 2009 Branch Chairper-
son, Guy Jamison as Secretary and 
James Crowley as Treasurer.

The Branch sponsored a highly suc-
cessful High School Quiz Night for 
the fifth year in a row. The quiz, held 
in the Hutton Theatre at the Otago 
Museum in September, once again 
had teams from almost every school 
in Dunedin and from several schools 
in Otago and Southland fill the venue. 
Fifty teams competed for the coveted 
Bunsen Burner of Wisdom and this 
year it was won by a team called So-
di-um come here often? (Kavanagh 
College). After a tense tie-breaker 
between four teams, Bunsens on Fire 
(Otago Girls High) came second and 
The Oxidising Agent Squad (also Ka-
vanagh College) were third. It was 

Caption: Winners of the Otago/Southland 
High School Quiz Night Competition 
holding their prize, the Bunsen Burner of 
Wisdom
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great to see a number of teams who 
had competed in 2007 return for this 
year’s quiz. Thanks to a new spon-
sor this year, Silicon Graphics Inc., 
several prizes were awarded for the 
Chemical Haikus. An excellent night 
was had by all. Many thanks go to 
the staff and students of the Chemis-
try Department who helped out and 
to the loyal sponsors, Poppas Pizzas, 
The University Bookshop, The Otago 
Museum, and Silicon Graphics.

University Chemistry Depart-
ment
Russell Frew, Dave Larsen, and 
Barrie Peake learned in October that 
they will become Associate Profes-
sors in February next. As noted else-
where A/Prof Jim McQuillan was 
elected FRSNZ in November for his 
landmark work on Surface Enhanced 
Raman Spectroscopy. Sally Brooker, 
who was elected in 2007, recently 
attended a celebration reception for 
newly elected Fellows. Di McCar-
thy hosted the occasion and Carolyn 
Burns presented the certificates and 
lapel badges. Sally’s research group, 
resplendent in suits, did their supervi-
sor proud.

Jim Simpson was recently appointed 
as Editor of Acta Crystallographica 
Section E. Lyall Hanton and Allan 
Blackman were among ten lectur-
ers to receive Otago Top Teaching 
Awards in 2008. The awards are ad-
ministered by the Otago Student As-
sociation and provide students the 
opportunity to cast votes for their 
best lecturers.

The Department was very success-
ful in recent funding rounds. Sally 
Brooker obtained a Marsden Grant 
of $815,000 over three years for 
the project Designer dimetallic spin 
crossover complexes: developing tu-
neability, cooperativity and hierar-
chical organisation. John van Klink, 
Nigel Perry, and their collaborator 
Kevin Gould from Victoria Univer-
sity received a Marsden Grant for 
$777,000 over three years for their 
project entitled Aposematic colou-
ration in plants: honest signals of 
chemical defences & influences on 
herbivore fitness. 2009 OU Research 
Grants went to Allan Blackman, 
Philip Boyd, Russell Frew, Keith 
Gordon, Kimberly Hageman, Guy 

Jameson, Henrik Kjaergaard, Sylvia 
Sander, James Crowley, Nigel Lu-
cas, and their many associated inves-
tigators.

Martine Poffet (post-doctoral fellow 
with Keith Hunter) won the 2008 
University of Fribourg (Switzerland) 
Environment Award for her PhD 
project on Thermal Runaway of dried 
sewage sludge in storage tanks.

Henrik Kjaergaard gave an invited 
lecture entitled Molecular spectros-
copy of water dimer and Joseph Lane 
presented a poster entitled Calculat-
ed electronic transitions in the water 
ammonia complex at the World As-
sociation of Theoretically Oriented 
Chemists Conference (Sydney, Sept. 
2008). Mikkel Bo Hansen from the 
Lundbeck Center for Theoretical 
Chemistry (Aarhus, Denmark) and 
Priyanka Bagaria (Birla Institute 
of Technology and Science, Pilani, 
India) have recently spent time in 
Henrik’s group as visiting research-
ers. Ben Miller, Joseph, and Henrik 
went to the Australian Synchrotron 
Facility in Melbourne last August to 
continue their high resolution FT-IR 
spectra of deuterated acetylacetone.

Julia Rinck, a PhD student with 
Professor Annie Powell (Karlsruhe, 
Germany), joined Sally Brooker’s 
group in November for four months 
of collaborative research. Annie will 
also be visiting in February. A new 
postdoctoral, Laszlo Mercs, will join 
Brooker’s Bunch in March after he 
completes his PhD with Professor 
Martin Albrecht (Fribourg, Swit-
zerland). Nick White completed his 
hugely productive research assistant-
ship and is now on his big OE until he 
starts his PhD overseas in mid-2009. 
Current Brooker’s Bunch members 
are thrilled to have moved into the 
new group office space that they will 
share with James Crowley’s group 
– now when the music stops, they 
will all have a desk to sit at! This of-
fice lies between, and looks into, both 
of the renovated laboratory areas that 
were completed prior to the Christ-
mas break.

The Crop & Food Research Plant Ex-
tracts Research Unit staff, located in 
the Chemistry Department, are excit-
ed about their December merger with 
HortResearch. This brings together a 

large group of chemists with mutual 
interests in areas such as flavours, 
insect attractants, and bioactives in 
foods.

The GoTrace Global Origin and 
Traceability Symposium is sched-
uled for 30 June – 2 July 2009 at the 
Dunedin Centre. It will bring together 
scientists and businesses working in 
the areas of verification of origin and 
traceability with producers, exporters 
and consumer groups, and provide 
the first forum in NZ and Australia 
for delegates to examine and discuss 
the requirements of international 
markets, the development of new 
technologies, and the applications of 
these technologies to a wide-range 
of food and other products. Russell 
Frew is to be one of four keynote 
speakers.

WAIKATO

Branch Officers 2009
Chairperson & Secretary: Ms Marisa 
Till

Treasurer: Dr Michael Mucalo

Chemistry Department Univer-
sity of Waikato
Peter Morris, the longest-standing 
member of the Chemistry Depart-
ment, has recently retired. Peter was 
appointed in 1970, the first year that 
Chemistry was taught at Waikato, 
joining founding members Alec 
Wilson and Malcolm Carr, both of 
whom had transferred from Victoria. 
Peter played a key role in develop-
ing general and physical chemistry 
in the somewhat frantic early stages 
when cows on the ex-Ruakura site 
still roamed outside makeshift labo-
ratories, and new practical classes 
were often preceded by hurried day-
before trips to Auckland’s Chemis-
try Department to borrow essential 
equipment. Peter had completed a 
PhD with the late Bob Hay at Vic-
toria and a postdoctoral with Bruce 
Martin in Virginia. His research at 
Waikato centred mainly on metal ion 
catalysis of amino acid ester hydro-
lysis. Peter was well recognised for 
his dedication to teaching the rigours 
of physical chemistry in the most 
palatable way to successive genera-
tions of less and less mathematically 
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prepared students. This brought high 
accolades from even the most hard-
ened of students, and he leaves a hole 
that will be very hard to fill. He will 
remain on his magnificent Matangi 
Road gully property, which he and 
his wife Margaret have worked tire-
lessly to break in from a gorse-filled 
gully over 25 years. Experiment-
ing with the best types of plants for 
restoration, and developing his own 
nursery along the way, Peter has re-
ceived much recognition and a major 
environmental award for restoration 
of the gully, which was protected by 
a QEII covenant in 2006. In retire-
ment Peter will doubtless remain the 
sought-after expert on restoration in 
gully-riddled Hamilton, and take ad-
vantage of all the extra time freed up 
from university duties to further his 
gully work.

The annual Chemquest quiz, now in 
its 12th year, was recently held in the 
Department. A total of 62 teams com-
ing from the greater Waikato region 
and Bay of Plenty participated. As 
usual, this was a fun-filled evening 
for students studying NCEA level 2 
Chemistry, with the traditional variety 
of chemistry-based questions ranging 
from Periodic Puzzlers, music-based 
questions, smells and chemical dem-
onstrations.

The winners Steele’s Trio (Hillcrest 
High – Lily Zhang, Ann Yu and Kejia 
Wang), received the James & Wells 
trophy plus $150 cash. 2nd prize went 
to TBC Repz (Tauranga Boys Col-
lege), 3rd prize to Triawesome Sul-
fate (Hamilton Boys’ High), 4th to In 
it for the moles (Fairfield College), 
and 5th equal were Aluminium Nitrate 
(Waikato Diocesan for Girls) and 
Team Boris (Hamilton Boys’ High). 
Prizes were generously sponsored by 
James & Wells Intellectual Property 
and Hill Laboratories, as well as the 
WU’s School of Science and Engi-
neering. Question masters were Rich-
ard Coll and Bill Henderson, with 
Brian Nicholson and Lyndsay Main 
the chief judges, assisted by Pat 
Gread, Kelly Kilpin and Bevan Jar-
man. Others thanked for their partici-
pation in running the event are John 
Little, Jannine Rhodes, Wendy Jack-
son, Annie Barker, Jenny Stockdill, 
Jonathan Puddick, Hannah Lerke, 
Simon Addison and Peter Wilson.

The winning team, Steele’s Trio (Hillcrest 
High School) with sponsors Martin Lovell 
(Hill Laboratories, right) and Jared Millar 
(James & Wells, left)

Bill Henderson delivered his presi-
dential talks to all the Branches 
concluding with his home Branch 
Waikato. Michèle Prinsep visited 
Singapore and the UK last August 
and September as part of her study 
leave. In Singapore she visited col-
leagues at the National University 
and Nanyang Technological Uni-
versity and delivered a seminar and 
some graduate lectures. In the UK 
she visited Chris Moody at Notting-
ham, Claire Helio at Portsmouth and 
Jo Porter at Aberystwyth to discuss 
collaborative research and deliver 
seminars. Michael Mucalo attended 
the Zing Nanomaterials Conference 
in Playa del Carmen, Mexico in De-
cember. His paper An overview of IR 
spectroscopic, mass spectrometric 
and surface analytical techniques 
used in the in situ or ex situ studies 
of precious metal colloids dealt with 
aspects of his colloid research span-
ning the last 18 years.

There are a number of students work-
ing in the Department over the sum-
mer period on Waikato scholarships. 
Stefan Smith working on carbene 
complexes, Michael Scott on main 
group chemistry and Ashleigh Rich-
ards on gold chemistry, are all under 
the supervision of Bill Henderson.  
Maria Revell is pursuing LC-MS 
studies of marine natural products 
with Michèle Prinsep, and Jacob 
Jaine will be looking at growth of 
hydroxyapatite on cholesterol with 
Michael Mucalo. Greer Tanner-
Dempsay is working on properties 
of biocarbons in conjunction with 
Prof Michael Antal Jr of the Ha-
waii Natural Energy Institute and Dr 
Ajit Sarmah of Landcare and Nicole 
Cameron is working on LAICPMS 
of possum teeth in relationship to 
geographical origin of samples. Ka-

tie de Lange is working on IC of or-
ganic ions in hot springs water with 
Nancy Hinman from the University 
of Montana. The latter three students 
are under the supervision of Merilyn 
Manley-Harris.

Dr Graham Saunders has accepted a 
senior lectureship in inorganic chem-
istry replacing Derek Smith who is 
about to retire. Graham completed 
his doctorate at Oxford working with 
M. L. H. Green and subsequently had 
post-doctoral positions at Auckland 
(Warren Roper) and Leicester (J. 
Holloway and E. Hope) before taking 
up a lectureship at Queens Univer-
sity, Belfast. He has broad research 
interests with recent emphasis on ap-
plications of fluorinated compounds 
in organometallic chemistry, and as 
substrates for super-hydrophobic sur-
faces.

NIWA
In September, Mike Stewart and Cin-
dy Baker hosted a visiting scientist, 
Sandy Scott, from The Centre for En-
vironment, Fisheries and Aquaculture 
Science (CEFAS – UK). Sandy is a 
world renowned fish endocrinologist 
who has pioneered techniques for the 
detection and identification of steroid 
pheromones in fish. The work with 
Sandy has allowed us to close in on 
the physiologically active sex phero-
mones produced by the female redfin 
perch (Perca fluviatilis), an exotic 
fish species in NZ waters. Bob Wil-
cock attended the International Water 
Association conference on diffuse 
pollution (DIPCON 2008) in Khon 
Kaen (Thailand) last August, where 
he chaired sessions and gave a paper 
on Climate Change Mitigation for Ag-
riculture: Water Quality Benefits and 
Costs. Greg Olsen spent four weeks 
in North America last September-
October visiting several laboratories 
(USGS, USEPA, Southern Nevada 
Water Authority, Colorado State Uni-
versity, Hollings Marine Laboratory - 
NOAA) studying methodologies for 
emerging contaminant analysis.

WELLINGTON
Members of the Branch were sad-
dened by news of the death of NZIC 
stalwart Ted Harvey on October 20. 
A full obituary appears elsewhere in 
this issue. On a brighter note we were 
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delighted to see two VUW gradu-
ates, the last student Ted supervised, 
Prof John Miners, and Dr Peter Ty-
ler of IRL elected Hon. FRSNZ and 
FRSNZ, respectively. We also con-
gratulate Drs Graeme Gainsford and 
Yeap Foo on the receipt of the NZAS 
Shorland and Marsden medals, re-
spectively. Prof Jim Johnston was 
the Science and Technology category 
winner in the annual ‘Wellingtonian 
of the Year Awards’ – congratulations 
Jim.

The September meeting comprised a 
lecture by Mike Berridge (Malaghan 
Institute of Medical Research) ad-
dressing the issues of the Cancer 
Questions, Stem Cells, Chemistry & 
Cures. His discourse provided an ex-
cellent over-view of the state of can-
cer research in the Malaghan Institute. 
Based upon essentially unchanged 
cancer death rates for 55 years, the 
molecular and cellular basis of can-
cer and whether it is a curable disease 
were addressed, So was the extent to 
which cancer is a preventable dis-
ease. A focus of the Malaghan work 
is cancer cure through the develop-
ment of therapeutic vaccines and the 
broad application of this personalised 
medicine approach to cancer treat-
ment. This opens up new opportuni-
ties for interdisciplinary translational 
research and development involving 
cell and molecular biologists, chem-
ists, immunologists and clinicians. 

Mike started work in Wellington as a 
Malaghan Fellow jointly at Welling-
ton Hospital and Victoria University 
investigating the stem cell origins of 
blood in 1976. The Fellowship be-
came part of the Wellington Cancer 
& Medical Research Institute when 
it was constituted in 1978 and when 
renamed as the Malaghan Institute 
of Medical Research. Since then, 
the Cancer Cell and Molecular Biol-

ogy group has pursued numerous re-
search interests concerned with can-
cer and inflammatory diseases, and is 
currently poised to immunologically 
target the cancer stem cell.

The October meeting, a planned site 
visit to the Building Research Associ-
ation of NZ (BRANZ) had to be can-
celled due to insufficient numbers – a 
rare event in the history of Wellington 
meetings. However, in November the 
Branch held its AGM followed by a 
lecture Proof of Life’ Sciences in NZ: 
Ventures and Value Creation from 
Prof Mark J. Ahn, (Chair, Science & 
Technology Entrepreneurship, VUW 
and Principal at Pukana Partners Ltd., 
which provides strategic consulting to 
life science companies) In his lecture 
he asked the questions Can science 
be a business? How will the global 
credit crunch affect research funding 
for life science businesses and ven-
ture creation in NZ?

Emerging entrepreneurial high 
growth ventures, financed with ven-
ture or risk capital, seek to quickly 
create or capture large markets, scale 
rapidly, and are chronically under-re-
sourced. As such, a thriving econom-
ic ecosystem is required to enhance 
new venture success due to high fail-
ure rates, technological complexity, 
and market risk. Prof Ahn reviewed 
key mega forces impacting upon sci-
ence-led venture creation, criteria for 
successful science-led ventures, and 
unique challenges and opportunities 
facing technology firms competing 
from a NZ context. He did this in a 
question and answer style to get au-
dience involvement but the entire 
concept is based upon technological 
development of good science rather 
than the generation of good science.

The Branch AGM elected Dr Peter 
Hodder as its 2009 Chairperson, with 

Drs Joanne Harvey as secretary and 
Suzanne Boniface as continuing trea-
surer (e-mail: all are at given name.
family name@vuw.ac.nz).

Victoria University
Ashna Khan has successfully com-
pleted her MSc degree working with 
Dr Burkett on the synthesis of novel 
[5.5.7]-fused tricyclic hydrocarbons 
and Lynton Baird has completed his 
PhD study on the synthesis of Aigialo-
mycin D with Drs Joanne Harvey 
and Paul Teesdale-Spittle. Dr Peter 
Northcote continues his whirlwind 
tours of places distant having re-
cently been in the US for discussions 
with the pharmaceuticals company 
involved in the development of his 
selected marine natural products, in 
Tonga to seek government approvals 
for the collection of samples for his 
Tongan MSc student Taitusi Taufa, 
and in Japan at the Riken conference 
on Biological Chemistry where he 
gave an invited presentation Spectro-
scopically Directed Isolation of Ma-
rine Natural Products.

Recent visitors have included Drs Ga-
reth Rowlands (Massey, Palmerston 
North) and Rob Keyzers who gave 
seminars on Basic Instincts: sulfox-
ides, allylation and planar chirality 
and Marine Natural Products; new 
compounds for pharmaceutical dis-
covery. Rob, a former Northcote stu-
dent, returned to NZ briefly follow-
ing appointment to the Food Futures 
Flagship, CSIRO Plant Industries in 
South Australia. Dr Chris Braddock 
(Imperial College, London) visited 
the Northcote group in December 
and provided the School with a semi-
nar on his synthetic studies directed 
towards marine natural products 
entitled: Biosynthetically-inspired 
chemical synthesis of complex halo-
genated marine natural products.

Join the New Zealand Institute of Chemistry
The New Zealand Institute of Chemistry (NZIC) represents 1000 members involved in the profession of 
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Inhibitors of Phosphatidylinositol 3-kinases: The Next Wave of 
Anti-Cancer Drugs?
Gordon W. Rewcastle and William A. Denny

Auckland Cancer Society Research Centre and Maurice Wilkins Centre for Molecular Biodiscovery, 
University of Auckland, PB 92109, Auckland 1142 (e-mail: g.rewcastle@auckland.ac.nz or 
b.denny@auckland.ac.nz)

Phosphatidylinositol 3-kinases (PI3Ks) are a family of 
lipid kinase enzymes, which catalyse the phosphorylation 
of the 3′-hydroxyl position of the inositol ring of phospha-
tidylinositol 4,5-diphosphate (PIP2) to give the messenger 
molecule phosphatidylinositol 3,4,5-triphosphate (PIP3) 
(Scheme 1). This then participates in a variety of physi-
ological processes, including cell growth and differentia-
tion.1 The PI3Ks are divided into three classes (I-III) based 
on their structure, mode of regulation, and substrate speci-
ficity. Class 1A PI3Ks are comprised of three isoforms 
(p110α, p110β and p110δ) that share a common regula-
tory subunit (p85) activated by signals from receptor pro-
tein tyrosine kinases, while the Class IB PI3K (p110γ) is 
structurally similar but lacks a regulatory subunit, and is 
activated by G protein-coupled receptors.2 The pathway 
through p110α is the most frequently activated signalling 
pathway in human cancer, and its corresponding gene 
(PIK3CA) undergoes amplification in tumours, with ac-
tivating PIK3CA mutations being relatively common in 
late-stage colon, brain, breast, and gastric cancers.3,4

Early investigations into the mechanism of PI3K inhi-
bition were aided by two compounds, the fungal natu-
ral product wortmannin, first isolated5 from Penicillium 
wortmanni in 1957, and the synthetic inhibitor LY294002 
(Chart 1), which was first synthesized by Eli Lilly in the 
early nineties.6

Wortmannin is a potent and irreversible inhibitor in which 
the furan ring adds to the amino group of a lysine resi-
due in the ATP binding pocket of PI3K giving an enamine 

at C20. X-ray studies with the p110γ isoform confirmed 
that this is with the amino group of Lys-833 and they 
also showed an H-bond between the C17 carbonyl oxy-
gen and the backbone NH of Val-882.2 However, since 
similar amino acid residues are found in all of the PI3K 
isoforms, wortmannin shows very poor isoform selectiv-
ity, and displays considerable liver toxicity at low doses in 
animal studies. Several wortmannin analogues have been 
prepared in an attempt to reduce this toxicity7 but, since 
they all function as prodrugs of wortmannin itself, they 
show no advantage in terms of PI3K selectivity.

