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what wtll be covered:

K L'Lposomes ano micelles

¥ MOFs

* supramolecular chemistry
* dyes

* Liquid erystals

* from oligomers to polymers

¥ semiconducting organic nanomaterials
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TABLE 1.1: Landmarks in the History of Nanotechnology Reproduced
with permission from Modeling MEMS and NEMS, Pelesko and Bernstein [99].

1940s Radar drives the development of pursem1
1959 'S
1960  Planar batch fabrication process 1nvented

1964  H.C. Nathanson and team at Westinghouse produce the resonant gate transis-
tor, the ﬁrstbatch fabr1cated MEl\/lS device.

1970 &1

1979  The first micromachined accelerometer is developed at Stanford University.

1981 K. Eric Drexler’s article, Molecular Engineering: An Approach to the Develop-
ment of General Capabilities for Molecular Manipulation, is published in the
Proceedings of the National Academy of Sciences. This is arguably the first
Journal artlcle on molecular nanotechnology to appear.

Thepo ySilicon suracem1cromch1n1ng process is developed at the Univer-
sity of California, Berkeley. MEMS and integrated circuits can be fabricated
togetherfr the ﬁrst time.

e ————

R1chard ma. ey eelops a techn1que for producing carbon nanotubes of uni-
form diameter.

The number of MEMS devices and applications continually increases. National
attention is focused on funding nanotechnology research and education.




TABLE 1.2: Landmarks in Self—Assembly

self-assem bl

1930s
1950s
1953
1955

1957
1961

1991
1994

1996

2000

2004

2004

2000s

Alan Turing develops the the§Ly _universal
John von Neumann develops theory of autotaf,ré '

= — — — S

in a test tube
Penrose and Penrose construct a simple self-replicating system.

Hao Wang develops “Wang Tiles” demonstrating the equivalence of tiling prob-
lems and computation.

Nadrian C. Seeman and Junghuei @Gen

Leonard Adleman launches the field ” DN cotlfb’ using DNA to
solve a Hamiltonian path problem.

Kazuo Hosokawa’s group demonstrates microscale self-assembly using surface
tension.

George M. Whitesides’s group self-assembles electrical networks from millime-
ter scale polyhedra.

William Shih adapts the methods of Seeman to self-assemble a DNA octahe-
dron.

Eric Winfree and Paul Rothemund self-assemble a Sierpinski triangle from
DNA demonstrating that self-assembly may be used for computation.

Self-assembly research explodes drawing the interest of researchers from every
imaginable field.




defunttions of self-assembl

Viruses and bacterial flagella are constructed automatically out of protetn
subunits. This phenomenown is called self-assembly, which is a powerful
technigue applicable to microfabrication

To achieve self-assembly, the following conditions must be met:
generating bonding forces, bonding selectively, and moving the parts
randomly so that they come together by chance.

Spontaneous assembly, often called “self-assembly,” refers to aggregation of
particles into an organized structure without external assistance.

Self-assembly is the ubiquitous process by which objects autonomously
assemble Lnto complexes.

Self-assembly is a process in which small objects autonomously
associate with each other to form Larger complexes.

what Ls NOT self-assemibly ?




self-assem bl

Self-assembly refers to the spontaneous formation of organized struc-
tures through a stochastic process that involves pre-existing compo-
nents, is reversible, and can be controlled by proper design of the com-
ponents, the environment, and the driving force.

Static self-assembly refers to that subclass of self-assembly processes
that leads to structures in local or global equilibrium.

Dynamic self-assembly refers to that subclass of self-assembly pro-
cesses that leads to stable non-equilibrium structures. These structures
persist only so long as the system is dissipating energy.

Programmed or programmable self-assembly refers to that sub-
class of self-assembly processes where the particles of the system carry
information about the final desired structure or its function.




(A) Aggregation occurs whew there Ls a net attraction and an

equitlbrium Sepa ratton. betweewn the components

repulsion

/

net interaction

Irreversibility gives glasses.

s & &
Jud Iud “Jud.

