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New results: Light and neutron scattering Fraction of free counterions 
evaluated with different 

methods

Conclusions

Scattering intensity without low-q upturn contribution

APS March Meeting 2026

𝑆 0 = 𝑘!𝑇𝑐
𝑑𝑐
𝑑Π ≈ 𝑓"#

References
[1] Boris, D.C., 1997. Experimental studies of polyelectrolyte solution 
properties. University of Rochester. [2] De Gennes, P.G., Pincus, P., 
Velasco, R.M. and Brochard, F., 1976. Journal de physique, 37(12), 
pp.1461-1473. [3] Dobrynin, A.V., Colby, R.H. and Rubinstein, M., 1995. 
Macromolecules, 28(6), pp.1859-1871. [4] Ermi, B.D. and Amis, E.J., 1998. 
Macromolecules, 31(21), pp.7378-7384. [5] Sedlák, M., 1999. Langmuir, 
15(12), pp.4045-4051. [6] Ray, D., De, R. and Das, B., 2016. The Journal of 
Chemical Thermodynamics, 101, pp.227-235. [7] Behra, J.S. et al 2019. 
ACS Applied Polymer Materials, 1(3), pp.344-358.

THEORY

Acknowledgements
We thank JRR-3 neutron source 
(Ibaraki, Japan) for beamtime at SANS-
U and prof. K. Mayumi for his help 
during the experiments. 

experiments

10-3 10-2 10-1 100

 q [Å-1]

0

10

20

30

40

50

S(
q)

 [-
]

SANSSLS

TBACMC/D2O

q [Å-1]

S(
q)

[-] Filter size has no effect 
on correlation peak à 
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Filtering strongly 
suppreses low q upturn.

SANS/SLS DLS

𝑆(0) 	= 	1/𝑓

Combining SLS and DLS, we can calculate the scattering intensity of a polyelectrolyte solution 
without the contribution of the slow mode:

Sodium Polyglutamate

Na+ vs. Mg2+ counterions

• Filtration through sufficiently small pore sizes suppresses the low q upturn and DLS slow mode 
• Correlation peak is insensitive to filtration à polymer mesh size is not changed
• The solutions are stable for at least 1 month after filtering (slow mode and upturn do not re-

appear)
• No mass loss detected from density measurements à No polymer removed during filtration
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From the measure light scattering intensity (Δ𝑅 ), we 
calculate the structure factor (𝑆(𝑞)):

The relative amplitude of the fast decay in DLS is used to 
isolate the structure factor without the slow mode:

𝑆 𝑞 ./01 =
𝐴2 𝑞

𝐴2 𝑞 + 𝐴3 𝑞
𝑆(𝑞)

∆𝑅(𝑞) = 𝐾𝜌()*+ 𝑁,𝑆(𝑞)
Optical contrast

bimodal decay

Extrapolating to q à  0 gives 𝑆(0), which can be 
related the fraction of free counterions 𝑓
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Electrical conductivity, osmotic pressure (freezing point 
depression), and SLS/DLS yield consistent values for the 
fraction of free counterions, demonstrating that the 
scattering intensity of polyelectrolytes, after removal of 
the slow mode by filtration or DLS splitting, matches the 
values expected by de Gennes’ scaling theory.

Correlation peak

Low q upturn ≈ large domains?

Fast mode: 
𝑟; 	 ≈ 0.2	𝑛𝑚  

slow mode: 𝑟; 	 ≈ 700	𝑛𝑚

Multi chain 
aggregates?
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• SANS data[4] show a huge upturn at low q, which is incompatible with Eq. 2
• Dynamic light scattering suggests the presence of large domains (≈100s nm)
• The presence of large domains is incompatible with the incompressible nature of 

polyelectrolyte solutions

Download poster:

The osmotic pressure of salt-free polyelectrolyte 
solutions is controlled by the contribution of 
free counterions[1-3] (≈ 𝑘8 𝑇/free counterion):

𝑐 is the monomer concentration and 𝑓 the 
fraction of monomers with a free counterion.

Polyelectrolyte solutions are therefore 
expected to be highly incompressible and 
scatter weakly at low q:

Osmotic pressure data confirm Eq. 1:[1]
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Π ≈ 0.2kBTfc

NaPSS/water

Scattering experiments show two 
unexpected features of salt-free 
polyelectrolyte solutions:
1)  A huge upturn at low q
2)  A ‘slow mode’ in dynamic light 
scattering 

Salt-free polyelectrolyte solutions are highly incompressible, so 
long-ranged concentration fluctuations should be suppressed. The 
slow mode in DLS and the low-𝑞 upturn in SANS have therefore 
puzzled researchers for decades. We show that filtration removes 
both features and develop a method to calculate the scattering 
intensity without the upturn contribution. The corrected intensity 
agrees quantitatively with theory.

Find  out  more: 
https://polyelectrolyte.science


