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MECA Spectroscopy & GC / FID / FPD (Ni, Pd, Pt) Metal DTP
Complexes

GC-MS of metalloporphyrins; Porphyrin geochemistry

GC reactor studies; Cyclophanes (Prof YH Lai; NUS) & oximes

Capillary electrophoresis

Gas chromatography;. Multidimensional GC (MDGC)
Comprehensive two-dimensional gas chromatography
(GCxGC) & GC reactor oximes

(extractions; fundamentals; applications)

MDGC; GCxGC & GC reactor oximes
HPLC-MS

Phase developments

Simulations
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Visitors to my lab since 2004:
Dr Ally Lewis, UK; Prof. Peter Haglund, Sweden; Mr Graham Eyres, New Zealand; Prof Jean-Pierre
Dufour, New Zealand; Prof Elena Stashenko, Columbia; Ms Carin von Muhlen, Brazil; Ms
Patcharee Pripdeevech, Thailand; Prof Zenilda de Lourdes Cardeal, Brazil;, Dr Fabian Kuhn,
Switzerland; Dr Stefan Bieri, Switzerland; Prof Allen Goldstein, USA; Prof Marco Diogo Richter,
Portugal; Ms Sonja Peters, The Netherlands; Mr Bruno Vlaeminck, Belgium; Ms Kornkanok
Aryasuk, Thailand; Ms Kati Korkiasaari, Finland; Ms Rebekka Oelze, Germany; Ms Giorgia
Purcaro, Italy; Mr Omar Amador Munoz, Mexico; Mr Marc Brulet, France; Ms Jacqui Hamilton,
UK, Mr Warawut Tiyapongpattana, Thailand; Ms Anne Baumann, Germany; Mr Patterson de
Souza, Brazil; Mr Christian Ruehle, Germany; Dr Kok Chin NG, Singapore; Prof Hyung Kyoon
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Kim, South Korea; Prof Alexandra Ribeiro, Portugal; Dr Eduardo Mateus, Portugal; Ms lzabel
Cardeal, Brazil; Dr XiangPing Liu, China; Ms Asia Nosheen, Pakistan; Ms Celale Kirkin, Turkey; Dr
Charles West, UK; Ms Lyn May Lee; Singapore; Ms Xiao Ying Wong, Singapore; Mr ZhiHong Tay,
Singapore; Dr Ming Jiang, China; Ms Michely Capobiango, Brazil; Ms Raissa Mastello, Brazil; Ms
Constanze Hartmann, Germany; Ms Rachel West, UK; Ms Sabrina Kroger, Germany; Ms Marcella
Casagrande, Brazil; Ms Laura Kreig, Germany; Prof Melek Merdivan, Turkey; Ms Dandan Yang,
China; Mr Sebastian Weber, Germany; Dr Emily Goh, Malaysia; Mr Kakming Wong, Malaysia;
Prof Danilo Sciarrone, Italy; Mr Fabio Novaes, Brazil, Prof Ademario da Silva, Brazil; Prof Song
Shen, China; Mr Federico Floris, UK; Ms Siriluck Pojjanaponpun, Thailand; Prof Francesco
Cacciola, Italy; Mr Calvin Goh, Malaysia; Ms Katorzyna Owczarek, Poland; Ms Anna Lipphardt,
Germany; Ms Luisa Seyerlein; Germany; Mr Kenny Choo, Malaysia; Mr Dwi Ramadhan,
Indonesia; MrLAjl Sarosa, Indonesia; Dr Elvina Iftitah, Indonesia;Prof Chandrawati CaﬁﬁeﬁO,SS WMWW*W
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International Visitors ~ Collaboration Studies:

Sweden. PAH in mammals; Germany. Interconv #1 & #2; MDGC;
PL Extraction; Cryogenic Bioanalysis; MOF phases; Ess oils;
effects; Env. toxicants; PCB; Finland. FAME in GCxGC:

Denmark.Bygagbenc Switzerland. 2D ret indices in
Ainfish _ GCxGC; MDGC; Fast GCxGC
Netherlands. Metrics Italy. Fast GC; Coffee; Ess

of data in GCxGC; oils: PAH in olives: Ret
UK. Urban Atm. indices; GCxGC reproduce.;
Pollution; Food flavonoids:

USA. Intercggy & Selective det Spices; SPME
floral attractant / China. Interconv;
Spices; TCM; Ess

Oils; Pesticides:

France. Pesticide/( — Turkey. Ess OlIS, Hel’bS,

Portugal. Pepper; Sea
salt VOC; Ess oils; MS  Pakistan.