LY294002 binds reversibly with moderate potency and 
has proved useful as a tool due to its stability. It was the 
first synthetic PI3K inhibitor to have its complex with 
PI3Kγ structurally elucidated.2 The morpholine oxygen 
makes an H-bond with the backbone amide NH of Val-
882, the same residue that forms an H-bond with wort-
mannin and, in fact, this is a much conserved interaction 
that is now known to be shared by all current PI3K in-
hibitors and ATP itself. LY294002 is too insoluble for in-
vestigation as a drug, although a prodrug derivative, SF 
1126 (Chart 1) has now entered human clinical trials as 
a pan-PI3K inhibitor, targeting cell growth, proliferation 
and angiogenesis.8

The issue of isoform selectivity is potentially important 
since each of the isoforms have a suite of significant bio-
logical effects; the p110β isoform is important in throm-
bus formation, while the p110δ and p110γ isoforms are 
important in aspects of inflammation. However, despite 
high-quality crystal structure data on both the α- and γ-
isoforms, obtaining compounds with high selectivity for 
p110α has proved difficult. This is illustrated (Table 1) by 
the IC50 values (concentration of drug for 50% inhibition 
of PIP2 phosphorylation) by LY294002, wortmannin, 
and the first of the other new PI3K inhibitors that have 
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begun clinical trial; GDC-0941, NVP-Bez235, XL-765 
(Chart 2).

Table 1. Isoform selectivity of PI3K inhibitors. 

Compound IC50 (nM) p110 ratio
-α -β -δ β/α

Wortmannin ~4 ~4 ~4 ~1
LY294002 800 1000 700 1.2
SF-1126 NA* NA* NA* NA*
GDC-0941 3 33 11 11
NVP-Bez235 20 160 12 8.0
XL-765 13 113 43 8.7

*NA - not applicable; prodrug

GDC-0941 (Genentech/Roche) is the result of much 
study with other morpholine-containing analogues of 
LY294002, and is currently undergoing Phase I human 
cancer clinical trials.9 Heteroaromatic nitrogen atoms can 
also participate in hydrogen bonding to the NH of Val-
882 and examples of this class include the Phase I clinical 
agent NVP-Bez235 (Novartis),10 where it is believed that 
the primary H-bond is via the quinoline nitrogen of the 
imidazo[4,5-c]quinoline core of the molecule. Another 
azaheterocycle that is reported11 to have entered clinical 
studies for the treatment of solid tumours is the quinoxa-
line derivative XL-765 (Chart 2), although few details are 
available. There is, therefore, high interest in the devel-
opment of PI3K inhibitors as anticancer agents,4,11,12 al-
though most of the current compounds are pan-inhibitors, 
rather than specific inhibitors of p110α, the PI3K isoform 
most often mutated in human cancers.

From its outset in 2005, our programme has thus been 
focused on the development of more selective inhibitors 
of p110α as anticancer drugs, and began by studying the 
literature to see where we could make positive improve-
ments.13 We started with the imidazo[1,2-a]pyridine de-
rivative PIK75 (Chart 3), which is a moderately selective 
inhibitor of p110α compared to the other Class I PI3K 
isoforms (p110β, p110δ and p110γ) (Table 2),14 and is 
also active in human cancer xenograft models.15 Our sys-
tematic study of the changes to the imidazopyridine chro-
mophore indicated tight structure-activity relationships 
(SAR),16 but did lead us to a new chromophore that had 

both high potency and much higher selectivity for p110α. 
A patent application has been filed on this new class of in-
hibitor,17 and we are continuing to optimise the structure. 
To date, we have been able to retain high potency and 
improve p110α selectivity.

Table 2. Inhibitory effects of PIK75 on PI3K isoforms.

Compound IC50 (nM) p110 ratio
-α -β -δ β/α

PIK75 20 300 1000 15

In order to try and rationalize the high p110α specificity 
of the imidazo[1,2-a]pyridines and the new chromophore, 
we studied the binding mode of the known inhibitor 
PIK75 to p110α using a molecular modelling approach.16 
For this work it was necessary to develop a p110α homol-
ogy model,16,18 since prior to December 2007 structural 
data were available only for the p110γ isoform.2 We used 
the high level of sequence identity shared across the PI3K 
isoforms around the ATP binding cleft to develop this 
model.16,18 As expected, the primary interaction involves 
an H-bond between the N-1 of PIK75 and the backbone 
NH of Val-851 (equivalent to Val-882 in p110γ) but, in ad-
dition, a possible hydrogen bonding interaction between 
one of the oxygen atoms of the sulfonyl group and the NH 
of a histidine residue (His-855) was identified.16 Since this 
histidine is unique to the p110α isoform, it was proposed 
that the additional interaction could account for the high 
selectivity of PIK75 against p110α. However, in Decem-
ber 2007 the structure for the full length human p110α 
catalytic subunit in conjunction with a portion of its p85α 
regulatory subunit was published,19 and demonstrated that 
while most of the ATP binding site residues had a similar 
3D structure, there were some notable differences at cer-
tain positions.  Significantly, the most notable difference 
from our homology model related to His-855 which was 
tied-back due to an H-bond with Asp-925 and therefore 
not accessible to the sulfonyl oxygen atoms of PIK75. 
Whether this is a crystallization artefact or a real phenom-
enon remains to be determined, but in the interim we are 
developing a refined model based on this new data.20

The second literature lead that we investigated in detail, 
was the dimorpholino-1,3,5-triazine derivative ZSTK474 
(X=N; Chart 3) that is reported to be a reversible and non-
selective PI3K inhibitor, but with excellent oral activity 
against human xenografts in mice.21,22 This is a very com-
petitive field, with a Japanese patent application filed by 
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Zenyaku Kogyo Kabushiki Kaisha23 in 2006 that covers 
both the triazine and its 2-pyrimidine derivatives (X=CH), 
where the second morpholine has been replaced by a pi-
perazine group, and a suite of 12 patent applications from 
AstraZeneca covering a variety of different morpholine 
replacements, and all three possible pyrimidine isomers.24 
We modelled the binding of ZSTK474 (X=N) in the ATP-
binding site of the p110γ crystal structure,25 and identified 
a binding mode in which the key H-bond with the NH of 
Val-882 was with the oxygen atom of one of the morpho-
line groups, rather than with the benzimidazole nitrogen 
as proposed,22 with the latter nitrogen actually H-bonding 
to the NH2 group of Lys-833 (the amino group responsi-
ble for the irreversible interaction with wortmannin). Our 
binding model allowed us to design new analogues that 
are not predicted by the published model, and enabled us 
to identify several potent new lead structures.

With the exception of wortmannin and its analogues, all of 
the approaches discussed so far have involved reversible 
PI3K inhibitors that must compete with ATP for binding 
in the catalytic site of the enzyme. Irreversible inhibitors 
have advantages in that they allow for longer-term inhibi-
tion of the enzyme, promising greater therapeutic effect, 
while allowing for longer times between treatments, as 
shown by the erbB irreversible inhibitor canertinib (CI-
1033; Chart 3) that we developed earlier to Phase II clini-
cal trial.26 Thus, our aim was to develop compounds able 
to bind irreversibly to the p110α site, but only reversibly 
to the other isoforms. Such specific p110α irreversible 
inhibitors should have better therapeutic potential than 
pan-PI3K irreversible inhibitors based on wortmannin. 
Preliminary results suggest this approach is feasible.27

Our work in the PI 3-kinase area began in 2005 with in-
house funding and support from the government-funded 
Maurice Wilkins Centre for Molecular Biodiscovery. A 
successful 2006 HRC grant application, coupled with 
2007 support from Auckland’s Faculty Research Devel-
opment Fund, enabled sufficient results to be obtained for 
the commercialization arm of the University (Auckland 
UniServices Ltd.) to set up the spinout company Pathway 
Therapeutics Ltd., which has recently successfully raised 
$A10 million from two Australian-based venture capital 
companies, CM Capital Investments (Brisbane) and GBS 
Venture Partners (Melbourne), and the new Trans-Tasman 
Commercialisation Fund.

Our initial PI3K research team consisted of the authors 
with cell biologists Bruce Baguley and Elaine Marshall, 
and biochemist Peter Shepherd. More recent additions to 
the team include chemistry PhD student Andrew Marshall, 
biologist Claire Chaussade, molecular modellers Raphael 
Frederick and Jack Flanagan, pharmacologist Phil Kestell, 
and technicians Claire Mawson and Mindy Chao. New 
additions to the team resulting from the Pathway funding 
are chemists Swarna Gamage, Anna Giddens and Sophia 
Tsang, and five technical positions are to be filled.

The pharmaceutical development of PI3K inhibitors has 
taken great strides during the last five years. Several com-
pounds are now in clinical trial, and large amounts of 
structural and biological data are becoming available. We 

are hopeful that the future will see even better therapeutic 
results being achieved with more selective inhibitors.
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Twisting Fate: Ring Torsions and Photochemistry in Aryl-X=Y-
Aryl Systems (X,Y = P, C, N)
M. Cather Simpsona,* and John L. Paytonb

aDepartments of Chemistry and Physics and The Dan Walls Centre for Pure and Applied Optics, University 
of Auckland, Auckland (e-mail: c.simpson@auckland.ac.nz)
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Over the past 30 years or so, the design and synthesis 
of molecules has been transformed by chemists increas-
ingly interested in imparting controllable functionality to 
their molecular architectures. One of the most widely ex-
ploited control processes is E → Z photoisomerization, 
particularly in azobenzenoid (Ar-N=N-Ar) and stilbenoid 
(ArCH=CHAr) molecules. Molecular switches, mem-
ory elements, capacitors, sensors, modulators of liquid 
crystal optical properties, organic light-emitting diodes 
(OLEDs), and other photon-driven materials have been 
explored with success.1 The patent literature abounds with 
hundreds of photoisomerization-based ideas, from porta-
ble body warmers2 to solar energy collectors and storage 
elements.3

As development of these systems continues, the explora-
tion of the relatively untravelled regions of the periodic 
table in search of new molecules, materials and reactions 
continues. Phosphorus was long thought to eschew mul-
tiple bonds. In fact, this double bond rule once applied 
to all elements beyond the first row of the periodic ta-
ble, where carbon, nitrogen and oxygen are so prolific in 
forming multiple bonds. In 1981, however, Yoshifuji and 
co-workers reported the first stable diphosphene (P=P) 
molecule.4 Since then, well over 100 compounds with 
multiple bonds involving atoms such as Si, Ge and As 
have been reported.

Multiple bonds among heavier main group elements tend 
to exhibit higher reactivity than their carbon and nitrogen 
cousins. However, with sufficiently bulky ligands, mul-
tiple bonds involving P, As, Si, Ge, and others can be suc-
cessfully stabilized kinetically and studied. Knowledge 
of the synthesis, structures, coordination chemistry and 
reactivity of these compounds is at a relatively advanced 
stage, and has been reviewed recently.5-9 Less thoroughly 
investigated, but equally important for understanding and 
exploiting photocontrollable behaviour, is the photochem-
istry and photophysics of these systems.

Recently, we began a productive collaboration with a group 
that synthesizes diphosphenes (P=P) and phosphaalkenes 
(C=P) for use in photochemically active materials. As 
a natural first step towards a thorough understanding of 
their photochemistry and photophysics, we applied both 
theoretical chemistry and ultrafast spectroscopy to study 
the ground and electronic excited states of some of these 
promising new molecules. Our previous studies have 
shown that the phenyl twist angle in aryl-substituted di-
phosphenes has a significant impact upon the ordering of 
the frontier orbitals and the oscillator strength of the major 
ultraviolet-visible (UV-vis) absorption transitions.10 We 
have now extended those studies to aryl-substituted phos-
phaalkenes, and compare both the ground state isomeriza-
tion (Fig. 1) and phenyl twist barriers (Fig. 2) to those of 
P=P, C=C ,and N=N analogs. All of the model compounds 
studied here (Chart 1) either exist and undergo photoi-
somerization (stilbene11, azobenzene12) or possess experi-
mental analogs known to undergo photoisomerization.13-16 
The results shed light on important differences in bonding 
among the main group elements, and help build a useful 
framework within which to interpret ongoing and future 
photochemical and photophysical research.

Fig. 1. ∆E(E-Z) and rotational barriers for torsions about the 
central X=Y double bond, where X,Y = C, N, P; calculations at 
the B3LYP/6-31+G** level.

Computational Methods
All computations were performed with the Gaussian 03 
(rev.D.01) software package17 with density functional 
theory (DFT) using the B3LYP hybrid functional18 and 
6-31+G** basis set.19 This level of theory was chosen 
as a reasonable balance between computational expense 
and accuracy. The discussion herein focuses upon ground 
state structures and energies, and vertical transitions 
to lower-lying excited states, and not chemical reactiv-
ity, i.e. no bond breaking or forming processes, and no 

A
rt

ic
le



13

Chemistry in New Zealand   January 2009

intermolecular interactions. The B3LYP hybrid function-
al, by far the most widely used in recent times, performs 
well for the target outcomes in main-group chemical sys-
tems of similar sizes and complexity.20

Many experimental diphosphenes and phosphaalkenes at-
tach phenyl-based bulky groups to the phosphorus (and 
carbon) atoms to kinetically stabilize the double bond. 
PhP=CHPh was thus chosen to include authentic molecular 
features such as conjugation and �-interactions, and to ap-
proximate steric interactions. Ground state structures were 
calculated for PhP=CHP with appropriate constraints on 
the phenyl ring twisting coordinates, followed by time de-
pendent DFT calculations (TDDFT)for the excitation en-
ergies, i.e. TDDFT-B3LYP/6 31+G**//B3LYP/6 31+G**. 
The potential energy surface was calculated at 10° inter-
vals along the τ1 (C=P-Ph) and τ2 (P=CHPh) twist coordi-
nates (see Fig. 1). The ground state (S0) E (trans) to Z (cis) 
isomerization barrier was also calculated. The results are 
compared to findings from previous studies on PhP=PPh, 
PhCH=CHPh, and PhN=NPh at the same level of theory.

Aryl-X=Y-Aryl Bonding
Background
One area of critical interest is the nature of the heavier 
main-group multiple bond and its effect upon structures, 
properties, and reactivity.5,6,7,21,22 From the relative ener-
gies of the σ and π bonds in homonuclear double-bonded 
species (Table 1),5,24 first row atoms clearly behave differ-
ently from those in lower rows of the periodic table. While 
the π-bond is of comparable or greater strength than the 
σ-bond for C, N and O, heavier main group elements have 
relatively weak π bonds. While chemists tend to think of 
the first long row of the periodic table as the well-behaved 
one, it is actually the anomaly.21 Carbon is perhaps the 
epitome in this respect with nearly equal σ and π bond 
strengths (σ/π ratio = 1.14; the others vary from 1.41 for P 
to 1.73 for S) and this is the origin of the diversity of the 
stable compounds that it forms.

Table 1. Relative σ/π bond energies for homonuclear diatomics 
(kcal/mol)a

C=C
80/70

N=N
38/94

O=O
35/83

Si=Si
46/28

P=P
48/34

S=S
64/37

Ge=Ge
39/26

As=As
42/29

Se=Se
50/30

aData taken from reference 21.

The next closest σ/π ratio to carbon belongs to phospho-
rus. This is a manifestation of the increasingly apparent 
diagonal relationships in the periodic table. Phosphorus 
compounds often behave more like their carbon analogs 
than their directly vertical nitrogen neighbors.25 Similarly, 
carbon resembles phosphorus more than silicon in many 
ways. For example, the electronegativities of carbon and 
phosphorus are comparable at 2.5 and 2.2, but quite dif-
ferent from those of Si (1.7) and N (3.1).

A classic analysis of bonding in heavier main group ele-
ments invokes relatively poor hybridization of orbitals to 
account for differences between first and later row com-
pounds, including the greater propensity of first row ele-
ments to form multiple bonds, and for heavier elements to 
form hypervalent compounds.21 The commonly assumed 
fixed relationship between the degree of hybridization, i.e. 
s and p contributions to the molecular orbitals, and bond 
angles is not justified beyond n = 2.22 So why do heavier 
main group elements hybridize more poorly? Efficient 
hybridization occurs when the constituent atomic orbitals 
have similar energies and large spatial overlap. The rela-
tive energies of the atomic orbitals actually favour more 
hybridization for the heavier elements. The culprit is the 
very different valence s and p radial probability distribu-
tions for the first row compared to the others with s and 
p valence orbitals have approximately the same radial ex-
tent; the heavier elements have the valence p orbital ex-
tend significantly beyond its s orbital partner. Thus, the 
degree of hybridization decreases and the lone pair adopts 
more s character going down the periodic column.

Aryl-X=Y-Aryl
The geometries predicted by the level of DFT used by us 
are remarkably good. For example, the C=P bond length 
calculated (1.695 Å) compares favourably to that in the 
crystal structure of (E)-(4-Br-2,6-Mes2C6H2)-P=CH(4-
BrC6H4) (1.682 Å), as do the P-C and C-C bond lengths 
and bond angles in the C-C=P-C central unit.13 Simi-
larly, the calculated P=P bond length of 2.058 Å is quite 
similar to the experimental values of 2.046 Å and 1.985 
Å for bis(2,4,6-But

3C6H2)diphosphene4,24 and bis(2,6-
Mes2C6H3)diphosphene,26 respectively; bond angles also 
are reproduced well.

The E-isomer is the lower energy structure for all four 
molecules studied (Fig. 1). (Z)-PhP=CHPh is destabilized 
the least, with ∆E = 3.7 kcal/mol; (E)-PhN=NPh is de-
stabilized the most relative to its (E)-isomer (∆E = 15.8 
kcal/mol). The barriers to rotation about the double bond 
can provide an estimate to the π bond strength, though the 

Fig. 2. Rotational barriers for torsions about the X-Ph single 
bond (X = C, N, P); calculations at the B3LYP/6-31+G** level 
with τ1 referring to torsion about the P-Ph bond and τ2 to torsion 
about the C-Ph bond.
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results here point to some weaknesses inherent in using 
DFT for such evaluations. Fig. 1 indicates that the weak-
est π bond is found in the P=P molecule. The strongest 
is predicted to be C=C by a significant margin in con-
trast to what is predicted in Table 1. Finally, the π bond 
in PhP=CHPh is predicted to be of similar strength to that 
of PhN=NPh. Thermal isomerization rates have been ob-
served for a few diphosphenes (Z → E: ∆G‡ ~20 kcal/mol 
at 0 °C,16 ∆H‡ = 29.5 ± 1.4 kcal/mol, and ∆S‡ = 38 ± 
6 cal/mol/K for a similar diphosphene14). The relatively 
large activation entropy may be due to steric crowding 
that is relieved by isomerization. Niecke et al.27 have 
synthesized a diphosphene that equilibrates at 25 °C to a 
6:11 mixture of Z- and E-forms, with thermal isomeriza-
tion rates for both processes of ~10-7/s.The barrier height 
calculated here for the diphosphene is qualitatively con-
sistent with these experimental measurements, though the 
experimental systems have much bulkier ligands.

Unfortunately, the order of the barrier heights for isom-
erization calculated by B3LYP is not consistent with the 
π bond strengths presented in Table 1. Most likely this is 
due to well-known difficulties in calculating the transition 
states of these molecules with single-reference methods; 
the transition states possess considerable biradical char-
acter.28 CASPT2//CASSCF calculations are underway in 
our lab to better address these issues, and to examine the 
features of the ground state potential surface with greater 
fidelity. Of additional interest to the ground state rotation-
al barrier is the thermal inversion coordinate and energet-
ics. We are also using complete active space calculations 
to evaluate the excited states along these reaction coor-
dinates.

The π orbitals of the phenyl ring substituents have the 
capability of interacting with the central double bond, to 
varying extents, in these compounds. The barrier height to 
twisting the phenyl ring gives an indication, albeit qualita-
tively, of the extent of π delocalization across the molecule 
(Fig. 2). The potential energy surface along the >C=PPh 
torsion (τ1) and -P=CHPh torsion (τ2) angles is shown in 
detail. Endpoint values of the other species discussed in 
this study are provided for ease of comparison.10

The ground state E-isomers of both PhN=NPh and 
PhCH=CHPh have planar minimum energy configura-
tions of C2h symmetry. In contrast, the Aryl-X=Y=Aryl 
molecules containing phosphorus are not planar. The phe-
nyl ring attached to the P atom is twisted between 30º 
and 35º for both PhP=PPh and PhP=CHPh. In the latter 

species, there is a slight phenyl twist (6º) about the C-Ph 
bond as well.

The lowest energy structures of these molecules reflect an 
intramolecular balance between the conjugation of the π 
system across the molecule that drives towards molecu-
lar planarity, and steric repulsions that induce non-planar 
configurations. In this case, phenyl twisting relieves re-
pulsions between the large third-shell phosphorus lone 
pairs and phenyl ortho-hydrogens. These steric repul-
sions are further exacerbated by the small (ligand)-P=X 
angle (103º in both molecules), that is a consequence of 
the less effective sp2 hybridization in heavier main group 
systems, as discussed above. The equivalent angles in 
PhCH=CHPh and PhN=NPh are much closer to 120º, as 
is the (ligand)-C=P angle in the phosphaalkene studied 
here (127º). The energies at τ = 90º, where the phenyl ring 
is orthogonal to the central X=Y bond, indicate that the 
conjugation across the molecule is reduced for the phos-
phorus-containing molecules as well. In experimentally 
characterized diphosphenes and phosphaalkenes, the use 
of bulky groups to protect the reactive double bond leads 
to a wide range of phenyl twist angles, most of which are 
greater than 45º. Our calculations confirm the sugges-
tion that phenyl twisting provides an energetically thrifty 
path along which the molecule can relieve steric stresses. 
Furthermore, the small barriers indicate that at room tem-
perature, the P-phenyl substructure samples a wide range 
of twist angles in solution.

