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1. Introduction

1.1. Nanotechnology
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Figure 1. Relative size comparison of nanomaterials, hereditary, microbiological and other biological
entities. Bodies visible by light and transmission electron microscopy are indicated and a scale bar
denotes the size range of the respective hereditary materials, biological entities and nanomaterials (0.1-
108 nm)

1.2. Physicochemical properties of Nano materials
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1.2.1. Large fraction of surface atoms
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Figure 2. The melting point of bulk gold is of 1337K and decreases rapidly for nanoparticles with
diameters below 5nm. (Ph. Buffat and J,-P. Borel, Phys Rev. A13,2287(1976).)



1.2.2. Quantum Size Effect
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Figure 3. Molecular orbitals for metals. The difference in energy between successive MOs decreases
and the energy levels merge into an almost continuous band (hence, the term band theory)

Ol M, MXto| 2Z I}t (de Broglie wavelength, A=h/p)2| T}&ES| Z0| ELC} particle®| size?t
, & 250 Lt $=F9| 27|17t & I, =N Z42 valence band, conduction band 72

Xl =7 %Xzt EMAM OHX| band gapll Z7t7F O{LA EICt o £0f cQD



(Colloidal Quantum Dot)2| Z% particle?| 37|7| %OI&=E ¢ Z
LS S50 excited=|0f CtA| ground state2 =OFZ [Of,

| BHYA =l Ct

=
=
Z

'.
=

7|-O|
e

=
p|
~x0)

overlap

o

increasing energy

semiconductor

metal

Fermi energy

N

x| ®O
o

L~ 21T

AHXIE 7t

CQD size0f a2t &st

I}

~
1

conduction
band

band gap

valence
band

insulator

Figure 4. Distinction of energy-level diagram among metals, semiconductors and insulators.
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Figure 5. Size-dependent absorption enables CQDs to be tuned to absorb, sequentially,. As the Nano
CQD size decreases, band gap between valence band and conduction band can be increased and

each CQD particle can absorb more higher frequencies, respectively.

4



1.3. nZVI : versatile material for environmental remediation

1.3.1 A new tool for groundwater treatment
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Natural water®|A] corrosion reaction0| 0|& 7ts%t primary components2 dissolved oxygen(DO)
Qb H.00|H, TAte| BHZ0| EstH oz o 2M5HA BHSELE (Egs. (1) and (2)

2Felyy + 4H{,q) + Opaq) = 2Fe®* + 2H,0y E° = +1.67V (1)

2Fel) + 2H,0() = 2Fe?* + Hy(q) + 20HG,, E°= —039V (2)

Ferrous iron(Fez)2 2| 2+32| primary productO|X, Xt 2 CFZ2| oxidative transformation2
XICt, (Egs. (3) and (4))

1 3+ 0

5022 = 2Fe*" + H,0q) E° = +0.46V  (3)

2Fe{ + 2H,0() - 2Fe** + Hyq) + 20Hg,, E°= —1.60V (4)

2+ +
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lab-scale®| Al nzVIQ| aqueous reaction MO ZE7|0f ZHEEICH EDH nzvIS

M=

AMSE A Ee =

o
=2 BEHELE 0 W20 CHEFO| nzVIZt aqueous systemO injectionT| 2 M, SpstH o= At
o2 = 7|9 MAHo| o8 Atst7h #HX|E|+& reducing conditionS B2

= UL} (Egs. (2) and (4)). 2| aqueous corrosion reaction®Z A=l reducing conditione
contaminants2| MAHE & 2822 YOLIA Lt

0,
water
. 0,
Fe,03-xH,0 cathodic
site
anodic

g site
iron

Fe(s) — Fe?*(aq) + 2e~ 0,(g) + 4H*(aq)

+4e” — 2H,0(l)

Figure 6. Corrosion of iron in atmosphere. As the reduction of oxygen is coupled to the oxidation of
iron, this can result in a dramatic increase in the rate at which iron is oxidized at the anode.
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Figure 7. Chemical Decomposition reaction of TCE using nZVI (Mueller and Nowack, "Nanoparticles
for Remediation”, Elements 6, 2010)

2. Fate of nZVI in the Edible Plant
2.1. Concerns for eco-toxicity of nZVlin living system
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Figure 8. The removal of aqueous uranium from groundwater and laboratory synthetic water using nZVI
at 0.25¢g/L over a 3month time period.



2.2. The reduction-based strategies of iron acquisition in plant
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2.3. Method
2.3.1 Determination of Iron
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2.3.2. Magnetic Property Measurement
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2.3.3. Microscopic Observation
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2.3.4. Synchrotron-Based X-ray Absorption Spectroscopy
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Figure 9. Schematic diagrams showing the preparation of experimental cucumber samples and
procedure of nZVI fate analysis methods.
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