G Reversibility gives crystals ...
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D ... and ordered macromolecules.

O Q'..,_. Whitesides G M, Boncheva M PNAS 2002;99:4769-4774




THE nanomaterial

size: FA=F101° m = 0.7 nm



cell membrane struecture:
The Fluld Mosate Model
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Copynght @ Pearson Education, Inc., publishing as Banjamin Cummings.




cell memibrane

The cell membrane’s function is to form a barrier between the cell’s tnner and outer
environment. [t is selectively permeable meaning that it allows certain materials
to pass through and prevents the movement of other through it.

It Ls composed of a phospholipid bilayer with protein molecules (intergral proteins)

embedded within in the bilayer. Some of these proteins pass completely through
both Layers of phospholipids. There are also other types of molecules such as
cholesterol and carbohydrates that are associated with the cell membrane’s outer
surface.

The phospholipids and protetns are not tn a static state, but have the ab'LL'Lta to
move from one location to another or change positions within the bilayer. Therefore
the molecules which make up the membrane are described as being tn a fluid state.
The structure of the membrane as described by cytologist today is called the
"flutd-mosaic model.” The membrane is literally a wosaie of molecules that have

the ability to wmove from area to area ow the surface of the membrane.



cell membrane models

original observation (Charles Overton)- Lipid soluble molecules could -freeLH enter
and exit cells of plant roots (1890’s)
= defined Lipophilic: Lipid Loving, able to easLLg pass cell membranes




cell membrane models

decade Later, rving Langmulr dissolved phospholipids tn benzene and

Layered the solution on water and watted for benzene to dissolve phospholipids
formed a mowolayer over the water,

> reasoned the polar head faced the water, hydrophobic end pointed away




LB trough

Wilhelmy Computer interfaced

MEIE Air I n barrier for compressing

trough

Subphase

Insoluble (phospholipid g ) monolayer is characterized by surface pressure, &t

e o v.: clean surface tension

v : surface tension of surface with
adsorbed amphiphiles

»I Eifﬁﬁl 0.
ﬁ

Insoluble monolayers may be compressed by barriers sweeping the interface,
allowing p to be easily manipulated



phase tra nsttlon Lsothermes

40-70

Molecular Area (A2/ wolecule)




L.sotherm of DMPC
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cell membrane models

1925- Gorter and Grendel Lipid bilayer model

interested in red blood cells and figuring out how many Lipids are there
took red blood cells and extracted the Lipids, thew spread them on water
based ow size of cells and area of Lipid coverage, developed 2 layer tdea
(estimated size of Liptad La yer and cells wrong, ervors cancelled out)

-> they suggested the polar headgroups are on both sides, hydrophobic in
between to avolo water

. ¢00"0’0»0

b o B

‘\
+

OOOOOOEEEEEEEEEEEE




cell membrane models

Lipid bilayer model couldn't explain solute permeability of some molecules, wor
higher surface tension of purified liptds. K lons pass cell membranes tn seconds,
artifictal membranes in days.

pavson-panelll Model (1935)- core bila Yyered Liptal membrane with proteins
coating both sides— explained surface tenston results

modified n 1950's to suggest some proteins could pass through the mwembrane
and allow Lows to pass through to deal with permeability

Robertson—- electron microscopy tn 1950's all cell membranes are alike

strong support for the Pavson-Danelll model of Lipid bilayers
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cell membrane models

1972~ Singer and Nicolson-—- mosaie of proteins in a fluid Lipid bilayer

2 key features of the flutd mosaie model:

1) Lipids are flutd —- individual liptas can move around in the plane of the
membrane unless they are linked to something (Like the cytoskeleton)

2) proteins are embedloleot Lwol'u\/ioluaLLg or as complexes into the membrane itself
and are not weaessariLa evenly distributed, te. think of buoys tn a lake-- floating
independent entities unevenly distributed (and having particular functions)
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nwatuwral membrane Lip_ids

several major classes of Liplds in membranes exist:

