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2.  Revolutionary breakthroughs in 
materials science; hidden complexity, 
biomimetic platforms, all fluid handling 

integrated on chip, indefinitely self-
sustaining 
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Current)pla?orms)

€>20,000&
€>2,000&

€<200&

€<20&

€<2&

•  Highly specific target detection methods for determination of bacterial and chemical 
contaminants.

•  Commercialisation of platform in parallel to research activities.

•  Development of low cost, autonomous, 
deployable environmental sensor 
platforms.

•  Innovative sampling and target pre-
concentration strategies for more 
comprehensive analysis.

•  M e r g i n g n o v e l m a t e r i a l s a n d 
microfluidic platforms 
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  Research	
  strategy

Sampling)

Fluidics)

Detec2on)

Comms)

Future:'
Novel)Pla8orms)

Sampling:)

)Large)volumes)to)

concentrated)samples)

Polymer)actuators/)

Next)Gen)Fluidics)

Advanced)Detec2on))

Schemes)

Project'Tasks:'
Core)Challenges)

Innova3ve'outputs:)
)Prototypes)based)on)combina2ons)

of)successful)elements)

Plug'and'play:'
Integra2on)of)new)elements)into))

exis2ng)pla8orm)

)

Mi3ga3ng'risk'and'increasing'poten3al'success'

Combina2ons)of)successful)project)

components)allow)for)guaranteed)

outputs)throughout)project)life2me;)

leading)to)final)nextIgen)pla8orm))

)

Completed)pla8orm)

consis2ng)solely)of)

new)elements)

Present:'
Exis2ng)Pla8orm)and)

Deployments)

1) 2) 3)

4)

3.1) 3.2)

Tes2ng)of)Individual)System)Components)

&)Field)Deployments)

)

“Plug	
  and	
  Play”	
  use	
  of	
  exisCng	
  
systems	
  to	
  test	
  novel	
  plaRorms	
  

Development	
  of	
  
novel	
  detecCon	
  
plaRorm	
  building	
  on	
  
exisCng	
  know-­‐how	
  

4



Sampling	
  and	
  Pre-­‐Concentra7on

•  Portable deployable platforms commonly take small, mL scale volumes for analysis

•  Milli- and micro-litre samples may not truly represent large water bodies 

•  NAPES sampling systems will facilitate intake of much larger volumes with sample reduction 
and significant pre-concentration using:

Ø  Chemical concentration will employ Reverse Osmosis (RO).

Ø  Bacterial concentration will use a tubular membrane based filtration unit (TF).

Water	
  image:	
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  <accessed	
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Sampling	
  and	
  Pre-­‐Concentra7on

•  Custom RO system based upon commercially available platform with multiple RO filter stages.

•  Chemical concentration gradient in “waste’ stream.

•  Volume throughput of system up to 15L/hour for concentrated chemical stream.

•  65% reduction in sample volume with increased concentration in chemical contaminants.

Reverse Osmosis (RO) chemical preconcentration	
  

Purified	
  water	
  

Concent ra ted	
  
waste	
  stream	
  for	
  
bacter ia l	
   and	
  
c h e m i c a l	
  
analysis	
  

Raw	
  water	
  
sample	
  

RO	
  filters	
  

Nitrate Nitrite Phosphate Ammonia Iron Manganese
Initial3Sample 23.38 0.75 1.79 0.11 0.076 0.024

Run31 191.86 7.51 3.11 0.21 0.103 0.08
Run32 74.59 2.42 2.88 0.12 0.039 0.03
Run33 90.13 2.94 3.07 0.12 0.094 0.028
Run34 102.08 3.33 2.9 0.12 0.085 0.041

RO3Processed3
water 5.13 0.24 <1 0 0.034 0.013

Conc.3factor 1.71.11.091.64.44.4

Contaminants3(ppm)
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Sampling	
  and	
  Pre-­‐Concentra7on

•  Institut Curie developing a TF system will employ 
a ceramic membrane system.

