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1.1  Introduction 

Colloidal system exists everywhere in our daily life  

The key parameter deciding its function is the inter-particle interactions, which can be 
tuned by additions of different properties.  



1.2 Systems Model 

Small particles, such as polymer, in large 
colloidal system! 



1.3 Depletion attraction-Theories 

If the polymer can not be adsorbed to large colloidal particles :Depletion Attraction 

S.Asakura et al,J.Chem.Phys 22,1255(1954) 
N.W.Ashcroft et al, Phys.Rev 156,685(1967) 
E.Dickinson,J.Chem.Soc.Faraday Trans. 91,4413-4417(1995) 
Peter J.Lu et al. Nature 453,499(2008) 
...... 

V.J.Anderson, H.N.W.Lekkerkerker, Nature 416,811(2002) 

gelation 
Aggregation 
crystal 

Attraction from osmotic 
pressure caused by density 
difference 



S.M.Ilett, A.Orrock,W.C.K. Poon and P.N.Pusey, Phys.Rev.E 
51,1344(1995) 

1.3 Depletion attraction-Experiment 

polymethylmethacrylate (PMMA) + polystyrene (PS)  



1.4 Bridge Attraction 

Physical Interaction Chemical Interaction 

But what if the polymer can be adsorbed to large colloidal particles? 



1.4 Bridge Attraction 

C.Z.Zhao et.al, Soft Matter 8, 7036(2012) 

polystyrene (PS) + poly(N-isopropylacrylamide) (PNIPAM)  
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2.1 Small Angle Neutron Scattering 



Scattering pattern: What we get in experiment after data 
reduction 

2.1 SANS: Scattering Pattern 



2.1 SANS: Structure Factor 



 Potential 

 The solution of OZ equation with Baxter’s Q method is:  

2.2 Multi-Components SHS model 



N(N+1)/2   
quadratic equations 

B.Barboy and R.Tenne, Chem.Phys. 38,369-387(1979) 



2.3 System we concern 



2.4 Spinodal decomposition 



2.4 Spinodal decomposition 

Calculations of spinodal decomposition for different stickiness parameters 
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3.1 Map to One-Component SHS System 



One-Component SHS system: Two-component SHS system: 

3.2 Effective stickness parameter 

 Simply equal the two structure factor at q=0 



3.3 Effective diameter 

Hard Core Limitation: 

Isotropical Assumption: 
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3.4 Mapping results 



2.4 Tips of the map method 

 All the calculations are analytical, not any fitting; 
 

 The “size” of big particle has changed; 
 

 We just use one point in the structure factor (S(0)) and the results 
agree all the structure factor curve very well. 
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4.1 From depletion attraction to bridge attraction 

 Depletion attraction 
 
 
 
 

 Bridge attraction 



4.2 Spinodal Decomposition 
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C.Z.Zhao et.al, Soft Matter 8, 7036(2012) 
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• Re-entrance to gelation with even more 
polystyrene 
 

• Gelation for high volume fraction of colloidal 
particles 

4.3 Comparison results 
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5.1 SANS Experimental Study of BSA +YCl3 

Zhang, F., et al. Phys.Rev.Lett. 101, 148101(2008) 

Bovine Serum Albumin(BSA)+Yttrium Chloride(YCl3)  



Sample # Thickness 

Samples prepared 

5.2 Samples Preparations 



5.3 Experimental Results 

BSA Form Factor BSA +YCl3 



5.4 Fitting Parameters 
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 Depletion attraction and bridge attraction are exactly two different mechanisms 
which will lead to different system characters; 
 

 The two-component SHS system we study can be analytically mapped to pure 
SHS system; 
 

 The phase diagram of this bridge attraction dominated system can be 
theoretically determined and can be used to verify the experiment . 

5 Conclusions 



Thanks for your attention! 



• Peak shifts to left                increase inter-particle distance 
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S1 Effective Map Range-Conclusions 


