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Keynote Article: August 2004, Analytical Chemistry (ACS)
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O pH sensing — wasn’t that solved
by Nikolskii in the 1930°s?

EVENT DATE

Launch (San Francisco) September 2013

PHASE 1: Innovation Phase

Registration opens denuary 1. 2014 Wendy Schmidt Ocean Health

Early-bird Registration deadline March 2014

OA Solutions Fair and Kick-Off Event March 2014 X P R I Z E

$2,000,000 up for grabs!
Task is to provide a way to do
reliable measurements of pH in
the ocean environment

The winner will almost certainly
OVERVIEW be a reagent based platform, not
The Challenge: Improve Our Understanding of Ocean Acidification a Conventional chemical sensor

Overview

The Wendy Schmidt Ocean Health XPRIZE is a $2 million global competition that challenges teams
of engineers, scientists and innovators from all over the world to create pH sensor technology that
will affordably, accurately and efficiently measure ocean chemistry from its shallowest waters... to

Competition Guidelines

Competition Schedule e i sl
There are two prize purses available (teams may compete for, and win, both purses).
Regisiration Process A. $1,000,000 Accuracy award - Performance focused ($750,000 First Place, $250,000 Second Place):

To the teams that navigate the entire ¢ ition to produce the most accurate, stable and

precise pH sensors under a variety of tests.
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@Argo Project (accessed March 9 2014)
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3611 Floats December 2013  Bic-Argo (216) + Dissolved Oxygen (202) e Bio-optics (43) December 2013
. Equivalent (268) o Bia(216) ® Deep(l) © Coastal(1) - c . 1 )
jcomm t_) Ps > Nitrate (38) o pH(3) jcomm w

« Ca. 3,600 floats: temperature and salinity
* Only 216 reporting chem/bio parameters (ca. 6%)
« Of these nitrate (38), DO (202), Bio-optics (43), pH (3) [@€60K ea!]

DO is by Clark Cell (Sea Bird Electronics) or Dynamic fluorescence quenching (Aanderaa)

See https://picasaweb.google.com/JCOMMOPS/ArgoMaps?authuser=0&feat=embedwebsite

‘calibration of the DO measurements by the SBE sensor remains an
important issue for the future’, Argo report ‘Processing Argo OXYGEN data

at the DAC level’, September 6, 2009, V. Thierry, D. Gilbert, T. Kobayashi
-
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9 And for nutrients....

MWALLIANCE FOR (COASTAL TECHNOLOGIES

The Challenge m -
@ Nutrient Sensor Challenge

Register Now

The Problem
S A Water Sensor Market Stimulation Challenge
Awards Federal agencies, the Alliance for Coastal Technologies, and other

i partners CHALLENGE YOU to join the effort to develop affordable,
accurate, and reliable nutrient sensors!
Reports

Registration closes March 16, 2015

Provide Your Input

Registered Participants - Spring 2015 8’
Frequent Questions M’:

Nutrient Sensor Features

m“u"lﬂ ﬂho‘” mﬂls‘nrlllﬂ +« Measures dissolved nitrate and/or + Less than $5,000 purchase price
for the Challenge? phosphate « Unattended deployments far
* Provides real-time data 3 months
Info and Q&A webinar | + Easy to use + Highly accurate and precise
12 Feb 2015 1
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Personal health Monitoring....

Implantable artificial organs, medical
devices, sensors....capable of functioning
autonomously and reliably for
years....constantly monitoring our health
status and reporting to cloud databases....
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O

Used a Technicon segmented

Artificial Pancreas

flow colorimetric glucose

analyser
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FIG. 1. Schematic diagram of apparatus used for monitoring and

automatic regulation of blood sugar.
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A M Albisser, B S Leibel, T G Ewart, Z Davidovac, C K Botz, W Zingg, H Schipper, and R Gander
Clinical Control of Diabetes by the Artificial Pancreas
Diabetes May 1974 23:5 397-404; doi:10.2337/diab.23.5.397 1939-327X
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2 Adam Heller

Subcutaneous sampling of interstitial fluid
using microneedles to access the fluid
through the skin without causing bleeding

« Abbott Press Release

San Francisco Business Times; Tuesday, September 29, 2008
April 6, 2004

» Abbott Park, lllinois — Adam Heller,
‘Abbott completes TheraSense acquisition’ Ph.D., a professor at the University of