1) phospholipids
2) glycolipids
3) sterotds

4) “strange” Liptds

all L'Lp'wls are based

on various fatty acids:

Biologisch relevante Fettsauren

Symbol Trivialname

Gesattigte Fettsauren

12:.0 Laurinsaure
14:0 Myristinsaure
16.0 Palmitinsaure
18:0 Stearinsaure

20:0 Arachinsaure
22:0 Behensaure

Ungesattigte Fettsauren

16:1, A® Palmitoleinsaure
18:1, A®
182 A"
18:3 A%1215
18:3, A%912

204 A5.8,1 1,14

Olséaure
Linolséaure
a-Linolensaure
v-Linolensaure

Arachidonsaure

Struktur

CHa(CHz)1oCOOH
CHa2(CH>)12COOH
CH3(CH2)14COOH
CH2(CH2):sCOOH
CH3(CH2)1sCOOH
CH3(CHz2)20COOH

CHa(CH3)sCH=CH(CH2);COOH
CH3(CH2);CH=CH(CH2);COOH
CHa(CH2)4(CH=CHCHz)2(CH2)sCOOH
CH3CH2(CH=CHCH3)3(CH2)s COOH
CHa(CHz)4(CH=CHCH2)3(CH2):COOH
CHa(CH2)s(CH=CHCH2)4(CH2)-COOH

Schmelz-
punkt/°C
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aly coLLp_iols
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FATTY CHAIN
I

Awnimal membranes contain glycolipids.

Sugars constitute the polar head grouwp.
(A) galactocerebroside R ;
Gangliostdes are common L nerve cells

FATTY CHAIN
FATTY ACID TAIL—

where they wnfluence the electrical
(B) GM1 ganglioside

roperties of cell mmemibranes.
CHOH P P f

CHOH

CH>OH

(C) sialic acid (NANA)



steroids

Cholesterol and derivatives provide stiffiness to membrane, mediate fluidity

cholesterol ergosterol

: testosterone
sttosterol

vitamin D




“strange” Lip_ids

Cholesterol and derivatives provide stiffiness to membrane, mediate fluidity

tetra-ether lipid (bola-lipid)

CH;

|
y=CH=C —CH,

polyisoprenoid lipid




Liptd dimenstons

Schematie tllustrations of the dimensions of Liptd molecules:
a) DSPE
b) DSPC
c) SOPC
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Llp_iols = a class of amp_hip_huic
molecules

the hydrophobic effect determines the structure of amphiphilic molecules in
water. Above a critieal concentration (crtical micelle concentration, CMC)

amphiphilic molecules form aggregates, e.g.

SpBS = micelles \Ag)//:f\
& 5<%”

R B E N NS A

DPPC 2 Lipiol bila yers % §




amphiphilic structures

Low wmolecular weight amphiphiles polymeric amphiphiles

surfactant

polymer-surfactant

A

lipo-polymer

bola-Amphiphile %
_—_—mn—-—




e of amphiphtles

from Membrane Transport

Table 2 Detergents used in the solubilization of membrane proteins

Biologlcal detergent Formula Molecular weight CMC (mM) Aggregation
(g/mol)

~CRoNie 36id, sodium salt C,4H3905Na 430.6 9.5 (pH 9.0), 14 (pH 7.5)

Deoxycholic acid, sodium sait C,sH10,Na 4146 5

Lauryl sulfate, sodium salt (sodium C,2H,sNaS0, 288.4 2.6 (pH 7.5), 8.27 (H,0)
dodecyl sulfate, SDS)

Taurocholic acid, sodium sait C,eH4NN20,;S 537.7 3-11 (0.05 M NaCl)

Taurodeoxycholic acid, sodium salt CaeHaNNaQS 521.7 1-4 (0.05 M NaCl)

BEMP
\\

~Tegitimethylammonium bromide CoHaaNEF
(CTAB, Hexadecyltrimethylammonium
bromide
Dodecylitrimethylammonium bromide CysHy4NBr

o= o
RN

TCHAPS CazHssN,0,S 10 (H;0)
CHAPSO C3HseN,05S . 11 (H,0)
DHPC (diheptanoylphosphatidylcholine) CoHaNOGP —

