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Introduction

Oppositely charged polyelectrolytes in solution

spontaneously associate into hydrated complexes

or coacervates, PECs. The morphology, stability

and properties of PECs depend strongly on their ion

content, which moderates the “sticky” reversible

interactions between Pol+ and Pol- oppositely

charged repeat unites. Here, the linear viscoelastic

responses of a series of PECs made from pairs of

poly[3-(methacryloylamino)propyltrimethylammoniu-

m chloride] and poly(sodium methacrylate) with

various molecular weight were measured. Time-

temperature superposition revealed entangled

behavior and characteristic relaxation times.
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Scheme 1. Effect of increasing salt concentration on the phase behavior of PECs.

Linear Viscoelasticity of PECs

The linear viscoelasticity of PECs has been broadly

studied. However, the entanglement behavior and

relaxation times of PECs (e.g. τb, τe and τrep) still

need to be further investigated. A complete linear

viscoelasticity response of PEC is required.
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Reference (1) Spruijt et al., Macromolecules, 46, 4, 1633-1641 (2013); (2) Marciel et al., Soft 

Matter, 14, 2454-2464 (2018); (3) Hamad et al., Macromolecules, 51, 15, 5547-5555 (2018).

How to obtain τb, τe and τrep for PECs?

A PEC system with higher Mw polyelectrolytes and 

narrower molecular weight distribution.

No entanglement Entangled

Low Mw High Mw Higher molecular weight

polyelectrolytes will be

easier to get entangled.

Narrow Mw distribution

will help to reduce the

plasticizing effect. Also,

it benefits theory fitting.

 

Rheology Characterization of PMA/PMAPTA PECs
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In Figure 1, filled points are G’ data and open points are G’’ data. Number near the legend represents the corresponding Mw. It is seen

that in the same [salt], the higher the molecular weight, the higher the modulus. Figure 2 shows the concentration effect on modulus.

The higher the [salt], the lower the G’/G’’. A strong “doper” (KBr) will lead to a lower G’/G’’ when comparing to a weak “doper” (NaCl).
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Adding salt breaks the ionic bonding, decreases

“crosslink” density, reduces modulus.

Picture of Coacervate

Time-Temperature Superposition and Relaxation Times
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Rheology experiments were preformed from -5 °C to °65 C. With the help of time-temperature superposition, we successfully revealed

all relaxation times τb, τe and τrep from the LVE responses of PECs. A sticky association theory by Rubinstein and Semenov1 was

adapted and tested using straightforward quantitative expressions describing the effect of salt concentration on sticky interactions:

τrep (s) τe (s) τb (s)

nav=213 - - 1.2 × 10
-4

nav=343 - - 1.1 × 10
-4

nav=662 0.47 (0.73) 7.7 × 10
-3

1.2 × 10
-4

nav=763 0.52 (0.95) 4.7 × 10
-3

1.0 × 10
-4

nav=2097B 31 (26) 3.2 × 10
-3

1.4 × 10
-4

Numbers in braces:

Theoretical τrep calculated

based on τb values.

A satisfactory fit to the data

over all regimes studied.

Activation Energy of Ion-pairing
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Activation energy of ion-

pairing was obtained by

fitting the shift factors with

Arrhenius equation.

The higher the salt

concentration, the lower

the activation energy of

ion-pairing.

25 kT

9 kT

In the absence of counterions (upper panel), two pairs of charged

pendant groups go through a transition state and switch places,

with an activation energy barrier of ~25 kT. The extrinsic partner

exchange route (bottom panel) is less demanding, requiring one

Pol+Pol- pair to break and a counterion to hop a short distance, with

an activation energy of ~ 9 kT.

Conclusion

• The influence of molecular weight, temperature and salt

concentration on the viscoelastic properties of PECs have

been studied.

• A complete linear viscoelastic response of PECs with all

relaxation times has been revealed.

• The sticky dynamics theory of Rubinstein and Semenov is

used, with slight modification, to provide a satisfactory fit to the

data over all regimes studied.

The Schlenoff group

More information:
Yang, Shi and Schlenoff, Macromolecules, 2019

(DOI: 10.1021/acs.macromol.8b02577)

1. Rubinstein and Semenov, Macromolecules, 31, 1386-1397 (1998).