Frontier Orbitals, UV-vis Transitions, and 
the Phenyl Twist
Previous studies in our group have found that the pho-
tochemically important order and energetic splitting be-
tween the two occupied frontier orbitals is exquisitely 
sensitive to twisting of the phenyl substituent rings rela-
tive to the C-P=P-C plane of a diphosphene.10 The transi-
tion energies and intensities of the first and second singlet 
states (S1 and S2) also depend upon the phenyl twist angle 
in diphosphenes and the possibility of analogous behav-
iour in the PhP=CHPh system demanded examination.

The situation in PhP=CHPh is a bit more complicated as 
more orbitals become involved and the degrees of free-
dom (τ1 and τ2) for the two phenyl ring twists are no longer 
identical. In the fully planar PhP=CHPh, the HOMO is a 
π– orbital, with bonding character across the P=C and an 
antibonding relationship between the P=C and the phe-
nyl rings (Fig. 3). The next two orbitals are e1g π orbitals 

Fig. 3. The molecular orbitals most important for the S1 ← S0 and S2 ← S0 transitions; calculations at the B3LYP/6-31+G** level.

π-(e1g+e1g)

(HOMO)
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localized on the phenyl rings; they are largely insensitive 
to the distortions cause by the phenyl twists. The n-orbital 
associated with the P-atom is HOMO-3. The last orbital 
of interest here is the HOMO-4, a π*+ orbital that has an-
tibonding character at the P=C double bond, and bonding 
interactions with the phenyl rings.

As the phenyl ring attached to the P-atom is twisted, the 
π– and π*+ orbitals are significantly stabilized whilst the 
n orbital is destabilized. At planarity (0º twist), the n and 
π*+ orbitals are within 0.2 eV of one another (Fig.4). 
However, when orthogonal (90º twist), they have moved 
to ca. 1 eV difference in energy, with the π*+ being the 
energetically much more stable orbital. Furthermore, 
the π– (HOMO) and n orbitals have moved consider-
ably closer in energy to one another, though π– is still 
the HOMO by about 0.8 eV. The π– orbital remains the 
HOMO throughout the full range of τ1 distortion from 0o 
to 90o. The P=CHPh moiety was held planar throughout 
this rotation for all calculations.

Fig. 4. Molecular orbital energies vs τ1 and τ2; calculations at the 
B3LYP/6-31+G** level.  

The TDDFT-B3LYP/6-31+G**//B3LYP/6-31+G** cal-
culations illustrate the impact of twisting the phenyl 
groups upon the two lowest energy electronic excitations 
(Fig. 5). For the planar molecule, the S1 state is assigned 
to a π-π* transition (3.42 eV; 362.5 nm; f = 0.611), and 
the S2 to the n-π* (4.042 eV; 306.7 nm; f = 0.037).13 Un-
der the point group symmetry of the molecule, the n-π* is 
formally forbidden. However, it gains intensity by mixing 
with the nearby π-π* orbital. The experimental electronic 

absorption spectrum for a phosphaalkene with aryl groups 
at the C and P positions shows a broad peak at about 350 
nm, in excellent agreement with the calculations.

Fig. 5. Excited state (S1 and S2) energies vs τ1 and τ2; calculations 
at the TDDFT/6-31+G**//DFT/6-31+G** level.

Twisting the phenyl ring attached to the P atom leads to 
enhanced interaction between the two transitions, and 
eventually a swapping of the order of the states at τ1 ~ 
70º. In highly distorted systems, then, n-π* is expected 
to become the lower energy state but this may be difficult 
to see experimentally as it is expected to have the weaker 
intensity. Twisting the =CHPh phenyl ring at the other end 
of the molecule (τ2) while holding the PhP=C architecture 
planar leads to somewhat different behavior. The most 
significant dissimilarity is a strong mixing between the n 
and π*+ orbitals that begins at around τ2= 20º. By τ2 = 90º, 
the orbitals have nearly exchanged places. The HOMO-1 
orbital is now mostly a π*+ orbital with strong polariza-
tion to the phosphorus lone pair, while HOMO-4 is domi-
nated by phosphorus n contributions that are strongly 
polarized towards the phenyl ring. When the phenyl and 
central C=P units are orthogonal, the π– (HOMO) and 
π*+ (HOMO-1) orbitals are within a few tenths of an eV 
of one another.

In addition to the mixing that occurs during phenyl rota-
tion at the carbon, Fig. 4 also shows that HOMO stabi-
lization is more dramatic for distortion along τ2 than for 
displacement along τ1. That is, twisting the phenyl ring 
attached to the carbon has a larger impact upon π-bonding 
between the C and P than does twisting the phenyl ring 
attached to the phosphorus. This effect is probably due to 
the uneven contributions of carbon and phosphorus to the 
π-bonding interaction. The impact on the UV-vis absorp-
tion spectrum of twisting along τ2 is significantly more 
complicated than that observed for the phenyl bound 
to the phosphorus (not shown), and is not yet fully un-
derstood. The S2 (nπ*) state appears to have an avoided 
crossing with S3 whilst the S3 state (e1gπ*) is in the 0º < 
τ2 < 50º region before it crosses the S2 (nπ*) state (τ2 ~ 
75º) to become the HOMO when the phenyl ring is fully 
orthogonal. The S1 and S2 transitions mix, and eventually 
exchange their order so that at τ2 = 90º the S1 state is nπ* 
in nature. At about the same phenyl twist angle, the S1 
(ππ*) transition shifts to shorter wavelengths and even-
tually crosses the state just above it. Up until now this 
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complex behaviour has not been thoroughly interpreted, 
and studies are underway to gain further insight.

One important and unique feature of diphosphene systems 
is that the S1 state does not primarily reflect an excitation 
from HOMO to LUMO.10 In the phosphaalkene model 
studied here, this effect is not observed, save for the larger 
phenyl twist angles. In the diphosphenes, the effect is due 
largely to stabilization of S1 through participation by tran-
sitions from the lower energy phenyl ring π orbitals to the 
π* LUMO. As one might expect, this interaction is quite 
sensitive to the twist angle of the phenyl ring. In addition, 
the changes in the UV-vis absorption spectrum caused by 
phenyl twisting and predicted by the DFT and TDDFT 
computations of diphosphenes are mirrored in experimen-
tal observations across a wide variety of aryl-substituted 
diphosphene molecules.

Speculations Concerning Phenyl Twists and 
Photochemical Fates
It is well known that the frontier orbitals play a signifi-
cant role in determining the chemical and physical fate 
of photoexcited molecules.29 Thus, the potential impact 
of the phenyl twist upon diphosphene and phosphaalkene 
photochemistry is significant. These molecules exhibit a 
rich diversity of photoprocesses. Diphosphenes have been 
shown to undergo many photoinduced reactions, includ-
ing dimerization, metathesis, intramolecular ring forma-
tion, and cleavage.8,13-16,27-30 Of particular interest is the 
photoactivated E-to-Z isomerization reaction that has at-
tracted so much attention for stilbenes and azobenzenes. 
Clearly, photoinduced isomerization occurs in some di-
phosphenes, and the Z-isomer of Mes*P=PMes* has been 
trapped by irradiation of the E-isomer under low tem-
perature conditions.14,15 However, it is not clear whether 
all diphosphenes photoisomerize, how the isomerization 
occurs, or its role in subsequent photochemistry.14 Phos-
phaalkenes also exhibit diverse photochemical behaviour, 
most notably in undergoing photoisomerization.13

The most natural approach to understanding these excit-
ing new systems would be to build upon the extensive 
body of literature exploring stilbene and azobenzene pho-
toisomerization. However, what these previous studies 
mean for diphosphene and phosphaalkene photochemis-
try is unclear. The cognate electronic configurations of 
nitrogen and phosphorus suggest that photoisomerization 
in diphosphene is likely to mirror that of azobenzene. 
However, the diagonal relationships in the periodic table 
engender many surprising similarities between the prop-
erties of carbon and phosphorus compounds.25 There is 
evidence of this in the present study as the barrier to tor-
sion about the central double bond follows the nice trend 
of PhCH=CHPh > PhP=CHPh > PhP=PPh. Similarly, in 
diphosphenes the thermal isomerization barrier for inver-
sion is significantly higher than that for rotation,10,28 while 
just the opposite is true for azobenzenes.

The relatively poor hybridization in heavier main group 
compounds, and the differences in relative π and σ bond 
strengths discussed above, offer uncertainty in predictions 
based upon similarities to compounds derived from the 

first long row of the periodic table. While these issues 
have been considered extensively in reactivity and struc-
ture studies, their photochemical and photophysical con-
sequences remain to be addressed. How does one think 
about photochemistry in molecules where e.g. a π bond 
can be weaker than a σ bond? What rules govern excited 
state geometries, barriers, and dynamics? What are typical 
excited state lifetimes, and what affects them? How do the 
photophysics and photochemistry of these systems relate 
to  C=C- and  N=N- counterparts? Do the diagonal rela-
tionships of the periodic table extend also to photodynam-
ics? The studies reported here and elsewhere represent an 
important first step in addressing these critical issues.

Acknowledgment
The National Science Foundation USA (CHE-0518510 to 
MCS) is thanked for support of this work.

Reference and Notes
1. Liu, Z. F.; Hashimoto, K.; Fujishima, A. Nature 1990, 347, 658-

660; Zhang, C.; Du, M.-H.; Cheng, H.-P.; Zhang, Z.-G., et al. 
Phys. Rev. Lett. 2004, 92, 158301.1-158301.4; Balzani, V.; Credi, 
A.; Marchioni, F.; Stoddart, J. F. Chem. Comm. 2001, 1860-1861; 
Banerjee, I. A.; Yu, L.; Matsui, H. J. Am. Chem. Soc. 2003, 125, 
9542-9543; Ikeda, T.; Tsutsumi, O. Science 1995, 268, 1873-1875; 
Tsutsumi, O.; Shiono, T.; Ikeda, T.; Galli, G. J. Phys. Chem. B 1997, 
101, 1332-1337; Meier, H. Angew. Chem. Int. Ed. Engl. 1992, 31, 
1399-1420.

2. Dainippon Ink and Chemicals Inc. JP 56053338 19810512, 1981 
(Chem. Abstr. 1981, 95, 135931).

3. Adelman, A. H.; Nathan, R. A.; Schwerzel, R. E.; Wyant, R. E.: 
Brit. Pat. GB 1979, 1554192 19791017.

4. Yoshifuji, M.; Shima, I.; Inamoto, N.; Hirotsu, K., et al. J. Am. 
Chem. Soc. 1981, 103, 4587-4589.

5. Power, P. P. J. Chem. Soc. Dalton Trans. 1998, 2939-2951.
6. Weber, L. Chem. Rev. 1992, 92, 1839-1906.
7. Power, P. P. Chem. Rev. 1999, 99, 3463-3503; Cowley, A. H. Acc. 

Chem. Res. 1984, 17, 386-392.
8. Yoshifuji, M. J. Chem. Soc. Dalton Trans. 1998, 3343-3349.
9. Norman, N. C. Polyhedron 1993, 12, 2431-2446; Cowley, A. H. 

Polyhedron 1984, 3, 389-432.
10. Peng, H.-L.; Payton, J. L.; Protasiewicz, J. D.; Simpson, M. C. J. 

Phys. Chem. A 2008, 112, in press.
11. Waldeck, D. H. Chem. Rev. 1991, 91, 415-436; Fuss, W.; Kosmidis, 

C.; Schmid, W. E.; Trushin, S. A. Angew. Chem. Int. Ed. 2004, 43, 
4178-4182; Saltiel, J. J. Am. Chem. Soc. 1967, 89, 1036-1037.

12. Rau, H.; Luddecke, E. J. Am. Chem. Soc. 1982, 104, 1616-1620; 
Schultz, T.; Quenneville, J.; Levine, B.; Toniolo, A., et al. J. Am. 
Chem. Soc. 2003, 125, 8098-8099.

13. Gudimetla, V. B.; Rheingold, A. L.; Payton, J. L.; Peng, H.-L., et al. 
Inorg. Chem. 2006, 45, 4895-4901.

14. Komen, C. M. D.; de Kanter, F. J. J.; Goede, S. J.; Bickelhaupt, F. 
JCS Perkin Trans. 2 1993, 807-812.

15. Yoshifuji, M.; Sato, T.; Inamoto, N. Chem. Lett 1988, 1735-1738.
16. Caminade, A.-M.; Verrier, M.; Ades, C.; Paillous, N., et al. JCS 

Chem. Commun. 1984, 875-877.
17. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B., et al. Gaussian, Inc.: 

Pittsburgh PA, 2003.
18. Becke, A. D. J. Chem. Phys. 1993, 98, 5648-5652; Lee, C.; Yang, 

W.; Parr, R. G. Phys. Rev. B 1988, 37, 785; Stephens, P. L.; Devlin, 
F. J.; Chabalowski, C. F.; Frisch, M. J. J. Phys. Chem. 1994, 98, 
11623.

19. Petersson, G. A.; Al-Laham, M. A. J. Chem. Phys. 1991, 94, 6081.
20. Zhao, Y.; Truhlar, D. G. Acc. Chem. Res. 2008, 41, 157-167; Sousa, 

S. F.; Fernandes, P. A.; Ramos, M. J. J. Phys. Chem. A 2007, 111, 
10439-10452.

21. Kutzelnigg, W. Angew. Chem. Int. Ed. Engl. 1984, 23, 272-295.



17

Chemistry in New Zealand   January 2009

22. Magnusson, E. J. Am. Chem. Soc. 1984, 106, 1177-1185.
23. Himmel, H.-J.; Schnockel, H. Chem. Eur. J. 2003, 9, 748-755; Gal-

braith, J. M.; Blank, E.; Shaik, S.; Hiberty, P. C. Chem. Eur. J. 2000, 
6, 2425-2434.

24. Cowley, A. H.; Decken, A.; Norman, N. C.; Kruger, C., et al. J. Am. 
Chem. Soc. 1997, 119, 3389-3390.

25. Dillon, K. B.; Mathey, F.; Nixon, J. F. Phosphorus: The Carbon 
Copy John Wiley & Sons: Chichester, 1998.

26. Shah, S.; Burdette, S. C.; Swavey, S.; Urbach, F. L., et al. Organo-
metallics 1997, 16, 3395-3400.

27. Niecke, E.; Kramer, B.; Nieger, M. Angew. Chem. Int. Ed. Engl. 
1989, 28, 215-217; Niecke, E.; Altmeyer, O.; Nieger, M. Angew. 
Chem. Int. Ed. Engl. 1991, 30, 1136-1138.

28. Allen, T. L.; Scheiner, A. C.; Yamaguchi, Y.; Schaefer III, H. F. J. 

Am. Chem. Soc. 1986, 108, 7579-7588.
29. Turro, N. Modern Molecular Photochemistry University Science 

Books: Sausalito, CA, 1991.
30. Yoshifuji, M.; Hashida, T.; Inamoto, N.; Hirotsu, K., et al. Angew. 

Chem. Int. Ed. Engl. 1985, 24, 211-212; Yoshifuji, M.; Sato, T.; Ina-
moto, N. Bull. Chem. Soc. Jpn. 1989, 62, 2394-2395; Yoshifuji, M.; 
Abe, M.; Toyota, K.; Goto, K., et al. Bull. Chem. Soc. Jpn. 1993, 
66, 1572-1575; Jutzi, P.; Meyer, U. J. Organomet. Chem. 1987, 333, 
C18-C20; Shah, S.; Simpson, M. C.; Smith, R. C.; Protasiewicz, J. 
D. J. Am. Chem. Soc. 2001, 123, 6925-6926.

Dates of Note
Jan 17 marks the 50th anniversary of full energy release by 
the first synchrotron, which was installed at the Radiation 
Laboratory, Berkeley. On 19 Jan 1894, Prof James Dewar 
exhibited several properties of liquid air, and produced solid 
air, at the meeting of the Royal Institution. Jan 20 marks the 
175th anniversary of the birth of Adolf Frank who invented 
the brown coloured beer bottle to preserve the ale. 

Jan 22 marks the day 70 years ago when the uranium atom 
was split for the first time using the Columbia University 
cyclotron in New York; it marked the start of the Manhattan 
Project that gave us the atom bomb.

German-born John Polanyi, who shared the 1986 Nobel 
Prize for Chemistry (with Dudley R. Herschbach and Yuan 
T. Lee) for contributions to the development of a new field 
of research in chemistry – reaction dynamics, has his 80th 
birthday on Jan 23. Jan 25 is the 35th anniversary of Bar-
nard’s pioneering transplant of the first human heart.

100 years ago on Jan 26 Alexander King, the Scottish 
chemist who pioneered in environmental awareness, was 
born. He warned of the dangers to the environment from 
extensive industrial development. Jan 29 marks the 75th an-
niversary of Fritz Haber’s death. He won the 1918 Nobel 
Prize for Chemistry (1918) for his ammonia synthesis. The 
30th marks 50 years since the first use of a pacemaker.

On Feb 1 1959, Texas Instruments was issued a patent on 
the integrated circuit. Dmitry Ivanovich Mendeleev was 
born 175 years ago on Feb 8 while Feb 13 marks 175 years 
since the birth of Heinrich Caro, Technical Director of Ba-
dische Anilin & Soda Fabrik; he commercialized alizarin 
and indigo amongst others. James Cook died on Feb 14, 
230 years ago.

The 150th anniversary of Svante August Arrhenius’s birth is 
on Feb 19; he received the 1903 Nobel Chemistry Prize. Sir 
Earnest Marsden was born on the same day in 1889.

Johannes Nicolaus Brønsted, the Danish chemist known 
for the acid-base concept, was born 130 years ago on Feb 
22 and Heinrich Hertz the same day in 1857. It is also the 
day in 1828 that Friederich Wöhler informed Berzelius 
that he had synthesized urea. Feb 23 marks 55 years since 
the first mass inoculation with Salk polio vaccine was per-
formed.

Feb 25 is the 10th anniversary of Glen T. Seaborg’s death; 
he was co-recipient of the 1951 Nobel Prize for Chemistry. 
The day also marks the birth of H. H. Dow, founder of Dow 
Chemical Company in 1866 and 180 years since the birth 
of Levi Strauss. Feb 27 marks 130 years since the discov-
ery of saccharin, the artificial sweetener.

The first push-button telephone was put to test on 2 Mar 
1959. The American biochemist Elmer McCollum, who 
originated the letter system of naming vitamins, was born 
on 3 Mar 1879 while Gerhard Hertzberg died 10 years ago 
this day.

Dmitry Mendeleev published his first version of the peri-
odic table on Mar 6, 1899. F. M. Crafts, of Friedel-Crafts 
fame, was born on Mar 8, 1839; Friedel was born on Mar 
12, 1832. Mar 14 marks 130 years since the birth of Albert 
Einstein and Mar 15 is the 5th anniversary of John Pople’s 
death; he devised the Gaussian suite of programmes.

Sir Derek Barton died 11 years ago on Mar 16. Mar 20, 75 
years ago, saw the first test of a practical radar apparatus. 
On Mar 21, 1925, Wolfgang Pauli published his exclusion 
principle. 23 Mar 1989 saw the cold fusion announcement 
by electrochemists Martin Fleischmann and Stan Pons.

Mar 24 marks the 125th anniversary of the birth of Peter 
Debye, the Dutch physical chemist most noted for dipole 
moments and the unit of measurement named after him. Jo-
hann Döbereiner died on the same day in 1849; his obser-
vation of similarities among certain elements anticipated 
the development of the periodic system.

1 Apr deaths include François-Marie Raoult (1901) and 
Dame Kathleen Lonsdale (1971) and Apr 3 has to be noted 
as the 75th anniversary of the granting of a British patent to 
Percy Shaw for the catseye road marker. 6 Apr 1954 was 
the first day of sale of the TV dinner.

10 Apr marks the 55th anniversary of Woodward and von 
Doering’s synthesis of quinine. The 12th is the 125th birth 
date of Otto Meyerhoff who is known for his work on car-
bohydrate metabolism and the working muscle; he gained 
the 1922 Nobel Prize for medicine.

Apr 14 would have marked the 80th birthday of Alan Mac-
Diarmid.
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The Oxidation of Red and White Wines and its Impact on Wine 
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Introduction
The oxidation of wines has quite different consequences 
for red and white varieties, although the underlying chem-
istry is similar.1,2 Oxygen additions are usually required in 
the maturation of red wines prior to bottling, to enhance 
wine quality (through the removal of unwanted aromas), 
to stabilize colour and to improve mouth feel, but it is dif-
ficult to predict the optimum level of oxygen exposure. On 
the other hand, oxygen additions seldom improve white 
wines where preservation of fruity aromas is sought, and 
where oxidative browning can detract from the appear-
ance of the wine. This article summarizes the chemistry 
behind wine oxidation with a focus upon polyphenol-me-
diated processes and how these impact upon aromas in 
red and white wines.