•  Bacterial concentration up to 30X

•  Volume throughput of system 1mL/minute

•  10 mL initial volume reduced to approx. 100-500 
μL

•  Up to 100 fold reduction in volume in 10 minutes 
(related sample volume, pressure and pore size).

•  Potential for chemical concentration.

Tubular Membrane Filtration (TF) 
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Smart	
  Materials	
  for	
  fluid	
  control
Photoresponsive polymer hydrogels
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  contain any BSP (Fig. 2). However, samples from the same batch

(gel 0-1) pre-soaked in 1 mM HCl exhibit a yellow colour char-
acteristic of the protonated MC form (MC-H+), and shrink
considerably (down to 80% relative swelling) under white light
as previously reported for such systems.4,10,16 This suggests that
the shrinking of these gels is induced more by the combined
deprotonation of MC-H+ and conversion to BSP, rather than the
conversion of MC to BSP on its own (i.e. deprotonation of MC-
H+ is inherent to the shrinking mechanism).

A small but discernable shrinkage of the poly(NIPAM) blank
gel under white light irradiation (Gel 0-0, Fig. 2 and 4) occurs
because the light source used to actuate the gels, although a
‘cold’ LED source, induces a small degree of heating of the gel
and surrounding water due to absorption of incandescent
radiation. In fact, the temperature rose from the initial 18 !C to
22 !C during the 20 min period of measurement. Therefore,
because poly(NIPAM) gels are thermoresponsive and have been
shown to shrink slightly even at temperatures several degrees
below the actual LCST12,13,19 a slight temperature induced
shrinkage in the blank poly(NIPAM) gels occurs.

Inuence of AA content on gels with 1% BSP

Fig. 2 shows the results of photoinduced shrinking experiments
performed on gels containing 1% BSP and 0 to 5% AA. The rst
observation is that the gels incorporating AA function remark-
ably well without the need for prior soaking in HCl. When
placed in DI water and in darkness, a yellow colouration of the
AA-modied gels can be observed aer 5–10minutes, indicating
spontaneous formation of MC-H+ and, by implication, an
equivalent number of deprotonated –COO" groups. A sche-
matic of this equilibrium within the gel is shown in Fig. 3.
Moreover, the shrinking of the 1-1 gel is both faster and greater
in extent than for the equivalent non-AA modied 0-1 gel pre-
equilibrated in HCl (30% versus 20%, respectively, Fig. 2). Gel 5-
1 shrinks most, reaching 50% relative swelling aer 20 min of
irradiation with white light.

Poly(acrylic acid) polymers are themselves pH responsive,
and gels made from this polymer have been shown to swell
when the acid is deprotonated to the acrylate anion, and shrink
when reprotonated to the uncharged form.20 During the light-
induced deprotonation of the MC-H+ protons are liberated
(sometimes referred to as a pH jump reaction)14 and these re-
protonate the acrylic acid groups and increase the extent of
shrinkage (Fig. 2). These results show that the incorporation of
AA into these gels simplies the actuator operation by removing
the need to use an external HCl bathing solution to prime the
gel prior to photo-induced shrinking.

Inuence of BSP content on gels

Intuitively it might be assumed that increasing the BSP-acrylate
content in the gel formulation will increase the rate and extent
of the photo-induced actuation effect. However, the results in
Fig. 4 suggest that there is an optimum BSP content of ca. 1–2
mol % (gels 5-1 and 5-2) which in both cases produces #50%
relative shrinking. However, increasing the BSP content in the
polymer to 3% (gel 5-3) reduces the relative shrinking extent to
#20%.

Another optimisation aspect of these gels is the reswelling
rates. When the gels (Table 1) had adopted their steady-state
contracted form under white light irradiation, they, were kept
for 1 hour in the dark and their diameters measured again. The
resulting data (Table 2) shows that all gels with 1% BSP i.e. 1-1,
2-1, 5-1 shrink more with increasing amount of AA and reswell
to #100% aer one hour storage in darkness. When the BSP

Fig. 2 Shrinking of gels containing 1% spiropyran and varying amounts of
acrylic acid. Error bars are standard deviations, note that in some cases they are
obscured by the marker. (n ¼ 6).

