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National Centre for Sensor Research CLARITY

* Housed in the campus of Dublin City (" N C S R
University.

* Multidisciplinary research institute Metimel Cantry for Jmmsnr Reswuren
invested in the advancement of sensor |
science.

 Qver 260 full time researchers and
support staff.

* |nvestments and income since 1999 now
approaching € 100 million.

CLARITY aVs

The Centre for Sensor Web Technologies CI—A R I TY

clarity-centre.org
bdi ¢
' V y
[0
¥
biomedical diagnostics institute M E ST E C H ;l)

\1” 1@ (!

08/08/2012 UNIVERSITY COLLEGE DUBLIN ¢ DUBLIN CITY UNIVERSITY * TYNDALL NATIONAL INSTITUTE 3



CLARITY — SFI CSET CLARITY

clarity-centre.org
Science
Foundation
Ireland

Vision: Sensing Mind, Body & Place

Understanding and leveraging key
sensory information channels

Mind

Sensing people's preferences and intentions

Body

Sensing physical status and wellness indicators

Sensing interaction between people and their
environment

e 5-year, €16.4 million research program to develop next generation
Sensor Web Technologies with significant environmental focus.

* Brings together fundamental materials science, functional polymers,
device prototyping, energy management, adaptive middleware, wearable
sensors, distributed environmental monitoring.
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CLARITY Centre & Ecosystem CLARITY
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The Adaptive Sensors Group CLAEY?Y

* Chemical Sensor element of CLARITY. B
* Group Leader: Professor Dermot Diamond.

* Contains >20 researchers engaged in:
Microfluidics

Electronic Engineering

Platform Testing (Analytical Chemistry)
Novel Materials Synthesis

www.adaptivesensors.com
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The Adaptive Sensors Group CLARITY
Modus Operandi

A two-pronged approach to improve the quality of autonomous
environmental chemical analysers 1.

1. Evolutionary: Drive down the cost of analysers through clever
engineering.

2. Revolutionary: Develop disruptive technologies based on break-
throughs in fundamental materials science.

R. Byrne, C. Ventura, F. B. Lopez, A. Walther, A. Heise and D. Diamond, Biosensors & Bioelectronics, 2010, 26, 1392-1398.
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Platform Evolution: Autonomous Analyser aVs

. . CLARITY
for Phosphates in River Water e coven
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Current Industry Standard Instrument for Phosphate analysis costs in the region of € 15,000.

08/08/2012 UNIVERSITY COLLEGE DUBLIN ¢ DUBLIN CITY UNIVERSITY * TYNDALL NATIONAL INSTITUTE



als

Meé Féin: Part of the Revolutionary Team! cCLARITY

clarity-centre.org

Research Interests:

e Thermal Actuators ’ )
lonic

e Lithography Liquids

Electrochemical Devices

* Optical Sensing
 Materials Synthesis

* Photodynamic
Surface/Liquid control
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lonic Liquids CLARITY
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Cations Anions
. . . N CeHis 0 o
* Organic liquids composed solely of ions.? | “cs IS | ©
g A s,
Ci4Hag o) (@)
@) [Pg g 61al" ) INTE,T (vi) [DCAT
* Important liquid properties such as e T T
. . . . . 87 CgH17 CaFs CoFs F F
density, viscosity and melting point can be \+g FfT<F F>3'|<F
altered by variation of the ion pair.3 "
(i) [Ny s 551 (vii) [FAPT (viii) [PFgl"
so? so(s9
* lonic Liquids exhibit good ionic =\
. . ° N N
conductivity and stable electrochemical — >~ >
windows.?
(iii) [C,mIm]* (ix) [TOS] (x) [DBSA]
2. P. Wasserscheid and T. Welton, lonic Liquids in Synthesis,
WILEY-VCH, Weinheim, 2003.
3. R. E. Del Sesto, C. Corley, A. Robertson and J. S. Wilkes, N ) o
Journal of Organometallic Chemistry, 2005, 690, 2536-2542. @ ol - o \@| @
4. C. Zhao, G. Burrell, A. A. J. Torriero, F. Separovic, N. F. Dunlop, D. R. © \T/ T
MacFarlane and A. M. Bond, | F cl
Journal of Physical Chemistry B, 2008, 112, 6923-6936.
(iv) [mpyr]* (xi) [BF4] (xii) [AICI4]
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IL encapsulated within a polymer CLARITY
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network: lonogel