Texas in Austin who created the

Abbott Laboratories said Tuesday it technology that led to the development
completed its $1.2 billion acquisition of of Abbott's FreeStyle Blood Glucose
Alalme_da-based TheraSense Inc. after a Monitoring Systems® and FreeStyle
majority of shareholders approved the : :
transaction a day earlier. Navigator® Continuous Glucose

Monitoring System, today received the
2007 National Medal of Technology
and Innovation from President George
W. Bush in an award ceremony at the
White House.
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Enter Search 3 » Indications and Important Safety Information ¥ IFU (Full Version)

Know The FreeStyle Navigator System

9
Freestyle -
. Navigator
Navigator

Combines microfluidics with —__

i =di i Technology The sensor is placed on the back of your upper arm
a micro dlmenSIoned Features & Benefits or your abdomen, and is held there with a special 1“ﬁ @
i H H H Rl adhesive. =
filament samplina unit which  ceminwos

is designed t{ Target is for several days (up to 7)

Incidence of |/ ¢ ontinuous monitoring; then replace;
(therefore ca

for 5 days).

Freestyle Navigator appears to have been
withdrawn from the US market (2012);

Measures gl
interstitial flu
Diabetics ha

peripheral bl¢ Reasons unclear but likely to be related to |«
therefore this pijofouling of the electrodes or other issues [~
advance. .

related to the electrochemical measurement;

Wigalor‘ 5
Wireless com
used to harve
continuously Werrobirbobr el -
carers and specialists. doves, -
Enables trending, | A

aggregation, warning....
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Biocompatibility is still a huge issue!




O Apple, iWatch & Health Monitoring 'e

Independent.ie’7 ...

News Sport

Business Woman Entertainment Lifestyle Videos
Independent.ie U Technology

Apple hiring medical device staff,
shares break $600 mark

“Cnmmems L| WTweet (89| 3+ 3 [ share

m

T NUI Galway

May 7t 2014

‘Over the past year, Apple has snapped up at
least half a dozen prominent experts in
biomedicine, according to LinkedIn profile changes.

Much of the hiring is in sensor technology, an
area Chief Executive Tim Cook singled out last
year as primed "to explode.”

Industry insiders say the moves telegraph a vision of
monitoring everything from blood-sugar levels
to nutrition, beyond the fithess-oriented devices
now on the market.’

"This is a very specific play in the bio-sensing
space,” said Malay Gandhi, chief strategy officer at
Rock Health, a San Francisco venture capital firm
that has backed prominent wearable-tech startups,
such as Augmedix and Spire.

‘Healthkit’ personal health information platform
developed in collaboration with Mayo Clinic
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O Google Contact Lens

United States Patent Application 20140107445 Google Smart Contact Lenses Move
- -Use model is 24 hours max, then
replace;
 ‘likely to leverage Google Glass*
infrastructure;
. Novartls now worklng W|th Google

*Google Glass project has been

abandoned! (Jan 15 2015) see
https //plus google.com/+GoogleGlass/posts/9uiwXY42tvc

Biosensors & Bioelectronics, 2011, 26, 3290-3296.

http://www.gmanetwork.com/news/story/
360331/scitech/technology/google-s-smart-
contact-lenses-may-arrive-sooner-than-

you-think
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After decades of intensive research,
our capacity to deliver successful
long-term deployments of chemo/bio-
sensors in remote locations is still
very limited
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QVIicroTASILab on a Chip/Microfluidics @

Many people, myself included, expected that the
ability to manipulate fluid streams, in microchannels,
easily, would result in a proliferation of commercial
LoC systems, and that we would see applications of
these devices proliferating throughout science. In
fact, it has not (yet) happened.

Microfluidics, to date, has been largely focused on
the development of science and technology, and on

scientific papers, rather than on the solution
of problems

Editorial ‘Solving Problems’, George Whitesides,
Lab Chip 10 (2010) 2317-2318
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O Use Arrays of Sensors....? e

 If each sensor has an in- S ;
ample, reagent in

use lifetime of 1 week....