Mexico- Urban detn; Pollutants FAME

pollution; Quant. Thailand. Biowmation

anal. in GCxGC; diesel; Ess oils; - /Singapore.

PAH Colombia. \ Interconv: Sildenafil in

Ess 0ils herbal nutrients

Brazil. Euca. oils; Laranja
& Cachaca beverage; Ess. ﬁt/ ‘
oils; Petroleum; Coffee; NZ. Beer EssRCO)?Ig ”~‘*r‘~'A'HWWWW*'IW

% MONASH University

W



Arabica Coffeg
 SPME- GCxGC/TOFMS

p [
(s)

Position..
Pattern ..
Pyrazines..

Anywhere you measure — not a single resolved peak MS???



GCxGCis a gas chromatographic technique
> We SHOULD expect it to possess all the attributes of GC

» Can all GC principles be applied to GCxGC?

» Was GCxGC designed to obey the features of 1D GC
analysis?
» Will researchers be able to apply known GC parameters
to the GCxGC environment?

» Can we deconvolve GCxGC chemical selectivity of
homologues (D), and chemical classes (°D) into a 2D
‘chemical property’ map

We decided to examine GCxGC with respect |
AMC to established GC parameters ‘WWW[W»




Peaks are sliced (modulated); each slice is introduced into a short %D
column to provide further separation. Data presented as a 2D plot.
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Advantages & Attributes of GC=xGC

GCxGC

GCxGC

GCxGC

GCxGC

GCxGC

GCxGC

GCxGC

GCxGC

2 MONASH University

Uses 2 columns; 15t = long, 29 =il rt

6C

Better®etection sensitivity — improved LOD
Improves MS detection — reduces chemical
background
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The Genesis of my Cryoge(nclicc
modulator for MDGC & GC .

@ ISCC Riva de] Garda Conference
Italy

(Hans-Gerg Janssen Lecture)

HCBOSS U,WWWMW
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Attending a conference??
You SHOULD have an INNOVATIVE IDEA

(at least ONE)!!
+ idea / inspiration

+ paper

A space for my

great idea
?

Some great ideas
« Sliced bread
* Electric light bulb
Bl - Gravity waves
* Velcro
» Weight loss formula
* Snail White
* 6Cx6C modulator

nchoss



My thoughts / idea ....

* Large volume injection — needs a focussing approach....
GOOD IDEA!

* How do we do this??

* Apply Cryofluid, then rapidly heat the cold zone

* OR ... MOVE the COLUMN/CRYOFOCUS ZONE!!

co,

i

O00GR00M00IED
RETRE

©
> —
>
:@:
* Return home — and do something about it!! -
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Response

A) Our first early attempt at on-
line ‘cryogenic operation’ circa

1996

The broader peakin (A) is
made considerably sharper in

(B); and taller ...

A\ . ///

N 1 1 1
2 4 6 8
Retention time (min)
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The Modulator Hardware
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The NEW electronic controller
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The GCxGC/MDGC
‘Systems’ Team

eeraya Khummueng

tefan Bierl

Blagoj Mitrevski

ong-Foo Wong
Sharif Khan

Sung-Tong Chin

Chadin Kulsing
ACROSS ~~-‘/R.'AWWWWHW
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hybrid GCxGC-MDGC
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Russell Kinghorn - started own analytical
consulting company; now sold (for a good profit!)

Started our GCxGC research; Pneumatic modulator, then
the LMCS.

2000 paper in Nature on urban atmospheric pollution
MDGC of PCBs

Studies on various modes of cryogenic modulation
General studies expounding GCxGC with cryomodulation

7 MONASH University ACAROSS »/».MWWWMM
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Robert Shellie - postdoc Germany (Oliver Fiehn);
University of Tasmania; SGE/Trajan; now
Professor Deakin University, Melbourne, Australia

Amazing undergraduate success (5 publications) & 16
more in PhD

Vetiver; sandalwood; tea tree; lavender

Chiral GCxGC: eGCxGC & GCxeGC

Fast GCxGC

GCxGC-ToFMS

Vacuum 2D operation

Translation of GCxGC-FID to GCxGC-gMS

Non-linear chromatography peaks in GCxGC

Isomer interconversion processes in GCxGC

Retention time reproducibility in GCxGC — Interla%{d&g)ﬂwwwm

4




Isomer interconversion pProcesses

* NUS: Cyclophanes & oximes;
Cr(CO);MeNaphth; Cr(trifluoroacac),

 RMIT: Shellie, GCxGC oximes

» Kornkanok Aryusuk, Interconversion in GCxGC

* Monash: Chewe Chifuntwe, Interconversion of
chiral oximes in GCxGC

 Sabrina Kroger: Interconversion of chiral oximes
with 1D and 2D chiral columns in GCxGC

* \Wong Yong Foo: Chiral 3D and 4D GCxGC on-
column interconversion dynamics

A MONASH University AcRoSS i
N .



