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* OIl on/ water

» Monolayers on water surfaces
» Monolayers on solid surfaces
» Self assembled monolyaers

* OI1l on water

Past current and future
perspectives




Aspiration from:

® Observations during his travels that
ships in back have smoother sailing
than in front.

e Writings of Pliny the Elder * Ship captain: "The cooks have, |
(AD 23-79) suppose, been just emptying their
greasy water through the scuppers,
which has greased the sides of those
ships a little."



Xperiments on a pond at -
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uet of oil and dropped a little of it on the water. | saw it
Spread itself with surprising swiftness upon the surface... Though not
more rrmr a teaspoonful, produced an instant calm over a space
several yards square which spread amazingly and extended itself
graduall t||| It reached the lee side, making all that quarter of the pond,
o~rr aps half an acre, as smooth as a looking glass.”

.___,_

—

dietcned out a ¢

_..n. T =

-—
- —o

—
.-l-_:-

~ = “After this | contrived to take with me, whenever | went into the country,

"'*':- "a1|ttle oil in the upper hollow joint of my bamboo cane, with which |
- might repeat the experiment and | found it constantly to succeed."
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“Mr. Jessop was about to clean a little cup in
which he kept oil, and he threw upon the water

some:fliesithat had been drowned in the oil.

These flies presently began to move and
turned around on the water very rapidly as
If they were vigorously alive, though on
examination he found they were not so.”

== d_,...,._;L
Ea’d ‘I immediately concluded that the motion
~— pack to life? was occasioned by the power of the
' ' repulsion and that the oll issuing gradually
from the spongy body of the fly continued

the motion.”

Findings were published in Philosophical Transactions in 1774, one of
the world’s 15t scientific journals



www.physik.uni-frankfurt.de/~jr/physpicold.html

Lord Rayleigh

1842 - 1919

‘| SurfgggProper-tieg_} —

v Repeated Franklin’'s oil on water

experiment in 1890.

* Made a calculation of the

thickness of the oll layer.

* Nobel Prize in physics in 1904 for

Investigations of the densities of
the most important gases and for
his discovery of argon.



PIGNEEINO

Conducted surface tension measurements in
her kitchen by attaching a floating button to a
balance.

* Developed the slide trough to measure
surface films that would later become the
1862-1935 Langmuir trough.

www.muenster.org/.../bedeut/inhalt/pockels.htm

* Results published in Nature in 1891 at the
request of Lord Rayleigh.



DIrming Monolayers on V.\‘lgjgx-

f
e Studied thin films and surface
adsorption.at General Electric. -

* In 1917 he “introduced” the concept
of a monolayer and the 2D physics
that describe a surface.

* 1932 Nobel Prize in chemistry for
discoveries and investigations in

© Schenectady Museum; Hall of Electricians

T surface chemistry. _
lrving Langmuir “Langmuir”
1881 - 1957 0]
“Pockels”

trough?

http://www.ksvltd.com/pix/keywords_html_58a73608.jpg



Gas phase

Liquid phase

Solid phase
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of Monolayer Techr
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Assisted Langmuur In his Nobel award
winning work on adsorption of
monolayers on surfaces.
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e Used this technology to coat glass to
reduce glare and distortion for many
practical applications using lenses.

= Kz .h == Developed a method to measure the the
—— atherine thickness of these films (“color gauge”).
Blodgett Lead to first 100% transparent glass.

1898 - 1979

http://home.frognet.net/~ejcov/blodgett2.jpg g; §
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Langmuir-Blodgett Films
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~ * Measured surface pressure of
' P ot SR g0 lipid molecules from red blood

THTE ?;.i‘ 5 cells using a trough similar to
<7t Q’P!qg
< ' 4

Langmuir’s.

_ * Demonstrated that they could
: :-_;"-"- content-answers.com/main/content/wp/en/thumb/c/cf/300px- form bOth a bllayer a.nd a

T L monolayer.
~_ Evert Gorter
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e Conclude that cells are
surrounded by a fatty layer two
molecules thick.

1881 - 1954



| @ated botanist.
= E e

- I° Elscovere!! accidentally, some important

properties of membranes.

* Hypothesized that there were similarities
between cell membranes and fatty liquids

: | (olive oil) and transport through membranes

- depended on the polarity of the substance.

5* ’Gharles Ernest
~Overton

1865-1933

http://www.unipublic.unizh.ch/magazin/gesundheit/2001/0366/

http://www.chem.uwa.edu.au/enrolled_students/BIC_sect3/sect3.2.1.html



 field has grown: %
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cholesterol in cell
NEI I EES

* Studies properties of
monomolecular films on the
surface of water to look at
cholesterol-phospholipid
Interactions

Harden M. McConnell, Arun Radhakrishnan
Biochimica et Biophysica Acta 1610 (2003) 159—- 173
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I Adsorption
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embled Monolayers

HS(CH; ), X / Auw Single Chain Model

a=-12¢ = o a=12°
{not formed) {nat formed)

Z/ /A “Cu %f/

’//57/57...

a=27°

a=-27°
{not formed for
n = odd or even)

\\

\"N

Folkers, John P.; et al. Langmuir 1995, 11, 813.

