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Project Summary

The main purpose of the project is to develop efficient low cost dedicated
automated multianalyte Platform (MP) systems with the integration of innovative
research and technology of well designed characterised high-tech-based micro-
and nanostructured sensors probes devices and very well functional catalytic
micro reactors operational unit devices into a unit (flow-based or non-flow-based)
that can easily be adopted and applied in real-time automated micro and
nanoprocess analytical technology (PAT) systems as an industrialised end-
product. A problem related analytical approach, considering complexity of every
unique sample matrix with corresponding conditions, will be followed. The overall
two phase strategic scenarios will include identification and efficient



guantification of analytes that damage sustainable and healthy human life (groups
of analyte parameters for example pesticides, toxic metals, organic and inorganic
substances in food, beverages, water, soil.) and those that enhance excellent
sustainable and healthy human life (vitamins, mineral, antioxidants) in food,
pharmaceutical products. The main objectives are further to select and investigate
the most probable suitable types of sensors devices and reactor conditions; in-
depth characterize and optimize the sensor for individual and efficient group
multianalyte detection; validate prototypes on real samples; implement the
systems as MP for PAT Micro/Nano-systems. Analytes or analytes groupings will
be tailored.
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Objectives

The main objective of the project is to develop efficient low cost
dedicated automated multianalyte platforms with the integration of
innovative research and technology of well designed characterised
nanotech-based multi-parameter sensors probes (in micro and nano
mode) and very well functional catalytic micro reactors operational unit
devices into a unit (flow-based or non-flow-based) that can easily be
adopted and applied in micro and nanoprocess analytical technology



systems as an industrialised end-product. A problem related analytical
approach, taking the complexity of every unigue sample matrix with
corresponding conditions into consideration, will be followed. The
overall two phase strategic scenarios will include 1) identification and
efficient quantification of analytes (processes) that damage
sustainable and healthy human and animal life (groups of analyte
parameters for example pesticides, toxic metals, organic and inorganic
substances in food, beverages, water, soil, etc.) and 2) identification
and quantification of analytes (processes) that enhance excellent
sustainable and healthy human Ilife (e.g. vitamins, mineral,
antioxidants) in food, pharmaceutical products etc. Analytes or
analytes groupings will be tailored to a selected specific dedicated
number most needed but within the ability and feasibility of the project.

Specific objectives are:

1. Data retrieval and in-depth investigation, and analyte selection
according to importance and  urgent requirements.

2. In-depth strategic planning of the whole project from design to
implementation.

3. Development with extensive characterization of electrochemical
sensors including SECM.

4. Development with extensive characterization of optical devices
for UV/Vis/fluorescence/chemiluminescence (with quantum-
dots)/NIR/Raman/AFM.

5. Development with in-depth investigation of catalytic micro-
/nanoreactors/nanostructured and nanoporous membranes unit
devices.

6. Integration into micro- and nanoprocess analytical technology
systems as key industrialised end-products.



Methodology

The following intermediate milestones (MS) are proposed:
MS1. Exploration and selection criteria (Month 6).

MS2. Strategic planning (Month 8).

MS3. Electrochemical sensors (Month 18).

MS4. Optical devices (Month 18).

MS5. Reactors (Month 26).

MS6 Integration (Month 36).

MS7. Management. (Throughout)

MS8. Dissemination (Months 24 — 36).

The scientific work and technological development are structured
distributed into EIGHT(8) core workpackages (WP’s):

WP1 - Coupled to intermediate _milestone 1 of the project will be
dedicated to explore various innovative pathways in terms of selection
of most needed groups of analytes and proper sensor materials and
detection devices for each of the nanotech-based multi-parameter
sensors devices - electrochemical sensor probes and optical
microscopic  detection probes {UV/Vis, fluorescence and
chemiluminescence (with quantum-dots), NIR, Raman, AFM} and (if
needed) micro- and nanoreactors. WP1 is of paramount importance to
identify potential breakthroughs that will be further investigated in the
next WP’s.

WP2 - Electrochemical sensors.
WP3 - Optical devices

WP4 - Micro-/nanoreactors/membranes (Coupled to intermediate
milestones 2, 3, 4 and 5) will develop with extensive characterization




and in-depth investigation each of these identities simultaneously in
parallel as separate identities.

WP5 - Coupled to intermediate milestone 6 will integrate the individual
separate identities from WP2, WP3 and WP4 into micro- and
nanoprocess analytical technology systems as key industrialised end-
products.

WP6 - will be dedicated to the integration of the individual systems into
a new integrated low cost, dedicated multianalyte platform unit. The
idea is to develop a number of these multianalyte platform units for
employment in different industrial process situations.

WP7 - will be used as management and risk assessment of the project

WPS8 will form the dissemination and exploitation of results.

The workpackages (WP’s) are divided into the following tasks
(activities):

WP1:

1.1 Identification and information of most needed urgent analytes or
groups of analytes.

1.2 Data retrieval of current known analytical methodology on selected
analytes or groups of analytes.

1.3 In-depth investigation into new innovative pathways with careful
strategic planning of proper new analytical methodology with proper
sensor materials and detection devices for each of the nanotech-based
multi-parameter sensors devices - electrochemical sensor probes and
optical microscopic detection probes.