« And these sensors are

very reproducible.... Valves
_ O O O O O O

 And they are very stable in Sensors
storage (up to several )0 ) 0) 00D
years).... | P e e |

Then 50 sensors when used sequentially could provide
an aggregated in-use lifetime of around 1 year

But now we need multiple valves integrated into a
fluidic platform to select each sensor in turn

| OE Gaillimh
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O How to advance fluid handling in LOC e
platforms: re-invent valves (and pumps)!

« Conventional valves cannot be easily scaled down -
Located off chip: fluidic interconnects required

— Complex fabrication
— Increased dead volume
— Mixing effects
 Based on solenoid action
— Large power demand
— Expensive

Solution: soft-polymer (biomimetic) valves fully integrated
into the fluidic system

1
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® Photoswitchable Materials ©




O Poly(N-isopropylacrylamide) &

* pNIPAAM exhibits inverse solubility upon heating
* This is referred to as the LCST (Lower Critical Solution Temperature)

« Typically this temperature lies between 30-35°C, but the exact
temperature is a function of the (macro)molecular microstructure

« Upon reaching the LCST the polymer undergoes a dramatic volume
change, as the hydrated polymer chains collapse to a globular
structure, expelling the bound water in the process

pNIPAAM
HsC

Hydrophilic Hydrophobic
CH3 ~o”

N
(A AT

OsNH NN
o 0/
~.7 o/ o~ A

o/ ¢ \0 o~ N \.
~ / \ — /o\
\0/ \ \
n
Hydrated Polymer Chains Loss of bound water

-> polymer collapse
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“Polymer based photoactuators
IPAAmM

— poly(N-isopropylacrylamide) (PNIPAAm)
120 160 Formulation as by Sumaru et al’

Time [min] 1) Chem. Mater., 19 (11), 2730 -2732, 2007.
Figure 3. (a, b) Images of the pSPNIPAAm hydrogel layer just after the
micropatterned light irradiation. Duration of irradiation was (@, red) 0, (¢)
I, and (M, green) 3 s. (¢) Height change of the hydrogel layer in (@) non-
iradiated and (O) iwrradiated region as a function of time after 3 s blue

light rradiation.
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O Photo-actuator polymers as ‘9
microvalves in microfluidic systems

PMMA 7» PMMA (Tr'zhsCHa
v s HSC(HZC)S/T\}CHz)SCHa
Vi (CH2)sCH;3
'PMMA v PMMA Pessrd’
PDMS
trihexyltetradecylphosphonium N NS o N =N
dicyanoamide [Py ¢ ¢ 1,]*[dca] @ (b)

lonogel-based light-actuated valves for controlling liquid flow in micro-fluidic manifolds, Fernando Benito-Lopez, Robert
Byrne, Ana Maria Raduta, Nihal Engin Vrana, Garrett McGuinness, Dermot Diamond, Lab Chip, 10 (2010) 195-201.
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9photoswitchable Binding

&
&

2.5 = Off (spiropyran) == 0On (merocyanine)
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Q\Spiropyran and Metal lons &

The binding of many metals, such as Cu?* and Co?*, to the phenolate
of the MC form has been demonstrated

(] 1
L ¥ 0.9
>-o .+ P _ o3 —3.2x10-6
% ¢ g L . 3 07 4% ~==9.1x10-6
P -g & 5 78- R —3.2X10-5
¢ g i’r % 5 0.5 THN\\ —9.1x10-5
= S04 | \ 3.2x10-4
3034 [\ \\ /~ 9,1 X 104
+'+ 021 | \N=Pls O —Mc
o -» - 5 o e 450 500 550 630 650
S s %o p
P, ™ L I Wavelength (nm)

Increase in absorbance below Decrease at 540 nm as
~460 nm due to formation of free MC concentration

MC,-Cu?* complex decreases
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©

Characterisation
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Qthake and Release - ‘Post Column’ @
Detection

Micro-syringe

pump
waste e _(;0_.
/ SP-modified Post-column reagent
micro-capillary (PAR)
Injection  Eo2{ Non-modified
Loop sol. micro-capillaries
‘ USMDOO : 1 Halogen ~——A[4101A(4a5)  ——A(SIO}A(44S)  ——10per Mov AVR(AIA10MAIAS)  —— 10per. Mov. Ave(AISIONA(44S))
Spectrometer | . Lamp 006

