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Why Nanomaterials?

« Ability to manipulate, control and build
materials at the atomic and molecular level

* Provide novel affinity, capacity, and
selectivity because of their unique physical,
chemical and biological properties.

e Create large structures with new molecular
organization that will facilitate recovery



Types of Nanomaterials for
Environmental Treatments

Nanostructured materials
Molecularly imprinted polymers

Nanoscale Biopolymers



Smart Surfaces or Membranes



Active Membranes for Heavy
Metal Removal
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Types of modifying peptides

poly-L-glutamate
or aspartate

poly-L-lysine or
arginine

poly-L-cysteine

Ritche et al. ES&T 2001



Metal Chelating Behavior

TABLE 3. Metal Complex Stability Constants (log K) of Various
Metals with Amino Acids®

aspartic acid glutamic acid cysteine

Ca® & 1.4 NAD
I: |;|"-'l qd 2 -I I:I -I r

CL2 '- [ AD

[ i? 1.2 S 2
Ph? 5.0d 4 4 17 2
Hg? M AD AP 14.2

a Diata taken from ref 20, All stability constants at 25 °C and 0.1 M

ionic strength (u) exceptwhere noted, ® Not applicable, NA. © 37 °C and
=015 M Tu="10M. % u=05 M.

poly-L-lysine or arginine - oxyanion such as As



Results with poly-cysteine
membrane
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Tunable Surfaces for Biofouling
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Nanostructured Materials



Poly(amidoamine) Dendrimers
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Binding properties

G3
G4
G4 (Dupheate} |
G5

i} 0 O
&0 g @

0 20 41 () _ #l ]I:!{'a 120 ] 2000 diH) GO0 200 1060
Cu(ll)-Dendrimer Loading (mole/mole) Cu(ll)-Dendrimer Loading (mole/mole)

Extent of Binding (mole/mole)

—
=
:
o
—
]
|E|
bl
-
=
1|
=]
L)
=
-
=
[
-t
w
i




Polymeric Nanoparticles
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Enhance PAH Desorption
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FIGURE4. Apparent solubility of PHEN as a function of APU particle
concentration.




Amphiphilic Polyurethane
Nanoparticles

Kim et al. Journal of Applied Polymer Science 2004
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Enhanced PAH Solubility
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Figure 3 Enhanced solubility of phenanthrene in th

ous phase in the presence of Triton X-100 or AL particles:
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PHEMA Beads
containing N-Methacryloylhistidine

S8um BEBEBE JSM-5680

Say et al. Macromol. Mater. Eng. 2002



Metal Removal

Table 2. Heavy metal ons adsorption capacity of p(HEMA-MAH) beads after repeated adsorption-desorption cycle. Intial concen-
trations of metal 1ons 50 mg/L; pH: 6.0; temperature: 20°C.

Cycle Cu(I)

équmun Desormption J;dwrpu“n Desorption J;dmr['-uun Desorpion  Adsorption  Desorption Adsorption Desorption

3 U548 T14.1:95 95645 4688282 96560 12M4:114 Y358 6394286 976295
l_' l.."fl =88 08.2:41 T135=88 97450 4684 =85 UR2+78 12322106 93.2:61 638.2:88 964 =90
121483 97840 712689 062 =51 468187 98771 12300113 928:69 6379289 U52:0]
121.0:92 96543 712098 96459 467295 97474 12294+122 989:73 637.0:92 934299
120.7 97 9. 145 7116296 973:6.1 4656296 Y6878 12200127 97.5:7.5 636.5:9.0 Y63:9.1




Molecularly Imprinted Polymers



Nanmmprmtmg for Biolog /caI\Egcagnltlon Solvent
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Atrazine-Imprinted Polymers

Fig. 1 Variation of the recov-
eries obtained for triazines
(300ng mL) loaded in tolu-
ene (A) or in acetonitrile (1)
on imprinted {solrd lines) and
non-imprinted {dashed lines)
polvmers as a function of the
percentage of acetonitrile or
methanol present in the wash-
Ing solution
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Imprinted Polymers for Virus
Removal
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Reactive Polymer Hydrogel for
Phosphate Removal
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FIGURE 1. PAA-HCI Hydrogel synthesis by chemical cross-linking
with EPI cross-linker.
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Efficiency of Removal
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FIGURE2. PO, binding from aquaculiure wastewater using PAA-
HCI hydrogels.




Perchlorate Removal
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ing with EPI.

Kioussis et al. Journal of Applied Polymer Science 2001



Efficiency of Removal
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Tunable Biopolymer with Metal-
Binding Property

Elastin Domain  Metal Binding Domain

~a s @

A Fine tune affinity
with different
binding sequence

Fine tune AT by controlling amino acid
sequence and no. of repeating unit (VPGXG),




Genetic and Protein Engineering Methodology
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Metal Removal
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Production of Biopolymers

Biopolymer Protein yield ABEDE

(mg/3 L) A, Ela38H6
Ela38H6 289 B, Ela58H6
Ela58H6 PASE C, Ela78H6
Ela78H6 207 D. Ela78
Ela78 191 E, Ela78H12
Ela78H12 168

Kostal et al. Marcomolecules, 34, 2257-2261, 2001



MerR can serve as a specific
mercury binding domain

MerR-Hg complex



Selective Binding of Mercury by
Elal53-MerR Biopolymer
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