INTERCONVERSION...

What is
This??? e
UL |

2 g l
- | ACROSS |,
7 MONASH University Tir e (min) mmwww

L



The Rationale
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240 °C (iso)

S|
1

B a— 7
0 pps 20

2a,2b; R=R’=
H* 3a, 3b; R = CH,; R’ H

CH,

4a, 4b; R = CH;; R’ = Cl

. 5a,5b;R=H;R’ =

CH,
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1y e ~ Marriott PJ & Lai YH,

| Isomerization Processes
observed for Chromium
Compounds by Using the Gas
Chromatography Reactor Inorg.
Chem. 25 (1986) 3680-3

25 m x 0.32 mm ID non-polar
phase

. 185°C
13kPa |
- UL‘M o JLL B

= ass T es
0.4kPa | 03kPa

ssos | 7 1505 T 2005 &

1.0 kPa
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0 . 4% TIMEdmin 30 . -
SEmx0.54 mmID non-polar phase 105 °C isothermal — minimise interconversion
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Dynamic Molecular Interconversion in
OXIMES; E-Z isomers

R OH R
N\ .\

C==N / =~ C=—N
v’

\OH

e Resolvable by GC using polar column
e Energy barrier ‘suitable’ for temp of GC analysis
e Calculate thermodynamic parameters by both

—> conventional means = modelling the GC trace

- MDGC for Essential Oils ACROSS ‘J‘IWM.
7 MONASH University 222 i
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EXAMPLE - ACETALDOXIME @ 80°C

R H
pA
2] . A NORMALGC EJSOH — HO;L/( |
E (anti) Zsyn
51 22 B
157 v
PA 7 8.5 9 min
10007 4
l1000 GCxGC
208. yl H@H“““““Il
- omin
PA
o GCxGC
00 expanded
1081
7.68 7.72 7.76 7.8 7.84 min
HCRossjwwwmw



Acetaldoxime @ 80°C; 5psi

1.50

1.25 7

impurity

1.00 ~

2t., s; WAX or NP

17.0 18.0 19.0

1, min; WAX
-I #

100 150 200 250 300 350

ACROSS |
7 MONASH University Foss ol



Ruby Ong - SGE then returned to Singapore
to Agilent, now with Thermo

Phase & frequency of modulation & peak patterns in
GCxGC

Planer PCBs in GCxGC

Shape selectivity of PCBs

Effect of chromatographic conditions on GCxGC

7 MONASH University caoss il
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Modulation Phase and Frequency in GCxGC

l
.1
N: I
Y
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T
I Rl et
Start time + 0.06 I |\=| /0 T Tl | In-phase
| el M

Start time + 0.04 I’ \ I E I_H.:_é_:,ﬂ_ﬂ_ﬂ_
: : 180° out-of-
B T NI ] B | |
"i ! lJ\_Iﬁ_ﬂ_L phase
I

] )mc

¢ 17.0 171 17.2 17.3 17.4
17.2 17.3 17.4

iy wcross i)

017.0 171 17.2 17.3 17.4

same phase




Danielle Ryan — Professor, Charles Sturt University

Orthogonality studies in GCxGC
Molecular interconversion in GCxGC
Coffee analysis

Strawberry volatiles analysis

Methoxypyrazines, labelled 1S, SPME for wine analysis
TCD detection studies

Unresolved complex mixture petrochemical studies

% MONASH University aghs W.MHWWMM
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The BRAZIL “Orthogonality Experiment”
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Tin Tran - Australian Botanical Products

Incense and incense smoke analysis studies in GCxGC —

ECD; NPD, MS
Choice of column phase geometries for petrochemical

analysis
Characterisation of petroleum UCM

7 MONASH Un , ACROSS 'W,/r..wWWWW
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GCxGC-TOFMS

Lotus-scented
Incense powder
§
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Weeraya Khummueng —
Professor Prince of Songkhla University, Thailand

