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Single polyelectrolyte chain: idea of counterion condensation

“...there is a balance between the binding enerqgy and the dissociation entropy of ions...”,
- G. S. Manning, J Biomol Struct Dyn. (1988)

. L 6
Size of the chain: [ = (_2) Rgl f - degree of chain
NI ionisation
|=Kuhn segement :': =
length =
Q o :
) Bjerrum length
= 2
¢ I , higher = 10 p.= €
'B d . 9 ] B
condensation " 4reyekpT
s \“-Eo
[,=1,]
Bjerrum length >
, “...there is a compromise between the translational
Free energy of a smgle p01y eletr(ﬂy te entropy of the counterions and the electrostatic

F=F ( f Zl 6 ZB c ) attraction of the counterions by the polymers...”
— R CRARS SRS PREL

- Muthukumar, ] Chem Phys (2004)




Fy = flog f+ (1 — f)log(l —f)

(f5+ ) log(fp+ &) + Glogés — (f + 26.)

1
—5 VAl *(fp + 26.)°°

Fy=—(1—f)olls/l)
3 5 . 473 \32 w 2y N2
Fy = ﬁ[},’1 — 1 —logly] + g(%) \/733"’2 Nl3 \/7f EB ~1,!2 Op(a) Z~1 _ (i) R2

N1?
eo(a)=ﬁ( S )exp(a)erfc(\/a)—l— ! + 2 _Vm VT

2 \a®2 a3/? 3a  a? a®?  2a3/?

a = &2szl/6 %2 = 47TZB(fﬁ —+ 258) ZB 262/47T€€()lkBT

M. Muthukumar, JCP, 120, 9343 (2004)
A. Kundagrami and M. Muthukumar, Macromolecules, 43, 2574 (2010)



Role of entropy and energy in

the Kinetics of conformational changes of
a single, isolated polyelectrolyte chain



Experiments and simulations on kinetics of single PE chain
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Kinetics of a single polyelectrolyte

Equation of motion, for surface element of sphere;  [so]ated, single PE in solution
Osmotic and viscous forces R,

d*R dR
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Soumik Mitra, Arindam Kundagrami, Macromolecules (2017)



Free energy of a single Polyelectrolyte
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Kinetics of a single polyelectrolyte(contd.)-Swelling
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Kinetics of a single polvelectrolyte(contd.)-De-swelling
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Kinetics of a single polyelectrolyte(contd.)-Collapse
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Interaction between two oppositely

charged polyelectrolytes:
Complexation



What drives the Complexation between two oppositely charged PEs?

Two oppositely charged polymers
(symmetric in size), fully ionised

Competing driving forces:
Role of free counterion entropy
and bound ion-pair enthalpy:

Which one dominates?

Is the process always favorable?
following a downbhill free enerqy??

How does the process of
complexation trend in the system for
parameters like temperature, salt etc.»
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Complexation between two oppositely charged polyelectrolytes

Free energy

F :F(f:ZHl:S:ZHB:ES:'“)
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Soumik Mitra, Arindam Kundagrami, JCP (2022),



Complexation between two oppositely charged polyelectrolytes

Free energy(contd.)
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Tracking the dominance of entropy and enthalpy

Conjecture: free ion entropy & bound pair enthalpy

consitutes significant free energy contribution FtO p = Fl _|_ F2 _|_ F4

1 AD -
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Entropy, Enthalpy and Free enerqgy of Complexation
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What happens for two asymmetric chains &
partial charge density? Neutral part

after pair formation

Dangling part with
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Souradeep Ghosh, Soumik Mitra, Arindam Kundagrami, under preparation (2022)



What happens for two asymmetric chains &
partial charge density?

© Polyelectrolytes can be either weak or strong, depending on their backbone charge density

0 Does the drive for complexation(entropy or enthalpy) depend on the charge density??
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Souradeep Ghosh, Soumik Mitra, Arindam Kundagrami, under preparation (2022)
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