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Oil + Water Emulsion Microemulsion

Thermodynamically stable mixture of oil and water
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Example compositions

® Aqueous phase - Salt + water
® “Oil” - non-polar solvent
® Surfactant - Amphiphile

@® Co-surfactant - optional
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What are the biggest problems in flow battery chemistry?

® Gas evolution

@® Cost

® Availability of active materials - Mine it or make your own?
® Instability of charged states
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Greatly extended electrochemical window - NO GAS!
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INFINITE possibility - pick or design any active material
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INFINITE possibility - pick or design any active material
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Customise the electrolyte you want!

(A) Tunable conductivity
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Research case study: What does the electrode interface look like?
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Oil rich layer prevents water
from reaching the electrode -
preventing water splitting!

Outer sphere processes in

water soluble compounds can
still occur
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Neutron reflectometry - Resolve Depth

function of depth comparing k,

I ® “Reflectivity” changes as a
to k;

Film

@® See changes in composition
with depth

Sllane

@® Silicon dioxide for customisation
® Silane for hydrophobicity
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Nanoscale information

SLD (10 A%)
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SLD = Scattering length density,
changes with composition,
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Lower SLD = More Oil
Higher SLD = More water
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Results

Water rich layer EEI Bulk
Oil-rich Water-rich Perforated lamellar region :(conductivc o/w ME)
layer layer '
- > < >

AY ) [ Vavara

7 :
/ D,0 VO
6 1 ) :
— J
s N
5 - s e Q. \;/\C: 4
o <« Ve (OVaV; I
ol 4 Bulk ot = E 82\;’”‘0 VYRAA |
b ME layering water-rich ME} ° 7! A YVIEAA | - VVEAA
— = ) & AYs I/ ANQ:
— 3 ham) b~ O/\/ A0 A O\/\/ /\/\O.
= = ] e 2 L VA4
= = < I VVEAA - O VO
7 2 7 = o~ VO e~ Ve
Control = O\/‘:/ A ‘-‘4 " VAVEAA
1 ——SDS,, (DHHH) E CVVEAA Za V¥ e ®
QA 0 o V@
B 2 YA T YA
/S ilane e VO Qs V0
-1 T T T T T O\/\/ ;\\/_\Q &/’\\/ '/\\/\C:
50 100 150 200 Reflectivity B S :
Depth (A) 0 50 100 150 200 250
Depth (A)

Microemulsion

Silane

Oil rich layer | Sicondioxde |
Silcon 72 allegro




L
(m)
@)
o
'—
O
L
—
L
n
2
O
L
O
<<
pd
O
as]
oc
<
O

EEI Bulk

s Bulk (conductive o/w ME) ();‘::eith Wé‘llc'"‘rid‘ Perforated lamellar region E(cunductivc o/w ME)
> > ay ayer ,
Oil rich layer _ Water rich layer ) o @ [ WaVi /‘\/\f):
D ) NG A
2 Q "
0-S-0" Na* a2
i > O
0 Q 16 +
5\1 AN A
Q £ O J
0-$-0"Na® & B \ \8 }
(o] ot = )
© (78] @
2 S ©Q Q
0-%-0' Na* =, '3 v
(o] a __2 O
z z N _ y 0
O-(IS:‘.?-O' Na* 9 /YQ o VO 1 e /\/O
0 ) VA S VVIEAA PR VVEAA
. ONe [ VEAA
2 Je e Ve o, V@
0-$-0"Na' Al VVIEAA o MO
6 0 e VO @ V@
) VAAYS | VaVarAYSs |
Reflectivity © @ VO (V) \O
T T T . -
50 100 150 200 250

'
Depth (A) Depth (A)

allegro



Compositional changes

7 Surfactant/
] water rich
L
© e = Bulk =
] water rich ME i i
5 T — ; o
o 1 i) O <
°'< 4 ME structuring ot m—' C;)
= Sio, ° (2}
2 3] I .
= 39 - _8 S
(=] 1si a g 7
] 2 - - o, 1
L Bulk 72! i
oil-rich ME ;‘
1 ‘ ME structuring =
04 <. - ——SDS, , DHHH
] Silane/
-1 Hydrophobe s SDSI'“ DHHH
T T T : r i
0 50 100 150 200 250
Depth (A) 0

Red = low oil ME
Blue = high oil ME

EEI

Bulk

< >

Oil-rich Water-rich
layer

Perforated lamellar region

layer

>, < >

:(conduclive w/o ME)

AR N A /\O O\/\ / AT \/‘OE
YaVa L NQ s .

44 ¥ A Q. :
/\/%J\/ A | Q\;\\ ¢ ' 24 A
Mo ol AVE" o\/\f AV’ ;

Mol . Vegl, e

9 el N O QA 2" A"
./\ A Sy A | OV, /\/\O: 4
ooy A .-
o 8 :

MO ol Vg

MO al \ ;

= O ok, A

2\ O ‘\/7 .......... A ¢ Va) 2

Vo gy e g
Jesy ~etv %

/ AV 12N V,‘ /‘.V/\O:

V@ O "N 8/\/\‘/ NG
50 100 150 200 250 300
Depth (A)

allegro



SLD (10° A?)

Fine control over interface structure
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Paper ideas: Utilise academic freedom!

Influence of surfactants on membranes (in-situ ion exchange?)
Kinetic enhancements in microemulsions

Design the best molecule you can without the constraint of
solubility or voltage

Electrosynthesis in microemulsions

Extreme environments solved by microemulsions (>100C)
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