Co?* + PAR = PAR-Co?*
410 nm 510 nm
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O Chemotactic Systems @

Published on Web 11/01/2010 (speed ~x4): channels filled with KOH (pH 12.0-12.3 + surfactant; agarose gel soaked in HCI
(pH 1.2) sets up the pH gradient; droplets of mineral oil or DCM containing 20-60% 2-hexyldecanoic acid + dye. Droplet
speed ca. 1-10 mm/s; movement caused by convective flows arising from concentration gradient of HDA at droplet-air
interface (greater concentration of HDA towards lower pH side); HDA <-> H* + DA-

Maze Solving by Chemotactic Droplets; Istvan Lagzi, Siowling Soh, Paul J. Wesson, Kevin P. Browne, and Bartosz A.
Grzybowski; J. AM. CHEM. SOC. 2010, 132, 1198-1199

Fuerstman, M. J.; Deschatelets, P.; Kane, R.; Schwartz, A.; Kenis, P. J. A.;Deutch, J. M.; Whitesides, G. M. Langmuir 2003,
19, 4714.

Figure 2. (a) Scheme ol a droplet in a channel. The presence of HDA at
the liquid—air interface gives rise to convective flows. Since more HDA is
present in the direction facing the source of acid, the flows and forces are
asymmetric. (b) Velocity field based on the theoretical model described in
the main text (calculated using the Fluent computational fluid dynamics
package from Ansys). (¢) Experimental image of the convection rolls
visualized using Neutral Red indicator (see also video 3 in the SI). (d)

OE Gaillimh
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9 Photo-modulation of pH

SP - SO;°

Channel Solution: Spiropyran Sulfonic

MCH*- SOy pH
dat//vhite light
\
pH
H,O 6.5
MCH*-SO,’ 4.8
SP-SO; 3.4

Acid 10-3M (H,0)
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© Movement of Droplets in Channels
using Light

We use light to create a localised pH gradient
This disrupts an ion pair at the droplet interface

Surfactant is expelled and movement of the droplet occurs

Interested in exploring how to use droplets for sensing and for transport &
release of active components

- | i
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@ Mechanism of Photo-Stimulated
Droplet Movement with pavid officer, uow)

P ;>P

decreasing pH

(9

/z
o AT

1

DCM droplet ™\

decreasing pH

K Agueous solutlory 1 Aqueous SO|UtIOV

@f e g
] o3 lowy ‘”*’ii:@

CI H* DA
N-OCTADECANOYL-NILE BLUE

HDA

Photo-Chemopropulsion — Light-Stimulated Movement of Microdroplets, Larisa Florea, Klaudia Wagner, Pawel Wagner, Gordon G.

Wallace, Fernando Benito-Lopez, David L. Officer, and Dermot Diamond, Adv. Mater. 2014, DOI: 10.1002/adma.201403007
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O We can do the same with IL Droplets e

C14H2g

+0.09 L . 7‘~ . —

+0.06
+0.04
+0.01

-0.02
-0.05
& 0.07
g -0.10
-0.13

I -0.15
-0.18

Trihexyl(tetradecyl)phosphonium chloride ([Pg ¢ 6 14][Cl]) droplets with a small amount of 1-
(methylamino)anthraquinone red dye for visualization. The droplets spontaneously follow the gradient

of the CI- ion which is created using a polyacrylamide gel pad soaked in 10-2 M HCI; A small amount of
NaCl crystals can also be used to drive droplet movement.

Electronic structure calculations and physicochemical experiments quantify the competitive liquid ion association and probe
stabilisation effects for nitrobenzospiropyran in phosphonium-based ionic liquids, D. Thompson et al., Physical Chemistry

Chemical Physics, 2011, 13, 6156-6168.
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O Background

Stereolithography Two-photon polymerisation

UV light Near-IR light

» Single photon absorption « Two photon absorption
« 2D patterns « 3D structures

OE Gaillimh
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O Background

200 pm
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O Time to re-think the game!!! e

 New materials with exciting characteristics
and unsurpassed potential...

« Combine with emerging technologies and
techniques for exquisite control of 3D
morphology

* And greatly improved methods for
characterisation of structure and activity

a I
We have the tools — now we

need creativity!
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