LDAO (lauryldimethylamine-N-oxide) Cy4H3NO 76
Zwittergent 3-08 (3-(N,Ndimethyloctylammonio) Cy3HoNO5S —
propansulfonate)

Zwittergent 3-10 (3-decyldimethylammonio)- CysH33NO5S 41
propansulfonate)

2wittergent 3-12 (3N, Ndimethyllaurylammonio)- Cy7H3;NO5S 55
propansulfonate) (lauryl sulfobetain, SB-12)

Zwittergent 3-14 (3N, Ndimethylmyristylammonio)- C,gH4 NO,S 83
propansulfonate)

Zwittergent 3-16 (34N, Ndimethylpalmitylammonio)- C,yH.sNO,S

propansulfonate)




Blological detergent

Molecular weight

(g/mol)

CMC (mM)

Deoxy-BIGCHAP

Brij 35 (polyethyleneglycol-dodecylether, C,,E;5)
Digitonin

nDecyl-B-o-glucopyranoside
nDecyl-hexaethyleneglycolether (C,Eg)
nDecyl-g-o-maltopyranoside (DM)
nDodecyl-nonaethyleneglycolether (C,,Es)
nDodecyl-B-0-glucopyranoside
n-Dodecyl-hexaethyleneglycolether (Cy;Eg)
nDodecyl-octaethyleneglycolether (C,,Eg)
nDodecyl-B-o-maltopyranoside (lauryl maltoside, DDM)
HECAMEG (methyl-6-0{N)y-heptyl-carbamoyl)a-0-
glucopyranoside

nHeptyl-B-o-glucopyranoside

n-Heptyl-g-o-thioglucopyranoside (HTG)
Lubrol (Cy2E5.10)

Mega-8 (Noctanoyl-Nmethylglucamine)
Mega9 (N-nonanoyl-Nmethylglucamine)
Mega-10 (Mdecanoyl-Nmethyiglucamine)
nNonyk8-oglucopyranoside (NG)

Nonidet P-40 (NP-40) (Octylphenoxypolyethoxyethanol)
nOctyl-B-oglucopyranoside (0OG)
nOctyl-g-o-thioglucopyranoside (OTG)

Octyl polydisperse oligooxyethylene (8-POE)
(CsE3-11. meann=s)

Octyl tetraoxyethylene (CqE,)

Tween-20 (polyoxyethylene (20) sorbitan monolaurate
Tween-80 (polyoxyethylene (80) sorbitan monolaurate
Triton X-100 (polyethylene glyco-pisooctylphenyl ether)
Triton X-100 hydrogenated

Triton X-114 (cloud point 22°C)

CaoHysN3Oye
CazHysN3045
CegHg2029
C16H3206
C22Has0;
C22H420yy
CaoHez010
C1sH3506
C24Hs00;7
C2sMs304
C24Hag04y
CysHoNO;

Cy3H2606

Cy3H2604S
CysH3:NOg
cl 7H35N06
CysH3006

Cl‘H?GOG
C14H2506S

C16H12404

878.1
862.1
1229.3
320.4
4226
4826
582.8
348.5
450.6
538.8
510.6
335.4

278.3

294 .4
582

321.4
335.5
3495
306.4

603.0
292.4
308.4

306.45
1227.54
1309.68
625

631

537

3.4
1.1-1.4

0.05-0.1

2.2 (H,0), 2.3 (0.01 M PBS)

0.9 (0.05 M NaCl)

1.8 (0.15 M NaCl)

0.046 (0.01-0.2 M NaCl)

0.19 (H,0), 0.13 (0.05 M NaCl)  —

0.087 (0.05 M NaCl) —
0.05-0.1 (0.1-0.2 M NaCl) 120-127
0.17 (H,0) 98

19.5 —

79

30 —
0.1 (0-0.05 M NaCl)
79 (H,0). 58 (0.05 M NaCl) —_
25 (H,0) —
6-7 (H,0) —

6.2-6.5 (0.15 M NaCl),
3.5 (1 M NaCIo

0.05-0.3

24.4 (H,0), 23.4 (0.1 M NaCl)
9 (H,0)

