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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.

I. Condensed counterions
I1. Free counterions
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EXPERIMENTAL SYSTEM

Carboxymethyl cellulose

Hou et al Solutions of Carboxymethylcellulose with Organic Counterions (I): The Influence of
Counterion Properties on the Polymer Structure and Solubility. Macromolecules, ASAP (2025).



EXPERIMENTAL SYSTEM

Carboxymethyl cellulose e

€ Solution state for Solution state for 0 C/\/\Nf\/\CH3

Solvent 1wt% TBACMC  1wt% NaCMC o~ TTNCHs
Water 78 dissolved  dissolved
DMSO 48 dissolved | insoluble
DMF 33 dissolved | insoluble
Dipropylene glycol | 24 [ dissolved [ insoluble" 1
Acetone 22 swollen [ insolble
propan-1-ol I8 dissolved | insoluble
propan-2-ol I8 swollen | insoluble
I-Octanol 10 swollen | insoluble
Pyridine 124 dissolved | insoluble
THF 78 insoluble  insoluble
I-Decanol 65 swollen | insoluble
Xylene 26 insoluble insoluble
Toluene 24 insoluble  insoluble
Benzene 23 insoluble  insoluble
Hexane 20 insoluble insoluble

Hou et al Solutions of Carboxymethylcellulose with Organic Counterions (I): The Influence of
Counterion Properties on the Polymer Structure and Solubility. Macromolecules, ASAP (2025).
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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. 6
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Fraction of charged monomers (f )

FRACTION OF FREE COUNTERIONS VS.
DIELECTRIC CONSTANT (Il)

1.0

Oosawa-Manning

Oosawa-Manning

prediction:
b

fert _ 146254
fchem lB

b b
feff=glfg<1

Experiments: = 20% lower
charge than predicted

b - distance between charged groups



Fraction of charged monomers (f )

FRACTION OF FREE COUNTERIONS VS.
DIELECTRIC CONSTANT (Il)

Oosawa-Manning
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FRACTION OF FREE COUNTERIONS VS.
CHEMICAL CHARGE DENSITY

Oosawa-Manning
prediction:

b
f=1if—<1
lp

1
f"'g if—>1

b - d|§tance between charges Kowblansky, M. and Zema, P., 1981. Macromolecules, 14(1), pp.166-
lg — Bjerrum length 170.



FRACTION OF FREE COUNTERIONS VS.

(O NaCMC and other

Fraction of free counterions
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semiflexible polysaccharides

CHEMICAL CHARGE DENSITY

Oosawa-Manning
prediction:

b
f=1if—<1
L

1
f"'E if—>1

Experiments show a somewhat less
sharp transition

0.1

b/ls [-]

b — distance between charges
lg — Bjerrum length

1 1 MR | 1 1 T | 1 1 L
2 3 4 5678 2 345678_| 2 3 4 5

Kowblansky, M. and Zema, P., 1981. Macromolecules, 14(1),

pp.166-170.




FRACTION OF FREE COUNTERIONS VS.
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INFLUENCE OF COUNTERION VALENCE

Oosawa-Manning
prediction:

b

counterion

feff — 17




INFLUENCE OF COUNTERION VALENCE
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INFLUENCE OF COUNTERION VALENCE
(comparison with other systems)

Polymer

Carboxymethyl
cellulose

Carboxymethyl
amylose

Carboxymethyl
dextran

Alginate

Polyvinyl
sulfate (50%)

I
0.45

0.3

0.58
0.3
0.44

fM2+

0.19
0.16

0.3
0.16
0.22

Ratio

2.3

1.9
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ION PAIR FORMATION

Free Condensed Bound

Electrostricted water (p = 1.1 g/mlL)

Bulk water (p = 1 g/mlL)

Atkinson, G., Baumgartner, E. and Fernandez-Prini, R., 1971. Journal of the American
Chemical Society, 93(24), pp.6436-6443.

11
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ION PAIR FORMATION

Free Condensed Bound

©
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w ©

Electrostricted water (p = 1.1 g/mlL)
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Ultrasound absorption
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w 2
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Atkinson, G., Baumgartner, E. and Fernandez-Prini, R., 1971. Journal of the American
Chemical Society, 93(24), pp.6436-6443.
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ION PAIR FORMATION AV increases

Free Condensed
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INFLUENCE OF COUNTERION TYPE ON
CHARGE FRACTION

lon pair formation strength:
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INFLUENCE OF COUNTERION TYPE

(alkali metals) :
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» Scattering properties are independent of counterion type

Gulati, A., Douglas, J.F., Matsarskaia, O. and Lopez, C.G., 2024. Influence of counterion type on
the scattering of a semiflexible polyelectrolyte. Soft matter, 20(43), pp.8610-8620. 14



INFLUENCE OF COUNTERION TYPE
(tetra-alkyl-ammoniums)
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0.14 @ T
& o TMACMC
o o)

HIGH CONCENTRATIONS

0.4
® e TMACMC
b) 035l ©° ® TEACMC |
: ’s: e TBACMC
[6) \ ~
— 03 encapmppsns o C = 0-15M
. o % 9,
= o ®
30 25 '. .. @ 4
@ ® %
021 °’..‘\°w-°-o. \
\. ..
0.15r1 R 0 coossnpmme® ‘°'°0:'Q: ’
0.1 :
1072 10"

q [A]

Decoupling of concentration fluctuations of monomers and
counterions at high concentrations
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COUNTERION DELOCALISATION: TBACMC

Counterions
are delocalised
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Decoupling of concentration fluctuations of monomers and
counterions at high concentrations 16



POLYMER-COUNTERION
DECOUPLING

Contrast from polymer backbone
Contrast from counterions
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Polymer & counterion fluctuations de-couple

Gulati, A., Douglas, J.F., Matsarskaia, O. and Lopez, C.G., 2024. Influence of counterion type on
the scattering of a semiflexible polyelectrolyte. Soft matter, 20(43), pp.8610-8620. 1 7



SUMMARY & OPEN QUESTIONS

« Oosawa-Manning condensation correctly predicts the dependence of

polyelectrolyte effective charge on dielectric constant, bare charge density and

counterion valence.

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

the effective charge of the polyelectrolytes.

At high concentrations in high dielectric constant solvents, concentration

fluctuations of polymer and counterions decouple.
13
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