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Industrial 
and 

Research  

MM crowding study 

 Combination of polymer and electrolyte properties 

promote complexity in polyelectrolyte (PEL) solutions. 

 Polyelectrolyte dynamics are significantly influenced 

by linear charge density on polymer backbone. 

 Electrostatic coupling controlled with addition of 

electrolytes. 

 

Motivation 

Polyelectrolyte 

The polyelectrolyte dissociates 

in the solvent.  
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Solution Condition 
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(Complete 

dissociation ) 

(Partial 
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→ pH 

dependent) 

 Underlying physics behind the system dependent on 

many inter and intra-molecular interactions. 

 The resultant dynamics of the solutions manifest many 

surprising but interesting behavior. 

 This in turn helpful to various industries.   

Sample Preparation 

TRIS Buffer of pH 9 and 100 mM NaCl 

Salt solution followed by double 

filtration through 0.22 μm Millipore 

filter paper.   

PAA(MW=1250kDa) used to prepare of 

1,0.5,0.3 and 0.1 wt% solution in each 

case. 

 All the samples were heated at 70°C for 

24 hours to which DLS were performed 

after reaching equilibrium. 

(PAA) 

Conclusions 

                                         

 An interesting non-erogodic to erogodic transition is observed 

with addition of salt. 

 The correlation curves of salt free solution indicates position 

dependency; moreover not decaying from 1 to 0 as non-erogodic.  

 And correlation curves of salt solution decay from 1 to 0 which 

besides shows position independent nature thereby confirm the 

erogodic behavior of the samples. 

 Single plus stretched equation found suitable for fitting all the 

correlation curves indicating presence of two diffusive modes & 

the corresponding slow and fast diffusion coefficient is plotted. 

 The enhanced stretched exponent in salt solution indicates that 

solution becomes more homogenous with addition of salt. 

 The gel type behavior of PAA in salt free solution to be enquired 

through non-erogodic technique for future work.    
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Abstract 

The dynamical behavior of charged poly-acrylic acid solutions is investigated in the presence and absence of electrolyte using dynamical light scattering measurements. An 
interesting non-erogodic to erogodic transition is observed for polyelectrolyte solution with addition of excess salt. Our study shows two modes of diffusive processes that 
are greatly influenced by inter-molecular interactions occurring inside the charged polymer systems, which in turn affect the correlation length and there by showing changes 
in structural behavior of the polyelectrolyte solutions.  

Result and Discussion 

Observed position dependency 

[Without salt (0mM)] 

[With salt (100mM)] 

Correlation curves for 

PAA conc. 0.1wt%(    ), 

0.3wt%(   ), 0.5wt%(    ) 

and 1wt%(   ) 
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Single plus 

stretched 

equation 

𝝉𝒇
−𝟏 = 𝑫𝒄𝒒𝟐 Relation between fast relaxation time 

and co-operative diffusion coefficient 

𝑫𝒄 = 𝒌𝑩𝑻/𝟔𝝅𝜼𝟎𝝃𝒉 
The correlation length (ξ𝒉) is 

connected to 𝑫𝒄 

Instrumentation 

Dynamic Light Scattering 
(DLS) 

 Light get scattered 

from the fluctuating 

particles inside the 

sample.  
 

 The particle 

dynamics/size can 

be measured 

through the 

information 

obtained from the 

fluctuated scattered 

light signal. 

Correlation Function 

𝒈𝟏 𝒒, 𝒕 =
<𝑬𝒔 𝒒,𝟎 𝑬𝒔 𝒒,𝒕 >𝑻

< 𝑬𝒔 𝒒,𝟎 𝟐>𝑻
: Field correlation function 

𝒈𝟐 𝒒, 𝒕 =
<𝑰𝒔 𝒒,𝟎 𝑰𝒔 𝒒,𝒕 >𝑻

<|𝑰𝒔 𝒒,𝟎 |𝟐>𝑻
 :  Intensity correlation function 

 

Siegert's Relation:  

 
𝑩 = Instrumental constant ≤ 𝟏 

𝒒 = Scattering wave vector = 𝟒𝝅𝒏𝒔𝒊𝒏 (𝜽/𝟐)/𝝀 

λ = 𝟒𝟖𝟖𝒏𝒎, θ = 𝟗𝟎𝟎, 𝒏 = 𝟏. 𝟑𝟑   
(Given for the proposed experiment) 

Erogodicity & Non-erogodicity 

A system is said to be erogodic if ensemble average equals 

to time average. 

 

𝒈𝑬
𝟐 𝒒, 𝒕 ≡ 𝒈𝑻

𝟐 𝒒, 𝒕 ⇒ Erogodic behavior 

     𝒈𝑬
𝟐(𝒒, 𝒕) ≢ 𝒈𝑻

𝟐(𝒒, 𝒕) ⇒ Non-erogodic behavior 

𝒈𝟐 𝒒, 𝒕 = 𝟏 + 𝑩 𝒈𝟏 𝒒, 𝒕
𝟐

 

(The DLS set up in the lab) 