Oxygen in Wine
It is inevitable that wines are exposed to O2 at various 
stages of production. Air-saturated wine can take up to 6 
mL/L (8.6 mg/L) of O2 at room temperature, with greater 
solubility at a lower temperature. Larger doses are sup-
plied to red wines during deliberate pump-overs, while 
slower rates of O2 ingress occur for wines in barrels. For 
example, while mixing wines from different casks was 
found to raise the O2 concentration to around 1.8 mg/L, 
racking of a wine at 15-20 °C produced an O2 concen-
tration of 0.4 mg/L, but this value increased three-fold 
when the temperature of racking was lowered to 10 °C.3 
An alternative to barrel aging is the new technology of 
micro-oxygenation now commonly used with red wines. 
This involves continuous, slow bubbling of oxygen into 
the wine for several weeks at a rate of a few mL of O2/L 
of wine per month. Under these conditions the dissolved 
O2 has been measured at 0.2 to 0.25 mg/L.4

Once a wine is bottled it might be expected that oxygen is 
largely excluded, but wine closures vary considerably in 
how much O2 they allow into the wine. Synthetic plastic 
corks allow the entry of larger amounts of O2 to enter the 
wine than natural corks and screw caps and are thus best 
suited for wines that are to be consumed soon after bot-
tling. The effects of closure type upon the colour and aro-
ma in trials on red and white wines are referred to below. 
The conditions used for bottling are also very important, 
as the small headspace above the bottled wine can contain 
a few mg of O2,

5 equivalent to several months of the oxy-
gen entry through the closure, unless a special vacuum or 
inert gas system is used on the bottling line.

The Oxidation of Wine Polyphenols
There are many organic compounds in wine that are po-
tential targets for oxidation processes. These range from 
ethanol itself through to various acids [tartaric acid (1) 

being the major wine acid – see Chart 1 and aroma com-
pounds, but these are not, in fact, the main initial sub-
strates of oxidation. An important finding in the research 
undertaken by Vernon Singleton (UC Davis) in the 1970s, 
was that ethanol oxidizes to acetaldehyde at a significant 
rate only through the coupled oxidation of readily oxidiz-
able polyphenols such as caffeic acid (2, typical of white 
wine hydroxycinnamic acids) and catechin (3, a flavanol 
at high levels in red wine – see Chart 1).6 Without these 
polyphenols ethanol and tartaric acid are remarkably sta-
ble to oxidation. The oxidation of polyphenols generates 
a strong oxidant, presumed to be H2O2, that can oxidize 
other substances in wine such as ethanol.

Wine polyphenols containing a 1,2-diphenol (an o-cat-
echol group), such as 2 and 3, can be oxidized through to 
quinone forms easily as shown in Scheme 1. Model stud-
ies have shown that in solution this process is more rapid 
at a higher pH, due to a higher percentage of the pheno-
late that reacts with oxygen.7 Only a small proportion of 
phenolate ions are expected at wine pH (pKa polyphenols 
ca. 9-10), but many more will be present in a pH 4 wine 
than a pH 3 wine, consistent with higher pH wines being 
more susceptible to oxidation problems. It has also been 
shown that one of the subsequent reactions of the qui-
nones formed is with remaining polyphenols and leads to 
brown products, but the process regenerates the catechol 
group making it available for further oxidation. Overall, 
more oxygen is taken up than would be expected given 
the original number of polyphenol molecules present.

Oxygen itself is a triplet, and requires activation of some 
form before it can be reduced progressively to hydroper-
oxyl radical (HO2

•), hydrogen peroxide (H2O2), the hy-
droxyl radical (OH•), and eventually H2O. In wines, the 
activation of oxygen is thought to involve catalysts, par-
ticularly iron and copper as these complex O2 and facili-
tate the oxidation process with polyphenols (Scheme 2).8 
In the coupled oxidation process, Fe(II) converts H2O2 to 
the very reactive OH• (the Fenton reaction) that oxidizes 
most organic compounds, including ethanol to acetalde-
hyde and glycerol to glyceraldehyde, etc.9

Polyphenols containing a 1,2-diphenol (an o-catechol 
moiety) or a 1,2,3-triphenol (a galloyl group) are the most 
easily oxidized, and show the lowest oxidation-reduction 
potentials in a model wine solution measured at a glassy 
carbon electrode.10 The current peak in cyclic voltam-
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mograms for common wine polyphenols such as 2, 3, 
or gallic acid (4), and quercetin (5; Chart 1) is seen at a 
similar potential, ca. 0.4 V (vs. Ag/AgCl), as is the main 
current peak for diluted red and white wines. This further 
confirms that such polyphenols are the main initial sub-
strates in wine oxidation.11 Integration of the current peak 
can quantify the level of catechol- and galloyl-containing 
polyphenols in wine.10-12 Further compounds, such as the 
malvidin anthocyanins (see 6), the major coloured species 
in red wines, and compounds with more isolated phenolic 
groups, such as p-coumaric acid (7) and resveratrol (8; 
Chart 1), are oxidized at higher potentials. However, de-
spite their lower ease-of-oxidation, anthocyanins such as 
malvidin-3-glucoside (6) degrade faster in wine than, e.g. 
2 or 7, the catechol-containing hydroxycinnamic acids,13,14 
as other reactions involving the anthocyanins come into 
play, including the formation of bridges between the poly-
phenol moieties.

The aldehydes produced by coupled polyphenol oxida-
tion, and through yeast activity, have important roles in 
wine aging. They provide links between various flavonoid 
polyphenols (including anthocyanins) to produce new 
polymeric pigments that, explain the change in red wine 
hue with age.15 These components are often more stable 
than the anthocyanins that they are formed from and are 
resistant to bleaching by the bisulfite added as a wine 
preservative. There is considerable current interest in the 
way in which anthocyanins combine with wine tannins 
(larger oligomeric and polymeric polyphenols made up 
of catechin-type units) and lower the astringent effect of 
the tannins. Such studies help explain the softening of red 
wine astringency with age, an important area of sensory 
science where the underlying chemistry is still poorly un-
derstood.

Oxidation and Effects on Wine Aroma
A range of off-odours can be formed from wine oxida-
tion.16-18 At low concentrations these may add to the 
complexity of a wine, but as these increase they begin 
to detract from wine quality. Some examples of the com-
pounds associated with sensory terms for aged wines 
such as farm-feed and woody-like include phenylacetal-
dehyde (PhCH2CHO), 3-(methylthio)propionaldehyde 
(MeSCH2CH2CHO), 1,1,6-trimethyl-1,2-dihydronaphtha-
lene (9; responsible for the kerosene odour in aged Ries-
ling) and 4,5-dimethyl-3-hydroxy-2(5H)-furanone (10).17 
At the same time, the concentration of acetaldehyde itself 
does not always increase markedly during wine oxidation 
experiments, and it is recognised that many important 
wine oxidation aromas remain to be identified.16

Alongside the production of new odours, wine oxidation 
can lead to the removal of existing aroma compounds, 
particularly those containing sulfur. This can be a positive 
development, as many sulfur-containing compounds pro-
duce unwanted aromas reminiscent of rubber or cooked 
cabbage.19 Winemaking processes involving the introduc-
tion of O2 to wine (as in racking) provide the first means 
for their removal, while fining with copper salts is also 
used. At the same time, there are sulfur-containing com-
pounds present that add to the varietal character of the 
wine, but these may be lost through oxidation processes. 
These include 3-mercaptohexanol (3MH, 11) which pro-
vides important grapefruit and passion fruit-type aromas 
in Sauvignon Blanc and other wines.20

One mechanism proposed for the removal of sulfur-
containing compounds is by reaction with the quinones 
formed during polyphenol oxidation (Scheme 3A). Ex-
periments exposing catechol-containing polyphenols to 
oxygen show losses of 11 consistent with a polyphenol-
mediated oxidation mechanism.21,22 The oxidation of thi-
ols to disulfides (Scheme 3B) has also been suggested as 
a possible pathway.19,23,24 In one recent survey of wines 
of different ages, the tendency towards higher levels of 
dimethyl disulfide (MeSSMe) and diethyl disulfide (EtS-
SEt) in the older wines was seen as implicating disul-
fide formation during aging.25 The rapid reaction of the 
thiol-containing amino acid cysteine in the presence of 
O2, Fe(II) and Cu(II) has also been ascribed to the metal-
catalysed oxidation of thiols as shown in Scheme 3B.22 
However, while the addition of O2 was seen to lower the 
concentrations of methane and ethane thiols in a micro-
oxygenation study, no disulfides were seen.26 Thiols with 
low sensory thresholds potentially can be released from 
disulfide forms by reduction with bisulfites in wine,27 or 
through the hydrolysis of thioacetates.24 However, there 
is a lack of experimental data on the effects of oxidation 
upon sulfur-containing compounds, and research is being 
undertaken in this area at the University of Auckland.
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Influence of Wine Antioxidants
In addition to controlling the rate of O2 entry into a wine, 
winemakers can make use of antioxidants to control oxi-
dation, using those already present in the grape juice, such 
as glutathione, or through added SO2 (bisulfite in solution) 
and ascorbic acid. SO2 is almost universally used in mod-
ern winemaking at levels of 20 mg/L or more of free SO2 
(and to 100 mg/L or more of total SO2 once forms bound 
to acetaldehyde and other compounds are included). Sul-
fites are added to grape juice to inhibit the rapid oxida-
tion caused by polyphenol oxidase activity.28 Here it can 
act as a scavenger of H2O2 formed from further oxidation 
processes, but it does not react rapidly with O2 itself.1 On 
the other hand, SO2 has a further role in the rapid reduc-
tion of oxidized polyphenols,29 thus removing polyphenol 
quinones from further browning and aroma degradation 
processes.

Related protection is provided in grape juice and young 
wines by the presence of free glutathione at 30 to 100 
mg/L with the actual concentration being dependent upon 
the pressing conditions used.30 An important role for 
glutathione in white grape juice is to react with the qui-
none formed from the main hydroxycinnamic acid, caf-
taric acid (12), to produce an S glutathionyl caftaric acid, 
which is more stable to enzymatic oxidation and limits 
the browning of the juice.28 Glutathione also appears to 
have a protective role in wines by reacting with oxidized 
polyphenols in preference to varietal aroma compounds 
such as thiol 11, or other polyphenols.31

There has been some interest in finding replacements for 
SO2 additions in winemaking owing to potential health-
problems in sensitive individuals and ascorbic acid has 
been considered. As the dienol moiety is readily oxidized1 
by O2, it can be used for its direct removal, a role that 
is not ascribed to SO2 or glutathione. However, ascorbic 
acid additions to wine have a controversial history in that 
certain pro-oxidative effects have been observed and as-
cribed to the formation of H2O2 or other reactive oxygen 
species following the initial antioxidant activity. This is 
analogous to the polyphenol oxidation of Scheme 2. In 
model studies, ascorbic acid was shown to rapidly form 
acetaldehyde in ethanolic solutions, a process that could 
be slowed but not completely eliminated through SO2 ad-
ditions,6 and a change from anti-oxidative to pro-oxidative 
activity has been seen after a certain time in accelerated 
aging trials.32 On the other hand, wine storage trials have 
shown mixed results regarding added ascorbic acid, with 
some trials showing little benefit to wine browning from 
the addition.33 In other trials, such as a three year trial on 

Chardonnay and Riesling at the Australian Wine Research 
Institute (AWRI) in Adelaide, wines without ascorbic acid 
additions were browner, and the additions either led to no 
difference in aroma or to less oxidized and more fruity 
aromas, with little change in SO2 levels.

Red Wine Oxidation
Red wines contain polyphenols at a higher concentration 
(1 to 5 g/L) than white wines, particularly much higher 
levels of the anthocyanin flavonoids responsible for co-
lour and astringency (flavanol oligomers and polymers). 
Some of the established effects of O2 additions to red wine 
include a decrease in certain smaller polyphenols and an 
increase in red polymeric pigments, alongside a loss of 
sulfites.34 Several recent reports on the effects of micro-
oxygenation in red wines have confirmed the loss of mo-
nomeric anthocyanins and other polyphenols, along with 
the enhanced formation of polymeric pigments (resistant 
to SO2 bleaching), often with an increase in wine colour 
density.13,14,35,36 Further changes in red wine pigments have 
included the formation of ethyl-bridged compounds asso-
ciated with the acetaldehyde released during wine oxida-
tion processes,35,37 while a build up of acetaldehyde has 
been recorded in the later stages of regular micro-oxygen-
ation,38 and during an electrochemical micro-oxygenation 
approach.39 Overall, micro-oxygenation has been shown 
to increase the rate of a range of red wine aging processes, 
allowing wines to be prepared for bottling in a shorter pe-
riod.40 A further influence on the rate of oxidative changes 
during micro-oxygenation is the level of SO2 in the wine. 
We have tracked the development of polymeric pigments 
from monomeric anthocyanins during a sixteen week 
treatment of a Merlot wine at an O2 exposure of 10 mL/
L/month, and observed that these processes are severely 
restricted as more SO2 is added to the wines (Fig. 1).14

520 520

520

Fig. 1. Loss of monomeric anthocyanins given by the spectro-
photometric measure (AHCl - ASO2), and increase in non-bleach-
able (mainly polymeric) pigments (ASO2 ) during the micro-oxy-
genation of a red wine with different SO2 additions: (a) 0, (b) 50, 
(c) 100, (d) 200 mg/L (n = 3).
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The influence of red wine oxygenation upon aroma com-
pounds and wine sensory properties has been more dif-
ficult to confirm compared to effects on wine colour. Mi-
cro-oxygenation is promoted as a technique that lowers 
unwanted vegetative characters in wines and elevates va-
rietal, fruity aromas,41 but the limited reports in this area 
show little change in levels of fruity esters, short chain 
fatty acids, or floral terpenes42 while, in a separate report, 
the intensity of the berry/plum character and overall wine 
quality both fell in the micro-oxygenated wines.13 Trends 
in aroma profiles have also been observed in wine clo-
sure trials with both white and red wines undertaken at 
the AWRI. In a three year closure trial on a Cabernet Sau-
vignon wine, that with the greatest air headspace showed 
significant losses of SO2 soon after bottling and developed 
a higher oxidized aroma score.43 Conversely, the wine un-
der screw cap with the smallest air headspace showed the 
smallest loss of SO2 and recorded higher, but not dominat-
ing, struck flint/rubber aromas. This shows how different 
wines can develop in the bottle according to the choice of 
wine closure and bottling procedures.

White Wine Oxidation
White wines contain lower levels of polyphenols (0.2-
0.5 g/L), mainly hydroxycinnamic acids, e.g. 2 and 7, but 
these remain very important for oxidation issues centred 
around wine browning and losses in varietal aroma. The 
low concentrations of flavonoids such as catechin (3) and 
quercetin (5) glycoside remain important particularly for 
wine browning and are more prevalent in musts exposed 
to longer skin contact times and harder pressings.7,30 Tests 
on browning rates with different wines have shown vary-
ing results with respect to the importance of phenolic con-
tent, SO2 level, pH, and metal content.44

Wine closure trials at the AWRI have again shown inter-
esting trends in aroma development in the bottle. In the 
trial on the Chardonnay and Riesling wines referred to 
above, a higher rate of O2 ingress through a synthetic 
closure led to lower levels of SO2, higher browning and 
more advanced oxidized aromas.45 By contrast, the lim-
ited O2 ingress for wines under screw cap and cork, or for 
storage in glass ampoules, led to lower rates of browning 
and lower SO2 levels, low oxidized characters, but again 
a discernable struck flint/rubber aroma for the screw cap 
and ampoule wines. This relates to the low oxygen ingress 
combined with the presence of certain sulfur-containing 
precursors at bottling.

For NZ Sauvignon Blanc, we have examined the effect 
of storage conditions on the decline in compounds re-
sponsible for the passion fruit and citrus aromas, particu-
larly 3MH (11) and its acetate 3MHA.20,46 Across sixteen 
Sauvignon Blanc wines bottled at the wine research hall 
in Auckland, under both cork and screw cap closures, a 
steady increase in absorbance at 420 nm (a widely used 
measure of wine browning) was seen (Fig. 2).47 The rate 
of browning was greater under the cork closure, but this 
can be related more to the method of bottling at the Uni-
versity (which allows more O2 into the wine than does 
a commercial operation) rather than to properties of the 
closure. The development of the two aroma compounds 

was very different, with 3MHA declining to very low lev-
els over the first year in the bottle (Fig. 3), regardless of 
the closure type. This confirms the need to drink this wine 
young while such fruity aromas are at their most intense. 
A different aging pattern is shown by 3MH (11) and, in 
many cases, its concentration increased over the first three 
months in the bottle, likely due to hydrolysis of its acetate. 
A decline in level then follows with longer storage (Fig. 
4). The 32% average decrease in 11 under cork versus a 
21% average decrease under screw cap across the sixteen 
wines, matched the higher level of (oxidative) browning 
under the cork closure, related to conditions at bottling for 
this particular trial.

Fig. 2. Typical increase in 420 nm absorbance (browning) for a 
Marlborough Sauvignon Blanc in the bottle (n = 3).

Fig. 3. Typical loss in 3-mercaptohexanol acetate (3MHA) for a 
Marlborough Sauvignon Blanc in the bottle (n = 3) (same wine 
as for Figs. 2 and 4).

Fig. 4. Typical evolution of 3MH (11) for a Marlborough Sauvi-
gnon Blanc in the bottle (n = 3).

Final Remarks
The chemistry underlying wine oxidation processes has 
developed considerably over the past 10-20 years, and the 
role of polyphenol-mediated oxidation processes is a fea-
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ture of this chemistry. The implications for red and white 
winemaking continue to grow and reveal both positive 
and negative contributions of O2 for wine quality. Inte-
grating chemical analyses with sensory studies remains 
an important area in the study of wine oxidation processes 
and it needs to progress. At the same time, a more de-
tailed study of the chemical interactions between aroma 
compounds and oxidized polyphenols is needed to better 
appreciate the complexity, which makes wine such an in-
teresting, and enjoyable, chemical matrix.
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Introduction
Biological membranes, especially cellular membranes, 
play an exceptionally important role in most physiologi-
cal processes. They function as the primary gate-keeper 
for the cell, and through their interaction with proteins or 
other biological molecules are essential in regulating the 
relationship between a cell and its surroundings and dis-
play a rich variety of structure and function. However, a 
cell membrane is a difficult entity to characterize at the mo-
lecular level. The cellular membrane is extremely complex 
and consists of a mixture of lipids, proteins and sugars. It 
has interacting functions that are not fully understood as 
illustrated by the complexity of cholesterol behaviour in 
lipid membranes.1 Moreover, the cellular membrane is an 
intrinsically fluid and highly disordered system, which re-
lies on this disorder for its physiological functioning. Thus, 
it is not well suited to crystallography studies. Indeed, the 
highly asymmetric environment of a cellular membrane, 
characterized by a strongly hydrophobic interior with fully 
hydrated hydrophilic headgroups forming the exterior, is 
difficult to reproduce in a crystal. Of the many proteins 
known to be integral to cellular membranes only a small 
number have been crystallized, and this number is growing 
much more slowly than for soluble proteins.2

Biological membranes are also fragile and consist of a 
very small percentage of the total mass in a cellular sys-
tem, so surface sensitive techniques are essential. There 
has been considerable development of techniques capable 
of measuring bilayer membrane model systems, including 
Atomic Force Microscopy (AFM), electrochemical meth-
ods (especially Electrical Impedance Spectroscopy – EIS), 
ellipsometry, Quartz Crystal Microbalances, reflectance IR 
measurements, or through neutron and X-ray scattering.

Of these, neutron scattering is particularly well-suited to 
the investigation of the structures of membrane systems, 
and is currently being developed internationally to take ad-
vantage of a range of new, brighter neutron sources and 
instruments. To date, the principal obstacle to neutron scat-
tering has been the limited access to neutron sources. The 
two major types of neutron sources are restricted to large-
scale experimental centres. The first type is a reactor-based 
neutron source, where the operation of a research reactor 
(of much lower power output than a typical nuclear power 
station) is optimized so that the normal neutron radiation 
is maximized, while heat production is minimized. The 
other type of source is a spallation neutron source, in which 
pulses of particles (typically protons) are accelerated into 
a heavy metal target, literally chipping (spalling in min-
ing parlance) neutrons free. Europe has traditionally domi-
nated neutron-scattering based science, and the current two 
brightest sources of neutrons are there – the ILL (a reactor 

in the south of France)3 and ISIS (a spallation source near 
Oxford, UK).4 Recently, however, there has been a surge 
in the development of neutron sources, with new facilities 
recently opened or opening in the US, Japan, Germany 
and, more locally, in Sydney.5 The proximity of the new 
research reactor in Sydney, which goes into user operation 
for most of its instruments early in 2009, makes a sustained 
program of research into biological membrane interactions 
using neutrons much more feasible in New Zealand.5,6

Neutron Scattering
The principles of neutron scattering are relatively straight 
forward, and similar to those of light or X-ray scattering. 
An intense beam of highly collimated neutrons shines upon 
a sample, and the fluctuations in the intensity of the scat-
tered beam is measured as a function of either the scattering 
angle or the energy of the incoming beam (Fig. 1). In reflec-
tion mode, the scattering is from a surface flat and smooth 
enough to give rise to specular reflection. The reflectivity 
gives information about the nature of the interfacial region, 
specifically picking up on scattering length density changes 
perpendicular to the surface (which can be related to physi-
cal density changes).7 In small angle scattering mode, on 
the other hand, the scattering is from a bulk sample and 
information is gained about density fluctuations in the bulk 
– such as the number, structure and shape of particles in so-
lution. Extracting the information from the measured scat-
tering is well-developed for both techniques,8 and shares 
much with light and X-ray measurements. That said, there 
are a number of particular features of neutron scattering 
that make it well-suited to probing biological questions.