6.6

6

0.059

0.012

0.3 (H,0), 0.29 (0.1 M NaCl)
0.25 (0.05 M NaCl)

0.2

110 (0-0.1 M NaCl)



Critical micelle concentration
(cMme)

Light scattering

CMC

Surfactant concentration Surfactant concentration

Osmotic pressure ; unimers

micelles

Concentration

Surfactant concentration Surfactant concentration

Below CMC only
unimers are present

Above CMC there are
micelles in equilibrium
with unimers



shape of lipid packing of lipid

molecule

molecules Amphipilic molecules pack so as to

' mintmize the tnteraction between water
and the wonpolar part of the molecule.
The two hydrocarbow tails give
phospholipids a cylindrical shape that
000000000 causes the molecules to pack as a

lipid bila yer L water.
bilayer

(B)

ENERGETICALLY UNFAVORABLE

planar ph(;spholipid bilayer
with edges exposed to water

Mintmum contact between water and
the hydrocarbon chains is achieved by
forming the bilayer tnto a closed
compartment.

L\
'\ sealed compartment
) formed by phospholipid
" bilayer

ENERGETICALLY FAVORABLE




association number: ratio of micelle volume to volume per molecule V
4 3
B TcRmic
V

association number: ratio of micellar area to cross-sectional area per molecule a
2
4 4nR:

A

R,... micelle radius

p:

P

4 1

aRmic 2 3

R,... cannot exceed length of fully extended chain /

N,: surfactant (critical) packing parameter




rediction of assembl

Critical

packing Critical Structures
parameter packing shape formed

v ‘J‘,l‘_

Spherical micelles ”(‘/Yitiaa L 'Pa GRLV\IQ Pa Ya meter"

Single-chained lipids
(surfactants) with large
head group areas:

SOS in lovs salt

v/al,
Truncated cone = . Y v — \/DLI/(,VM/e Df aVMfPl’li«‘Pl’lLLe

Single-chained lipids ) . .
with small head-group m =0 5.0 o

areas: o e ao = arca Df l’\ﬂad QYOI/LP
SDS and CTAB in high salt, y :

nomonic lipids

L, = length of head group

Double-chained lipids with *

large head-group areas, fluid b

i caw be approxrmated as the
Phosphatidyl choline (lecithin)

phaospharidyl serine ) ! a V\/@ Le Of the a VM;PM LPM LLe 00 V\/e

phosphatidyl giycerol,

phosphatidyl inosito!, y ’

phosphatidic acid, 0 Y L V\/\/e Yse co V\/e
sphingomyelin, DGDGe,

dihexadecy! phosphate

dialky! dimethy! ammonium

salts

Double-chained lipids Planar bilayers

with small head.group
areas, anionic lipids in high
salt, saturated frozen chains
phosphatidy! ethanolamine,
phosphatidy! serine + Ca*'

Inverted
truncated cone

Doub'e-chained lipwds with or wedge

small head group areas,

nononic lipids, poly (cis) IR
unsaturated chains, high T:

unsat. phosphatidyl! ethanolamine,

cardiolipin + Ca**

phosphatidic acid + Ca*'

cholesterol, MGDGY




vesiele ve. soap bubble

0.1-10pum I

tail pointing “out”

20nm-100um

Soap Bubble

Lipid Vesicle




”Liials on the move”

b) rotation: 10 sec

c) lateral diffusion: 106 sec

(g e) flip-flop: 10° sec
g N : A

a) conformationalchange: 10-? sec ' Id d) protrusion: 10-12 sec




moodels of bromembranes

models of biomembranes

Langmuir films planar lipid membranes liposomes

NN ENNN

free-standing bilayer (BLM) unilameltlar

LB multilayer supported bilayer multilamellar




membrane stabilization




membrane stabilization




