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Background

Pluronic Properties

e Nontoxic bulk chemical
e Nonionic surfactant

PPO

Pluronic® L64 (PEO,;PPO,,PEO,;) -
e polypropylene oxide (PPO)  -(CH,);0- ‘
— hydrophobic core (60 wt%)

e polyethylene oxide (PEO) -(CH,),0-
e Nominal molecular weight = 2900 g/mol
e Self-assembles in aqueous solution

— Critical Micelle Temperature (CMT)

— Concentration & Temperature Regulated o

Figure 1: Hammouda_SANSBasics.pdf
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Project Objective

Motivation

Understand the physical mechanisms underlying the phase behavior and
observed rheology to optimize processing and improve performance of
consumer products.

e Emulsifying agents
* Drug delivery application

Observation
e Viscosity increases in L64 aqueous solutions near cloudy point conditions

Debate
1. Shape Changes
2. Attractive or repulsive interactions

Investigation Techniques
e Dynamic light scattering (DLS)
 Small Angle Neutron Scattering (SANS)
e X-ray and Neutron Reflectometry
 Rheology Measurements (Geometry)



Colloidal System

Cloud Point

* Below T_copolymer is miscible

* Above T_copolymer undergoes liquid-liquid phase separation
— PEO becomes insoluble in aqueous solution

— Critical demixing
Figure 2: Simulation Predicted L64 Shape

Interpretations

1. Shape Change
— P(qg) form factor
— Spherical to cylindrical

2. Micelle-Micelle Interactions ot ons e sl Soone: olees o
Repulsive micelle-micelle interactions 1o pa L Solutions. Lenamur 2007, 23
o Anisotropic micellar growth Figure 3: L64 Attractive Interactions
Attractive micelle-micelle interactions =
— Scattered light intensity diverges . .

— Critical concentration fluctuations
— Short-range interactions between PEO COrONAS  yeiuon scttering Ansiyes ot the trucare ang

Interaction of Triblock Copolymer Micelles in
Aqueous Solution. Macromolecules 1998, 31 (7),

Evans, D. F., & Wennerstrom, H. (1999). The colloidal domain: Where physics,
2236-2244.

chemistry, biology, and technology meet (2nd ed.). New York: Wiley-VCH.


Presenter
Presentation Notes
Bedrov paper: Prolate Ellipsoidal Structure  Molecular Simulations Aspherical core “Predominately repulsive interactions”
Mean force potential no attractive interactions at separations Hard sphere (HS) model structure factor fails at high concentrations (Nagg ≥ 40)



Dynamic Light Scattering (DLS)

DLS Correlation Function * Intensity correlation function g,(t)

g2(1)=1+ Blg1()]* (ean. 1)

g1(t) = e~ Dot (eqn. 2)

@ 1wt% T57C . . . . .
\ Dy= translational diffusion coefficient

M 1wt% T34C

e Ganguly proposes “entangled worm-
like structures” due to decreased D,

1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

Time (us) Ganguly, R.; Choudhury, N.; Aswal, V. K.; Hassan, P. A., Pluronic L64
Micelles near Cloud Point: Investigating the Role of Micellar Growth
and Interaction in Critical Concentration Fluctuation and Percolation.

Observed similar DLS tr‘end The Journal of Physical Chemistry B 2008, 113 (3), 668-675.
e Collective versus Self-Diffusion
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Apparent Hydrodynamic Radius

1 wt%
55 4
. e Apparent hydrodynamic
45 - radius (R,) may be
¢ different than physical size.

R (nm)
2

¢ e Estimated using Stokes-

25 1 ¢ Einstein equation
2

2
. e Multiple scattering effect
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Small Angle Neutron Scattering (SANS)
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Figure 4 : SANS Instrument Allemale 3
http://www.ncnr.nist.gov Sample Position Velocity Selector

I(q)=®Vp* P(q) S(q) > I(high q)=A P(q)
I(q)= total scattering intensity
P(q) = form factor - single micelle shape

Investigate short range
interactions

q =0.001 A-1to 0.5 A1

Smaller distance to
detector: higher q

Longer distance to
detector: lower g

S(q) = structure factor—- micelle-micelle interactions

A= constant



SANS Experimental Design

e Scattering Length Density(SLD) Contrast

- L64SLD =0.437E-6 A2

- D,0SLD = 6.321E-6 A2
e Temperature controlled + 1°C
e 1mm Titanium SANS cells
. Sample vqume 0.5mL

70
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Cloud
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Figure 5: Chen et al. Phase Diagram

Kositza, M. J., C. Bohne, et al. (1998). "Micellization Dynamics and

Impurity Solubilization of the Block-Copolymer L64 in an Aqueous

Solution." Langmuir 15(2): 322-325.
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Figure 6: SANS Cell
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Form Factor (Micelle shape)
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- Variations due to the transition from unimers to micelles

S(q) = low g region




I(a)

