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Layer by Layer deposition (LBL)
• Now use charge to encourage 

attachment
• Deposit positive (or negative) 

charge on surface
– Modification of surface 

chemically or by adsorption of 
species with charged groups

• Wash
• Dip charged surface into solution 
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• Dip charged surface into solution 
with oppositely charged polyions 
(minutes to hours)
– Charge is balanced, and 

overcome, so surface charge 
inverts

• Wash
• Dip back into positive charging 

solution
• etc.



More LBL

• Deposition during each dip is self-limiting by electrostatic 
repulsion

• Rinsing removes unbound material
• Multilayer, graded, tailored coatings possible.
• Molecules or Nanoparticles can be deposited during 

each step in this manner.
– Including SAM coated nanoparticles
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– Including SAM coated nanoparticles

• Thickness grows almost linearly with number of layers.
• BUT, interdiffusion does occur, so interfaces are not 

sharp (thus useless for some applications)



Using LBL
Interlayer diffusion can be an advantage:
• Polymer LED’s require both a light emitting polymer and a 

conductive polymer.
– Opposing requirements.

• Use LBL deposition of 20 layers of PPV (light emitter) and PMA 
(counter-charge layers).
– Optimal brightness
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• At the anode, use 5 layers of PPV and SPS
– Enhanced conductivity



Chemical sensors

• Use LBL with nanoparticles 
to assemble:
– Negatively charged, citrate 

stabilized Au nanoparticles
– Positively charged, adrenaline 

sensing host molecules

• Produces array of Au 
particles on a surface with 
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particles on a surface with 
contacting host sensing 
molecules
– High surface area electrode
– High conductivity electrode
– Potentially high sensing 

efficiency
– Host can be tailored to 

selectively sense other (or 
multiple) molecules



LBL spheres
• There is tremendous interest in 

producing functional nanospheres 
(instead of films as in last class)

• Use LBL schemes to deposit 
multilayers, but onto spherical 
templates (sacrificial 
nanoparticles/polymer spheres)
– Coat initial particle with neg and pos 

polyelectrolytes
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polyelectrolytes
– Disperse particles in polymer solution
– Centrifuge and wash
– Expose to acid or oxidative solution to 

dissolve the core, leaving a shell 
behind

– 70nm to 10um spheres, >20 nm thick & physically/chemically robust
– Shells permeable, allowing encapsulation of molecules, drugs, even 

constrained growth of otherwise impossible crystals



3d nanocomposites

• To self-assemble complex or multicomponent systems, 
electrostatic interactions (i.e. LBL schemes) are 
unsatisfactory.
– They don’t differentiate between individual functional groups of 

the same charge.

• For more selectivity, use hydrogen bonding
– DNA
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– Other lock/key molecular interactions (biotin/avidin)

• DNA-induced nanoassembly:
– Leverage ability of complementary DNA single stranded 

sequences (‘oligonucleotides’) to hybridize into double stranded 
helices

– Especially leverage sensitivity to whether independent single 
DNA strands have identical sequences or not

• poor bonding for just 1 base-pair error, limiting ‘errant’ assembly.



DNA assisted nanoassembly

• Two sets of particles of 
different radii

• Attach one oligonucleotide 
to one kind of particle, 
another non-
complementary single 
strand DNA sequence to 
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strand DNA sequence to 
the other.
– Won’t bind to each other, 

just all float around in 
proximity.

• Add a linker with 2 halves, 
one complementary to one 
of the DNA strands, the 
other to the other

• Beautiful structures result.



• Random agglomerations of different sizes easily formed 
for roughly equal ratios of each particle type.

• Satellite structures possible when asymmetric ratio of 
particles used.
– Particles could also have another distinct DNA strand which 

could be used to attach a third layer, etc.

• Increasing temperature tends to unzip DNA
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• Increasing temperature tends to unzip DNA
– Method to separate agglomerations
– Absolutely repeatable without degradation

• Turn the concept around for a real-world application:
– Strong absorption of gold nanoparticles with wavelength 

sensitivity to agglomeration size/shape allows high sensitivity to 
distinct DNA strands.



• A little less fancy, attach non-DNA-but-still-specific 
binding sites to long, flexible polymer chains

• Wrap themselves around nanoparticles with attachment 
at each binding site.