! ) (o}
L T <
CH3
MAPTMS ZPO/MAA Hybrid

Cz'{s

F
C2oFs, |OW\CaF
/@\ 275 m, 5 2275 | hv 325nm

_g_o_z_o_g_ § O% S lonogel
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The blank canvas! CLARITY
. A /CGH13
6H13 CGH13\ @
C6H13\P + - > /PQC H
..\CGH13 “ 6' 13

* Direct nucleophillic addition of a trialkyl phosphine with an alkyl halide
to form a phosphonium salt.

* When: R=C,H,qand X =DCA".... CeH1g

CeH13\P@ %
Liquid at room temperature salt /\CGH13 /c/ \c\
N =256 mPa’s Crabes N N

Tgeqg = 395 °C*

K. J. Fraser and D. R. MacFarlane, Australian Journal of Chemistry, 2009, 62, 309-321.
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Electrochemical Devices (ECD’s) CLARITY

clarity-centre.org

3 Key Issues To Address:

1. Device complexity: Some electrochemical devices can contain multiple
components, each with their own defined role relating to device
performance.

2. Leaching of electrolyte: Loss of electroactive components dramatically
reduces device lifetime!

3. Device Sensitivity: For electrochemical sensors in particular, increased
sensitivity of device components can dramatically improve sensor
performance.

lonic Liquids have the answer!!
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Device Compl.exny.. CLARITY
Electrochromic Devices

clarity-centre.org

eElectrodes source of charge, site of electrochemical reaction
¢ EIectronte Facilitates charge transfer between the electrodes

eElectrochrome Rredox active material which undergoes a change in optical
properties in response to the applied voltage

® Polymer Inert matrix to house active sensing
components

| ! I| ' . y I # !
. YILITII1L
ePlasticizer Lowers T, of polymer to produce solid film l I ' ﬂ I '|=-. I I

Rich variation in optical properties

6. S. A. Sapp, G. A. Sotzing and J. R. Reynolds, Chemistry of Materials, 1998, 10, 2101-2108. y
s g y v of of PEDOT based ECD’s. ¢
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Phosphonium lectrochromi aVs
osphonium based, electrochromic CLARITY

H H H S clarity-centre.or
ionic liquid .
CSH17 CSH17 (a)
CgH17 | NN LOC> CSH17\ | CH
\P/08H17 + Br Cl 2ah P/ gh17
® O
Br (a): [P3c|,3,3,3][Br]
Cl
CgHq7
o (|38H17 CgH17\I:|,/CsH17
817
g CsH — — @ S
p— 87 _ EtOH Br Electrolyte
® ©O 4+ CHi=No /)—\ N T o
Br Br 65h ©
o _N__Cl
Cl - | Electrochromic
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Spectroelectrochemistry CLARITY

clarity-centre.org
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o
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. —[P V,8,8,8][3X] Reduced
0 450

35 550 650 750
Potential (V) Wavelength (nm)

e Electrochromic device
fabricated from an ionogel
Conta|n|ng the Colourless Coloured

Electrochromic IL. TN

W

Electrochromic Device
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Device Output CLARITY
~ 05
* DC Current: ~ 60 % of device §’°4 \
coloration is maintained after  gos3
100 minutes under open %0, —3v
circuit. 3
5 0.1 —2.5V
<
0

0 1000 2000 3000 4000 5000 6000
Time (seconds)