Development of concepts of modulation
ratio in GCxGC

Detector technologies for GCxGC
Fungicide residues in vegetables using
GCxGC-NPD/ECD

& MONASH University HC‘BOSS ”WWMWW
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Stefan Bieri - Switzerland Food control Lab,

(similar to Koni Grob).
** Recelved Swiss Chem Soc award for his work o
retention indices in GCxGC; visited Kovats to
discuss his work

Development of approaches for retention index concepts
Iland 2l in GCxGC

Dual injection system for 1l and 2l in GCxGC

Fast enantioseparation for allergens analysis (ca. 4 min)

ACROSS |,
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Michael Dunne -

Development of approaches for
targeted multidimensional gas
chromatography.

Rapid analysis supported by cryogenic
modulation.

Allergens; peppermint

ACROSS |,
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FID 1 Trace

T = T

FID 2:Trace

FID Response (pA)
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James Harynuk — Professor University of Alberta —
Canada

Analysis of thermally-labile compounds in GC
and GCxGC

Modulation ratio concepts in GCxGC

Fatty acids and selective FAME columns GCxGC

Fast GCxGC with short primary columns

Sample dimensionality and structured retention patterns in
GCxGC

Microwave derivatization for metabolomics in GCxGC
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Fast GC <GC with Short Primary Columns

Prevent thermal degradation of natural pyrethrums ...

A %07 B
BII:I- E
704 70+
&0
ﬁ ol 2 50
p=] ) o
EJ- 404 .El‘ 1
1 W
=2 1
@ 3 30
204 1 _
10+ A : 10 —= "
_— Y - Y
T T T ——— T T T T " 1 ¥ T T T ¥ T T ,.a-l"' T T T ¥ T \ T 1
z 4 6 877w 2 e 8 98 A 20 2 4 6 _--8 10 12 4% 18
T Time (min) i _=" Time (min} \
— 5 -
- 1
- b
252 'C mthﬂ“ﬁ -‘!’__.-" l|'.|
.ﬂ"- "I
A -"" Pyrethrin | \
Major degradation \
products Jasmolin | Pyrethrin Il

Cinerin | Jasmolin Il
_',J JMLJ_JLJLL N \ cinerin !

145 150 155 160 165 170 175 180 185 ﬂ _;ﬂ«J
1 ¥ 1 v T

| | | 10 115 120 125 130 135140 mew
7 MONASH University =y

L




Graham Eyres — Professor Otago University Food
Science, New Zealand

Spicy fractions in Hop analysis by GCxGC
Character-impact odorants in coriander and wild
coriander, with olfactometry and GCxGC
Potent odorants in wine and brewed coffee, with with
olfactometry and GCxGC

MDGC for micro-preparative scale identification of target
compounds with MS and NMR

Flavour analysis with GCxGC
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=) MS
=) NMR

IN.J DET 1 EPC DET 2 CTISP ‘ X-Ray
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Shin-Miin Song - Health Science Authority Singapore, then A-
Star Singapore; award for best forensic science paper

GCxGC-TOFMS for drug screening and confirmation
GCxGC-gMS for drug profiling

Chemical fingerprinting of illicit drug seizures with
GCxGC
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Blagoj Mitrevski - CSIRO Oceans & Atmosphere,
Melbourne

Development of novel hybrid comprehensive 2D -
multidimensional gas chromatography

Dual 1onic liguid columns for GCxGC of fatty acid methyl
esters

Steroid analysis by using GCxGC

Chemical signature of ecstasy volatiles by GCxGC
Identification of anabolic agents in doping control with
GCxGC

WADA criteria for anabolic agents examined by GCxGC
Oxidative degradation products in algal-derived fuel oil by
GCxGC

GCxGC-FPD of organophosphorus pesticides in foods
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DS OFF: DS ON:
(6Cx6C) (6Cx6C-MDGC)

restrictor
restrictor

LEGEND LEGEND
— Effluent — Effluent
> EPC flow » EPC flow
D column: SolgelWax (30m x 0.32mm x 0.5um)
’D,,, column: VF5 (5m x 0.15mm x 0.15um) MW
& M(°D, column: Rxi 17Sil (20m x 0.18mm x 0.18um) ‘J W’



RQSUI"'S - S-compounds

1D GC-MS of JP-5 (TIC) c1e
_1 IO 1 I5 2|O 2|5 3|O
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GCXGC-FI D Non polar
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Cc18

Wl

1 I I 1
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time (min)

Multidimensional sampling strategy

1. Il
2. Il
3———i—————i—i——
11— —————————i

Sample 0.2 min, 2 min apart
= 10 analyses to cover a full sample

Y] & complete each heartcut in 2 min i
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non-polars L

oxygenates |
(polars) A

time (min)
Single (12 s) heart-cut; with (———) & without (:--+*)
cryotrapping. Without: can hardly recognize oxygenates:

With: easy to recognize oxygenates
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Another approach:
- Single heart-cut, cryotrap, reduce oven temp., release...