Fig. 1. Scattering geometries commonly used in neutron and X-
ray scattering

The first is that the measurement is sensitive to interac-
tions between the nuclei of atoms in the material probed 
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and the neutrons, rather than the electron cloud (as is the 
case for X-rays). The strength of this interaction is mea-
sured through a quantity known as the scattering length of 
the nucleus, which varies in an erratic fashion across the 
periodic table and may differ significantly even for isotopes 
of the same element. This measure is difficult to predict 
from first principles, but has been well measured for most 
common isotopes of biological interest.9 Table 1 shows 
that the isotopes of hydrogen interact strongly with neu-
trons relative to other biologically relevant elements – this 
means that hydrogen atoms in biological structures tend to 
be well-defined by neutron scattering, in sharp contrast to 
X-ray scattering where the scattering from H is very weak. 
But perhaps the most important feature is that 1H and 2H 
(D) have very different scattering lengths. The scattering 
length difference between 1H and 2H give rise to the pos-
sibility of using deuterium labelling to highlight features of 
interest in biological structures, a particularly non-invasive 
and simple labelling method. The H/D scattering length 
difference also enables measurements of a single substrate 
that differ only in the scattering contrast due to the solvent 
isotopic composition, e.g. measurements made in H2O and 
D2O. By constrained modelling of these multiple measure-
ments the unavoidable ambiguity in the measurements ow-
ing to the loss of scattering phases, common to all scatter-
ing techniques, can be reduced.

Table 1. Bound coherent scattering lengths (b) for some common 
isotopes of interest to biologya

Isotope 1H 2H (D) 12C 14N 16O
b/10-5Å –3.74 6.67 12C 9.37 5.81

aData taken from ref. 9.

Other advantages of neutron scattering are based on the 
rather weak interaction of neutrons with matter. This means 
that the neutron beams are highly penetrating, and are able 
to be used in situations that involve elaborate sample envi-
ronments. Examples are measurements made at the solid/
liquid interface, where the neutron beam must pass through 
thick silicon substrates; or in cases when samples are sub-
jected to high pressures, magnetic fields or temperatures. 
This also means that the neutron beams do not perturb or 
damage the samples – which is of particular importance in 
delicate biological systems.

Neutron Reflection from Model Membrane Systems
The complexity of the natural cellular membrane, and con-
sequent difficulty of making suitable measurements on it, 
have led many research groups to develop suitable model 
membrane systems that mimic biological ones (biomi-
metic membranes), current methods of which have been 
reviewed.10 These can be broadly characterized as vesicle-
based bulk systems, or some form of flat lipid mono- or 
bi-layer.

As mentioned above, neutron reflection is particularly well 
suited to the study of flat and smooth surfaces. This includes 
systems such as Langmuir monolayers on water that have 
long been studied using X-ray reflectometry. Another type 
of model system that has grown significantly over recent 
years is the use of solid supported bilayer membranes.11 

Solid support lends robustness to model membrane sys-
tems. This enables long-term or sequential measurements 
to be made on a single surface, and ultimately is necessary 
for the development of biosensor applications. In turn, the 
development of good model membrane systems allows the 
study of the interactions between biological membranes 
and other proteins/peptides or other chemical interactions 
to be better characterized in physiologically relevant and 
non-crystalline conditions. Solid-supported membranes 
can be prepared in several different ways, including vesicle 
rupture on a clean surface, through Langmuir/Blodgett and/
or Langmuir/Schaeffer film deposition, or through use of a 
suitable molecule anchor which tethers the bilayer to the 
substrate. Such a tether gives added stability to the model 
membrane, but comes at the cost of reducing the mobility 
of the molecules in the inner and outer membrane leaflets, 
and may reduce the free space available between the mem-
brane and the solid surface.11

Our tethered bilayer system is an example of the power of 
neutron reflectometry to give structural information about 
such a system.12 It is based on a synthetic lipid, constructed 
of two alkyl tails connected to a hydrophilic hexaethylene 
oxide spacer which is functionalized with a thiol to permit 
the formation of self-assembled monolayers on gold (Fig. 
2). A complete bilayer membrane was formed by rapid 
solvent exchange, which involves the deposition of a con-
centrated lipid solution in ethanol flushed away rapidly by 
aqueous buffer.13 Neutron reflectometry showed not only 
that the layer was complete, and gave parameters of the 
bilayer thickness and separation from the surface, but also 
showed that the tether molecules could be reduced to as 
little as 20% of the inner leaflet of the membrane without 
compromising the completeness of the layer. This reduc-
tion in the tethering density was found to be necessary to 
hydrate the inner leaflet of the membrane. Previously, this 
hydration had been inferred but not determined by electro-
chemical measurements – the use of isotopic labelling of 
the water permits the location and density of the water in 
the tether region to be directly measured.14

Fig. 2. A membrane system tethered to a flat and smooth gold sur-
face suitable for characterisation by neutron reflectometry, with 
the synthetic tethering lipid pictured to the right. The synthetic 
lipid consists of two 14-carbon alkane chains, joined through 
ether linkages to a glycerol molecule functionalized in the 1-posi-
tion with a hexaethylene glycol that is attached to the gold surface 
through a thiol. The spacing between tethers in the inner leaflet 
is controlled by the co-adsorption of small mercaptoethanol mol-
ecules to the surface. The bilayer membrane is completed with 
phospholipid molecules (reprinted with permission from ref. 12. 
Copyright American Institute of Physics 2007).
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This membrane now has been used to test the membrane 
interactions with pore-forming and toxin proteins15 and to 
give insight into the mechanism of Alzheimer’s β-amyloid 
oligomer toxicity.16 Each of these cases takes advantage of 
the ability of neutron scattering to use multiple solution 
isotopic contrasts to reduce ambiguity, and to sequentially 
measure change in the membrane structure after in situ 
changes to the membrane environment, e.g. pH, tempera-
ture.

Neutron Diffraction from Biomembrane Stacks
A special case of neutron reflection occurs when there is 
a semi-crystalline membrane bilayer stack formed on the 
solid-support (Fig. 3). These stacks are formed relatively 
simply through the slow evaporation of lipid-containing 
solvent solutions on the solid surface. They consist of thou-
sands of bilayer repeats aligned on the surface; they show 
crystalline periodicity perpendicular to the interface, but 
usually remain disordered laterally. These stacks can be 
hydrated in highly humid atmospheres, and are measured 
in the absence of solvent, allowing X-ray and neutron mea-
surements to be made. The constructive interference result-
ing from the scattering from multiple layers gives Bragg 
peaks, capable of providing detailed information about the 
perpendicular structure of the phospholipid bilayer within 
each bilayer repeat, to sub-nanometre resolution.

Fig. 3. Diffraction arising from a stack of bilayer membranes 
aligned on a solid support. The constructive interference from 
scattering from each of the membranes gives rise to Bragg peaks. 
Note that the membranes are still fluid, and laterally inhomoge-
neous even if they display crystallinity perpendicular to the sur-
face.

This method has been used to great effect in understand-
ing the behaviour of the lipids themselves in biological 
membranes, including their native thickness, degrees of 
interdigitation, and phase transitions with temperature.17 
The method also allows the resolution of the position and 
orientation of small additives to the biological membrane, 
such as cholesterol in biological membranes or fragments 
of membrane active proteins.17 An unfortunate weakness 
of the method, however, is that there is very limited space 
between bilayer repeats (ca. 1 nm), meaning that it is not 
possible to incorporate larger membrane proteins that may 
extend beyond the phospholipid surface. It is also extreme-
ly difficult to achieve 100 % relative humidity around the 
bilayer to properly simulate physiological conditions.

Small Angle Neutron Scattering
The final major method of gaining structural information 
about model membranes using neutron scattering is small 

angle neutron scattering (SANS). The method, which 
probes the scattering from particles in bulk solution, is 
widely used for studying the structures of soluble proteins, 
and protein assemblies and is normally used in a comple-
mentary fashion to X-ray small-angle scattering (SAXS).18 
Biological membrane models used for SANS are typically 
phospholipid vesicles,19 although some limited work has 
also focussed on the formation of planar bicelles formed 
from the mixing of a long and short-chain phospholipid 
(which allows experimental overlap with NMR).20 The size 
resolution of SANS/SAXS is ~1–100 nm, meaning that ex-
periments focus on the membrane rather than on the whole 
vesicle. An extension to SANS – ultra-small angle neutron 
scattering, USANS – is currently proposed for the Sydney 
reactor that will be able to resolve much larger structures to 
address this issue. As this is a solution measurement, there 
is no steric limitation to the size of proteins incorporated to 
the membrane, as in the case of neutron diffraction; and the 
samples are again relatively simple to form. The curvature 
of the vesicle also gives rise to features, such as asymmetric 
lipid distribution across the membrane, that are inhibited in 
planar geometries.

Conclusions
The strengths of neutron scattering in studying biological 
membrane systems, coupled with the forthcoming avail-
ability of neutrons at the OPAL research reactor in Sydney, 
means that the application of neutron methods to biological 
problems in NZ should significantly increase over the com-
ing years. This work can build on the extensive interna-
tional efforts to develop biomimetic membrane systems ap-
propriate for structural characterization using neutrons and 
X-rays, and is expected to augment NZ’s existing strengths 
in biological membrane systems.
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Melamine Food Contamination
It is impossible to know how many children have been af-
fected by the melamine found in milk powder that occurred 
in 2008. Melamine ingestion is not a disease so the Chi-
nese government is not required to notify how many have 
suffered. The BBC in October said more than 53,000 chil-
dren had become ill from the contaminated milk powder. 
Other media reports suggest the number could be as great 
as 300,000.

This is not the first melamine contamination problem to 
arise from China. In 2007, melamine was found in Chi-
nese wheat gluten sold to the USA as a pet food thickener. 
This contamination led to cats and dogs becoming ill in the 
United States and Canada.

Melamine is not used by the body and is a very small mol-
ecule. In small amounts it is absorbed through the intesti-
nal tract, goes to the kidney and is passed out in the urine. 
However in higher concentrations it can crystallise into 
kidney stones. This is what happened to some of the infants 
fed the milk and some of the pets in the 2007 case.

During the pet food contamination cyanuric acid, ammelin 
and ammelide were also found in the wheat gluten. Cy-
anuric acid can cause crystals to develop in the kidney tu-
bules. At the end of October, Reuters reported some of the 
infants, who had drunk the melamine contaminated milk, 
were found to have developed crystals in their kidney tu-
bules and these appeared to be cyanuric acid.

After the first story broke about the milk powder contami-
nation, many countries carried out extensive testing on oth-
er Chinese products. Among a number of reports, Canada 
reported melamine present in Mengniu Strawberry Flavour 
Sour Milk, Vietnam reported melamine present in Singa-
pore’s Pokka corporation Melon Milk, Cappuccino Cof-
fee and Milk Coffee Europe and Gold Nutritionals Master 
Gaine Powdered Milk. This product uses milk powder from 
New Zealand but also has additives from Thailand. In mid-
October Malaysian authorities found melamine above the 
safety standard, in ammonium bicarbonate imported from 
China. The high levels were first found in two brands of 

biscuits, the contamination was traced to ammonium bicar-
bonate (used as a raising agent). In late October, The New 
York Times reported that Hong Kong had found high levels 
of melamine in eggs imported from China. The levels were 
above the safety standards but not as high as that found in 
the contaminated milk. 

Allowable concentrations of melamine in food products 
varies around the world. Vietnamese regulations require no 
melamine to be present in food. New Zealand regulations 
allow for 2.5 ppm in food products and 1 ppm in infant 
formulas. The allowance for some melamine in food prod-
ucts is because of possible leaching from food packaging or 
processing. New Zealand’s Tatua Cooperative suspended 
exports in late 2008 of lactoferrin protein powder after low 
levels of melamine were found in the product. The levels 
were under the safety standards but Tatua were working to 
find the source. Low levels were also found in Westland 
Milk Product’s lactoferrin. Westland used the same pro-
cessing technology as Tatua. 

The US FDA has published an interim safety/risk as-
sessment on melamine and structural analogues and for 
melamine has established a tolerable daily intake (TDI) of 
0.63 mg per kg of body weight per day. The European Food 
Safety Authority has published a provisional statement for 
melamine of a TDI of 0.5 mg per kg of body weight per 
day.

Why was melamine in the Chinese milk powder in such 
large concentrations in the first place? Melamine (2,4,6 
triamino-s-triazine), contains six nitrogen atoms. If total 
nitrogen content measurement is used to equate to protein 
content, adding a high nitrogen substance, like melamine, 
appears to increase protein content. This means the product 
can be diluted but appear undiluted if the protein content 
is still within the range expected. At this stage it is hard 
to know when the contamination occurred. There are a 
number of theories as well as the dilution theory, another 
possibility is the milk came from undernourished cows so 
would not have passed the protein content test. According 
to the Wall Street Journal some Chinese farmers say that 
for years protein powder has been used to help milk from 
undernourished cows meet quality checks. It is also pos-
sible for melamine to enter the food chain from insecticides 
containing cyromazine used by farmers.

Continued on page 33...
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Introduction
Air quality concerns every individual and impacts directly 
on health and productivity. Air quality is inherently vari-
able in time and space. Concentrations of air pollutants 
are primarily determined by the balance between emis-
sions rates, chemical formation and the ability of the at-
mosphere to transport and disperse pollutants. In the tro-
posphere, ozone (O3) is formed as a secondary pollutant 
within urban and industrial plumes that may extend many 
hundreds of kilometres downwind of the source area. As 
the world population becomes increasingly industrialized 
and urbanised there is a need to improve our understand-
ing of the processes influencing air quality in order to mi-
nimise population exposure.

Attempts to measure O3 distribution have been limited by 
the instrumentation available. Conventional instruments 
are based on chemiluminescence methodologies which 
are bulky, expensive, and require AC power and tempera-
ture-controlled enclosures. This limits their deployment 
in the field. Monitoring sites are chosen typically to be 
representative of average or background concentrations 
in the region and not influenced by local sources of pol-
lution. At this scale, sparsely distributed instruments are 
used to provide information about pollutant gas accumu-
lation and transportation on a regional or district scale, 
and data are used to inform local authorities if pollutant 
levels in their areas are within or are exceeding acceptable 
levels. However, there remains considerable debate about 
the intra-region and particularly intra-urban homogene-
ity of pollutant concentrations due to variations in source 
strength, meteorology, topography, and location of moni-
toring sites.1

At urban to local scales the temporal and spatial heteroge-
neity of emission patterns, local wind flow patterns, and 
the complexity of the urban surface results in complex 
dispersion pathways at local scales within urban areas. 
This can lead to strong gradients in vertical and horizon-
tal pollutant concentration.2 In urban areas, people spend 
a substantial component of their outdoor time near busy 
roadways and intersections while commuting to work (on 
bicycles or foot), employed at local shops or cafes, or us-
ing the pavement space for retail or recreational activities.3 
Although individuals may not remain in this environment 
for more than a few hours each day, the prevalence of 
local pollutant hot spots often results in significant expo-
sure. Even in densely populated areas of economically ad-
vanced countries, instrument spatial densities are at most 
1 or 2 per square kilometer, as is the case with the London 

Air Quality Network (LAQN).4 A limited number of fixed 
monitoring stations may not provide a good indication of 
personal exposure to pollutants, so hindering the estab-
lishment of strong relations between pollutant concentra-
tions and meteorology5 or health outcomes,6 Such limita-
tions have led to attempts to deduce the pollutant burden 
from measurement of traffic density, emission inventories 
and dispersion modeling.7

There is, therefore, a great need for the introduction of 
portable, low-cost ozone monitors that can easily be de-
ployed in a high density network. The results from such 
a network will help inform the understanding of pollutant 
dispersion pathways and human exposure. Such data are 
essential to the formation of coherent air pollution abate-
ment strategies. The work described in this article is part 
of an effort directed at enabling high spatial density air 
quality monitoring through the development of suitable 
low-cost instrumentation.

Gas sensors based on conductivity changes of heated 
semiconducting oxides8 are widely used for industrial 
safety monitoring. While there are reports in the literature 
of gas-sensitive resistors being used for ambient atmo-
spheric monitoring, there is a perception that the devices 
suffer from effects such as drifts of zero and calibration 
slope, and cross-sensitivities to other gases making them 
unsuitable for quantitative, long-term atmosphere mea-
surement. However, we have shown that with careful at-
tention to detail, based on a thorough understanding of 
the mechanisms underpinning device operation, these 
perceived deficiencies can be overcome. This article pres-
ents the design principles for low-cost instruments based 
upon heated metal oxide sensors for the reliable measure-
ment of part-per-billion (ppb) levels of ozone in the atmo-
sphere. Long-term performance data are presented, and 
common failure modes and their diagnosis are described.

Semiconducting Oxides and Ozone 
Measurement
The very large conductance response at temperatures in 
the range 300–550 oC of highly porous layers of WO3 to 
the introduction of ppb concentrations of ozone in air (Fig. 
1) has been described and discussed in detail,9,10 and there 
are preliminary reports in the literature describing the use 
of such sensors in ozone measurement instruments.11,12 
The response mechanism deduced9,10 is given as Scheme 
1. It has been shown that the conductance of the porous 
sensor assembly can adequately be described as a par-
allel equivalent circuit, with one element (the interface 

A
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element, representing the surface zone of the individual 
grains of the material) being dependent on the ozone con-
centration, and the other (the bulk element, representing 
the interior of the individual grains) being independent of 
the ozone concentration but dependent on oxygen partial 
pressure. Long-term drifts in baseline, which have been  
significant issues dogging the first attempts to develop 
monitoring instruments based on WO3 sensor elements,12 
could be understood as resulting from the slow exchange 
of oxygen vacancies between interface and bulk elements. 
The predicted variation of conductivity with ozone con-
centration (Eq. 1) fitted the data well. The conductance 
difference in the presence and absence of ozone (Eq. 1) 
did not vary over several months of operation, consistent 
with the prediction of the assumed mechanism and equiv-
alent circuit. 

Fig. 1. Resistance transient of a tungstic oxide sensor element in 
response to the application and removal ozone in air

Instrument Design and Operation
The atmosphere monitoring instrument has been developed 
from a successful commercial implementation of the design 
principles in a hand-held device (Fig. 2). Several thousand 
of these instruments have been sold and have operated suc-
cessfully over several years. The atmosphere monitoring 
instrument design reflects the accrued operational experi-
ence. Because O3 is such a reactive gas readily decomposed 
on surfaces (particularly if traces of organic matter are pres-
ent), it is well-known to take care in the choice of materials 
for housings and pipework, and also in calibration.

Sensor Fabrication
The sensor substrate is a 2 x 2 x 0.250 mm alumina tile 
with a meandering platinum heater track printed on one 
side, and inter-digitated gold electrodes printed on the 
other. A thin (ca. 90 µm) layer of WO3 is screen printed 
over the gold electrodes, creating the sensing element 
(Fig. 3). The sensor is held inside a sealed plastic housing 
with an inlet and outlet nozzle to allow sample gas to be 
drawn over the sensor at a controlled rate. Precise control 
of the operating temperature is essential to instrument pre-
cision and stability, simply because the oxide conductiv-
ity varies strongly with temperature: the activation energy 
is about 0.5 eV. The method employed for temperature 
control incorporates the platinum heater track (which has 
a well defined resistance-temperature relationship) into 
a Wheatstone bridge circuit whereby the out-of-balance 
signal across the two arms of the bridge is used to regulate 
the current through the sensor heater, thus controlling the 
heater temperature by keeping its resistance constant.11 
The sensor resistance is determined with a simple DC 
measurement, with the potential difference across the sen-
sor controlled at 0.1 V. Higher potential differences across 
the sensor were found to cause an excessive resistance 
drift. The sensor housing is a cylindrical plastic enclosure 

σ(o3=0) 
- σ = 

bPo3
+1

aPo3 (Eq. 1)

Fig. 3. Construction of the sensing element and micro-
graph showing grain structure; scale bar 1 μm

Fig. 2. Commercial implementation of a hand-held ozone meter 
utilizing a WO3 sensor element (copyright Aeroqual Ltd., repro-
duced with permission)

Scheme 1
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with four bonding posts in the base from which the sensor 
is suspended freely in the air by fine platinum connecting 
wires.