SANS Data
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q@A’)
* P(qg) = high g region overlap
- Suggests at low concentrations form factor remains constant from T= 50 to 60°C
e S(g)= dynamic interactions
- 1wt% approaches observed cloud point at T= 60°C
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Micelles Near Cloud Point

Reduced SANS Data Normalized Reduced SANS Data
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* Incoherent background scattering



Cap and Gown Model

* Predict solvent content

* Mostly PPO Core
* ¢, = polymer volume fraction in core
 r =radius from center of core

e PEO Corona
e Gaussian distribution of polymer fraction density

Figure 7: L64 Cap and Gown Micelle Schematic

Liu, Y.; Chen, S.-H.; Huang, J. S., Small-Angle Neutron
Scattering Analysis of the Structure and Interaction
of Triblock Copolymer Micelles in Aqueous Solution.
! Macromolecules 1998, 31 (7), 2236-2244.
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Smeared Cap and Gown Model

- (L= R ]

Preliminary Fit Parameters of Interest
K i%%feé?é‘d"lﬁpz?nﬂtgl?ﬁ?nodel e Core Radius (A)
\\ ® 1wtL64 in D20 at T=60C e (Core Polydispersity
\ * Polymer Fraction in the Core: ¢,

T\

6 : Parameters Values

j \ """ polymer fraction 0.013034

. A core radius (A) 30.4213

) \ core polydispersity (0,1) | 0.356632

? ; polymer fraction in core | 0.88795

\ t=a/o 1.03143

_ SLD polymer (A) 4.37E-07
SLD solvent (A?) 6.32E-06
background 0.064087

5 6 7 8 9 | 2 3 1 5

q@&"
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Micelle-Micelle Interaction

® 1wtL64 in D20 at T=50C
—— smeared cap and gown model
— Fit
® 1wtL64 in D20 at T=60C

* High g region form factor
fit suggests micelles

maintain spherical shape
near cloudy point.

T M | * Low qregion differences
T A U due to micelle-micelle
interactions S(q)

| S R S & WS 5 * Fit different S(q) models
T B S to determine the nature
of interaction
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Smeared Cap and Gown Sticky Hard Sphere

Preliminary Fit Parameters of Interest
i [ e 1wtLe4inD20atT50C : 2
—_— SmeareclinCap a:d Gown Model Fit d CO re RadIUS (A)
A Rt e —— Smeared Sticky Hard Sphere Cap and Gown Model Fit . .
+| | e Core Polydispersity
* Polymer Fraction in the Core: ¢,
10 . . o
] . e Effective Hard Sphere Radius (A)
11 Co d Stickiness pa rameter ;
1 R | . | - measure of attractive potential
1 —
. — Parameters Values
. R BN R : polymer fraction 0.013034
N SRS O B N A . R core radius (A) 30.4213
- b : 5 1 : : core polydispersity (0,1) 0.356632
| polymer fraction in core 0.88795
t=a/o 1.03143
04 — SLD polymer (A%) 4.37E-07
. SLD solvent (A2) 6.32E-06
] effective HS radius (A) 47.549
T perturbation parameter (0.1)] 0.1
stickiness parameter 0.215235
background 0.064087
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Conclusion

Summary

e Prepared samples 1 to 30wt% purified L64 in D,O
* DLS results correspond to literature trends
e NG-7 and NG3 SANS experiments

e Utilized NCNR SANS Reduction & Analysis tools to fit data with Smeared
Cap and Gown Model-SHS for preliminary P(q) fitting

— P(q) appears constant near cloudy point conditions
— Attractive micelle-micelle interactions dominate near cloud point in
1wt% to 10wt% solutions
Future Investigations
e Continue SANS Data Analysis
— Fit additional models and S(q)
* SANS experiments with deuterated polymer
e DLS at higher concentrations
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L64 Structure Debate

Typical Assumption: Spherical Micelles

However...

Bedrov et al. Proposes

Prolate Ellipsoidal Structure

Molecular Simulations
Aspherical core
“Predominately repulsive interactions”

Mean force potential no attractive
interactions at separations

Hard sphere (HS) model structure factor

fails at high concentrations (Nagg > 40)

(a)

1
1 R=130 A
1

Figure 4: Structure Micelle-Micelle
Interactions

Bedrov, D.; Smith, G. D.; Yoon, J., Structure and
Interactions in Micellar Solutions: Molecular
Simulations of Pluronic L64 Aqueous Solutions.

Langmuir 2007, 23 (24), 12032-12041.
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Supplementary Information

41T

?CLS(l)p = Nvppg

where N= Aggregation number, a= core radius, and vppp= molecular volume
— Surfactant Number N,
» Dilute Solutions, non-interacting aggregates
» N, =0.33 spherical micelles and 0.5 infinite cylinders
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SANS Data: T=20°C
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SANS Data: T=45°C
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SANS Data: T=50°C

Above CMT: Micelles
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I(a)

Smeared Cap and Gown Model
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