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Nanoparticle	Superlattices:
Novel	Applications

tunable	optical	properties gas	separation

Li	et.	al.,		Nature	Comm,	5,	4179	(2014)	

• gold	nanoparticle	array	are	used	in	photonics	with
tunable	optical	properties:	surface	plasmon resonance

• pressure	can	reversibly	 increase/decrease	inter-
particle	spacing,	 thereby	allowing	tunable	photonics

Bilchak et.	al.,		Macromolecules,	50,	(2017)	

• ligand	grafted	nanoparticle	assemblies	 have	a
tunable	complex	pore	structure	for	gas
permeation

• changing	ligand	length	and	pressure	provides	
control	over	the	membrane	permeability



Pressure-driven	Nanostructure
Fabrication

3D	Au	networks

Au	nanorods Au	nanowires

Wu	et.	al.,		JACS,	132,	12826	(2010)	
Li	et.	al.,		Nature	Comm,	5,	4179	(2014)	

• a	hydrostatically-stressed	nanoparticle	 superlattice	at	9GPa	can	be	driven	 to	generate
1D	nanostructures	 (nanorods,	 nanowires)	and	3D	nanostructures	 (networks)	by	
applying	uniaxial	stress	along	common	crystal	planes	([100],	[111],	[110])



Pressure-driven	Nanostructure
Fabrication:	Outstanding	Issues and	Simulations

Wu	et.	al.,		Angw.	Chem.,	122,	(2010)	

Proposed	mechanism:

• FCC	superlattices	of	grafted	Au	nanoparticles	
compress	reversibly	up	to	hydrostatic	
pressure	of	~	9GPa

• beyond	that	threshold	pressure,	non-hydrostatic
component	(uniaxial)	of	stress	drives	irreversible	
sintering into	nanowires,	nanorods	etc.

Outstanding	issues:

• is	the	hydrostatic	pressure	limit	for	deviatoric-
stress	driven	sintering	tunable	based	on
ligand	length,	grafting	density?	For	practical
scalable	manufacturing,	can	it	be	reduced?

• what	are	the	mechanics	and	microstructural	
features	of	such	FCC	nanoparticle	superlattices
at	high	pressures	(0-10	Gpa)?	Can	these	insights
help	in	achieving	lower	pressure	sintering?

Simulation	methods:
- prepare FCC	super-
lattice	at	ambient
conditions
- compress the	system
by	controlling	pressure
(NPH	simulation	method):
1	Gpa/ns
- characterize	mechanics
and	microstructure	at	
various	pressures



Nanoparticle	Superlattice:	
Hierarchical	Complexity

alkanethiol
CnH2n+1S

gold	nanoparticle alkanethiol-grafted
gold	nanoparticle

FCC	superlattice	of	alkanethiol-grafted gold	nanoparticles

Hierarchical	complexity:
- alkanethiols ligands

- CnH2n+1S	
- n	=	6,	12,	18
- exp-6	OPLS	for	hydrocarbons

Jorgensen	et.	al.,	J.	Am.	Chem.	Soc.
118,	11225	(1996).

- gold	core	nanoparticle
- 5.9	nm	solid	gold	core	
- cut	from	a	FCC	gold	lattice
- embedded	atom	method

Foiles et.	al,	Phys Rev B,	33,	7983	 (1986)

- grafted	nanoparticle
- mobile	ligands	with	2.4	

kcal/mol binding	strength
using	Morse	potential
Henz et.	al.,	Langmuir,	24	(2008)

- three	grafting	densities:
4.7,	4.2,	3.8	nm-2

- nanoparticle	superlattice
- 4	and	96	nanoparticles

in	FCC	superlattice



Hydrostatic	Compression:	
Microstructure	[Lattice	Spacing]

• ligand	length	plays	a	crucial	role	in	NP-NP	spacing	in	the	 lattice;	insensitive	to	grafting	
densities,	at	least	for	moderately	high	densities	(~	80%)