Instrument Operation
The two key problems to resolve were to overcome the 
limitations imposed by the very slow ozone response that 
is evident in Fig. 1 and to find a way to determine the 
zero ozone signal, so that the Eq. 1 could be applied and 
the zero drift compensated. The means adopted to resolve 
these issues have been crucial to the development of a 
successful operating procedure. The first problem, that of 
the slow response, was solved by the use of a temperature 
stepping regime.9 At sufficiently high temperature, the 
ozone signal becomes essentially zero. The idea is that 
the surface comes rapidly to equilibrium with O2 in the 
air, establishing a surface oxygen vacancy concentration 
that is repeatable, being dependent only on the tempera-
ture and the oxygen partial pressure. Thus, a step to a suf-
ficiently high temperature establishes a repeatable initial 
condition for a subsequent step back to a lower temper-
ature for the measurement. The theory9,10 shows a clear 
and simple relationship between the initial rate of change 
of conductance and the ozone concentration, provided 
that the initial surface oxygen vacancy concentration is 
repeatably defined. Since the temperature control is ac-
curate, the rate of change of conductance can be inferred 
from the conductance measured a fixed (short) time after 
the step. The choice of temperature and time is a trade-off 
between signal and cycle time. The upper temperature is 
also limited by the stability of WO3, which will sublime 
at a significant rate at high temperature, especially in the 
presence of a high vapour pressure of water. This sub-
limation changes the microstructure of the sensing layer 
and hence the sensitivity. Loss of WO3 from the sensor 
would ultimately lead to a loss of electrical continuity in 
the sensing layer and hence failure of the device.

The solution to the second problem, namely that of con-
tinually determining the zero ozone conductances, came 
from measurement of the dependence of the signal on the 
air flow rate over the sensor. The signal was independent 
of the air flow rate if this was sufficiently large but fell to 
zero if the air flow rate was decreased.8 The explanation 
is that O3 is rapidly decomposed on plastic surfaces, espe-
cially if these are warm; it is also rapidly decomposed in 
air if the temperature is sufficiently high. There is a ther-
mal boundary layer just outside the sensing layer, and the 
power dissipated by the sensor warms the plastic housing. 
Both effects mean that the sensor signal is strongly depen-
dent on the air flow rate over the sensor. Thus, a periodic 
zero measurement can be obtained by dropping the flow 
rate across the sensor to zero. Implementing a periodic 
zero flow condition, during which the sensor temperature 
is cycled between the high and low temperature states, 
provides a continuous measurement of the sensor baseline 
resistance. In the final implementation in the instrument, 
the high and low sensor temperatures are 600 oC and 
520 oC, respectively, which gives a good compromise of 
stability of microstructure of the sensing layer, sensitiv-
ity, and required cycle time. An entire measurement cycle 
lasts one minute and comprises a zero flow condition at 

high and low temperatures and a high- flow condition at 
high and low temperatures. The low temperature conduc-
tance difference between high and low air flow states, 
measured a fixed time after the temperature step, follows 
Eq. 1.

Cycling of the air flow rate is obtained by drawing air 
across the sensor using an electrically-modulated fan or 
pump sealed against the base of the sensor housing, which 
has a hole drilled through it, centred on the sensor and 
with diameter just greater than the sensor diagonal. The 
entry face of the sensor housing is fitted with a tapered 
nozzle that directs the air flow onto the sensor. The sensor 
is protected from dust by a fine stainless steel mesh and a 
porous PTFE filter. All other components in contact with 
the gas before the sensor element are made from PTFE.

Air Quality Monitoring Instrument Construction
The instrument design for long-term air quality monitor-
ing is essentially the same as that of the hand-held com-
mercial instrument. The main differences are in the provi-
sion of a more reliable and accurate air pump, in the data 
handling and communication, in the housing, and in the 
provision of diagnostics for confirming reliability of the 
data. The instrument has been designed in two blocks: a 
sensor management block and a data management block. 
The sensor management block holds the calibration infor-
mation and sensor identity. It manages the heater and air 
flow, makes the resistance measurement, and converts the 
result to concentration using the calibration information. 
The data management block controls the acquisition rate, 
acquires the concentration data, and stores and presents 
the output. These components are shown in (Fig. 4). The 
device is housed in an enclosure appropriate for its in-
tended application.

Fig. 4. Ozone instrument module for air quality monitoring 
(copyright Aeroqual Ltd., reproduced with permission)

Calibration
A significant part of the cost of any instrument is that in-
curred in calibration. As the capital cost of the instrument 
decreases so the calibration cost becomes more significant. 
Thus, a low cost instrument necessarily requires a low cost 
calibration procedure. We have split the calibration task 
into two parts: linearization and calibration refinement. 
The linearization part is a laboratory calibration using a re-
stricted number of different O3 concentrations, that can be 
performed reliably on a large number of instruments at any 



30

Chemistry in New Zealand   January 2009

one time, and whose purpose is to derive the parameters for 
the fitted curve of conductance vs concentration such that 
the imposed concentrations are reproduced with a precision 
of ±5% at worst. The derived calibration function linearises 
the output from the sensor, delivering a result measured in 
gas concentration units. The calibration refinement step 
comprises measurement in the atmosphere alongside a ref-
erence analyser for 24-48 hours. The idea is to use the natu-
ral variability of the atmosphere to sample the full range of 
concentration required, and to take advantage of the fact 
that the semiconductor-based instruments are small, rug-
ged and portable. As we will demonstrate, sensor-indicated 
concentration is a linear function of analyser-indicated con-
centration, so that a simple linear correction factor can be 
applied to the laboratory calibration in order to derive an 
accurate result for the atmosphere measurement. After cali-
bration refinement, the instruments would be moved to the 
desired location.

Linearization
Previous work described a burn-in phenomenon for WO3 
sensors for ozone9 that was attributed to effects of a reac-
tion of O3 with traces of organic matter remaining from the 
sensor fabrication. The complete sensor modules (sensors 
inside their housing with air flow control and the control 
electronics) were run at the sensor operating temperature 
for 2 weeks in ambient air, prior to linearization. The use 
of an adequate burn-in time before calibration has been im-
portant to the success of the instruments described in this 
paper. Ambient air was scrubbed of hydrocarbons and NO2 
by passage through a packed bed of activated charcoal, then 
introduced to a 1.5 m3 measurement chamber constructed 
of Perspex; there was no humidity control. The complete 
sensor modules were mounted on a stainless steel rack in 
the centre of this chamber. The air inside the chamber was 
circulated by a small fan and continuously sampled from 
the centre of the chamber, close to the sensor modules be-
ing linearized, to a spectrophotometric ozone analyser. An 
ozone generator inside the chamber was controlled from 
the ozone analyser output, to maintain a fixed concentra-
tion of O3 inside the chamber around the sensor modules. 
This concentration was held in sequence at 0, 50, 100 and 
150 ppb, for 20 min at each concentration before the mea-
surement sequence was initiated on each module. As noted 
in the above, the sequence was a step from high to low sen-
sor temperature at high and low air flow rate over the sens-
ing element. Sensor resistances at the end of the low-tem-
perature step were recorded at low and high air pump rate. 
Rather than an exact inversion of equation 1 to derive O3 
concentration from conductance difference, a quadratic fit 
to the conductance difference between high and low sensor 
fan speed was found adequate empirically to linearize the 
sensor output. Fig. 5 shows the distribution of deviations 
between set concentration and concentration inferred from 
the fit, for a typical set of 60 sensor heads. The variability 
stems from the sensor microstructure varying from one de-
vice to another, the underlying model is a greatly simplified 
one for the effect of microstructure on the response, and 
the use of a quadratic fitting function to derive concentra-
tion from measured conductance is itself an approximation. 
Sensor modules that showed average deviations greater 
than ±5% were rejected for this application.

Field Calibration Refinement
An air monitoring station was established in a pod pro-
truding some 6 m above the 7th floor of the physics build-
ing on the Auckland campus. This site is at a high point 
of the Auckland central business district near heavy traffic 
and is exposed to wind from all sides. A sample mani-
fold comprising 15 m of 150 mm diameter PVC pipe and 
an in-line fan draws air from outside on one side of the 
building and exhausts to the other side at a rate of ca. 90 
L/sec (see Fig. 6). A reference analyzer (Thermo 49 C) 
and the semiconductor-based ozone instruments sampled 
outside air from this manifold, via PTFE tubing, each 
making a measurement every minute. The data, logged on 
a networked computer, were recorded as a tab delimited 
text file with a line of data being written every minute. 
A new file was automatically created at the start of each 
day. Sample air temperature and humidity, rainfall, wind 
speed and direction, and room temperature and humidity 
were monitored during the sampling period. The sensor 
baseline resistance, derived from the low-flow, low-tem-
perature measurement, and the heater current and poten-
tial difference for each semiconductor instrument were 
also recorded.

As the levels of ozone were fairly low in the Auckland 
region at the time, O3 was introduced into the sample 
manifold, using the generator connected to a timer, for 
two hours between 2 and 4 a.m. every morning. This 
provided elevated O3 levels to extend the calibration and 
test range. The calibration refinement phase was the first 

Fig. 5. Distribution of deviations in instrument indication fol-
lowing initial linearization



31

Chemistry in New Zealand   January 2009

period of 72 h of operation, while data from the final 48 h 
was used. A linear correlation function was calculated for 
each sensor against the reference analyzer. The example 
of Fig. 7 illustrates that the initial sensor output linear-
ization procedure was adequately accurate. The standard 
error of estimate of the analyser indication derived from 
the semiconductor instrument indication using linear cor-
relation, for all 5 instruments, was 2 ppb (n=3000). Fig. 8 
shows the superposition of the time series of the analyser 
indication and the semiconductor instrument indication 
corrected by the linear correlation function.

Fig. 7. Calibration refinement: linearized module output pre-
dicting the reference analyser indication, over 48 h

Field Measurements
Following the field calibration, the semiconductor-based 
instruments were left running continuously for a period of 
approximately 6 weeks with no intervention. The evolution 
of the slope and intercept of the linear correlation of analy-
ser indication with semiconductor instrument indication is 
shown in Fig. 9. The evolution with time of the mean over 
each day of the difference between semiconductor instru-
ment reading and analyser reading, each measured every 
minute, is shown in Fig. 10. A small and slow variation in 
the indication of the spectrophotometric reference analyser 
cannot be ruled out, giving an apparently correlated small 
drift of all of the semiconductor instruments. In addition 

Fig. 6. Left; Image of monitoring station from ground level; right: image from inside monitoring station showing sampling manifold 
and exit port

Fig. 8. Calibration refinement: linearized and in-situ calibrated 
module output tracking the reference analyser over a 48 h period

Fig. 9. Evolution over time of the 24 h correlation slope and 
intercept, between sensor module and reference analyser. Solid 
line is the mean of the 5 sensor modules; dashed lines are ±2 
standard deviations
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to this effect, there is some evidence that the result from 
one of the semiconductor instruments had drifted to a small 
additional extent over the 6 week period. It is clear how-
ever, that the small, simple low-cost semiconductor-based 
instruments reproduced the measurement of the spectro-
photometer to within 10 ppb O3 over this extended period 
of unattended operation. They meet the requirement for de-
ployment in an air quality measurement network.

Failure Modes and Diagnostics
For confidence in the reliability of the data, a necessary 
condition for deployment of instruments into a monitoring 
network is that common failure modes are identified and 
means for recognizing failures are delineated. Three main 
cases of failures of the semiconductor-based instrument 
have been identified in the present work.

Pump Degradation: Diminution of Air Flow Rate 
over the Sensor
Control of the air flow over the sensor is critical to the cor-
rect operation of the instrument. Fig. 11 shows the variation 
in indicated O3 concentration with alteration of the volume 
flow rate of air under the high-flow condition. If the flow 
rate is too high, then the convective heat loss from the de-
vice exceeds the power available from the heater driver 
circuit, and the sensor temperature falls. This results in a 
higher ozone signal. If the flow rate is too low, then the 
signal falls. There is a range of flow rates where the in-
dicated signal is independent of flow: this is the desirable 
control condition for the instrument; Fig. 11 illustrates the 
effects. An O3 concentration of approximately 100 ppb was 
maintained in an enclosed chamber. The concentration was 
monitored with a reference O3 analyzer and a semiconduc-
tor ozone instrument with adjustable flow control. This in-
strument had been calibrated previously at a flow rate of 
200 mL/min. The ratio of the reported O3 concentration 
from the semiconductor instrument to that of the analyzer 
was determined for flow rate into the semiconductor instru-
ment ranging between 20 and 1600 mL/min.

The air flow can change as a result of degradation of the air 
pump during continuous operation; the result would be an 
under-reading of the instrument. A simple diagnostic is to 
measure the current supplied to the heater and the potential 

difference across it. The derived heater resistance confirms 
that the sensor is operating at the correct temperature and 
that this temperature is stable. The derived heater power 
dissipation indicates variations in the air flow rate, since 
the heater functions as a simple hot-wire anemometer. Fig. 
12 shows an example where this simple diagnostic has un-
covered a pump failure, with the associated under-reading 
of the O3 concentration.

Dirt Accumulation: Ozone Decomposition on Dirt 
Deposited in the Inlet Filter
With long-term operation, particulates from the atmo-
sphere accumulate on the PTFE and stainless steel filters 
protecting the sensor. Such material is catalytically active 
for O3 decomposition and it also clogs the filter and re-
duces the air flow rate. The result is that the sensor under-
reads. Fig. 13 illustrates the effects for instruments where 
the filters were visibly dirty.

Fig. 10. Evolution over time of the mean over each 24 h of the 
difference between the measurements made each minute by the 
sensor module and reference analyser, for 5 sensor modules

Fig. 11. Effect of gas flow rate on module indication and sensor tem-
perature;. (●) ratio of the module-reported ozone concentration to 
that of an optical reference analyzer; (■) Sensor temperature in °C

Fig. 12. Effect of pump failure on the ozone module signal, and 
its detection by heater power measurement. (♦) module indica-
tion; (—) heater power; (- - -) reference analyser indication

Fig. 13. Effect of dirt on the sensor filter on the module-indi-
cated ozone concentration
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Sensor Failure in High-Humidity Environments
WO3 sublimes at elevated temperatures. We have observed 
that the effect is enhanced if the water vapour pressure is 
high, and it can become signifi cant at the upper operat-
ing temperature of the sensor. The result is that the sensor 
grows whiskers of WO3 thus allowing the microstructure 
of the sensor element to change slowly over time. The 
assumption behind the application of Eq. 1 is that the mi-
crostructure remains unchanged over time. Thus, a slow 
variation in microstructure over time would give rise to 
a drift in the indicated O3 concentration. As the subli-
mation proceeds, then over a period of months to years 
(dependent upon the atmospheric humidity) the baseline 
resistance can rise to such an extent that the measurement 
moves beyond the range of the sensor electronics.

A variation in microstructure should be detectable by a 
variation in the zero-ozone resistance of the sensor. This 
number is available from the low-fl ow resistance mea-
surement. Indeed, Fig. 14 shows that the variation in 
baseline resistance can be correlated with a slow drift of 
the signal that is most sensitively detected by a small drift 
in the intercept of the 24 h correlation between reference 
analyser and sensor-based instrument.

Conclusion
A low-cost instrument for monitoring ozone in the atmo-
sphere, with estimation error (2σ) ±4 ppb compared to a 
spectrophotometric reference analyser over the range 0-
100 ppb O3 has been demonstrated. The instrument has a 
measurement cycle time of 1 min and is based on the re-
sistance changes of a heated semiconducting oxide. Com-
mon failure mechanisms and means for diagnosing these 
have been described. The device has performance suitable 
for use in long-term atmosphere measurement, with re-
mote diagnostics and minimal maintenance requirement.
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Melamine and similar substances like cyanuric acid can 
be detected by a number of methods including ELISA, 
gas chromatography, mass spectrometry, and high pres-
sure liquid chromatography. But the real issue surrounding 
this food contamination scare is not about just these sub-
stances but the ease in a globalised economy, with which 
many countries can be affected by one country’s mistake – 
whether it has been done deliberately or in ignorance. How 
will testing of products evolve to overcome what appears 
to be ongoing problems? How can effective and affordable 
testing regimes be put in place for the plethora of products 
from toys to food ingredients and fi nished food products 
when the possible contaminants could be anything? Is this 
a risk we just have to live with in our modern world or is 
it something humans have always lived with and today it 
just catches us by surprise as we put our trust in quality 
control? In November the US Food and Drug Administra-
tion opened their fi rst offi ce outside of the United States in 
China.

Continued from page 26.
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Fig. 14. Variation of sensor baseline resistance over time when 
resistance rose and module ozone signal began to change signifi -
cantly: baseline resistance and intercept of the linear correlation 
between reference analyser and module against time
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Introduction
Cyclopropene chemistry first graced the chemical literature 
by way of assumptions for the presence of symmetrical de-
rivatives in works by Wolff and Merling as referred to by 
Franz Feist1 when he reported the isolation of the 3-methyl-
1,2-dicarboxylic acid in 1893. The paper, on cumulene ring 
decomposition, includes a 1,3-dehydrobromination that 
provides the diacid in direct analogy to the preparation of 
cyclopropane some ten years earlier.1 Another twenty years 
passed before the parent, gaseous C3H4 hydrocarbon 1 was 
recognised, initially in a Russian publication,2 and, more 
widely, one year later in Berichte.3 Following these reports 
and the synthesis of various derivatives over the ensuing 
thirty years, the naturally occurring sterculic and malvalic 
acids were confirmed as 2 and 3 (Chart 1) in the early to 
mid-1950s.4 The latter half of the last century saw the es-
sential chemistry of the class of compounds explored, but it 
is only in the last fifteen years that the commercial impor-
tance of 1-methylcyclopropene5 (4) and other alkyl homo-
logues, e.g. 5, has been recognized and implemented.

The occurrence and biological activity of cyclopropane 
derivatives in nature is well known4,6 with all green plant 
matter containing 1-aminocyclopropane carboxylic acid (6, 
known also as ACC). It is converted by ACC oxidase to 
ethylene,7 an important plant hormone. Environmental and 
endogenous signals regulate the biosynthesis of ethylene 
primarily through differential expression of ACC synthase 
genes whose activity controls the rate of production; its 
regulation is the key to controlling ethylene biosynthesis, 
the final step of which involves a radical process (Scheme 
1),8

Recognition that ethylene causes premature senescence 
(ageing) and defoliation of plants dates to the nineteenth 
century when several reports of leaks of illuminating gas 
in greenhouses and near trees appeared.9 Neljubov, a Rus-
sian plant physiologist, recorded etiolated pea seedlings 
(ones with small yellow leaves) growing horizontally in 
his laboratory but upright in outside air. He showed that 
the abnormal growth habit was caused by contaminating 

illuminating gas and went on to prove, in 1901, that the ac-
tive principle in the gas was ethylene. Chemical proof that 
plants produce ethylene dates back some 75 years,9 since 
which time the regulation of a multitude of plant processes 
by ethylene has been recognised. Sometimes ethylene is 
called the death hormone because it promotes the ripening 
and aging of many fruits and flowers.

As a fruit approaches maturity a climacteric (critical) event 
takes place and, during the build-up to this, ethylene pro-
duction increases within the fruit and cell respiration rises. 
The production of the ethylene is associated with the ex-
pression of hundreds of genes that influence various ripen-
ing related changes, e.g. in fruit colour and sugar release; 
it marks the end of fruit maturation and the beginning of 
fruit senescence. For fruits that are food, the climacteric 
event equates to the peak of edible ripeness when the best 
texture and taste are present. After the event, fruit is more 
susceptible to fungal infection and begins to degrade. The 
climacteric fruits include apples, apricots, bananas, melons 
and tomatoes while citrus fruit, grapes and strawberries are 
non-climacteric as they ripen without ethylene and the as-
sociated respiration bursts. Many fruits are picked prior to 
full ripening because ripened fruits do not ship well. Thus, 
bananas are picked when green, shipped, and may be sub-
sequently artificially ripened by treatment with ethylene 
to mimic the natural process. Left alone, bananas actually 
produce enough ethylene to accelerate ripening in other 
fruits when placed next to them.

Cut flowers such as the carnation and geranium, as well 
as a range of plants, can become stressed during transport 
and suffer as a result of the ethylene they produce – it re-
duces significantly the floral display and the consequent 
shelf-life. Thus, ethylene production can cause economic 
loss in the market place for growers, suppliers, and florists 
alike and for this reason such flowers are cooled prior to 
packing and kept between 1 and 4 oC during shipment. It 
is not surprising, therefore, that there has been a search for 
compounds that delay the onset of fruit ripening and extend 
the shelf-life of cut flowers.