Fig. 3 Schematic representation of the proton exchange taking place in the gels
between the acrylic acid and the spiropyran together with the effect of light
irradiation; Y:Z:X refer to the mol% of BSP, poly(NIPAM), and acrylic acid in the
formulation (see Table 1).

This journal is ª The Royal Society of Chemistry 2013 Soft Matter, 2013, 9, 8754–8760 | 8757
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Poly(acrylic acid) polymers are themselves pH responsive,
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when the acid is deprotonated to the acrylate anion, and shrink
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induced deprotonation of the MC-H+ protons are liberated
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AA into these gels simplies the actuator operation by removing
the need to use an external HCl bathing solution to prime the
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content in the gel formulation will increase the rate and extent
of the photo-induced actuation effect. However, the results in
Fig. 4 suggest that there is an optimum BSP content of ca. 1–2
mol % (gels 5-1 and 5-2) which in both cases produces #50%
relative shrinking. However, increasing the BSP content in the
polymer to 3% (gel 5-3) reduces the relative shrinking extent to
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Smart	
  Materials	
  for	
  fluid	
  control
Microfluidic platforms incorporating smart materials

•  Actua7on	
  in	
  4s	
  ±	
  2s	
  
•  Recovery	
  in	
  32s	
  	
  ±	
  2s	
  
•  >	
  8	
  cycles	
  

OPEN	
  
OPEN	
  

OPEN	
   OPEN	
  

CLOSE	
  CLOSE	
  

CLOSE	
  

•  33.5	
  %	
  volume	
  change	
  compared	
  to	
  hydrogels	
  
•  Low	
  evapora7on	
  process	
  
•  Less	
  briZle,	
  So[	
  (plas7cizer)	
  

IONOGEL	
  
HYDROGEL	
  

Polymer matrix Ionic Liquid
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Smart	
  Materials	
  for	
  fluid	
  control
Light actuated polymer valves

•  DCU developed polymer valve systems using light 
actuated materials.

•  Reproducible actuation effects over several cycles

•  Approx. 10- 40% shrinking (depending on gel size 
and light).

•  In-situ polymerisation of valves

0"sec"
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120"sec"
650um"

60"sec"
380um"

30"sec"
220um"

180"sec"
825um"

Dark	
   White	
  light	
  

Valve	
  open/	
  gel	
  shrunk	
  Valve	
  closed/	
  gel	
  swollen	
  

Flow	
  
No	
  
Flow	
  

Fully	
  reversible	
  

Flow	
  

Channel	
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Smart	
  Materials	
  for	
  fluid	
  control
Polymer valve integrated within microfluidic chips

•  Integration of valves within microfluidic chips allows for  non-contact control of valving system

•  Surface mount, low power LED light source allows for precise illumination of valves with no 
mechanical components on chip

•  Modular nature of fluidic platform allows for ease of replacement of fluidic components when 
replacement required 

Valves	
  closed	
   Valves	
  open	
   	
  Single	
  channel	
  flow	
  Mul7ple	
  channel	
  flow	
  

Precise	
  control	
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Smart	
  Materials	
  for	
  fluid	
  control
Photoresponsive ratchets
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Innova7ve	
  Detec7on	
  PlaEorms
Lectin microarray analysis of two strains of C. Jejuni

Glass	
  slide:	
  
8	
  lec7n	
  arrays	
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  slide.	
  	
  
	
  
42	
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  6x	
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Stained	
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array	
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  in	
  a	
  specific	
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RelaCve	
  fluorescent	
  units	
  

	
  
Fluorescent	
   intensi7es	
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   the	
  above	
  heat	
  map	
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  on	
  
RFU.	
  
