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Appendix 3 



Electrosta/cs	
  of	
  charged	
  layers	
  

Primi/ve	
  model:	
  
	
  Solvent	
  (water)	
  represented	
  
by	
  rela/ve	
  dielectric	
  permiOvity.	
  
Ions	
  spherical,	
  interac/ng	
  according	
  to	
  
Coloumb’s	
  law,	
  hard	
  sphere	
  at	
  contact.	
  

Theory	
  in	
  primi/ve	
  model:	
  
Poisson	
  Boltzmann	
  equa/on	
  
Monte	
  Carlo	
  computer	
  simula/ons	
  

Addi/onal	
  assump/on:	
  
Smeared	
  uniform	
  surface	
  charge	
  
Perfectly	
  flat	
  surfaces.	
  Model	
  system	
  of	
  infinite	
  planar	
  

uniformly	
  charged	
  surfaces	
  with	
  
counterions	
  and	
  addi/onal	
  electrolyte	
  
In	
  solvent	
  (water).	
  



Swelling	
  of	
  layered	
  structures	
  

Degree	
  of	
  swelling	
  is	
  determined	
  by:	
  
Forces	
  between	
  layers	
  
Chemical	
  poten/al	
  of	
  solvent	
  reservoir	
  
Possible	
  equilibrium	
  with	
  solutes	
  in	
  	
  
external	
  solvent.	
  
	
  

Theory:	
  DLVO-­‐theory	
  based	
  on	
  PB-­‐equa/on	
  for	
  
	
  electrosta/cs	
  (repulsion)	
  and	
  Hamaker	
  constant	
  
	
  descrip/on	
  of	
  van	
  der	
  Waals	
  forces	
  (a]rac/on)	
  

Observa/ons	
  for	
  clays:	
  Five	
  scenarios	
  
i) No	
  swelling	
  in	
  water	
  or	
  electrolyte	
  (mica	
  and	
  many	
  other	
  clays	
  minerals)	
  
ii) “crystalline	
  swelling”	
  i.e.	
  swelling	
  to	
  dis/nct	
  separa/ons	
  of	
  one	
  or	
  two	
  water	
  layers	
  
iii)	
  Swelling	
  to	
  a	
  finite	
  thickness	
  (a	
  few	
  nanometers)	
  of	
  water	
  layer	
  
iv)	
  	
  Finite	
  swelling	
  to	
  a	
  disordered	
  arrangement	
  of	
  clay	
  par/cles	
  
v)	
  	
  Indefinite	
  swelling	
  leading	
  to	
  a	
  stable	
  colloidal	
  sol	
  



Ion	
  exchange	
  

Counterions	
  and	
  coins	
  in	
  the	
  reservoir	
  can	
  exchange	
  
with	
  ions	
  in	
  the	
  layered	
  clay.	
  	
  
Effetct	
  mainly	
  determined	
  by	
  the	
  charge	
  of	
  the	
  ion	
  	
  
and	
  its	
  concentra/on.	
  
H+-­‐ions	
  shows	
  large	
  chemical	
  specificity	
  effects.	
  
Over	
  /me	
  exchange	
  effects	
  can	
  lead	
  to	
  the	
  transforma/on	
  
Of	
  a	
  calcium	
  clay	
  to	
  a	
  sodium	
  one	
  or	
  vice	
  versa.	
  
Mul/valent	
  ions	
  are	
  selec/vely	
  picked	
  up	
  by	
  clays.	
  

Na+,	
  Ca2+,	
  Cl-­‐,	
  SO4
2-­‐,HCO3

-­‐	
  

Ion	
  chemical	
  poten/al	
  is	
  in	
  PB	
  approxima/on	
  
given	
  by	
  concentra/on	
  at	
  mid-­‐plane	
  and	
  electrosta/c	
  
poten/al	
  at	
  mid-­‐plane	
  (rela/ve	
  to	
  bulk).	
  



Stability	
  of	
  sols	
  
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart 
your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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DLVO-­‐theory:	
  	
  
	
  
electrosta/c	
  repulsion:	
  
	
  
	
  
Van	
  der	
  Waals	
  a]rac/on:	
  

Ion	
  correla/ons	
  give	
  
electrosta/c	
  a]rac/on	
  

A]rac/ve	
  edge-­‐side	
  	
  
interac/ons	
  can	
  give	
  
	
  “card-­‐house”	
  packing.	
  



Electrosta/c	
  interac/ons	
  with	
  correla/ons	
  

Monovalent	
  counterions	
   Divalent	
  counterions	
  



Ion	
  correla/ons	
  and	
  solvent	
  effects	
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  model	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Explicit	
  solvent	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  lower	
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•  Na-­‐montmorillonite	
  or	
  bentonite	
  erode	
  when	
  exposed	
  to	
  pure	
  water	
  
•  Ca-­‐montmorillonite	
  or	
  betonite	
  stays	
  intact	
  when	
  exposed	
  to	
  pure	
  water	
  

of	
  solu/ons	
  of	
  CaCl2	
  or	
  gypsum.	
  
•  Na-­‐montmorillonite	
  or	
  betonite	
  does	
  not	
  erode	
  when	
  in	
  contact	
  with	
  

more	
  concentrated	
  NaCl-­‐solu/ons.	
  No	
  real	
  consensus	
  on	
  value	
  of	
  cri/cal	
  
concentra/on.	
  

•  Presence	
  of	
  Ca2+	
  ions	
  in	
  NaCl-­‐solu/ons	
  narrows	
  condi/ons	
  under	
  which	
  
erosion	
  occurs.	
  The	
  reports	
  don’t	
  give	
  a	
  sa/sfactory	
  account	
  of	
  this	
  effect.	
  

•  Role	
  of	
  interac/on	
  edge-­‐side	
  isn’t	
  fully	
  inves/gated.	
  

Reflec/ons	
  on	
  the	
  contents	
  of	
  reports	
  provided	
  by	
  SKB	
  
(report	
  received	
  28/10	
  not	
  included)	
  