• shorter	ligands	compress	more	resulting	in	larger	reduction	in	NP-NP	spacing	in	the	 lattice
• fcc	lattice	structure	is	maintained	up	to	10GPa	in	MD	simulations;	evidence	of	uniaxial	stress	

component	beyond	 ~8GPa	in	diamond	anvil	cell	experiments

experiments [Wu	et.	al.,	Angwe.	Chem.,	122	(2010)]:	5.2	nm	gold	NP	with	C12H25S.	Results	from
d-spacing	of	first	Bragg	reflection	in	HP-SAXS.	Ratio	is	the	d-spacing	ratio.	Initial	spacing:	7.3	nm

grafting density: 4.7 nm-2 ligands: C12H25S



Hydrostatic	Compression:	
Mechanics	[Elastic	Moduli]

• bulk	system	depends	on	ligand	length	significantly;	
shorter	chains’	superlattices	are	more	incompressible

• grafting	density	has	negligible	effect	on	compressibility	
• elastic	constants	 increase	monotonically	with	hydrostatic

pressure:	stabilizing	effect	on	the	superlattice

grafting density: 4.7 nm-2 ligands: C12H25S

grafting density: 4.7 nm-2

ligands: C12H25S



Hydrostatic	Compression:	Void	Collapse

increasing	pressure
[0GPa	à 10GPa]

1GPa
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pure	polymer
1GPa

increasing	pressure
[0GPa	à 10GPa]

pure	polymer
1GPa

C6H13S C12H25S

• voids	at	ambient	pressure:	larger	for	shorter	chains
• voids	collapse	upon	hydrostatic	compression
• long	 tails	(and	no	second	peak)	in	voronoi free	volume

distribution

0GPa
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<latexit sha1_base64="vCDtHB3dZMsRxAvh8lERjaFiluM=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFNJTNdtMu3XywOxFL6M/w4kHFq//Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfLsL7B6KyxaZ9OoNy3TcY9d1sWVaM0zJqeU4J9gulQYq0erV37v9lOYxS4AKopRvWxkEBZHAqWCTWjdXLCN0RAbM1zQhMVNBMTt5gg+00sdRKnUlgGfq94mCxEqN41B3xgSG6rc3Ff/y/Byis6DgSZYDS+h8UZQLDCme/o/7XDIKYqwJoZLrWzEdEkko6JRqOoSvT/H/xDsyXdO+Pm40z8s0qmgP7aNDZCMHNdEVaiEPUZSiB/SEng0wHo0X43XeWjHKmV30A8bbJ/2WkUY=</latexit><latexit sha1_base64="vCDtHB3dZMsRxAvh8lERjaFiluM=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFNJTNdtMu3XywOxFL6M/w4kHFq//Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfLsL7B6KyxaZ9OoNy3TcY9d1sWVaM0zJqeU4J9gulQYq0erV37v9lOYxS4AKopRvWxkEBZHAqWCTWjdXLCN0RAbM1zQhMVNBMTt5gg+00sdRKnUlgGfq94mCxEqN41B3xgSG6rc3Ff/y/Byis6DgSZYDS+h8UZQLDCme/o/7XDIKYqwJoZLrWzEdEkko6JRqOoSvT/H/xDsyXdO+Pm40z8s0qmgP7aNDZCMHNdEVaiEPUZSiB/SEng0wHo0X43XeWjHKmV30A8bbJ/2WkUY=</latexit><latexit sha1_base64="vCDtHB3dZMsRxAvh8lERjaFiluM=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFNJTNdtMu3XywOxFL6M/w4kHFq//Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfLsL7B6KyxaZ9OoNy3TcY9d1sWVaM0zJqeU4J9gulQYq0erV37v9lOYxS4AKopRvWxkEBZHAqWCTWjdXLCN0RAbM1zQhMVNBMTt5gg+00sdRKnUlgGfq94mCxEqN41B3xgSG6rc3Ff/y/Byis6DgSZYDS+h8UZQLDCme/o/7XDIKYqwJoZLrWzEdEkko6JRqOoSvT/H/xDsyXdO+Pm40z8s0qmgP7aNDZCMHNdEVaiEPUZSiB/SEng0wHo0X43XeWjHKmV30A8bbJ/2WkUY=</latexit><latexit sha1_base64="vCDtHB3dZMsRxAvh8lERjaFiluM=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFNJTNdtMu3XywOxFL6M/w4kHFq//Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfLsL7B6KyxaZ9OoNy3TcY9d1sWVaM0zJqeU4J9gulQYq0erV37v9lOYxS4AKopRvWxkEBZHAqWCTWjdXLCN0RAbM1zQhMVNBMTt5gg+00sdRKnUlgGfq94mCxEqN41B3xgSG6rc3Ff/y/Byis6DgSZYDS+h8UZQLDCme/o/7XDIKYqwJoZLrWzEdEkko6JRqOoSvT/H/xDsyXdO+Pm40z8s0qmgP7aNDZCMHNdEVaiEPUZSiB/SEng0wHo0X43XeWjHKmV30A8bbJ/2WkUY=</latexit>

