Directing the Orientation of Nanoplate Particles Using Block Copolymer
Domains to Control the Properties of Thin-Film Polymer Nanocomposites
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Introduction Goal Il: Vertically Oriented PS-b-PMMA (54k-b-52k g/mol) Lamellae via a Neutralization Layer Conclusions
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Nature 1S Successiul at procisely | l(;l; d?r]eut;allazr?] éﬂgeagrei;,nted arerlee Ietz)e?hleagl/J gvsetrztsel icon Implemented a slightly asymmetric BCP compared to symmetric system used by Ji et al. (52k-b-52k g/mol) . Surface-modifiable, monodisperse GdF, nanoplates were synthesized and
controlling placement and J P ' » Achieved vertical ordering for film thicknesses ranging from ~50 nm to ~160 nm compatible with lamellae dimensions
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» Varied ratio of the homopolymer brushes in neutrality layer underneath PS-b-PMMA films (~54 nm) «  Without substrate modification, parallel PS-b-PMMA lamellae can be achieved

DD - Perpendicular PS-b-PMMA lamellae can be achieved with substrate

AN OSY 1 S N modification for thin-film thicknesses ranging from ~50 nm to ~160 nm
Q@ ’ - BF, stabilized particles disperse in PMMA (212 kg/mol) up to 10 wt% GdF,

 PEG-PO;H, functionalized GdF; plates disperse in PMMA matrices of varying
molecular weights independent of particle loading
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* In polymer nanocomposites (PNCs), anisotropic nanoparticles (NPs) align
along the direction of material flow

* GdF;plates demonstrate directed alignment up to 15 wt% in the PMMA domain

TR of parallel PS-b-PMMA lamellae
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* Properties also orient parallel to the surface and the substrate
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This study: >70 defets This study: no defects, most continuous This study: no defects

N T::‘g B B Ji et al.: no defects Ji et al.: no defects Ji et al.: <10 defects
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) R PS-b-PMMA (38k-b-36.8k g/mol) lamellar film | Shift in neutrality window to adjust for higher styrene content in asymmetric BCP
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What if anisotropic NPs could align perpendicular to the substrate? A new class of
thin-film PNCs with a potential for unique set of properties could be revealed § N
%% y ~35nm
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oy~ W MR < O S Sheert]?»t by Vft_"ﬁlca"!y orienting BFy BFy By  Cleaved OA from as-synthesized GdF, platelets using nitrosonium tetrafluoroborate (NOBF,) salt’ ﬁﬁf %?
N ,ﬁn.' . \: ‘7;: ¢ 5 & % 30 Structure C grap ite pa Icles BF,- 5 &* BF, . . . %
VLN - Enhanced thermal > &, , BF,  Dispersed charge-stabilized GdF; in M,, = 212 kg/mol poly(methyl methacrylate) (PMMA) —
- 2 S . - NOBF, and B, &° 5* BF, . . . : : . S
o BRSO I conductivity (10x) s cetonitrile 5 & 5 » Spin-coated GdF;/PMMA composites (~36 nm) as a function of particle wt% thickness: =3 nm domain period: ~25 m
' S qg) " ~ Top-down approach: slicing BF,” BFy BF, chemically-specific perpendicularly oriented thin-film PNCs with vertically
= 0 o o Am 500 and reassembly required e PR PiEe SRR S T R GdF; nanoplates PS-b-PMMA lamellae oriented nanoplates
Morphology of Structure D Thickness (um) 3 15 wt% GdF3 ’ 20 wt% GdF3“ 60 _ _
\_ y AT . « Explore the optimum parameter space for BCP molecular weight, nanoplate
o 10 size and surface chemistry, and film thickness
) l 15 wt%
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Research Goals <. B
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p N 10 I dJ Can we establish a platform to align any planar particle in systems of
. . . . 0 e technological relevance?
l.  Synthesize model [gadolinium trifluoride (GdF;)] nanoplate system 1 2 3 4 5 6 7 8 9 104
. . ] . . _ . ik 5 s : B Number of GdF; Plates per Cluster
Il.  Create lamellar thin films with microdomains oriented vertically to the substrate S ‘ S . Can we use BCPs
Ill. Chemically modify nanoplate surfaces for polymer compatibility and | Charge stabilized GdF; results in particle aggregation in polymer matrix; As particle weight fraction increases, number of particles per cluster increases as a platform to control ilfs 5kgmol PEG-POA, Parallel PS-b-PMMA lamellac
demonstrate particle dispersion in homopolymer matrices placement and separation o § % functionalized :
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V. Incorporate chemically modified nanoplates first in parallel microdomains D ~ 15 nm
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Employ block copolymer (BCP) templates to create self-assembled thin film Goal lll, Method 2: PEG-PO;H, Functionalized GdF; Nanoplates Dispersed in PMMA PNC coating with plasmon functonalized 2 E S
PNCs with vertically oriented anisotropic NPs to improve out-of-plane transport - \ enhanced upconversion D~60nm ‘FEY
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dendrimer (G2 modified GdF, achieved in PMMA independent of molecular weight
(G2) : 3
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Goal I: Synthesis of GdF; Nanoplate System

20 kg/mol PMMA 77 kg/mol PMMA
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Second generation (G2) dendrimer® can serve as a probe to identify appropriate anchoring
4 N\ group for direct solution phase ligand exchange
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 Rigid, monodisperse, and tunable in size
and shape

 Model nanoplate system

* Thickness of ~3 nm

« Oleic acid (OA) on particle surfaces Interparticle spacing increases (2.8 nm to 6.9 nm) with phosphonic acid (PO;H.,)
functionalized G2 from solution

Pt AR

Phosphonic acid (PO;H.,) is a suitable group for direct solution 40 wi% GdF, 60 wi% GoF, 40wt% GdF, 60 wt% GdF, Ref
phase exchange on GdF, Film Thickness: 120 nm  Film Thickness: 156 nm | Film Thickness: 130 nm  Film Thickness: 177 nm ererences

"Wang et al. Cryst. Eng. Comm. 2015, 17, (15), 2964-2968.

2 Ferrier et al. Macromolecules 2016, 49 (3), 1002-1015.

3Tyan et al. Chem. Mater. 1999, 11 (7), 1942-1947.

4 Yamamoto et al. Proceedings of JIEF Meeting 2009, 23, 46-47.
> Paik et al. ACS Nano 2011, 5 (10), 8322-8330.

6 Ji et al. Advanced Materials 2008, 20 (16), 3054-3060.

* 9 kg/mol PEG-PO;H, 7 Dong et al. JACS 2010, 133(4), 998-1006.

M(\TNV)’V’

%l ?? ?% ?%I ? BCP and unbound

00000000 homopolymer

T AT T T P e A e
% A T T FT

i 10

15 wt% GdF,
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functionalized GdF,
preferentially segregate
to PMMA domain

* Nanoplate alignment
occurs up to 15 wt%

o GdF3 orientation and ContaCt Information

BCP formation becomes
disordered after 20 wt%
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Step 1. spin-coat blend of PS-OH (6 kg/mol), PMMA-OH (6.5 kg/mol),
and PS-b-PMMA (5k-b-5k g/mol)

Step 2: thermally anneal

Step 3: sonicate in solvent to remove low molecular weight BCP and unbound
homopolymer

Step 4. spin-coat lamellar-forming PS-b-PMMA (54k-b-52k g/mol) and thermally
anneal®
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