* Verv high peak capacitv (~600)
e Cuta0.2 minsection fromthe 1D GCrun ... GC

1 |

2
; j |
J M N UU_IM " | ‘MMJ

.

35

Single (12 s) heart-éut (‘se-e‘ previous slide)
PROCESS: (1) cryotrap; (2) cool the oven; (3)
m Mcthen elute on the long D column —



Sung-Tong Chin - Imperial College (UK) and
metabolomics, Murdoch University

S- and P- compound analysis with GCxGC-FPD N
On-line concentration of target compounds with in-oven
cryotrapping

Cumulative SPME gas chromatography-olfactometry of
Shiraz

Integrated GCxGC & MDGC with mass spectrometry and
olfactometry

Profiling of soil fatty acids using GCxGC-MS
Enantiomeric separation in GCxGC with accurate mass MS
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Integrated GCxGC & MDGC with mass ~ GC-FID/O

spectrometry and olfactometry GCxGC-FID
MDGC-MS/O

Inlet LMCS

f"51!”5‘ 1D:Polar

Splitter
P 25.0 psi

2D,:Apolar
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Chadin Kulsing — Professor Chulalongkorn University, f
Thailand '

Two-dimensional retention indices and GCxGC
of saffron improves component identification
Molecular structures of ionic liquids to predict retention
of fatty acid methyl esters in GCxGC

Continuum in MDGC technology; MDGC to GCxGC
GCxGC group type analysis of compounds in thermally
stressed jet fuel

Multiple heart-cutting comprehensive MDGC
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Yada Nolvachal — Postdoc Monash University

Thermally sensitivity of ionic liquid columns
explains unusual orthogonality in GCxGC

In silico modeling of 100,000 experiments
for optimisation in GCxGC

GCxGC-MS modelling — a super-resolved separation
technique

Olive oll triacylglycerol analysis with MDGC-MS
Molecular modelling of FTIR to improve identification in
GC-FTIR/MS

lonic liquid phases for GCxGC of FAME

Winner of the inaugural Kovats Award, of the
Hungarian Society for Separation Sciences
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| | 2D GCxGC Contour |
Locate IS BRI A || R
Precise
1D Peak
Maxima "\

ACROSS |,
% MONASH University [ W‘WWW



Monash & Markes /

SepSolve.
GCxGC-MS: toward a super-

=

g e ‘ ‘

A

4
—
O
resolved separation technique.
= — Anal. Chem. 92 (18) (2020) 12572.
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Yong-Foo Wong — Professor Science University
(Univesiti Sains), Penang, Malaysia

Metabolic profiling of plant-fungus interaction
by use of GCxGC-MS

Enantiomers interconversion GCxGC with
enantioselective columns in both D and 2D
Enantioselective MDGC of monoterpenes for
authenticity control of tea tree oil

Analysis of copaifera oleoresin using GCxGC
and gas chromatography with soft and cold
electron Ionisation

Sequential hybrid 3D GCxGC-MDGC with
accurate MS
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QTOFMS

MEGA-DEX
DET-Beta

SUPELCOWAX® 10  DB-Sms Ul

ﬁ
Liquid CO, (Reactor column) )
CHIRAL SEPARATION <l Q) QUANTIFY
2D SPACE SELECT
N
ENANTIOMER E=Z E&7Z

ISOMERISATION R
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Sharif Khan - Dartmouth College, New Hampshire,
Then Wake-Forest University, North Carolina, USA.
Now, Cargill Inc. Minneapolis

Pressure—tuning of 1D and 2D columns in GCxGC &
Retention Indies in P/T - GCxGC
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Pressure
Tuned 1D.