10GPa
<latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit> 10GPa

<latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit><latexit sha1_base64="eLL0AYTvTQKz//1Hx/VhS+4IZOI=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hEjbkVPeixgrGFJpTNdtMu3XywOxFL6N/w4kHFq7/Gm//GbRtBRR8MPN6bYWZemAmuwLI+jMrC4tLySnW1tra+sblV3965VWkuKfNoKlLZCYligifMAw6CdTLJSBwK1g5HF1O/fcek4mlyA+OMBTEZJDzilICWfNvygd1Dcdkik169YZmOe+y6LrZMa4YpObUc5wTbpdJAJVq9+rvfT2keswSoIEp1bSuDoCASOBVsUvNzxTJCR2TAupomJGYqKGY3T/CBVvo4SqWuBPBM/T5RkFipcRzqzpjAUP32puJfXjeH6CwoeJLlwBI6XxTlAkOKpwHgPpeMghhrQqjk+lZMh0QSCjqmmg7h61P8P/GOTNe0r48bzfMyjSraQ/voENnIQU10hVrIQxRl6AE9oWcjNx6NF+N13loxypld9APG2ydtPZGA</latexit>

0GPa
<latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit>

0GPa
<latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit><latexit sha1_base64="7CNeUm5PjVoK7uEIIpQt7shi23M=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oQY8VjC20oWy2m3bpJht2J2IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4PfGbj1wboZJ7HKU8iGk/EZFgFK3UdjvInzC/adBxt1J1a+4UZJF4BalCgUa38tXpKZbFPEEmqTFtz00xyKlGwSQflzuZ4SllQ9rnbUsTGnMT5NOTx+TYKj0SKW0rQTJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQS5SNIMecJmi6JMElRk8j/pCc0ZypEllGlhbyVsQDVlaFMq2xC8+ZcXiX9au6x5d2fV+lWRRgkO4QhOwINzqMMtNMAHBgqe4RXeHHRenHfnY9a65BQzB/AHzucPk3CQ/Q==</latexit>



Hydrostatic	Compression:	Gold	Core	Sintering?

[001]
<latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit><latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit><latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit>