Laibinis, Paul E.; Whitesides,G. M.: etal. J. Am. Chem. Soc. 1991, 113, 152.



2mbled

e = STM Modeling

— T. Bonner, A. Baratoff, and H.-J.
Guntherodt. MD-Simulations of Scanning
Force Microscopy on Self-Assembled
Monolayers. Helv. Phys. Acta, 68:199,
1995.
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Healing up

R e
Ceooling doawn

25 70 40 °C

Hydraphilic Hydrcrl‘mhlu

Heating up

-C-c:-:-lirrg down

Sun, T., et.al.,, Angew. Chem. 2004, 116, 361.
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Carboxylic acid group

Nuzzo, R., PNAS. 2001, 9, 4827.



assembled Monolayers
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BVersible Hydrophobic/Hydrophilic Surfaces
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Deval, J., et al., J. Micromech. Microeng. 2004, 14, 91.



Parker, A., et al., Nature. 2001, 414, 33.



SAMSs for
Particle Wire
Formation

ir 2003, 19, 5179.
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~ Culture

Nuzzo, R., Nat. Mater.
2003, 2, 207.

Crystal
growth on
SAMS

Crystallized LiClIO,  Kumar, A, etal,
Langmuir. 1994, 10, 1498
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« Electronic transport through
molecular wires

 Attaching proteins to monolayer
surfaces

e Coating of nanoparticles

* Printing patterned SAMs via soft
lithography
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Reusable for patterning

Record Resolution: ~30 nm



What’s Next?

e
%at—are implicit in using assembly as

It is a starting point that teaches us about
thermodynamically directed assembly--structure
In this sense is like the 3D case represented by
protein folding--you squeeze out entropy and go
to an energy minimum.

Life uses dynamics in conjunction with this form of assembly
to make the really interesting things that make life possible.

That’s the future challenge.



es of Oil-Water | nterfaces:
A —
-

ar properties? B
there a mixed interfacial region? A “drying” region?

~» How does the oil (organic) affect the interfacial water
- structure and bonding?

= ~ « What interactions occur between water and the oil at the
- Interface and how do these vary with the molecular
characteristics of the organic molecules?

« How do adsorbates (including nanoparticles) assemble
and react at these interfaces?



Li, M.; Tikhonov, A. M.; Schlossman, M. L.
Europhys. Lett. 2002, 58, 80.



Surfactant ordering at oil-water
Interfaces

* lon distributions at liquid
Interfaces (ITIES)

N * Temperature dependent
'iE@FM%Tiﬁor;ov,_ ;—I;rs;it P;t‘el, Shekhar StrUCture Of liQUid‘IiQUid

~ Garde,_ and Mark L. Schlossman

~ 3. Phys. Chem. B, 110 (39), 19093 -19096, Interfaces

2006.
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» Used polarity

indicator

® molecules to
study polarity of

i DCE/water and
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:__,__;-:._, chlorobenzene/
N,N-Diethyl-p- water interfaces
nltroanallne
(DEPNA)
N
= O + O

Wang, H.; Borguet, E.; Eisenthal, K. B. J. Phys.
Chem. B 1998, 102, 4927.
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» Used p-nitro-anisole of
different chain lengths to
measured distance
required to change solvent
polarity

Steel, W. H.; Walker, R. A. Nature 2003, 424, 296.




ssembly at Oil/Wate
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organic

Agueous phase
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— oy, Messmer, Richmond, J. Am.
- Chem. Soc., 117 (8040) 1995. Ot
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~ Knock, M. M. Bell, G. R.: Hill, E.
K.; Turner, H. J.; Bain, C. D. J. Phys.
Chem. B 2003, 107, 10801.




: .-%I | Free OH

P Science, 292 (908-911) 2001.

L.F. Scatena and G.L. Richmond,

H,O Tetrahedral
i H,0




ater-Organic Interactions

r 3705cm?  (+ 2) Monolayer/
nolayer/SiO, 3694 cm?® (+ 3) © water

: 'c';nolayer/ SiO, 3674cm?t (+2)
~ Hexane, Octane 3674 cm?t  (+ 3)
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=~ Nonane
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cCl,/ H,0 3669 cm (+ 2)

CDCl,/ H,0 3650 cm?  (+ 3)

Organic/water
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Seas...

1o monolayers that are all
the rage.

— His legacy continues.



Ben Franklin Stilled the
Waves by Charles Tanford

Thanks to:
Cathryn McFearin
Prof. Ralph Nuzzo
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