0.8 7| —(i) +/-3V, 100 mV (i)
== (ii) +/- 2V, 100 mV

 AC Current: Device can switch ——(iii) +/- 1.75 V, 10 mV
between transparent and s
coloured states under the 2 03 (ii)

right cycling conditions. 5 02 (iif)

0 5 10 15 20
Time (Minutes)
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Device Leaching CLARITY

clarity-centre.org

CeHi3 CeHi3
Cus\ll_,/CeHm CSH13\|:|,/CGH13
® ®
cl S
c NaDCA/LiNTf2 NTf,
—
N 450, Acetone/H,0
| 12 hours 24 hours.
/
CeH13 \ \
C6H13\P\
" TCeHyz
40°c,
168 hours
Br CeHis CeHia
CgH
CsH13\F|,/CeH13 NaDCA/LiNTf2 6 13\,',/C,SH13
@ o N ®
Bt Acetone/H,0 pca®
24 hours.

9 Monomeric ILs synthesised in total.
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Poly IL characterisation cL Aﬁ?Y

clarity-centre.org

=2 (b) monomer I ~ 450000
——C=——CH,
=2 (b) polymer H -~ 400000
C——H - 350000
- 300000
- 250000 3
- 200000 'E
4-(Diethyl b h =
(Die yammo) enzophenone DCAe 150000
o C=Np} V¥ - 100000
T~CeHig P\CH c—cC
Gt CoHi” | et 50000
CGH'S CeHia — N ' 0
3050 2850 2650 2450 2250 2050 1850 450 1250
Raman Shift (cm-1)
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Material sensitivity CLARITY

clarity-centre.org

2-photon polymerisation: a direct laser lithographic technique.

* High frequency laser impulses
are passed through high

Dichroic
mirror

Computer Lens aperture lensing.
Mirror Shutter filter
f—F— * Results in the two photon
; effect, i.e. Initiator in liquid
Zy :
—— Power . resin absorbs two photons
instead of one.
£ laser Computer * Piezoelectric motor controls

the movement of the resin in
three dimensions. ’

7. A. Ovsianikov, A. Gaidukeviciute, B. N. Chichkov, M. Oubaha, B. D. MacCraith, I. Sakellari, A. Giakoumaki, D. Gray, M. Vamvakaki,
M. Farsari, C. Fotakis, Laser Chemistry, 2008.
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responsive materials
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Photochromics - Spirocyclics

clarity-centre.org

F
— CaoFs | CaoFs
/ \ \@P/
AN N®\/ i |\F
7N\ CaFs
lonic Liquids
© S ©
Br Br Br
pr— + e' p— p—
C2H5_ﬁC\>_<3’?_CZHS e e y T
_ \/ e _ \ _/
EV 2 EV -+
Colourless Blue Dispersed graphene

Electrochromics - Viologens sheets
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Sub-micron, photoresponsive CLARITY
structures

_ k) o
£0-Si "0 0. OE
e Dvont 1057704 ey
8 e

(
|

hv | Igracure ®
184 15kV  X1,000 10pm

0.25 10 1
© ())
o CNG -
y Ge
0 £
NO, jo-sirof
0O
MC e
S$3400 5.00kV 9.1mm x15.0k SE
UV || Vis
0.25 10 1

18kV  X13,000 1um 15kV X250 100um
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Photopatterned, graphene dispersed - Ar/TY
ionogels

*8 um
honeycomb
diameter

*2 um
honeycomb
diameter
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Photopatterned, electrochromic device CLARILY
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Conclusions CLARITY

* Device Complexity: Synthesised Electrochromic IL acts as the
electrolyte and the electrochrome when encapsulated between
two electrodes.

* Leaching of Electrolytes: Synthesised polymeric lonic Liquids form
flexible, conductive films.

 Material Sensitivity: 2 - photon lithography is an attractive
technique for the generation of high resolution structures in situ.
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Thanks for listening!!
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