[01̄0]
<latexit sha1_base64="eJMMRvZnmjvlsmOidb5dMp2BI5E=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXJWpCOqu6MZlBWMLSSiT6aQdOpmEmRuhxC78FTcuVNz6He78G6cPweeBC4dz7uUeTpRJYYCQd6c0N7+wuFRerqysrq1vuJtb1ybNNeMeS2Wq2xE1XArFPRAgeTvTnCaR5K1ocD72WzdcG5GqKxhmPExoT4lYMApW6rg7geQx+CSIqC7qIxJo0etD2HGr9RqZAJNf5NOqohmaHfct6KYsT7gCJqkxfp1kEBZUg2CSjypBbnhG2YD2uG+pogk3YTHJP8L7VuniONV2FOCJ+vWioIkxwySymwmFvvnpjcW/PD+H+CQshMpy4IpNH8W5xJDicRm4KzRnIIeWUKaFzYpZn2rKwFZW+VrC/8Q7rJ3WyOVRtXE2a6OMdtEeOkB1dIwa6AI1kYcYukX36BE9OXfOg/PsvExXS87sZht9g/P6AQ4Mla4=</latexit><latexit sha1_base64="eJMMRvZnmjvlsmOidb5dMp2BI5E=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXJWpCOqu6MZlBWMLSSiT6aQdOpmEmRuhxC78FTcuVNz6He78G6cPweeBC4dz7uUeTpRJYYCQd6c0N7+wuFRerqysrq1vuJtb1ybNNeMeS2Wq2xE1XArFPRAgeTvTnCaR5K1ocD72WzdcG5GqKxhmPExoT4lYMApW6rg7geQx+CSIqC7qIxJo0etD2HGr9RqZAJNf5NOqohmaHfct6KYsT7gCJqkxfp1kEBZUg2CSjypBbnhG2YD2uG+pogk3YTHJP8L7VuniONV2FOCJ+vWioIkxwySymwmFvvnpjcW/PD+H+CQshMpy4IpNH8W5xJDicRm4KzRnIIeWUKaFzYpZn2rKwFZW+VrC/8Q7rJ3WyOVRtXE2a6OMdtEeOkB1dIwa6AI1kYcYukX36BE9OXfOg/PsvExXS87sZht9g/P6AQ4Mla4=</latexit><latexit sha1_base64="eJMMRvZnmjvlsmOidb5dMp2BI5E=">AAAB/nicdVDLSsNAFJ3UV62vqODGzWARXJWpCOqu6MZlBWMLSSiT6aQdOpmEmRuhxC78FTcuVNz6He78G6cPweeBC4dz7uUeTpRJYYCQd6c0N7+wuFRerqysrq1vuJtb1ybNNeMeS2Wq2xE1XArFPRAgeTvTnCaR5K1ocD72WzdcG5GqKxhmPExoT4lYMApW6rg7geQx+CSIqC7qIxJo0etD2HGr9RqZAJNf5NOqohmaHfct6KYsT7gCJqkxfp1kEBZUg2CSjypBbnhG2YD2uG+pogk3YTHJP8L7VuniONV2FOCJ+vWioIkxwySymwmFvvnpjcW/PD+H+CQshMpy4IpNH8W5xJDicRm4KzRnIIeWUKaFzYpZn2rKwFZW+VrC/8Q7rJ3WyOVRtXE2a6OMdtEeOkB1dIwa6AI1kYcYukX36BE9OXfOg/PsvExXS87sZht9g/P6AQ4Mla4=</latexit>

[100]
<latexit sha1_base64="17h0d15znOjGvaIzN7pCLmPuJhI=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuSiqCuiu6cVnB2EITymR60w6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrkvTpRJYdDzPpyl5ZXVtfXSRnlza3tn193bvzdprjn4PJWpbkXMgBQKfBQooZVpYEkkoRkNrid+cwjaiFTd4SiDMGE9JWLBGVqp47qBhBjbNc8LtOj1Mey4lVrVm4J6v8iXVSFzNDrue9BNeZ6AQi6ZMXZXhmHBNAouYVwOcgMZ4wPWg7aliiVgwmL6+ZgeW6VL41TbUkin6uJEwRJjRklkOxOGffPTm4h/ee0c44uwECrLERSfHYpzSTGlkxhoV2jgKEeWMK6F/ZXyPtOMow2rvBjC/8Q/rV5WvduzSv1qnkaJHJIjckJq5JzUyQ1pEJ9wMiQP5Ik8O4Xz6Lw4r7PWJWc+c0C+wXn7BC4Ckuk=</latexit><latexit sha1_base64="17h0d15znOjGvaIzN7pCLmPuJhI=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuSiqCuiu6cVnB2EITymR60w6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrkvTpRJYdDzPpyl5ZXVtfXSRnlza3tn193bvzdprjn4PJWpbkXMgBQKfBQooZVpYEkkoRkNrid+cwjaiFTd4SiDMGE9JWLBGVqp47qBhBjbNc8LtOj1Mey4lVrVm4J6v8iXVSFzNDrue9BNeZ6AQi6ZMXZXhmHBNAouYVwOcgMZ4wPWg7aliiVgwmL6+ZgeW6VL41TbUkin6uJEwRJjRklkOxOGffPTm4h/ee0c44uwECrLERSfHYpzSTGlkxhoV2jgKEeWMK6F/ZXyPtOMow2rvBjC/8Q/rV5WvduzSv1qnkaJHJIjckJq5JzUyQ1pEJ9wMiQP5Ik8O4Xz6Lw4r7PWJWc+c0C+wXn7BC4Ckuk=</latexit><latexit sha1_base64="17h0d15znOjGvaIzN7pCLmPuJhI=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuSiqCuiu6cVnB2EITymR60w6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrkvTpRJYdDzPpyl5ZXVtfXSRnlza3tn193bvzdprjn4PJWpbkXMgBQKfBQooZVpYEkkoRkNrid+cwjaiFTd4SiDMGE9JWLBGVqp47qBhBjbNc8LtOj1Mey4lVrVm4J6v8iXVSFzNDrue9BNeZ6AQi6ZMXZXhmHBNAouYVwOcgMZ4wPWg7aliiVgwmL6+ZgeW6VL41TbUkin6uJEwRJjRklkOxOGffPTm4h/ee0c44uwECrLERSfHYpzSTGlkxhoV2jgKEeWMK6F/ZXyPtOMow2rvBjC/8Q/rV5WvduzSv1qnkaJHJIjckJq5JzUyQ1pEJ9wMiQP5Ik8O4Xz6Lw4r7PWJWc+c0C+wXn7BC4Ckuk=</latexit>

