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COUNTERION CONDENSATION (1)
Oosawa-Manning condensation theory

Counterions will condense onto the chain until
the charge density decreases to a value of 1/Z15.
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COUNTERION CONDENSATION (II)
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o 3 EXPERIMENTAL TESTS
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EXPERIMENTAL SYSTEM (I)

Carboxymethyl cellulose

Solution state for Solution state for
1wt% TBACMC 1wt% NaCMC

Solvent &
Water 78
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DMF 38
Dipropylene glycol 24
Acetone 22
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1-Octanol 10
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Hexane 2.0

I I . I
Partially soluble
30+ Insoluble T
(@)
(@) (@)
20+ @) ‘ © —
(@)
® (@)
10} o © o i
() @
o “089° e 8
@
Olg | | | ]
0 5 10 15 20
1/2
op [MPa ]

Hansen solubility parameters

5



EXPERIMENTAL SYSTEM (ll)

Substitution patterns
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3 EXPERIMENTAL TESTS
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DETERMINING THE FRACTION OF FREE
COUNTERIONS

Colby et al 1997:
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Colby, R.H., Boris, D.C., Krause, W.E. and Tan, J.S., 1997. Polyelectrolyte
conductivity. Journal of Polymer Science Part B: Polymer Physics, 35(17), pp.2951-2960.
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Fraction of charged monomers (f )

FRACTION OF FREE COUNTERIONS VS.
DIELECTRIC CONSTANT (Il)

Oosawa-Manning
1.0F ' | I T ] . -
Oosawa-Manning prediction:
NMF b

ST o0 T i feff =1if—>1
NMA fchem lB
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Experiments: = 20% lower
_ charge than predicted
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b - distance between charged groups 8
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FRACTION OF FREE COUNTERIONS VS.

(O NaCMC and other

Fraction of free counterions
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semiflexible polysaccharides

CHEMICAL CHARGE DENSITY

Oosawa-Manning
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sharp transition
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Fraction of charged gorups
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INFLUENCE OF COUNTERION VALENCE

Oosawa-Manning
prediction:
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ION PAIR FORMATION

Free
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Condensed Bound

Electrostricted water (p = 1.1 g/mlL)

Bulk water (p = 1 g/mlL)

Ultrasound absorption
AV?
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Atkinson, G., Baumgartner, E. and Fernandez-Prini, R., 1971. Journal of the American
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Degree of neutralisation
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INFLUENCE OF COUNTERION TYPE ON
CHARGE FRACTION

lon pair formation strength:
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SUMMARY & OPEN QUESTIONS

« Oosawa-Manning condensation correctly predicts the dependence of

polyelectrolyte effective charge on dielectric constant, bare charge density and

counterion valence.

« Condensation threshold is broader than predicted by theory

 lon-pairing due to solvation shell sharing takes place but has a minor effect on

the effective charge of the polyelectrolytes.
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