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Objective

ÅEffectof surfacepreparationof copperon:
üSubstratemediatedcontrollableself-assemblyof fullerene rods

C60 buckyball C60 nano-rods

ü Ultimately enable high-aspect ratio molecular C60 wires as interconnects  



Background: 

Conventional Methods for Fullerene Nanostructures

Á Template based self-assembly:longer 
processing time, expensive and broken 
nanotubes obtainedτPorous alumina 
template to be infiltrated by fullerene 
solution. 

ü Conventional synthesis techniques

Á Liquid-Liquid Interfacial Precipitation (LLIP): 
time consuming (a few hours - two weeks)τ
no substrate needed. 



Background: Surface mediated synthesis

Directed Air Stream: leads to fullerene rods

Self-assemblies size:

ÁLength: ~2 µm

ÁWidth: ~500-700 nm

C60 dissolved in Toluene

2 psig



Current Method: Spin coating based substrate mediated route

Substrates Solution  Spin coating procedure Spin coating RPM

Cold rolled Cu

Fullerene dispersed in 

Toluene (2mg/ml)

Repeated 1-4 procedure for total of 4 times.

200-500 RPM
Annealed Cu

ElectropolishedCu

Graphene coated Cu

ü Overall processing 

time: < 10 minutes 

for one substrate of 

size ╬□. 
1) Dispense

2) Waiting 

time

3) Ramp -up 

spreading

4) 30 seconds 

RPM. Drying

2. Wait for 1 minute.
3. Spin substrate at a predetermined RPM.
4. Spin for 30 seconds.

1. Dispense solution.



Substrate Preparation 

Coldrolled Cu 
(Contact angle of 72°)

Annealed Cu 
(Contact angle of 64°)

Grapheneon Cu
(Contact angle of 80°)

ElectropolishedCu
(Contact angle of 72°)

Organicimpurities removal: IPA rinsed, DI water rinsed, and blown dry with nitrogen.

Annealed ina tube 
furnace (Lindberg Blue M) 
for 2 hours at 1050°C. 

Graphene on Cu via 
chemical vapor 
deposition (CVD). 

Acetic acid treatment:
1) Immersedin 2M acetic acid 
solution at 60°C for 10 min. 
2) DI water rinsedand blown dry 
with nitrogen.

Electropolishingprocedure 
shown on next slide.

Copper foil (0.25 mm thick, 99.99% metals basis, Alfa AesarPuratronic®)



Preparation of Substrates:  Electropolishing Procedure

üSolution: 85% phosphoric acid.

üApplied a constant potential of 
1.5 V vs. SCE for 1 hour. 
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Three-electrode system

Working electrode: Cu 

Counter electrode: Pt foil

Reference electrode: SCE (sat'd KCl)

 Cu (250 mm thickness) 
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Graphene grown via chemical vapor deposition (CVD)

ü CVD grown graphene 
shows characteristic 
ripple structure.

Raman

G

2D

CVD conditions: 
Pressure of 200 mTorr
Temperature of 1050ÁC
100 sccmArgon
60 sccmHydrogen
20 sccmMethane  



SURFACE 
CHARACTERIZATION



Cold rolled Cu 
(surface roughness rms: 15.5nm)

Electropolished Cu 
(surface roughness rms: 4.7nm)

Surface Roughness of 

Cold Rolled Cu and Electropolished Cu

an AFM Analysis



Surface Roughness of 

Annealed Cu and Graphene Coated Cu

an AFM Analysis

Graphene Coated Cu 
(surface roughness rms: 41.5nm)

Annealed Cu 
(surface roughness rms: 53.3nm)



Results and discussion 

Substrates Solution

Cold rolled Cu

Á Fullerene dispersed in Toluene 

(2mg/ml)

Annealed Cu

Electropolished Cu

Graphene coated Cu



Uniform distribution of Rod -like C 60 Self -Assemblies on 

Cold Rolled Cu Substrate

ü Good control over size 

and morphology of 

fullerene rods at lower 

rpm (next slide). Á Average length of fullerene self-assemblies (FSA) at 200 rpm: ~5 µm.



Size Analysis : Projected Area and Length Distributions 

of C60 rods on Cold Rolled Cu Substrate
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üBest distribution of rods at 
200 rpm. 

üAverage length of fullerene 
self-assemblies at 200 rpm is 
~5 µm.



Results and discussions 

Substrates Solution

Cold rolled Cu

Á Fullerene dispersed in Toluene 

(2mg/ml)
Annealed Cu

Electropolished Cu

Graphene coated Cu



C60 Self -Assemblies on Annealed Cu Substrate:

larger variations in size and morphology

üLess control over size and 

morphology of fullerene 
rods at lower rpm.

ÁAverage length of FSA is ~5 µm.