[001]
<latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit><latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit><latexit sha1_base64="rudJ1o5zt/QdRoJS+cp6brEkZ8w=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuykQEdVd047KCsYUklMl00g6dTMLMTaGE/okbFypu/RR3/o3Th1BfBy4czrmXezhxLoUBQj6cpeWV1bX1ykZ1c2t7Z9fd2783WaEZ91kmM92OqeFSKO6DAMnbueY0jSVvxYPrid8acm1Epu5glPMopT0lEsEoWKnjuqHkCQSEeKEWvT5EHbfm1ckUmPwiX1YNzdHsuO9hN2NFyhUwSY0JPJJDVFINgkk+roaF4TllA9rjgaWKptxE5TT5GB9bpYuTTNtRgKfq4kVJU2NGaWw3Uwp989ObiH95QQHJRVQKlRfAFZs9SgqJIcOTGnBXaM5AjiyhTAubFbM+1ZSBLau6WML/xD+tX9bJ7VmtcTVvo4IO0RE6QR46Rw10g5rIRwwN0QN6Qs9O6Tw6L87rbHXJmd8coG9w3j4BLgCS6Q==</latexit>

- evidence	of	gold-gold	sintering	at	high	pressure	(15GPa)	for	short	chains	(C6);	not	for	longer
- does	sintering	preclude	the	formation	of	nanostructures?	 is	there	an	upper	limit	of	pressure?
- is	there	a	limit	on	chain	length	beyond	which	sintering	will	never	occur?

[refer:	Li	et.	al.,	Nano	Letters,	14,	4951	(2014)]



Conclusions

Future	Work

1. FCC	superlattices	of	polymer-grafted	gold	nanoparticles	exhibit	reduced	lattice	spacing
upon	hydrostatic	compression;	relative	changes	in	microstructure/mechanics	from	ambient	pressure
are	strongly	ligand-length	dependent

2. a	systematic	increase	in	elastic	moduli	upon	hydrostatic	compression	is	observed;	
highest	bulk compressibility	is	observed	for	the	 longest	ligands

3. voids are	present	within	the	microstructure	at	ambient	pressures;	these	voids	collapse
at	varying	hydrostatic	pressures	depending	on	ligand	length

4. for	shortest	 ligands,	evidence	of	gold	core	sintering	without	deviatoric stress is	
observed	at	high	pressures

1. check	whether	gold	core	sintering	happens	for	all	ligand	lengths;	if	yes,	then	at	what	pressures?

2. perform	deviatoric-stress-driven	sintering	simulations,	and	quantify	the	minimum	hydrostatic	stress
required	for	sintering	for	various	ligand	lengths;	correlate	these	findings	with	microstructural	changes

3. investigate	the	role	of	core	size,	core	orientation,	superlattice	structures	(bcc,	hcp)	on	stress-driven
sintering	into	nanostructures


