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Competition at the nanoparticle surface:
a subtle tale of antagonism and cooperation
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Multi-component stabilisation

Multi-component stabilisation systems widely used.
Cooperation between a mixture of surfactants and polymers is what is desired.

« when does this offer improved stabilisation?

» when do interactions between polymer and surfactant reduce stability?

Incentives towards multi-component systems:
» reduced shipping weight — transport costs, reduced CO, emissions
» reduced material consumption — less water pollution

Vé University of

BRISTOL

Multi-component stabilisation

Multi-component stabilisation systems widely used.
Cooperation between a mixture of surfactants and polymers is what is desired.

« when does this offer improved stabilisation?

« when do interactions between polymer and surfactant reduce stability?

SANS on PVP + SDS

SDS and solvent contrast matched — all scattering is from PVP

[Guinier region (R,) ] Structure factor from repulsions
induced by charged SDS micelles
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Adsorption of PVP onto silica Relaxation NMR
Rate for spin system to return to equilibrium:
04 5 Direct measurement of - longitudinal relaxation (R,)
concentrated dispersion .
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Typical rates for solvent relaxation:
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PVP added per unit area of silica / mg m?
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SiO,: 3 st (dispersion)
glycerol: 20 s

Bi(x) pulse

CuSO,: 100 s (10 mM)
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Relaxation NMR New NMR hardware

» Relaxation of near-surface water much * Small, light, low power
faster than bulk water « Fast measurements

» Fast-exchange limit » Low capital costs

+ Population-average measured: « Low running costs

Raverage = PsurtaceRsurtace T (1 Psurtace) Rbuik

+ Adsorbed polymer increases average Measure relaxation
rate of relaxation * R,and R,

* Molecular motions restricted + surface area
— correlation times longer « surface chemistry
— relaxation more efficient « flocculation

* More molecules in near-surface layer
(¢surface increases)
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Polymer adsorption Desorption by surfactant
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Relaxation NMR sensitive to polymer trains but not to loops & SDS does not adsorb onto silica (RZSp bare silica + SDS = 0)
< Decrease in R, suggests less PVP at the silica interface
B University of « Increase in layer thickness — stretching of remaining PVP
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Polymer volume fraction profile: SANS Polymer desorption by anionic surfactant
06 —— 5wt% Silica, 1.0 mg.m? PVP ° Scatterlng Only from
— — 5wt% Silica, 1.0 mg.m? PVP, 2.5mM SDS adsorbed po|ymer
0.5 1 — == 5wt% Silica, 1.0 mg.m? PVP, 10mM SDS
------ 5wt% Silica, 1.0 mg.m?PvP, 3omMsDs | « diffuse |ayer model
R4
5% — segment profile
8 os « volume fraction
o . .
g, profile constrained to
AN other measurements
0.1+ N
00 s , st + layer becomes more
0 10 20 30 s 50 6 elongated and more
Distance from silica surface, Z/ A diﬂuse Wlth SDS
addition . O ,
h Langmuir, 2012, 28, 2485. DOI: 10.1021/la204512d
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Surfactants mixture: SDS + Cy3E;

200

e 15mM SDS, 5mM C,E,
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« Surfactant mixture fitted to a core shell model

« Linear increase of aggregation number and o

micelle size with non-ionic surfactant.
[CyEr) I mM

Layer thickness /nm

Adsorbed layer: C,;E,+SDS+PVP+silica

4 2mg/m? PVP - 34mM SDS
= 2mg/m® PVP - 17mM SDS
101 ¢ 2mg/m’PVP -noSDS

Increase in layer thickness might
be due to the mixed micelles
adsorbed onto the polymer layer.
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Near-surface polymer: C,;E,+SDS+PVP+silica
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Volume fraction

Polymer volume fraction profile from SANS

e silica + PVP PVP
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C,5E- displaces SDS from micelles reducing repulsion
adsorbed amount increases with addition of C,5E,

Adsorption/desorption summary from SANS

Data extracted from fittings from the Diffuse Layer Model
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< Support solvent relaxation NMR and light scattering results.

< Addition of non-ionic surfactant to the silica, PVP, SDS system
- increases the amount of polymer at the silica interface
- extends the polymer layer adsorbed at the interface
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Detection Electronics

refractive index changes — polymer adsorbed amount changes

Fixed-angle optical reflectometry

Flow Cell

Silicon Wafer
Stagnation point
——

Beam Splitter
He-Ne laser

Surfactant

Injection point
To Waste Polymer

Dijt et al. Colloids Surf. 1990, 51, 141-158.
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Sample reflectometry data
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Surfactant-mediated desorption

% SDS
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Weight ratio Surfactant : PVP
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Polymers and surfactants at the interface

Langmuir, 2012, 28, 6282. DOI: 10.1021/1a300282m

Conclusions
» SDS complexes with PVP and leads to:

» some desorption of polymer
+ elongation of remaining polymer chains
» amore diffuse adsorbed layer
» Addition of C,3E; leads to
= no effect in absence of SDS
= competition with SDS in adsorbing micelles
= reduction in repulsion within layer
» Adsorbed polymers are more labile than you may think

* NMR is a great tool for chasing after molecules

Langmuir, 2012, 28, 2485. DOI: 10.1021/la204512d
Langmuir, 2012, 28, 6282. DOI: 10.1021/1a300282m
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