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Hydrothermal synthesis of ZnO
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Hydrothermal synthesis of ZnO
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Hydrothermal synthesis of ZnO

Preferred growth of ZnO
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Novel approach for ZnO spheres
1. Control of cation species » adjustment of pH
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ZnO with different pH values
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Novel approach for ZnO spheres

2. Passivate the polar surface using SDA
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Effect of SDA on ZnO morphologies

With Urea With ethanol

Urea ethanol
i O pH=10 5t |_| |_| H
HoN™ “NH, H— C C O
0

55 L

pH=11




Temporal evolution of ZnO
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Temporal evolution of ZnO
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Temporal evolution of ZnO
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Temporal evolution of ZnO
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Control of size and distribution of Zn
spheres
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Xray diffraction measurement

ZnO Nanorod
ZnO Nanosphere

_ >
@ (002)
=

:— ~~

) ~—~ — ~ ~—~ —~ N
-CEU o o (N o o O
KL o ) o — O O
> 2 |5 ) d o8
w1 O c @) O OO
c c N cC c c Cc
Q -(a)N N N N N
c

' v —
30 35 40 45 50 55 60 65
20 (deg.)




Conifocal PL of ZnO spheres

Confocal PL
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Summary

v'ZnO polar surface was responsible for
preferential growth

v'Structure directing agents (SDA) effectively
passivated the ZnO polar surface, leading to
balanced vertical and lateral growth rate

v'Careful combination of SDA allowed for the
control of both size and size distribution of
ZnO spheres



Outline

 Organic solar cells
v" Recombination process of organic solar cells
v Degradation mechanisms of organic solar cells
v Simulation of 3D organic morphologies
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Current state-of-the art solar cells
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Absorption (arb. units)

Organic solar cells

Absorption of polymer
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PCDTBT:PCBM solar cells
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Recombination processes
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Recombination processes
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Recombination processes

Fullerene
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Recombination processes
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Degradation mechanisms of

organic solar cells

Degradation processes of PPV (polyphenylene
vinylene) polymer

phenylene
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Degradation of organic solar cells
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Degradation of organic solar cells
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Role of T10, for organic solar cells
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Effect of sealing of organic solar cells .

on degradation s
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Absorption (arb.units)

M

Comparison of UV-VIS absorption
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Absorption (arb. units)
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Degradation mechanism for organic
solar cells
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Degradation mechanism for organic
solar cells
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Summary

v’ Degradation of organic solar cells is due to
chemical degradation in the presence of
oxygen

v Longer exposure to oxygen will create many
defects and trap centers that will force
organic solar cells to reduce lifetime

v The degradation of organic solar cells is
governed by the degradation of PCBM rather
than organic polymer
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Simulation of
organic morphologies
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Simulation of organic morphologies
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Simulation of organic morphologies

1 days mixing

Polymer: Fullerene
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Phase separation of organics

* Spinodal decomposition

Composition

Spatial coordinate

* Binodal decomposition

Composition

Spatial coordinate




Phase separation

Free energy

O CA Cx CB
Composition of polymer

1

dG =dH —TdS
G: Gibbs free energy
H: Enthalpy
S: Entropy
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Spontaneous process

Enthalpy (H) defines system Entropy (S) measures disorders
energy. of systems

Order Disorder
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Phase separation

Polymer: Fullerene

dG =dH -TdS

G: Gibbs free energy
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Free energy

Flory-Huggins/Allen-Cahn

Flory-Huggins type of free energy
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Numerical simulation of partial

differential equations

 Finite different method

Eid

Not suitable for higher
order differential equation
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Finite different vs. Spectral method

Finite different method Spectral method
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M. Mehra et al, Comparison between different
numerical methods for discretization of PDEs.
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Spectral methods

f(x)= Z a, D, (x) ¢: interpolating function
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1D Allen-Cahn equation
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3D Allen-Cahn Equations

Flory-Huggins type of free energy
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B Of
Simulated organic morphologies




Summary

v’ Spectral method has been used to
numerically solve higher order differential
equations

v’ Flory-Huggins and Allen-Cahn equations
were used to simulate 3D organic
morphologies
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Experiment of the power of words



Words

1In the beginning was the Word, and the Word was with
God, and the Word was God. John 1:1

In the beginning God created the heavens and the
earth. 3 And God said, “Let there be light,” and there was

light. Genesis 1:1,3.

12For the word of God is alive and active. Sharper than
any double-edged sword. Hebrew 4:12




Idiom and proverb

Korean proverb

i
Birds hear what is said by day, and
rats hear what is said by night

\_

|'WARNING!
| WALLS HAVE EARS
BE CAREFUL OF WHAT YOU SAY! |




Warmer

Ground

Birds hear what is said by day  Rats hear what is said by night
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