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Nanoscience: Size-Dependent Material
2 Properties
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3 Nanogeochemistry
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4 Colloid-facilitated radionuclide transport

http://www.bbc.com/news/uk-england-cumbria-21253673

Key radionuclides:
Pu-239, Th-230, Am-241 - Strong interaction (colloids)
U-238, Np-237 - Moderate interaction
1-129, Tc-99 - Weak interaction (anions)

'Free' neptunium Mineral colloids

https://eesa.lbl.gov/radioactive-contamination-over-geologic-time/

Colloids: —1 - 1000 nm
Nanoparticles: —1 - 100 nm



5 Surface charge and sorption capability of nanoparticles
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6 Self-inhibiting mechanism for nanoparticle dissolution

1.0

0.9

0.8

0.7

Imo 0.6

0.5

CC 0.4

0,3

0.2

0.1

0.0
0

0.12

0.33

0.54

Saturation (o)

Critical pit size

100 200

Particle size (nm)
30C1

Ak

•

•

•

.

•

•

•

•

•

•

•

•

•

'AA:1111 ArAT .A16. k A

"AL.r.dohl.•."

NZ-7,7:11kWA.1. 

••••—•#.4z,2/

Self-inhibiting mechanism (Tang et al., 2004)
• Resistance to dissolution

Persistence of true colloids

http://jes.ecsaorg/content/150/9/B433/F1.large.jpg



7 I Effects of Nanopore Confinement
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8 Model Systems for Studying Nanopore Confinement
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1 Model Systems for Studying Nanopore Confinement9 (cont.)
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10 Nanoconfinement and Ion Sorption
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11 Zn2+ sorption on to controlled pore glass
(Nelson et al., 2014)  
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Cu(II) sorption onto mesoporous silica
12 (Knight et al., 2018)  
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13 Effect of Nanopore Confinement on Water

Kolesnikov et al., 2004 85
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14 Uranyl Desorption from Synthetic Porous Goethite
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15  Can an anion such as iodide get into interlayers of clay materials?
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16 Structure-function study of clay materials

7 clays under
consideration: All clays obtained
frorn the clay bank repository (Purdue Univ.)

• Kaolinite
• Ripidolite
• Itlite
• Illite/Smectite

Miller et al. (2015)

• Montmorillonite
• Palygorskite
• Sepiolite

Sorption experiments:
• N2 BET (external surface)
• Methylene Blue (MB) (total surface including

interlayer)

• Na-exchanged clays
• Variable amounts of MB were added until

clay surface was saturated
• BaC12 Exchange (total surface including

interlayer)

• Excess of barium displaces native cations
• Measure native cation release

• Iodide
• Solid:Liquid ratio: 100g/L
• No specific pH control; 'natural' pH of clay
• Seven day reaction time

Concentration

(M)

NaCI NaBr KCI

1.0 X

0.1 X X X

0.01 X



lodide uptake is dependent on ionic composition of
17 swamping electrolyte.

Layered —

Fibrous —
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KD values trend with total surface area, suggesting
18 interactions with negatively charged surfaces.
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Data is consistent with ion pair formation caused by reduced
19 dielectric constant of confined water.
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Due to nanoconfinement, anions and cations
tend to pair up to form neutral species, which
are much easier to diffuse through nanopores
than dissociated anions and cations themselves.
A shale formation, previously thought to be
semi-permeable, may be "leaky" due to the
effect of nanopore confinement, though the
leakage rate could be small.

Bulk water T
E = 78.5 0
Ne

NaCl° E = < 5 Confined water

Cl-

Miller et al. (2015)



21 Manipulation of Layered Double Hydroxide (LDH)
Structure

Tronto et al.
(2013)

7 8

7.7

E 7 6

c 7 5

0, 7A

7.3

7.2

0.50 0.60 0.70 0.80 0.90

Ionic Radius of M(ll) or M(Ill) (Angstrom)

AIA
Mg

6•Cr Cu

co, Ni-M(III)-0O3 LDH

-a

Zn

M(11)-Al-0O3 LDH

Fe Bi

1 00

0 10 20 30 40

20

Wang and Gao (2006)

50 60 70

Sandia
National
Laboratories



22 Pertechnetate Sorption on LDHs
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23 Pertechnetate Sorption on LDHs (cont.)
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24 Concluding remarks

Emergent properties
• Novel mineral-fluid interface chemistry may

emerge when the dimension of one of the phases

is reduced to nanometers.

Texture matters!
• Measurements on "isolated", unconfined surfaces

may not be representative of actual geologic

materials.

Perspectives
• Progress in nanoscience & technology

• Emergence of new properties (-40 identified in

Wang 2014)

Geochemical implications
• New perspectives for understanding fundamental

geochemical processes

• Shale gas/oil

• Nanofluiclics and radionuclide transport in the subsurface

• Development of novel materials for

environmental applications

• New generation of buffer materials for waste isolation
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