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Self-Assembly 
Self-Assembly in micelles:

Hydrophilic tail

Hydrophobic head
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Song, Xianyu et. Al. (2018). 

Molecular crystals 

Micelles 

Colloids

Lipid bilayers 

Presenter
Presentation Notes
Self assembled structures are spontaneously formed, these in most cases are amphiphilic molecules spontaneously organize themselves to give structures.The formation of a micelle is a response to the amphipathic nature of fatty acids, meaning that they contain both hydrophilic regions (polar head groups) as well as hydrophobic regions (the long hydrophobic chain).



How does diblock ratio and solvent quality effect the shape and size of 
particles? 

What does self-assembly have to do 
with this research? 
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PEO      block PLLA

Presenter
Presentation Notes
Diblock copolymers undergo self assembly



Nucleation and Growth

Nucleation/growth

Sonication
Crystallization-
Driven Self 
Assembly (CDSA) 

Solvent-induced crystallization 
at 55⁰C:  

Crystallization in solution 

Block B

soluble insoluble

block A block B

Amorphous corona
(flexible chains)
Crystalline core
(folded chains)

Poly-dispersed 
structures
(pre-seed)

Polymer solution

Near crystallization temperature slowly alter the solvent quality to a good solvent for the corona and theta solvent for the crystallizing core

PEO      block PLLA

4

Presenter
Presentation Notes
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Experimental Conditions 

• Solvent quality 
◦ THF/D2O 
◦ Acetone/D2O       (forms a homogeneous mixture at all experimental temperatures 

and compositions – inferred from Dynamic Light Scattering and Small-angle Neutron 
Scattering)

✔

✗

Conditions/Parameters varied: 
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Presenter
Presentation Notes
Increase the font for all, Make a schematic for 20:1 block ratio, mention that there were similar ratios for 2K PLLA



Nucleation/growth

Sonication
Crystallization-
Driven Self 
Assembly (CDSA) 

Sonication
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Mono-dispersed 
structures

(seed)

Presenter
Presentation Notes
What is Sonication?The application of sound energy to agitate particles in a sample. Why? Seed formation.



Dynamic Light Scattering (DLS) 

Conditions Hydrodynamic
radius in nm [r]

% Polydispersity
(in size)

Pre Seeds ~ 450 ~ 45

Seeds ~ 80.0 ~ 8.0

D – Diffusion constant
ΚB – Boltzmann’s constant
T – Temperature 
η – Viscosity (solvent)
r – Radius of the spherical particle
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Presenter
Presentation Notes
Hydrodynamic radius is the spherical equivalent radius of a sphere diffusing at the same rate as the particle of interest. 



Small-Angle Neutron Scattering (SANS)
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Neutron beam source  sample  2D detector and reads the information with intensity (l, q) and momentum transfer (q)

Monica Castellanos, et. Al.(2016)

Presenter
Presentation Notes
Hydrodynamic radius is the spherical equivalent radius of a sphere diffusing at the same rate as the particle of interest. 
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1D Small-Angle Neutron Scattering (SANS) 
Preseeds vs seeds

Sonication resulted in smaller structures.
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Temperature: 55°C
Solvent: 10 wt % Acetone to D2O

Presenter
Presentation Notes
Slopes and schematics from slide 6 Avanish_21_May
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SANS on Seeds 

Increasing the block asymmetry
resulted in particles of different
shapes.

Effect of block ratio: 
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-1

-2

-4

Temperature: 55°C
Solvent: 10 wt % Acetone to D2O

Presenter
Presentation Notes
Cut the Y-axis scale to 2000, slope at high Q and low Q, mention for 2K-20K that we have more cylinder like, 2K-10K is disk like Slope 1 – cylinders (2K-20K)Slope 2 – disks (2K-10K)Slope higher than 2 – some larger structures (2K-5K)Slopes identical to those at slide 6 
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Small PLLA in highly asymmetric blocks do not undergo self-assembly 

Effect of PLLA length for a fixed block ratio 

SANS on Seeds 

PLLA length effects the shape of particles 

Block ratio of 1:5 Block ratio of 1:10
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Temperature: 55°C
Solvent: 10 wt % Acetone to D2O

-1

-1

-2

Presenter
Presentation Notes
3. Effect of PLLA length with same block ratio (1K-10K and 2K-20K)Add subheading and a brief summary of what we are seeing.



Crystallization-Driven Self Assembly (CDSA): 
Tuning aspect ratio

Basic idea:

Aim: Long fairly 
Mono-dispersed structures

Minimize self-nucleation of micelles
Minimize the propensity of seeds to attach and grow
Promote stable seeds and epitaxial growth of polymers on 
seeds   

Add polymer 
solution

Longer particles

Good solvent for PEO corona and marginal to bad solvent for PLLA core  
Nucleation/growth

Sonication
Crystallization-
Driven Self 
Assembly (CDSA) 

Thank you 

Seeds

✔

Presenter
Presentation Notes
Mention CDSA time: 1 dayCDSA is an ongoing study.Now that we have obtained our seed particles through nucleation and sonication with this step we can add polymer to our seeds to that we can grow our rod like particles to a certain length. This assortment of particles will be used to investigate the structure of soft materials under high shear using slit capillary rheometry and SANS.



Effective concentration: ~5-10 mg/mL
Solvent: 10 wt % Acetone to D2O

SANS data on Seeds and CDSA: Choosing the 
appropriate temperature
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The shape of the particle is unaffected at 40⁰C

Seeds (1K-5K) vs CDSA (1:1)
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Slopes at high Q and medium Q, similar to that on slide 6 
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Seed response is similar to that of PEO of the corresponding length: no self-assembly occurs 

SANS data on Seeds and CDSA for short and 
highly asymmetric diblocks

CDSA temperature is 40°C
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Presenter
Presentation Notes
Mention that the temperature for this study is the same – see whether the temperature is optimal Mention that the result for 1K-5K have been discussed before.Seeds (1K-10K) vs CDSA (1to1) – doesn’t undergo any self-assembly, even with higher polymer to seed ratioSeeds (2K-20K) vs CDSA (1to1) Stitch USANS and SANS data together for CDSACompare the slopes at different regions Refer to slide 16 – Avanish_21_May** Make a statement (inference/conclusion) for every slideNo self assembly because of the long PEO and short PLLA 



On-going and Future Research 
•Preparing seeds and CDSA for 1K-7.5K and 2K-15K to form 1D particles with
varying aspect ratio.

•In the future, the findings will provide a toolbox of particles with varying aspect
ratio to answer the fundamental questions relevant to the flow behavior of soft
materials.
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Facilitate the formation of 1-dimensional rod-like structures

Decrease the thickness to broaden the accessible length
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Currently used 

PEO/PLLA DOP
= 5:1 (block ratio)

Reference samples

Only PLLA polymer PEO with increasing Mn as in the diblocks

Increasing the length of PEO block for fixed PLLA block 

Block ratio (10:1) and Block ratio (20:1)

Procured

Increase lc more 
rapidly than V

Procured

CANDYCE COLLINS,  KATIE  WEIGANDT,  AVANISH 
BHARATI
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