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AmorphoudNanoporous Carbon

Non-graphitizing amorphous carbc

with nanoscale internal pores.
Synthesis

Pyrolysis from polymeric precursors
Jain, et. al. Adsorption (2005)

Templated synthesis
Han and Hyeon, Chem. Comm. (1999)

Chlorinization
Y. Gogotsi et al. Nature Materials (2003)
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Rodriguez-Reinoso, Carbon (1998)

Bioprocessing
Zydney, et. al., J. Membrane Sci. (2007)

Hydrogen storage
Tian, et. al., Nanotechnology (2008)
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Franklin, Proc. Roy. Soc. Lond. (1951) Harris. Cri. Rev. Sol. State
Mater. Sci. (2005)




Survey of Current Atomic Models

Aqagreqgating building blocks Reconstruction method

Na W YL

Acharye, et. al. Phil. Mag. B (199 Terzyk, et. al. J. Phys. Cond. Matt. (20 Jain,Gubbins, et. al. Langmuir (200

Semi-mimetic method Mimetic method

3500 K

ya, Kieffer, JCP (2005) Powles, Marks,
Lou, PRB (2009)
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Mimetic Nanoporous Carbon: Simulation Methodology

Isolated Nanoporous Related Experiments

carbon gas Carbon Pyrolizing pure saccharose:
thi?(:: r;?ulroew q CS1000a (activating
P CS1000 in CQfor 20 hours)

Jain, Gubbins, et. al. Adsorption (2005)

Control Parameters
Initial Density
Final temperature

Reactive inter-atomic force-field

Reactive State Summation (RSS)

Quenching rat .
i : : PE = — WS E>( K,
Molecular dynamics simulation 2iNTN s (%)
Velocity PO SR (R VAR VASSUY: RSS Nitro
—————— 1o 11 Y21 N gen

: @ Q . ' " Shi and Brenner, J. Chem. Phys. (2007)

Force | : RSS Carbon
o (% N Shi, J. Chem. Phys. (2008)
: @ @ : i =NV 0y ) RSS Fuel-Catalyst

Shi, Huang, Brenner, J. Chem. Phys. (20D9)

RSS Fuel-Catalyst
I (t+Dx) V, (t+Dt) Chen, Shi, JPCC (under review)




Mimetic Nanoporous Carbon for Activated Carlio81000a
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Model sample: Saccharose based activated
carbon CS1000a (~0.722 g/&m Shi, JCP (2008)

Mi, Shi, et al, in preparation (2011)
S(q) from Jain, Gubbins, et. al. Adsorption (2005)




Mimetic Nanoporous Carbon for Carbide-Derived Carbon




In NPC?

Ical Defects

What are the Topolog
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What is the proper range for each type of carbon rings, paastily pentagons?

How topological defects affect the overall porous struebur
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Simulation setup

Model sample: CS1000a Mo

QMD procedures with RSS potential 5 [ ]2
Box size 37.8 x 37.8 x 37.83A c = Ssim (qi) B Sexptl(qi)
Number of atoms: ~ 2000 1=1

Stone-Wales transformation method (SW)

QMD —

I —

Tune quench rate Tune number of SW transforms
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Model sample: CS1000a Mo

QMD procedures with RSS potential 5 [ ]2
Box size 37.8 x 37.8 x 37.83A c = Ssim (qi) B Sexptl(qi)
Number of atoms: ~ 2000 1=1

Stone-Wales transformation method (SW)
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Simulation Setup @ cCin apentagon @ cinaheptagon @ Other C atoms

QMD —
Stone-Wales 3 3
transformatior
Quench Quench
with fixed without
Freezing pentagons constraints
pentagons
Cooked at high Quench to room
Cooking temperature temperature

C60




nase diagram for nanoporous carbon (pentagons vs. hexagon:

Stone-Wales transformatio

L

Cooking C60

Freezing pentagons

= [80(@)- Sun(@)]
i=1

To match the XRD data of CS1000a,
Population of pentagons should not be
larger than ~0.05 per atomin any case.
Population of hexagons should range
between 0.27 and 0.37 per atom
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Question |I: How to understand gas diffusion from NPC structure

Palmer, Moore, Brennan, Gubbidgjsorption (2011) Skoulidas and ShollPCA (2001) Liu, Gubbins, et alPRB (2008)

Can we understand surface diffusion from surface
structure, Knudsen diffusion from pore structures?

