Chapter 10

Self-Assembly and Catalysis



10.1.1 Self-Assemny
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Traditional synthesis : kinetic control

Self-assembly : thermodynamic control

Covalent bond: ~100 Kcal/mole Thermal energy: 3/2 kT at 300K
Hydrogen bond: ~10 Kcal/mole => 0.45 Kcal/mole

Van der Waals : ~1 Kcal/mole S



10.1.1 Self-Assembly
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Figure 1. Chart illustrating the general scheme of “making things” at size scales ranging
from nanometers to kilometers, and the possible niches for application of mesoscale
self-assembiy.
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10.1.1 Self-Assembly
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Organic crystalline host:guest complexes (Ward)

<+——= [norganic crystalline host:guest complexes (Bein)
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Nanoparticle nucleation in block copolymers (Yoon, Lee, and Thomas)

— o

Nanoparticle nucleation for biomimetic mineralization (Cdlfen and Yu)

Mesoscale self-assembly (Boncheva and Whitesides)
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10.1.2 Semiconductor island
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10.1.3 Self assemble monolayer
C e+ :

__‘/
Hr{(‘\o RSSR

1
Ll

L

I iF-
- ..".-'* S _". .-
et AR o i
SH ’% sTeve
SOSOSO 006

Figure 10.3. llustration of the self-assermbly of 3 monalayer of o alkanathiolaiss o gald. Tha
terminal sulphur resides in the hollow betweer three closepacked gold aloms, as shown &
in Fig 10.2. Tha termingl groups labeled by X represent metwl. [Erom .. | Vliker
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10.2 Catalysis
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Figure 10.5. Effzct of cafalytic particle size on the dissociation rate of carbon monoxide.
Rhodium aggregates of various sizes, characterized by the number of Rh atoms per aggregats,
were depesited on alumina (Al.C-) films. The rhodium was given a saturation carbon monoxide
(GO} coverage, then the material was heated from 20 to S00K ({circles), or from 300 to 500K
isquares), and the amount of atomic carbon formed on the rhodium provided a measure of the
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10.2.2 Surface area
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10.2.2 Surface area

Langmuir Isotherm
Langmuir suggests that adsorption takes place through this mechanism: A; + S = AS,

where A is a gas molecule and S is an adsorption site.
The direct and inverse rate constants are k and k ;. If we define surface coverage, 6 , as

the fraction of the adsorption sites which are occupied, in the equilibrium we have
k 7 -
K= = g KFP
by (1-6)P or 1+ KP

BET Isotherm
Often molecules do form multilayers, that is, some are adsorbed on
already adsorbed molecules and the Langmuir isotherm is not valid.

In 1938 Stephan Brunauer, Paul Emmett and Edward Teller
developed an isotherm that takes into account that possibility. The
proposed mechanism is now:
Ag+S<AS
Ag + AS = A2S
Ag + A2S = A3S and so on



Langmuir Isotherm
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BET Isotherm
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Langmuir and BET Isotherm




10.2.3 Porous materials

Scheme 1. Pore size distribution of various porous materials.
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Zeolites

Zeolites are microporous crystalline solids with well-defined
structures. Generally they contain silicon, aluminium and oxygen
in their framework and cations, water and/or other molecules
wthin their pores. Many occur naturally as minerals, and are
extensively mined in many parts of the world. Others are
synthetic, and are made commercially for specific uses, or
produced by research scientists trying to understand more about
their chemistry.




10.2.3 Porous materials
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Figure 10.8 Distribution of pare diameters in two molecular sieves with mean pore diameters of
3,04 and 3.94 rm, determined by the physisorption of argon gas. [From J. S. Beck, J. ©. Vartuli,
W. J. Roth, M. E. Leonowicz, C. T. Kiesge, K. D. Schmitt, C. T.-W. Chu, D. H. Clson,
E. W. Sheppard, 5. B. McCullen, J. B. Higgins, and J. L. Schenxler, J. Am. Chem. Soc. 114,
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Figure 10.13. Configuration of sulphate group on the surdace of a zirconia—sulfate catalyst,
showing the Lewis acid site Zr~ at the left, and the Brensted acid site H ar the riaht. [From
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10.2.4 Clays
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10.2.5 Colloids
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10.2.5 Colloids
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Flgure 10.23. Metallic coiloidai particie stabilized by suifabetaine compounds related to NR4X,
but with an 50; group at the end at ong of the alkyl chains R. [From H. Bdnnemann and
W. Brijoux, in Moser (1996), Chapter 7, p. 174.]
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Organic Compounds and
Polymers