Efforts to understand the effects that ethylene has on plant 
materials began by storing fruits under controlled atmo-
spheres and assessing the changes that took place.10 They 
then moved on to examine the nature of the ethylene bind-
ing site. Many compounds interact with the receptor, some 
reversibly, e.g. 2,5-norbornadiene (7), and some irrevers-
ibly, e.g. diazocyclopentadiene (8).10,11 An assumption that 
the site involves coordination of ethylene by copper(I) has 
been confirmed, and studies have found that of several tran-
sition metals, only silver(I) mimicks the effect of copper, 
nicely consistent with the similarities of the two ions. Silver 
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thus proved capable of replacing copper and interacting 
with ethylene, but not in transducing the signal to down-
stream effectors.9,12 Hence, the possible use of silver ion on 
an industrial scale to prolong flower life emerged and was 
taken seriously once silver thiosulfate became available.10 
However, usage of a heavy metal, coupled with the associ-
ated contamination concerns led researchers, notably Sisler 
and his colleagues, to seek organic analogues of ethylene 
that would do the same job.10-14

Cyclopropenes
There are two approaches by which the effects of ethylene 
can be minimised. The first seeks to prevent (or minimise) 
ethylene synthesis while the second aims to block the eth-
ylene binding site completely. Inhibiting ethylene synthe-
sis is the least effective option because ethylene from other 
sources is still able to bind and impact. In comparison, 
a blocking of the binding site prevents all ethylene from 
binding irrespective of its source such that fruits, plants 
and flowers remain in a state of limbo until the block is 
removed and ethylene production recommences - and this 
is independent of whether the ethylene source were endog-
enous or exogenous.

Work from the 1960’s had shown that not only CO2, but 
also CO and the lower members of the alkene family are 
ethylene antagonists and, of the last group, the longer chain 
members are inactive.15 This led to the belief that activity 
was inversely related to molecular size and the idea that 
likely inhibitors of ethylene perception would be analogues 
of ethylene with comparable, but by no means identical spa-
tial requirements. Thus cyclopropene and its simple alkyl 
derivatives received early attention10,11,14,15 and the discov-
eries made stem in large measure from the laboratories of 
Sisler and Blakenship at North Carolina State University.

What was found in the mid-1990’s was that cyclopropenes 
1, 4, and the 3,3-dimethyl derivative 5 (Chart 1) are espe-
cially effective blockers of the ethylene binding site and 
prevent the physiological action of ethylene for extended 
periods of time.13 After a 24 hour exposure to a concentra-
tion of 4 as low as 0.5 nL/L (1 mL in 2,000,000 L), car-
nation flowers (Dianthus caryophyllus) are protected for 
several days against the effects of ethylene, and 0.7 nL/L 
of 1 or 4 will prevent the ripening of banana (Musa sa-
pientum) for 12 days at 24 oC after which they then ripen 
normally. By comparison the dimethylated analogue 5 has 
higher spatial demand; it requires a concentration 1000 
times greater and then only provides a 7 day protection. 
Methylcyclopropene 4 is more easily handled than parent 1 
and, as it appeared to be non-toxic at the concentrations that 
are active, its future use in regulating the ripening of fruits 
and preventing the deleterious effects of ethylene in plants 
and flowers seemed assured.12 Cyclopropene 4 is now used 
in a number of horticultural products that are registered in 
more than 26 countries.

The first report of 1-methylcyclopropene (4) came from 
Fisher and Applequist5 in 1965. These authors found that 
attempts to produce methylenecyclopropane 9 by 1,3-dehy-

drochlorination of 2-chloromethylpropene 8 with sodamide 
gave instead the endocyclic cyclopropene 4 (Scheme 2). 
The cyclization proceeds by way of α-elimination to vinyl-
carbene 10, which then self inserts. The gaseous product 
was condensed in a dry ice trap and formally characterized. 
Improvements were made to the procedure in 1971 from 
use of phenyllithium as base16,17 and exclusion of lithium 
bromide and non-PhLi bases, e.g. lithium alkoxide. Yields 
of 4 were in the 60-80% range when crystalline phenyllith-
ium in ether was used. However, with excess of PhLi the 
cyclopropene is transformed into its 1-lithio salt 11 and this 
is stable for months in ether in the freezer.17 With water 4 
is rapidly regenerated and Sisler has provided a convenient 
laboratory procedure for this.13

Sisler and Blakenship14,18 acquired the first patent for com-
mercial applications of 4 in the USA but had Floralife Inc. 
in South Carolina commercialize for the floral market with 
later development for fruits and vegetables planned.19 A 
preparation approved by the US Environmental Protection 
Agency in 1999 for plants and flowers is sold as Ethyl-
BlocTM. Rohm and Haas Company recognized the oppor-
tunity to purchase a product with a very favourable safety 
profile, formed subsidiary AgroFresh Inc. to develop 4 for 
food production, and purchased the rights for development 
in fruits and vegetables from Floralife in 1999. The devel-
opment led to the subsiduary trading SmartFreshSM,20 prin-
cipally for the apple industry, following EPA approval in 
2002. Although FloraLife was aquired by Rohm and Hass 
in 2006, it was sold to Smithers-Oasis Co. (a manufacturer 
of floral foam and related products) a year later. Since then, 
AgroFresh have provided a new liquid formulation of 4 un-
der the Invinsa™ label21 for use in stress protection of crops 
in the field. Their March 2008 press release says that they 
plan to have the technology commercial within two years 
and direct it to major field crops including canola, corn, 
cotton, rice, soybean, sunflower and wheat. Although set 
to trade independently, the Rohm and Hass company was 
taken over by The Dow Chemical Company in July 2008.

Because 4 is a gas under normal conditions commercial 
development demanded a simpler, easier, and more con-
venient synthesis, and then the means to get the product 
to market. Here, the advances in supramolecular chemis-
try dominate. Encapsulation of 4 can be brought about by 
hosts such as the cyclodextrins, crown ethers, zeolites, etc., 
and patents for these have appeared.22,23 Use of α-cyclodex-
trin gives rise to a powder (from which subsequent tablet 
formulation is presumed) that is ideal for shipping and han-
dling. On addition to water under normal conditions, the 
host-guest complex releases gaseous 4 within 20-30 min.11 
The original US patent23 involved a batch synthesis and en-
capsulation of 4. However, patent rights were granted to 
Rohm and Haas for a continuous process in 2005 (applica-
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tion 2002).22 In this the α-elimination from chloropropene 8 
is brought about using a slurry of sodium amide in mineral 
oil with added hexamethyldisilazane (Me3Si-NH-SiMe3) 
which when mixed with 8 generates gaseous cyclopropene 
4. After purification, the cyclopropene is bubbled into a so-
lution of cyclodextrin to precipitate the inclusion complex 
which is filtered off.22

The marketed formulation, SmartFreshSM, is applied to ap-
ples soon after harvest in a cone-like device within storage 
rooms. The treatment takes one day and leaves no detect-
able residue. As a side benefit, this treatment often replaces 
the need for diphenylamine (PhNH2) to control the posthar-
vest disorder, scald; the toxicity of 4 is less than that of the 
amine. SmartFreshSM was approved by the European Union 
in 2005 and is used in some 26 countries including NZ. 
Rohm and Haas gained ERMA approval for importation 
of 4 within the SmartFreshSM technology in late 2003. The 
much more recent Invinsa™ is a sprayable liquid formula-
tion of 4 and the first product to specifically protect crop 
yield during extended periods of high temperature, mild-
to-moderate drought, and other crop stresses. Although still 
under development, it is approved in Chile and Argentina 
and US regulatory approval was expected during 2008; it 
is to be marketed in a joint venture between AgroFresh and 
Syngenta AG.

SmartFreshSM has reaped a number of awards for providing 
fresher fruit and it is now used on apples, apricots, avo-
cados, bananas, cantaloupe melons, kiwifruit, mangoes, 
nectarines, papayas, peaches, pears, plums, persimmons 
and tomatoes. Of course critics are plentiful. The use of 
4 came under scrutiny in 2005 when it was revealed that 
the ripening of apples was being delayed by up to a year 
so that consumers purchased year-old produce without be-
ing aware of it; that similar storage lengths had been stan-
dard industry practice for many years was not mentioned. 
However, SmartFreshSM was given a balanced (author em-
phasis) account in the Dining and Wine section of the New 
York Times by David Karp24 under the headline Puff the 
Magic Preservative: Lasting Crunch, but Less Scent. De-
spite some concerns about the effects of very low levels 
impurities,25 the safety, toxicity, and environmental profiles 
of 4 are exceptionally favourable, and no death or clinical 
signs of systemic toxicology were seen.26 The impact of 4 
on the nutritional content of fruits is still under investiga-
tion although fruits appear to maintain antioxidant and vi-
tamin levels.

The effective concentration of 4 needed varies widely with 
the commodity concerned,11 and the temperature and the 
method of application, but the uses to which it continues to 
be put have placed 1-methylcyclopropene 4 among the sig-
nificant players in the agrochemicals market. At the present 
time, something in excess of 60% of the apples sold on 
the North American market have been treated with Smart-
FreshSM, while cantaloupes imported into the US from Cen-
tral America can be harvested riper and stay firm and free 
from decay after treatment with SmartFreshSM. The use of 
4 is widespread. It is applied to substantial quantities of 
Asian pears in Korea, on South African and Chilean avoca-
dos and Chilean kiwis sent to Europe, and on small lots of 
plums in France and Chile.

In 2003 the series of 1-alkyl substituted cyclopropenes from 
methyl to decyl were prepared and assessed as ethylene an-
tagonists for banana.27 Each member of the series showed 
activity but, quite unexpectedly, from the 1-butyl derivative 
onwards the effective minimum concentration fell below 
that of 1-methylcyclopropene. The 12 day protection period 
of 4 was attained by 1-ethyl-, 1-propyl-, and 1-butylcyclo-
propene at ambient temperature (22-23 oC), but only from 
use of higher concentrations (4–6 nL/L vs 0.7 nL/L). How-
ever, 1-pentyl- was effective for 14 days, 1-hexyl- for 20 
days, 1-heptyl- 21 days, 1-octyl- 25 days, 1-nonyl- 35 days, 
and 1-decylcyclopropene for 36 days. These results were 
achieved using concentrations of 0.3 – 0.5 nL/L and lower 
than the 0.7 nL needed for 4; 1-decylcyclopropene gave the 
longest protection from ripening at the lowest concentra-
tions (0.3 nL/L).27 Some 20 cyclopropenes were assessed 
in a 2006 study reported in the Russian literature28 and 
some of these compounds extended the exhibition life of 
cut mini-carnation flowers as well as delaying senescence 
of bean leaves.

During 2008 a further study employing a variety of 1-al-
kyl substituted cyclopropenes was reported.29 This encom-
passed testing their potency to inhibit ethylene-induced 
plant processes on a variety of climacteric fruit like avo-
cado and tomato, on ethylene-induced growth modification 
in etiolated pea seedlings, and on abscission in citrus leaf 
explants. Fruits responded differently than other plant or-
gans to the same inhibitor, indicating possible differences 
in characteristics and availability of the ethylene receptors 
in the various tissues. The potency of the inhibitors was 
markedly dependent on their molecular structure and size, 
but each inhibitor gave the highest potency when treatment 
was prior to the onset of ethylene action. All of the fruits 
resumed normal ripening after recovery from the inhibi-
tion, a crucial factor when considering putative inhibitors 
for practical use.29 It would seem from these studies that the 
cyclopropene moiety of the 1-alkyl derivatives blocks the 
binding site and that the long alkyl chain fits into the avail-
able volume and exerts little to no effect. Whether any of 
these more complex cyclopropenes will make it to the mar-
ket remains to be seen, but any development will demand 
a simple synthesis and delivery mode as well as retaining 
the minimal toxicological impact of 1-methylcyclopropene 
(4).

There has been much recent activity in the Asian scientific 
communities with a number of reviews on the uses and 
applications of 4 appearing.30 Thus, treatment of varieties 
of pears delayed fruit ripening and prolonged storage pe-
riods whilst keeping fruit quality and palatability.31 It also 
inhibited the occurrence of melanoderma and black heart of 
pear.32 The number of patent applications for formulations 
and uses of 4 in these countries has also increased over the 
last four years.

The strawberry typifies non-climacteric fruits but its ripen-
ing is not yet well understood and the role of ethylene is 
unclear. Recent studies have included use of 4 in the four 
different ripening stages (green, white, pink and fully ripe) 
of the fruit. As 4 specifically blocks the ethylene signal 
transduction pathway, its use enables the indirect identifi-
cation of genes activated by ethylene.33
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Those who prize organic and/or seasonal produce may well 
find that the premium prices increase in parallel to the use of 
4. However, the complete loss of 4 after removal of the fruit 
from containment is apparently encouraging AgroFresh to 
seek US National Organic Standards Board to allow fruits 
treated with SmartFreshSM to be labeled as organic.
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Patent Proze
But what does it actually do?
Katherine Hebditch and Jarrod Ward
Baldwins Intellectual Property, PO Box 5999, Wellesley St, Auckland (email: katherine.hebditch@baldwins.com  
or jarrod.ward@baldwins.com)

The first Court decision from the United Kingdom to con-
sider the validity of a gene sequence patent, Eli Lilly vs. 
Human Genome Sciences,1 has accentuated the need for 
an invention to have a practical purpose. 

The Background of the Decision
Patents are granted for inventions which are considered 
inventive and to be useful to society. Patents are not grant-
ed for mere discoveries. So, whilst the synthesis of a new 
compound may be the result of a significant investment, 
the compound itself cannot be patented without knowl-

edge of a potential use, or more specifically, a commercial 
application. Similarly, while it is often possible to patent 
a gene sequence - even if identical to a gene found in its 
natural environment - the function or some commercial 
use for the gene sequence must also be disclosed. 

In 2005, Human Genome Sciences (HGS) was granted a 
European patent covering the Neutrokine-α protein, the 
DNA sequence encoding it, antibodies binding to it, and 
corresponding pharmaceutical and diagnostic composi-
tions. Neutrokine-α is a member of the TNF (Tumour 

Patent Proze
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Necrosis Factor) ligand superfamily which has gener-
ated significant interest due to the role the ligands play 
in inflammation. With so many diseases associated with 
inflammation this family was a highly valuable target.

HGS-identified Neutrokine-α using bioinformatics – a 
process where computers are used to compare sequences 
and identify genes of interest by their similarity to previ-
ously identified and characterised genes. The patent appli-
cation included a long description of predicted activities 
and uses for Neutrokine-α based on the genetic similar-
ity to other members of the ligand family, which in some 
cases were not well understood at the time. However, the 
application contained no experimental evidence to sup-
port the asserted uses.

The Judgement
In 2007, Eli Lilly applied to revoke the patent on the 
grounds, amongst others, that there was a lack of indus-
trial application (also referred to as utility, usefulness, 
or industrial applicability). The UK High Court agreed 
with Eli Lilly and revoked the patent. The court was of 
the opinion that the practical purpose was not clearly con-
tained in the application in relation to what was known 
about the area of research at the time.

In coming to its decision, the Court set out some useful 
guidelines as to how to determine if an invention meets 
the practical purpose requirement. Highlights of the 
guidelines can be briefly summarised as follows:

1. The purpose need not be for profit;

2. it does not need to be explicitly laid out in the pat-
ent application but should be derivable by a person 
knowledgeable in the field taking into account what is 
known at the time of filing the patent;

3. the requirement will not be met if what is described is 
merely an interesting research result that might yield a 
yet to be identified purpose - a speculative indication 
of possible objectives is not sufficient; 

4. if a substance is disclosed and its function is essential 
for human health, then the identification of the sub-
stance having that function will immediately suggest 
a practical application; and

5. it is not a bar to patentability that the invention has 
been found by bioinformatic techniques, although this 
may have a bearing on how a person knowledgeable 

in the field would understand what was described in 
the specification.

Specific, Substantial and Credible
Similar principles apply in other countries. For example, 
in the US patents are granted only for inventions which 
have a specific, substantial, and credible use. 

That is:

 -  The use must be specific rather than generic; in this 
case a long and diverse list of functions was provided, 
some of which were contradictory, and therefore the 
purpose was not considered to be specific;

 -  a substantial use is an immediate real world use - if 
further research is necessary to identify a specific use, 
as in the present case, the purpose is not substantial; 
and

 -  the use must be credible to a person knowledgeable in 
the field of the technology, for example, a perpetual 
motion machine is unlikely to meet this requirement. 

The Situation in New Zealand
In New Zealand, a third party can challenge a patent on 
the ground the invention is not useful. However, useful-
ness of the invention is not assessed during the examina-
tion phase before the Intellectual Property Office. Amend-
ments to the legislation seem set to change this. The much 
delayed and anticipated draft Patents Bill sets out five 
criteria which must be met by a patentable invention, one 
of which is that it must be useful. It also goes on to define 
an invention as being useful if it has a specific, credible, 
and substantial utility. It seems likely that New Zealand 
Patent Examiners will be expected to examine patent ap-
plications for a practical purpose in the future. 

In conclusion, a patent application must demonstrate a 
practical purpose for the invention. As one Judge put it in 
a previous judgement: a patent is not a hunting license. 
It is not a reward for the search, but compensation for its 
successful conclusion.

A reminder: if you have any queries regarding patents or 
patent ownership, or indeed any form of intellectual prop-
erty, please direct them to:
Patent Proze
Baldwins Intellectual Property
PO Box 852, Wellington
Email: email@baldwins.com
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The 2008 Nobel Prize for Chemistry

L-R:Professors Osamu Shimomura, Martin Chalfie and Roger Tsien*

*Images used with permission from Boston University (Shimomura: www.bu.edu/today/world/2008/10/08/bu-prof-wins-nobel-
prize-chemistry), Martin Chalfie (www.columbia.edu/cu/biology/faculty/chalfie), and UC San Diego (http://ucsdnews.ucsd.edu/
newsrel/science/NobelPrize08.asp courtesy UC San Diego).

The 2008 Nobel Prize for Chemistry was awarded for the 
discovery and development of the green fluorescent pro-
tein (GFP). It rewards the initial discovery and a series 
of important developments that have led to its use as a 
tagging tool in bioscience. The Laureates were Osamu 
Shimomura, an Emeritus Professor of the Marine Biolog-
ical Laboratory and Boston University Medical School, 
Boston; Martin Chalfie, Professor of Biological Sciences 
at New York’s Columbia University; and Roger Y. Tsien, 
who is Professor and Investigator at the Howard Hughes 
Medical Institute at UC-San Diego.

The remarkable, brightly glowing, green fluorescent pro-
tein was first observed in the jellyfish, Aequorea victoria 
in 1962 by Shimomura. Since then, it has become one of 
the most important tools used in contemporary bioscience 
as it provides a means to monitor processes that were pre-
viously invisible, such as the development of nerve cells 
in the brain or how cancer cells spread. By using DNA 
technology, researchers can now connect GFP to other in-
teresting, but otherwise invisible, proteins. The glowing 
marker allows them to watch the movements, positions 
and interactions of the tagged proteins. They can also fol-
low the fate of various cells with the help of GFP, such 
as nerve cell damage during Alzheimer’s disease or how 
insulin-producing β cells are created in the pancreas of a 
growing embryo. In one spectacular experiment, research-
ers succeeded in tagging different nerve cells in the brain 
of a mouse giving a kaleidoscope of colours.

Green fluorescent protein is now a standard tool for thou-
sands of researchers the world over. The story of its dis-
covery has its origins in Japan in the years after WWII. 
Osamu Shimomura’s education was disrupted by the war 
and the devastation caused by the atom bomb. Nonethe-
less, in 1955 he was employed as an assistant by Professor 
Yashimasa Hirata at Nagoya University and put to work 
on a seemingly impossible project – to discover what 

made the remains of a crushed mollusc, Cypridina, glow 
when it was moistened with water. That Hirata gave the 
inexperienced assistant such a difficult task may seem 
strange as leading American researchers had tried for a 
long time to isolate the material. 

In 1956, and against all odds, Shimomura had the mate-
rial in his hand. It was a protein that glowed 37,000 times 
more brightly than the crushed mollusc. After publishing 
his results, Shimomura was recruited to Princeton Univer-
sity by Frank Johnson. Professor Hirata was generous in 
seeing to it that Shimomura, despite not being a doctoral 
student, was awarded a PhD from Nagoya .

In Princeton, Shimomura began to study another naturally 
luminescent material. This time it was from the beautiful 
jellyfish Aequorea victoria (Fig. 1) that lives in the sea off 
the Washington coast of NW America and whose outer 
edge glows green when the jellyfish is agitated. During 
the summer of 1961, Shimomura and Johnson gathered 
jellyfish in San Juan Island’s Friday Harbor. They cut off 
the edges of the jellyfish and pressed them through a fil-
ter to get what they termed a squeezate. One day when 
Shimomura poured some of the squeezate into the sink, 
it flashed brightly. He realised that there was seawater in 
the sink and that it was the ions present that had caused 
the chemical reaction. Strangely enough, the flash of light 
was not green like the edges of the jellyfish, but blue. 
The raw material gathered that summer was taken back 
to Princeton and within a few months they had isolated a 
few milligrams of the blue luminescent material from the 
liquid. It was a protein that they named aequorin.