1.4 ldentification of potential possible breakthroughs that will be
further investigated in the next WP’s.

WP2:



2.1 ldentification and selection of proper suitable sensor material, and
design of suitable sensor membrane/surface, sensor transducer,
signal transport, amplification, processing for electrochemical
sensors/SECM.

2.2 Construction and integration of different parts of the sensor probe
Into a suitable nano-structured sensing probe.

2.3 In-depth investigation and characterization of the functionality of
the physical and chemical parameters of the sensing probe.

2.4 Optimization with constant in-depth evaluation of the
electrochemical sensor in terms of concentration range, selectivity,
response characteristics and detection limit for single, multi-parameter
and grouping of analytes.

2.5 Validation of real-time electrochemical sensor device for the
selected analyte material and selected application fields of food,
beverages, water, soil, environmental, pharmaceutical and diagnostics.

WP3:

3.1 Identification and selection of proper suitable single and/or multiple
optical microscopic detection probes units (UV/Vis, fluorescence and
chemiluminescence (with quantum-dots), NIR, Raman, AFM).

3.2 ldentification and selection of proper energy sources and filtering
units for each optical device as needed.

3.3 Development with in-depth investigation and characterization of
each individual type of optical device with careful strategic planning
regarding the suitability as optical microscopic detection device.

3.4 Identification and selection of possible breakthroughs devices that
Is suitable as proper functional devices for further investigation for
determination of single, multi-parameter and/or grouping of analytes
as needed.



3.5. In-depth investigation of electromagnetic spectrums (UV/Vis, NIR,
Raman) for suitable proper spectrochemical methods for qualitative
identification (finger printing/pattern recognition capability) and
possible quantitation for determination of single, multi-parameter
and/or grouping of analytes as needed.

3.6 Identification and selection of individual or multiple wavelengths
properties for proper suitable sensitive responses towards single,
multi-parameter and/or grouping of analytes as needed.

3.7 Enhancement of response sensitivity and selectivity with extensive
characterization using glowing tags like fluorescence,
chemiluminescence, quantum-dots and non-glowing tags like SERS
where needed.

3.8 Optimization with constant in-depth evaluation of the selected
individual optical devices in terms of concentration range, selectivity,
response characteristics and detection limit for single, multi-parameter
and grouping of analytes.

3.9 Validation of real-time selected individual optical devices for the
identification and quantification from real samples from selected
application fields of food, beverages, water, soil, environmental,
pharmaceutical and diagnostics.

WP4:

4.1 Identification and selection of proper suitable micro- and
nanoreactors/membranes for separation/filtration/reaction  unit
operations as needed for sampling preparation and processing.

4.2 Development and optimization with in-depth investigation and
characterization of physical and chemical parameters of catalytic
micro-/nanoreactors/nanostructured and nanoporous membranes unit
devices in combination with selected individual nano-based sensors
devices for optimal enhanced performance of single, multi-parameter
and/or grouping of analytes as needed.



4.3 Validation of suitable proper reactors for quantification from real
samples from selected application fields of food, beverages, water,
soil, environmental, pharmaceutical and diagnostics.

WP5:

5.1 Integration of individual separate identities from WP2, WP3 and
WP4 into micro- and nanoprocess analytical technology systems as
key industrialised end-products.

5.2 Validation of micro- and nanoprocess analytical technology
systems.

WPG6:

6.1 Integration of individual systems in WP5 into a new integrated low
cost, dedicated multianalyte platform unit.

6.2. Validation of this unit.

WP7:

7.1 Continuous progress evaluation and assessment of the project.
7.2 Continuous proper coordination and project management.
WP8:

8.1 Dissemination with a website, flyers and of results through patents,
published papers in ISI peer-reviewed journals, presentations at
workshops, conferences, seminars.

8.2 Integration of knowledge with training/education of students/young
researchers.



The Gantt chart of WP’s of showing the description of the main Work
Packages with the timescales associated with each WP.
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Papers presented at conferences:
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Amperometric Dot-Sensors based on Zinc Porphyrins for the Determination
of Sildenafil Citrate

Jacobus Frederick van Staden, Raluca-loana Stefan-van Staden

IMCS 2012 The 14th International Meeting on Chemical Sensors, May 20 —
23, 2012 Nuremberg, Germany (Oral presentation)

Nanotechnology and Multianalyte Platform Flow Systems

Jacobus Frederick van Staden, Raluca-loana Stefan-van Staden

4th EuCheMS Chemistry Congress (EuCheMS 2012) 26-30 August 2012,
Prague, Czech Republic (Oral presentation)

Simultaneous neurotransmitters analysis using microelectrodes based on
porphyrins

Raluca-loana Stefan-van Staden, iuliana Moldoveanu, Jacobus Frederick
van Staden

4th EuCheMS Chemistry Congress (EuCheMS 2012) 26-30 August 2012,
Prague, Czech Republic (Oral presentation)

Nanotechnology in the Flow Domain of Process Analysis

Jacobus Frederick van Staden

15t International Conference on Analytical Chemistry. Analytical Chemistry
for a Better Life, Targoviste, Romania, September 18-21, 2012 (Invited Key
note)

New amperometric microsensors for the analysis of serotonin in urine
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for a Better Life, Targoviste, Romania, September 18-21, 2012. (poster)
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