11.2 Polymer
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11.2.2 Size of p

- M.
V= d& — /JéXNST

4 = 0.6 (1)

1) Homework : relatlonshlp for spherical polymer
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11.4.1 Conducting Polymers
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11.4.2 Block copolymers
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11.4.2 Block copolymers

A B A B A
%

[ 2GR
diblock triblock

Ordered Disordered -Qma( - P"\/ A -'fmh‘

e 7
sy -%“ i
.EE«W%?t{N;@RHH:_Eh A 1.1: G".;m-‘ @B
nlere] B Thermally ““P‘-e ‘j})

MR @' & -;"'L;C?. =ty
Il 02 3~ Reversible -

) i i b’ﬁ’l

r< %ﬂ;?ﬁ":ﬂ)—? g 'T“ i’%ﬁ

LY 1 =N .}"'l

L
iL, r
o Wy 5.:' il
E;;“l_,f o AL T h@.\/’_ v




11.4.2 Block copolymers
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11.4.2 Block copolymers

Fig. 1. Sketches of equilibrium morphologies from BC self-assembly, among the
most frequently used for nanofabrication. For diblock copolymers in bulk:
bodv-centered cubic-packed spheres (1), hexagonally ordered cylinders (2},
lamellae (3). For triblock copolymers: lamellae (4), hexagonal coaxial cylinders
i5), spheres between lamellae (6). For amphiphilic BCs in solution; spherical
micelles (7), and cylindrical micelles (8). Periodicities, or micellar dimensions,

are in the range 10-100 nm.



3lock Copolymer as Photonic Materials

TEN-CEIRCTI I TETLAL AT o TETI LA TE L.O0L ) L PIEUTE L0077
However, it turns out that the double
gyroid network structure does not possess

Figure 2. {a) Schematic illustration of the unit cell of the double gyroid morphology. The doulbie gyroid sfrucfure comprises bwo inferpeneirafing
three-dimensionally continuous networks of the minonty component (shown in blue and yellow fo help in visualization). (b) Transmission electron
micrograph of an 80-nm-thick cryo-microtomed thin seclion of the 750 kg/mal P5—P! block copolymer. The image is of the [123] projection of the
microstructure, yielding a lattice parameter of the cubic cell of 250 nm. The isoprene matnx has been stained with osmium fetroxide, leaving the
styrene nefworks light in this bnght-field micrograph. [Repnnted with permission from Reference 26.) () Scanning electron micrascopy secondary
electron image of the double gyroid styrene nebworks remaining after UViozone efching, showing that the nefworks remain intact and selfsupporting
after processing. The dimensions of the network structure are not perceptibly changed by the processing. (Reprinted with permission from
Reference 26.)



3lock Copolymer as Photonic Materials
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11.5.2 Dentritic Molecules
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Figure 11.17. Oniginal dep-Dy-steo sel-assembly of a polyamine dandrimar by alternating
baiwesn atopa that repace the bydrogens o aming groups by cyanide Qroups [=—MNHy =
=MN{CMjg]. and then achl hydregens lo the cyanido nitogens [—CM— MMl [From E.
Bunleiar, W. Wahnar, ard F. Wgile, Simffhwesis 158 (1978} |
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dendralysts
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Chapter 12

Biological Materials



12.2 Size of the biomaterials
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12.4.2 Micelles and Vesicles

Polar
Head
3
Ly
Hydracarbon
Tail
L 4

- A1\
A\’\ AHL

wlar

¥} ; 5phancal
) c??%% T e

s
i) %?? Wi<p=12 m.mT;af:mm
84

woler

a1 »
e 2ep= el
7§ :
Aar
T el

“ gé;g;, pui e
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Figure 12.16. Sketch of the sequential adsorgtion process for the formation of a polyion fiim.
The upper figure shows a positively charged substrate (left) that has adsorbed a negatively
charged polysieciralyte by being dipped into a negative elecirolyte solution {center). and then
adsorbed a pasitively charged fayer from a positive electrolyte solution {right). The lower figure
shows two additional steps in the sequential adsorption process. [From T. M. Ceoper, in Nalwa
{2000}, Vol. 5, Ghapter 13, p. 720.]