	
  
Each	
   pixel	
   is	
   the	
   RFU	
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   one	
   lec7n.	
   Each	
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   is	
   a	
   lec7n	
  
that	
  can	
  detect	
  a	
  specific	
  Glycan.	
  

At	
  37	
  degree	
  celcius	
  C.Jejuni	
  strain	
  116	
  binds	
  to	
  lec7n	
  SNA	
  II	
  with	
  
high	
  affinity	
  (red)	
  however	
  strain	
  176	
  is	
  not	
  binding	
  to	
  this	
  lec7n	
  
at	
  all	
  (green/black).	
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Innova7ve	
  Detec7on	
  PlaEorms
On-chip bacterial detection using magnetic bead system 

Raw sample
Extraction in the 

microfluidic Fluidized 
bed

Bacteria release to 
detection

Bacteria	
  
Sample	
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Microfluidic Magnetic fluidized bed 

Flow	
  rate	
  :	
  2	
  µL/min	
  

 Well-controlled particle re-circulation=> No clogging

High volume microfluidic processsing (up to 500 uL/h)

High density of magnetic beads => large surface area

Combined with Tubular membrane filtration to cross the bridge between 

large sample volume and microfluidic trace analysis

Innova7ve	
  Detec7on	
  PlaEorms
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laser 

photodiode 

Reflective Phantom Interface (RPI) Method

•  F.	
  Giavazzi	
  et	
  al.,	
  Proc	
  Natl	
  Acad	
  Sci	
  USA,	
  110	
  (2013)	
  9350-­‐9355	
  
•  F.	
  Giavazzi	
  et	
  al.,	
  Biosensors	
  and	
  Bioelectronics,	
  in	
  press	
  (2014),	
  DOI:	
  10.1016/j.bios.2014.02.077	
  

Innova7ve	
  Detec7on	
  PlaEorms

Surface reflectivity initially is 
very low due to refractive index 
matching of polymer to water

n2 

n1 

Binding to surface significantly 
alters refractive index and 

increases reflectivity
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Bacterial detection by RPI surface

1 cm 

Design and construction of fluidic module

Evaluation of the optical platform

Preliminary trial on bacteria detection

Innova7ve	
  Detec7on	
  PlaEorms

•  Aquila Bioscience and University of 
Milan producing RPI surfaces with 
strain specific bonding based upon 
lectin coatings.
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Prototype	
  Development

•  Dublin City University(DCU) will lead the production of prototype platforms

•  Design and engineering of platform for scalable production

•  Commercialisation activities in parallel with TEL to carry out market research and 
influence final system construction.

(a) (c) 

(b) 

(b) 

Design	
  (CAD,	
  Solidworks)	
  
Manufacture	
  of	
  system	
  

	
  (3d	
  prin7ng,	
  laser	
  cut	
  frames,	
  
components)	
  

Small	
  scale	
  Prototype	
  
produc7on	
  line	
  (test	
  scalability)	
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Prototype	
  Field	
  deployment

•  Industry-Academic Collaborative activity

•  TE Laboratories and Williams Industrial        
Services and DCU will lead Prototype testing 
and deployment.

Ø  Phase 1: Real water samples will be 
collected for lab based testing of prototypes

Ø  Phase 2: Field trials at Waste water 
treatment plants and water supply reservoirs

•  Potential for deployments outside of Ireland 
with partners (e.g Italy, Spain) Example of DCU coordinated deployment of 

autonomous phosphate system in Irish river.
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  more	
  to	
  come…	
  

DCU	
  Led	
  Commercialisa7on:	
  A	
  Case	
  Study	
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Concluding	
  remarks

•  NAPES aims to develop novel materials science and microfluidic platforms while 
developing a commercial strategy in parallel

•  Use of readily sourced electronics and raw materials to ensure Scalability of modules 
and economic design of final device.

•  Combination of new materials technologies, biochemistry and microfluidics to 
produce low cost sensing platforms allowing greater accessability to technology.
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