In the 1962 publication that described the process by 
which aequorin was obtained,1 Shimomura and Johnson 
also mentioned that they had isolated a protein that was 
slightly greenish in sunlight, yellowish in the light from 
a light bulb, and fluorescent green under UV light. This 
was the first time that anyone had described GFP. Shimo-
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mura and Johnson called it the green protein, later to be 
named the green fluorescent protein by Morin and Hast-
ings.2 GFP contains 238 amino acids3 and residues 65-67 
(Ser-Tyr-Gly) spontaneously4 form the fluorescent p-hy-
droxybenzylideneimidazolinone chromophore (shown 
below) in the primary structure.5 The excitation spectrum 
has a dominant maximum at about 400 nm with a much 
smaller absorbance ca. 470 nm, while the emission maxi-
mum is a sharp at ca. 505 nm with a shoulder at 540 nm, 
it is green.6

Fig. 1. Aequorea victoria from http://en.wikipedia.org/wiki/Im-
age:Aequorea4.jpg; copyright S. S. Blakely

In jellyfish, the GFP chromophore simply transforms blue 
light from aequorin into green allowing it (and aequorin) 
to glow in different colours. GFP is revolutionary in that 
it does this alone in contrast to aequorin and other bio-
luminescent proteins, which require a continuous supply 
of energy rich-molecules. Irradiation of GFP with UV or 
blue light activates the GFP directly inside a cell where it 
glows green.

Chalfie had spent some time studying the millimetre-long 
roundworm Caenorhabditis elegans (Fig. 2), one of the 
most frequently studied organisms in the world. Although 
it consists of only 959 cells, it has a brain, grows old and 
mates. In addition, a third of the roundworm’s genes are 
related to human genes. Last but not least, C. elegans is 
transparent making it easy to study its organs under an 
ordinary microscope. Chalfie heard about GFP in a 1988 
seminar dealing with bioluminescence and he recognised 
that it would be a fantastic tool for mapping the round-
worm. It would act as a glowing green signal for various 
activities in the roundworm’s cells.

Fig. 2. Caenorhabditis elegans from http://en.wikipedia.org/
wiki/Image:Adult_Caenorhabditis_elegans.jpg

To test his ideas, Chalfie needed to locate the gene for 
GFP in the genome of Aequorea victoria; he found that 
Douglas Prasher (Woods Hole Oceanographic Institution, 
Falmouth, MA) had already started the search. Prasher 
was asked if he would get in touch if he succeeded in 
cloning the gene, which he did. The GFP gene was sent to 
Chalfie who, in turn, had a graduate student attempt to get 
E. coli to produce GFP. Success came in about one month 
and the bacteria glowed green when irradiated with UV 
light.7

This discovery forms the basis of today’s revolutionary 
use of GFP. However, the discovery was quite unexpected 
at the time as it was generally accepted that naturally fluo-
rescing molecules and pigments were produced in several 
steps in the cells with each step requiring a protein to con-
trol the chemical production. Many believed that several 
proteins were needed to produce the chromophore in GFP, 
but Chalfie’s experiment showed that this premise was 
wrong. The only  protein needed is GFP. In the next step, 
Chalfie placed the gene behind a promoter that is active 
in six touch receptor neurons in roundworm C. elegans 
and saw the neurons glowing bright green. The image was 
displayed on the cover of Science in February 1994.7

GFP is generally non-toxic and can be expressed to high 
levels in different organisms with minor effects on their 
physiology.7 Furthermore, when the gene for GFP is fused 
to the gene of a protein to be studied in an organism, the 
expressed protein of interest retains its normal activity; 
moreover, GFP retains its fluorescence. Thus, the loca-
tion, movement, and other activities of the studied protein 
can be followed by microscopic monitoring of the GFP 
fluorescence.8 Taken together, the remarkable and unex-
pected properties of GFP from Aequorea victoria are es-
sential to its usefulness in studies of dynamic processes in 
living cells at the molecular level.

Roger Tsien’s greatest contribution to the GFP revolu-
tion was to extend the palette by providing new colours 
that glowed longer and with increased intensity. To be-
gin with, he charted how the GFP chromophore is formed 
chemically in the 238-amino-acid-long GFP protein. It 
was known that the three amino acids in position 65–67 of 
GFP react with each other to form the chromophore. He 
accounted for the reaction by showing that oxygen but no 
other protein is needed.6 With the aid of DNA technology, 
Tsien then exchanged various amino acids in different 
parts of GFP to generate proteins that absorbed and emit-
ted in other parts of the spectrum. By altering the amino 
acid composition, Tsien was able to develop variants of 
GFP that emit more strongly and with different colours 
such as cyan, blue and yellow.6,8 Use of these now allows 
researchers to mark different proteins in different colours 
to see their interactions. Despite these advances, Tsien 
was unable to produce a red colour. Since red light is the 
best for penetration of biological tissue, it is especially 
useful in the study of cells and organs inside the body. 
Mikhail Matz and Sergei Lukyanov became involved in 
the GFP revolution by finding GFP-like proteins in fluo-
rescent corals. They identified six more proteins; one red, 
one blue and the rest green.9
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The desired red protein was designated DsRED from the 
coral Discosoma.9 Unfortunately, it was larger and heavier 
than GFP. It consists of four amino acid chains instead of 
one, thus making it of less use as a fluorescent tag.10 Tsien 
redesigned DsRED such that the protein is now stable and 
fluoresces as a single amino acid chain that can easily be 
connected to other proteins.11

From this smaller protein, Tsien’s group also developed 
proteins with mouth-watering names like mPlum, mCher-
ry, mStrawberry, mOrange and mCitrine, according to the 
colour they glowed.12 Several other researchers and com-
panies have also contributed new colours to this growing 
palette. Today, some forty-six years after Shimomura first 
wrote about the green fluorescent protein, there is a kalei-
doscope of analogues that transmit all the colours of the 
rainbow.

Three of the proteins have been used recently in a spec-
tacular experiment. Mice were genetically modified to 
produce varying amounts of yellow, cyan and red within 
the nerve cells of their brain. The result was a mouse brain 
that glowed with the colours of the rainbow. The research-
ers could follow nerve fibres from individual cells in the 
dense network in the brain. The experiment was termed 
the brainbow.13

One mystery yet remains to be solved. Why does the jel-
lyfish Aequorea victoria shine? Many organisms living in 
the sea use light from biofluorescent proteins to confuse 
their enemies, to attract food or to tempt a partner. But 
no one yet knows which has caused Aequorea victoria to 
evolve aequorin and GFP.

Obituary
William Edward (Ted) Harvey 1925-2008

October 20 saw the passing of an icon in New Zealand 
Chemistry and the Institute. Ted Harvey was known na-
tionally and internationally as the face of Chemistry in NZ 
from the nineteen years that he served as our Honorary 
General Secretary, his bowtie a hallmark. He became As-
sistant Secretary in 1956 and Secretary from 1957-1975. 
His worldwide dealings with our sister societies and their 
officers, and the chemistry visitors hosted by NZIC were 
paper-based, occasionally by telephone (e-mail and fax 
were not available then), and in person. Indeed, whenever 
he returned from an overseas trip he would tell us that he 
had met up again with … – and the list of distinguished 
chemists would roll off his tongue. On completion of his 
secretarial service in August 1975 he became 2nd Vice-
President and subsequently President for the 1977-78 
year, a role that he fulfilled with distinction. Subsequently 
he was elected to Honorary Fellowship.

Ted was born in Auckland in 1925 and attended Epsom 
Normal School and Auckland Grammar, gaining third 
place nationally in his Scholarship examinations after 
John Ziman and Bob Tizard (formerly Professor of Phys-
ics at Bristol University, and politician, minister and 

Deputy Prime-Minister, respectively). His MSc degree 
was with Professor Lindsay Briggs at Auckland Univer-
sity after which he moved to Cambridge for PhD study 
with Alexander (Lord) Todd. He then took a postdoctoral 
position with Holger Erdtman in Stockholm that lasted 
for two years and this was his most prolific research pe-
riod generating five publications. His return to NZ was 
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to the Dominion Laboratory in Sydney Street where he 
met Helen (Barr), his wife of almost 52 years. In 1953 he 
accepted appointment to Victoria University of Welling-
ton as a lecturer in chemistry under the headship of Prof. 
Stanley Slater and remained at the institution for the rest 
of his working days. He arrived when the Department was 
housed in the Hunter Building and was one of its inhabit-
ants for five years before moving to the new Easterfield 
Building on Kelburn Parade when it opened in 1958. He 
was also Warden of the VUW hostel for men, Weir House, 
at that time and his term (1956-59) left lively memories.

He rose through the ranks of academia to become Reader 
in 1967 and Associate Professor in 1969. Ted had a first-
rate pair of hands and was adept and astute at the bench 
but did not publish much of his work. The author recalls 
him being quite distressed one day having found data 
in a reputable journal that was wrong – it differed from 
his own that made markedly more sense – but the matter 
went no further. He had few research students but his last, 
John Miners, distinguished himself and is now Professor 
and Head of the Department of Clinical Pharmacology at 
Flinders University of South Australia and a 2008 Hon. 
FRSNZ. He taught generations of undergraduates, always 
taking a load commensurate with his colleagues, and he 
made a lasting impression on them. As Bill Jordan (Bio-
logical Sciences, VUW) said: ‘Ted was always supportive 
and his teaching enhanced my passion for organic chem-
istry’.

Ted’s role in the Chemistry Department saw him take 
charge of technician training and be the interface for the 
general staff to the Administration. He ensured that the 
demands of the Technician Certification Authority were 
met and that every trainee technician spent the requisite 
period of time in each of the laboratories of the Depart-
ment, thus gaining an ability to work in one area and pro-
vide trained back-up in another. This duty and the training 
syllabi involved him with Wellington Polytechnic (as it 
was) and he served also on its Council as the VUW rep-
resentative from 1971 until the end of 1988. Additional 
to this, he had charge of the chemical stores, the order-
ing, and the provision of chemicals within the allocated 
budget. This was at the time when few materials came by 
air-freight and there was a single annual order that took 
from 3-6 months to come by boat. The annual order was 
the largest single exercise in purchasing and provided the 
chemical supplies needed throughout the university with 
discounted prices negotiated from the bulk order made. 
The undergraduate laboratories rarely ran out of supplies 
and few academic staff could complain of the services he 
provided, but then in those days, the store housed a good 
range of chemicals and Ted added some new and poten-
tially useful materials each year.

Ted was always supportive of his colleagues and insis-
tent that organic chemistry got its fair share of everything 
– some might suggest more! Undoubtedly, he was active 
in ensuring that the area received an established profes-
sorship to follow the mid-1960’s appointments in inor-
ganic (James Duncan) and physical (John Tomlinson). 
The position was advertised and an appointment made, 
with Robin Ferrier arriving in late 1970. During the early-

to-mid-1970’s Ted spent more and more of his time with 
administrative duties such that in 1978 he accepted ap-
pointment as Acting Registrar whilst retaining many of 
his duties in chemistry. The position was made permanent 
in 1979 and he formally left the Chemistry Department 
to be in administration until his retirement at the end of 
1989. As Registrar he excelled, being as flexible as pos-
sible –as John Prebble (Law, VUW) said ‘he even allowed 
me to swap a half-secretary for VUW’s first laser printer’. 
This, with its associated cables, allowed Law at VUW to 
become the first non-science department in an Austral-
asian university to have a network!

As an individual, Ted formulated his views from the avail-
able information and was forceful with them. Equally, 
if he did not feel that your opinion or needs were valid 
the now legion ‘you haven’t a snowball’s chance in hell’ 
would be proffered. His demeanour in the undergraduate 
laboratory was somewhat severe and likely would not be 
tolerated in today’s climate. Yet every student knew pre-
cisely where they stood and what they needed to do; if 
they did not have the knowledge or skill to achieve a task 
he would painstakingly take them through the exercise. 
Ted was a master at the bench and few left his laboratory 
courses without a marked increase in ability. He returned 
as demonstrator to 1st-year after retirement where he was 
much admired and respected.

On a personal basis, Ted was the first academic I was in-
troduced to on my arrival at VUW in September 1968. I 
was told that Ted would look after me and he did, likely in 
more ways than he ever imagined. His dedication to first-
rate bench work, his assertion that professional matters 
rated highly, and his willingness to assist were immeasur-
able. That I have spent so much of my time on Institute 
matters has its basis in the professionalism that he and 
Denis Hogan inspired. He maintained his contacts with 
the Institute throughout his retirement usually attending 
Branch meetings, always cheerful and always helpful.

Away from work, his earlier days saw him active in tennis 
and hockey. As the years passed he took to hockey refer-
eeing, then, later in the Saturday afternoon he would pro-
vide match reports on Radio 2ZB. In later times he con-
tinued with tennis, taking up golf only in retirement; he 
was an adept bridge player. He served many terms on the 
VUW Staff Club Committee, was its barman and cracked 
many a keg in the Rankine Brown facility.

Ted Harvey became a legend in his own lifetime, had a 
candle with more ends than could be counted and burnt 
them all. But above all he was a dedicated and loyal ser-
vant to his profession. He is survived by his chemist wife 
Helen, and son Matthew. We will miss him.

Brian Halton

(Sources: Author, Matthew Harvey, David Weatherburn and 
VUW Calendars 1950-90; photographs courtesy of the J.C. Bea-
glehole Room Archive Victoria University (left), and the Harvey 
family (right); used with permission)
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Grants and Scholarships

Grants and Scholarships currently available for 
your application.

International Conference Fund
This fund is provided by the Minister of Research, Science 
and Technology and administered by the Royal Society of 
New Zealand. It is funding to assist organizations and in-
stitutions to host major international conferences in New 
Zealand. There is no closing date for applications.

For further information see the website: http://www.
rsnz.org/funding/int_conf/

Seed Funding
The Royal Society of New Zealand has a limited amount 
of funding to assist organizations setting up meetings, 
workshops or symposia. There is no closing date for ap-
plications.

For further information see the website: http://www.
rsnz.org/funding/int_conf/

Conference Assistance Programme
This programme provides assistance for bidding to host 
an international conference in New Zealand. This can in-
clude discounted airfares to travel to present bid, help to 
write bid documents and accompanying marketing mate-
rial as well as other assistance.

For further details see the website: http://www.conven-
tionsnz.com/cap.aspx

Foundation of Research, Science and Technology 
The Foundation has a number of on-demand schemes that 
provides funding to enable businesses to develop new re-
search and development projects. There are a number of 
different options available.

The following website has a table with how often these 
on-demand schemes are considered for funding and fur-
ther details about the various schemes.

http://www.frst.govt.nz/investframe/process/onde-
mand

Enterprise Development Grants for Market Devel-
opment
This fund is intended to help a business enter a new ex-
port market or new activity in an existing export market. 
Co-funding of up to 50% is offered.

For further details see the website: http://www.nzte.
govt.nz/section/14187.aspx

Enterprise Development Grants for Capability 
Building
These grants help a business reach its growth potential 
by co-funding the cost of increasing skills and expertise. 
The funding can be used to purchase expert help and ad-
vice needed to undertake a significant new project.

For further details see the website: http://www.nzte.
govt.nz/section/14185.aspx

NZ Science and Technology Postdoctoral Fellow-
ship Scheme
These fellowships are for those with a doctoral degree. 

Funding is $61,000 per annum for up to three years and 
up to $30,000 per annum for research related costs. The 
Request for Proposals for the 2009 investment round 
will be released in February with a likely closing date in 
April.

For further details see the website: http://www.frst.
govt.nz/funding/students/postdoc

Te Tipu Putaiao Fellowships
These fellowships are for students completing masters, 
doctorate or postdoctoral work in a science, engineer-
ing or technology discipline. All research proposals must 
demonstrate relevance and contribute to one of the four 
Vision Matauranga Research Themes. Funding depends 
on the qualification, ranging from $10,000 stipend for a 
masters to $61,000 for a post doctorate.

The Request for Proposal for the 2009 investment round 
will be released in February with a likely closing date in 
April.

For further details see the website: http://www.frst.
govt.nz/funding/students/TTP

RSNZ Travel Grants
This provides for $1,000 to assist students, undertaking 
full-time PhD study in science, to attend their first over-
seas scientific conference (excluding any conferences 
they have been to in Australia). Closing date for applica-
tions is 1 March 2009.

For further details and an application form see the web-
site: http://www.royalsociety.org.nz/Site/Internation-
al/travel/default.aspx

Bilateral Research Activities Programme involv-
ing Germany
This fund is for researchers wishing to establish or further 
collaborative projects with their German counterparts. It 
provides funding to travel to Germany and for local costs. 
Priority is given to applications in health, food/agricul-
ture biotechnology, environment, marine and Antarctic 
research areas.

For further details and an application form see the web-
site: http://www.royalsociety.org.nz/site/funding/ger-
many/default.aspx

Shirtcliffe Fellowship
This fellowship is to assist graduate students of outstand-
ing ability and character to continue their studies. The 
Fellowship is for up to three years at a value of $5,000 
per year. Closing date for applications is 1 March 2009.

For further details, criteria and an application form see 
the website: http://www.nzvcc.ac.nz

Vernon Willey Trust Fellowship
This fellowship is for research and education relating to 
production, processing and marketing of wool and the 
general developing and improvement of the sheep and 
wool industry. Closing date is 15 March 2009.

For further detail see the website: http://www.me-
atandwoolnz.com/

Continued next page...

Funding
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Conference Calendar

AMN4, 4th MacDiarmid Institute for Advanced Materials 
and Nanotechnology Conference, University of Otago, 8-
12 February 2009
Further details available at the website: http://macdiar-
mid.ac.nz/events/amn-4.php 

Gordon Research Conferences, Gaseous Ions; Structures, 
Energetics & Reactions, Galveston, Texas, USA, 1-6 March 
2009
Further details available at the website: http://www.grc.
org/programs.aspx?year=2009&program=gaseous

PITTCON 2009, 60th Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, Chicago, Illinois, 
USA, 8-13 March 2009
Further details available at the website: http://www.
pittcon.org/

TRACE 5th Annual meeting and conference, Freising, Ger-
many 1-3 April 2009
New methods and systems for confirming the origin of food 
including Isotope ratio mass spectrometry. Further details 
available at the website: http://trace.eu.org/je/germany/

Chemical BioPhysics Symposium, Toronto, Canada, 24-26 
April 2009
Further details available at the website: http://www.chem.
utoronto.ca/symposium/biophys/2009/

EUCHEM Conference on Stereochemistry, The 44th Bur-
genstock Conference, Brunnen, Switzerland, 17-22 May 
2009
Further details available at the website: http://www.ste-
reochemistry-buergenstock.ch/

MCR 2009, Fourth International Conference on Multi-Com-
ponent Reactions and Related Chemistry, Ekaterinburg, 
Russia, 24-28 May 2009
Further details available at the website: http://www.
mcr2009.ru/

2nd International Congress on Green Process Engineering, 
Venice, Italy, 14-17 June 2009
A conference on Green Process Engineering – environmen-
tally conscious design of chemical processes. Further details 
available at the website: http://www.gpe-epic2009.org/

EuCheMZ COMC XVIII, Conference on Organometallic 
Chemistry, Goteborg, Sweden, 22-25 June 2009
Further details available at the website: http://www.chem-
soc.se/sidor/KK/comc18/index.htm

13th JCQC, International Congress of Quantum Chemistry, 
Helsinki, Finland, 22-27 June 2009
Further details available at the website: http://www.hel-
sinki.fi/kemia/icqc/

XXII Conference on Advances in Organic Synthesis, Kar-
pacz, Poland 8-12 July 2009
Further details available at the website: http://www.icho.
edu.pl/aos2009/index.html

ESOC 2009, 16th European Symposium on Organic Chemis-
try, Prague, Czech Republic. 12-16 July 2009
Further details available at the website: http://www.
esoc2009.com/

EPF’09 European Polymer Congress, Graz, Austria 12-17 
July 2009
A conference covering all aspects of polymer science.  Fur-
ther details available at the website: http://www.epf09.
org/

21st International Symposium: Synthesis in Organic Chem-
istry, University of Oxford, United Kingdom, 20-23 July 
2009
Further details available at the website: http://www.rsc.
org/ConferencesAndEvents/RSCConferences/OS09/index.
asp

13th International Conference on the Application of Den-
sity Functional Theory in Chemistry and Physics, Lyon 
France 31 August - 4 September 2009
Further details available at the website: http://www.dft09.
org/

ICCC39, 39th International Conference on Coordination 
Chemistry, Adelaide, Australia, 25-30 July 2010.
ICCC39 will encompass all aspects of coordination chemis-
try through plenary, keynote and section lectures and poster 
presentations.

Maori Education Trust Professions Scholarship
This scholarship is available to Maori students undertak-
ing research at post-graduate level in a profession where 
very few Maori are represented. It is valued at $5,000. 
Closing date for applications, 1 May 2009.

For further details see the website: http://www.maori-
education.org.nz/sch/post_grad.html

Roy Watling Mitchell Prestigious Professions 
Scholarship
This scholarship is available to a Maori graduate with a 
record of academic excellence and the proven ability 
to complete postgraduate studies in New Zealand. It is 
valued at $5,000. Closing date for applications, 1 May 
2009.

For further details see the website: http://www.maori-
education.org.nz/sch/post_grad.html

New Zealand Postgraduate Study Abroad Award
This award is available to postgraduate students enrolled 
in either Doctoral or Master’s degree programmes at a 
New Zealand institution, whose research would benefit 
from up to six months of study or research overseas. The 
value of the award is up to $10,000 depending on the 
proposed project. Closing date for application is 1 May 
2009.

For further details see the website: http://www.newzea-
landeducated.com/int/en/institutions_courses/schol-
arships/outgoing/new_zealand_postgraduate_study_
abroad_award

Grants and Scholarships Continued...
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