Can we separate different contributions to overal
transport?




Decompose Diffusion into Various Contributions

Surface
layer

Surface
diffusio

Surface

diffusion
&)

diffusion

|ldentify gas molecule position relative to the substrate
Attribute displacements to specific diffusion modes




Transport Diffusivity Calculation

A system of 2048 carbon atoms
(37.8x37.8x37.8 A3) is used for
diffusion simulations

Constant flow can be generated by
applying artificial driven force on fluid
molecules along particular directions.
Koplik, Banavar, Willemsen, Phys.
Fluids (1989).

Flexible vs fixed NPC seem to give
similar results.

Transport diffusivity can be calculated
from

Fick's Law



Self-diffusivity and transport diffusivity at 290 K

Both diffusivities converge at ~ 6x$#h?/s at dilute limit.




Effect of Temperature

Non-Surface
diffusion

Surface
diffusion

Surface diffusion exhibits stronger temperatureethelency than non+
surface diffusion.
Activation energy is about 260 Kelvin*k for surfagefusion.




Effect of Loading

Non-Surface
diffusion

Surface
diffusion

As loading increases, the diffusivity increasesitiecreases.




Effect of Surface Defect Density

Non-Surface N,/N
diffusion Ji/J I/
Surface N,/N

diffusion

290K, at 0% loading limit. ~
/0% Ar In the adsorption layer



Diffusion of Active Matter Under Confinement

Grzybowski, et al, JPCB (2006)

Non-confined
D =0.31 més
D= 9.0 m?/s

Howse, Golestanian, et al, PRL (2007)

Ibele, Mallouk, SenACS Nano(2011)

Diffuser is active (driven by local or external ¢ej
We investigate diffusion of chemically powered self
propelled nanoparticles with or without confinement




Simulation Methodology

@® Inertatoms

Cajglyst
@ —> ® o+ heat ® catalyst atoms
Diatomic  Single Atom @® diatomic molecules
Molecule

Simulation box size: 300 x 300

Motor size:57 x 50

Coupled to a thermostat

Activation energy: N A reactant-replenish procedure
0.942_for direct decomposition Temperature of fuel environment: 0.08

0.217 for catalyst based decompositio
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Linear autonomous motion is observed with overwiagnBrownian motions;
Diffusion behavior with and without chemical progioin is similar.




Confined Diffusion
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No rotation or translation is allowed for the narodaon;
Linear autonomous motion is observed:
Diffusion behavior with and without chemical progioin is different.




Rotation Relaxation Determines Diffusion Enhancement

Motor angular autocorrelation functio

Howse, Golestanian, et al, PRL (2007)

—

ogf " Conttol Symem| - Enhancement depends on
0.8 | V2 R/D (Short time |Im|t
0 Rotational relaxation time Is
0 too short for nanomotors;
ol Rotational relaxation time
N Increases Iif rotation Is constraingc




Conclusions

A mimetic, molecular-level nanoporous model is présd that
has excellent agreement with experimental s(q).

There is an upper limit of pentagon population@&1000a
NPC.

Surface diffusion can be separated from the ovarafis
transport which can be directly related to surfstcectures.

Diffusion of seltpropelled nanomotor is only enhanced ur
confinement due to short rotational relaxation timkich can be
used to detect self-propulsion motions.

Yunfeng Shi, J. Chem. Phyk28 234707 (2008)
Mi, Shi, et al, in preparation (2011)
Chen, Shi, J. Phys. Chem. C (in press)