• Tend to cluster together with temperature dependence 
for size

takenfrombdhuey



Self assembly via copolymers

• Homopolymers include only 1 monomer. 
• Copolymers comprise 2 distinct monomers, randomly 

connected along the chain.
• Block copolymers include 2 (or more) monomers, 

distinctly separated along the chain.
– polymerA-linker-polymerB

• Truly distinct building blocks, though some 
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• Truly distinct building blocks, though some 
control/infuence over each other

• Physics of microphase                                                
separation becomes key



• On bulk scale, blend of incompatible polymers would phase 
separate into distinct domains or phases.
– Each rich in the different phases

• Cannot phase separate in block copolymer because connected 
to each other

• Can microphase separate, though
– Periodic arrays of domains of varying shapes/sizes
– Cannot be larger than each distinct block’s length (controllable during 
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– Cannot be larger than each distinct block’s length (controllable during 
manufacturing)



Importance of volume fraction

• Even 
proportions 
lead to 
lamellae

• Asymmetric 
amounts 
create 
cylinders, 
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cylinders, 
dots, other 
complicated 
shapes.



Importance of substrate
Impenetrable barrier to polymer diffusion modifies the block 

copolymer response as compared to the bulk
• Film thickness important

– A thick film will usually microphase separate the blocks laterally
– A thin film (thinner than each independent block can be) has only one 

option: perpendicular phases
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Importance of surface energy

• Substrate/copolymer component surface energies are 
also key:
– Strongly interacting substrates (optimal interfacial energy) 

promotes parallel structures
• domains lie down in the plane
• forming parallel lamellae
• or even multilayer films

– Weakly interacting are more likely to form vertical domains
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– Weakly interacting are more likely to form vertical domains
• Separation a function of length of copolymer components

• air-film interface is also necessary to consider



• For thin films of block 
copolymers on a substrate 
beyond the critical thickness 
for parallel features, patterns 
are essentially random.
– Or are they?

• Other methods for controlling 
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• Other methods for controlling 
domain shape and/or 
orientation: 
– Surface energy patterning
– Topographic patterning (film 

confinement between 
features/walls)

– E-fields

http://www.future-fab.com/documents.asp?grID=213&d_ID=3022



• Surface energy 
patterning to 
promote 
copolymer 
organization
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• Defects at corners begin to form when 
the length that must be accommodated 
increases beyond the lengths of the 
copolymer components.
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‘Combi’-lithography
• The initial pattern includes numerous possibilities for 

feature separation, angles, periodicity, etc.
• Analyze results for all possibilities in a single image.
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Seeded/constrained copolymer patterning

• Lateral topographic constraints can also induce ordering.
• Block copolymers can only fit the gap by aligning into rows 

or layers.
– Surface energy of step edges helps (dominates?) too.
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• Thin film of copolymer favors perpendicular lamellae
• Lamellae sizes favor ordering in rows
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Sub-lithographic patterning

• Topographic constraints induce initial ordering.
• Etch away one component.
• Fill in empty volume with another block copolymer.
• New, smaller constraint induces ordering with smaller 

dimensions.
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Directed Metal Assembly
• If lateral structures can be formed (cylinders in plane, 

vertical lamellae), surface-energy-driven preferential 
metal deposition allows nanowire formation
– Prepare block copolymer with lateral features using either:

• asymmetric block proportions and thick films for lateral cylinders
• Even ratios and thin film to force vertical ordering/lamellae.

– Thermally deposit ML of metal
• Metal will preferentially wet one domain or the other—depends on 

the metal and the exposed copolymer domains
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the metal and the exposed copolymer domains

– Rapid thermal anneal above Tg
• Complete phase                                                                          

separation possible.
• Can’t heat too much                                                                          

or too long, otherwise                                                                          
metal nanoparticles                                                                                 
will aggregate/fuse

• Worse: lines bridge.



Nanolithographic masks
• Use such block-

copolymer systems to 
form porous 
membranes
– Why not use these 

membranes as a 
lithographic mask???

– Preferential etching of 
one block vs the other 
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one block vs the other 
thins one faster

– Simply deposit through 
the resulting mask

• works for metals, 
semiconductors, etc.

– Resulting surface 
coatings are highly 
uniform over huge 
areas

• Seagate loves it…



Porous Membranes

• Distinct phases can be 
used to form porous 
templates
– Especially useful with 

asymmetric block 
proportions in thin films 
(perpendicular features)

– Etch out minor 
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– Etch out minor 
component, leaving 
swiss cheese 
morphology (but holes 
all essentially aligned)

– Control over hole size, 
distribution, and 
connectivity



E-field induced ordering

• Apply bias during block copolymer film annealing
• Form vertical, through thickness cylinders or lamellae

– Block copolymer must have only a single layer of perpendicularly 
oriented phases
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HW

• Assignment due next Thursday:
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Paper for Tuesday
• DNA Origami Design of Dolphin-Shaped Structures 

with Flexible Tails
• Ebbe S. Andersen, Mingdong Dong, Morten M. Nielsen, 

Kasper Jahn, Allan Lind-Thomsen,
• Wael Mamdouh, Kurt V. Gothelf, Flemming

Besenbacher, and Jørgen Kjems
• ACS Nano, 2008, 2 (6), 1213-1218
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• ACS Nano, 2008, 2 (6), 1213-1218