.. alters
selectivity

of the 1D
separation

SLB-IL60

QIO

SLB. 5M? LMCS  SUPELCOWAX
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Study of
SEPARATION OF 27 STEROIDS BY 1D GC AND
GCxGC with FID & MASS SPECTROMETRY

Mitrevski & Marriott

'D: BPX5, 30m, 0.25mm, 0.25um °D: BPX50, 1 m, 0.1 mm, 0.1um
Inj.. 320 °C Det.: 330 °C

H, Flow: 1.2 ml/min FID Sampling Rate:100 Hz
Modulation Period: 5 s

Oven: 240 °C, 2 °C/min to 270 °C, 4 °C/min to 320 °C, hold 10 min

Compound Proof of Identity
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BSTFA-DERIVATIZED STEROIDS ON 1D GC/MS

6ES

SE5 |

4ES5

abundance

2E5 t

1E5 |

0

3E5

Mix of 27 steroids — BSTFA-derivatized
Column: BPX5, 30m, 0.25mm
Oven: 200 °C, 2°C/min to 250 °C
4 °C/min to 320 °C, hold 15 mjn
24 major peaks
no tailing
15 20 25 30 35 40
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BSTFA-DERIVATIZED STEROIDS: GCxGC/FID
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mod. period: 5 sec
mod. temp.: 100 °C up to 14 min,
then 150 °C

15 z0
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BSTFA-DERIVATIZED STEROIDS: GCxGC/FID

|

Expanded region mod. period: 5 sec
mod. temp.: 100 °C up to 14 min,

then 150 °C
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BSTFA-DERIVATIZED STEROIDS: GCxGC/FID

Expanded region
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3000 -

2500 1D'GC/TOFMS

Y S/N ratio???
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The substances: WADA (World Anti-Doping
Agency) key anabolic agents

0
OH
Cl NH#
HoN HO™
H

HO"
Cl

1. Clenbuterol 2. 19-norandrosterone 3. Epimethendiol

HO™"

H H

4. Methyltestosterone 5. Methyltestosterone 6. 3’hydroxystanozolol
- ACROSS R»”-‘*?'MWWWMW
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WADA Urine Positi Con | (UPC ke 5 /mL
rone Positive Contro , SPIKE S5 Ng/Mm

Masses: TIC

i m 1D time (s)
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MDGC/GCxGC — O/FID/MS Configuration

Inj
P1
1D
Polar
SolGel-WAX
30m*0.32mm*
Ou
CT
&2l values
2
orig
Apolar
DB-5ms
30m*0.25mm=*0.25um

S-T Chin et al. Anal. Chem. 84 (21) (2012) 9154  ross ‘J,,.MWMW
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Method protocol:
 SPME of Wine / Herbs / Spices / Coffee

* Multiple SPME extraction; cryofocus at 1D
 GC-O to define total odour regions

* GCxGC-FID using 2D, to profile all compounds
* Heart-cut target regions to 2D, and cryofocus
e Cool oven; reduce carrier flow velocity

* Release target compounds
e Obtain parallel O — MS data

B o sl
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Faculty of Science &

School of Chemistry
@ Monash

Dean of Science:

Prof Jordan Nash. High energy / particle physics

1700 publications; h-index 132
(Chemistry; Physics & Astronomy; Mathematics; Biological
Sciences; Earth, Atmosphere & Environment; School of

Science (Malaysia)
Head of Chemistry:

Prof Phil Andrews. Inorganic Chemist

180 publications; h-index 31 acRoss
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Recent Initiatives in

Chemistry @ Monash

School of Chemistry ...

* Very early Australian Research Council (ARC) Centre
of Excellence funding for
Centre for Green Chemistry ~ 15 years ago.
Prof W Jackson & Prof C Raston,
Then Prof M Hearn Director. Major application for a
dedicated Green Chemical Futures

* Established credentials in Green Chemistry

* Prof Paul Anastas; Prof Martyn Poliakoff collaborators
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Recent Initiatives in

Chemistry @ Monash

School of Chemistry ...

 Ranked #1 Chemistry Department in Australia

* [International ranking top 30

* New Green Chemical Futures funding building
— Chemistry and Chemical Engineering

* Strong success in ARC Competitive Discovery
funding over the years; now increased interest
in ARC Linkage (Industry) funding.
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Involvement in a range of recent funding

initiatives:

 Monash Food Innovations

 ARC-Funded Industrial Training Centre in Green
Chemistry & Sustainability, with local & International
Businesses

 ARC-Funded Training Centre in Food, with local &
International

 ARC-Funded Industrial Transformation Training Centre
for Green Chemistry in Manufacturing

* ARC Centre of Excellence for Electromaterials Science
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.. when you take the
Road to Paradise, there is No Exit!
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