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Abstract:

It has been a well-accepted concept that the difference between liquid and gas disappears beyond the critical point of a fluid. However, it

has been recently found in water and Ar gas that there is still a line beyond the critical point across which the thermodynamic properties

and dynamics of a fluid system may have very large change. This line is recently termed as the Widom line. In this proposal, we propose

for the first time to study the change of the dynamic and structure properties across the Widom line in a colloidal system with a short-

range attraction using both neutron spin echo and small angle neutron scattering. We have chosen to work on partially deuterated L64

block copolymers dissolved in D2O solvent. L64 forms spherical micelles in D2O solvent and is known to have a short range attraction

close  to  its  critical  point.  We  will  use  neutron  spin  echo  to  investigate  the  change  of  dynamics  (self-diffusion  coefficient)  across  the

Widom line by varying both concentration and temperature. Our synthesized partially deuterated L64 will have a protonated PPO core

and a deuterated corona region so that we can focus on the study of the translational dynamics of the system.
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Monoclonal antibody (mAb) based therapeutic drugs have been the fastest growing sector of the 
biopharmaceutical industry. Understanding and controlling the viscosity of concentrated mAb 
formulations are very important for the productions and delivery methods. In order to understand the 
viscosity change of one mAb, which is named mAbG, in different solvent conditions, D33 is used to 
measure the solutions structures of mAbG with different concentrations and at different salt conditions. 
Some of SANS patterns of mAbG are shown in Figure 1. By analyzing the data carefully, it is observed 
that by adding salts (50mM Na2SO4), it can cause mAbG to form dimers. The fitting results also indicates 
that the dimer form extended structures. Further SANS analysis show that there is an attraction 
between these dimers so that the large transient protein network can be formed in concentrated 
protein solutions that can cause the dramatic increase of the viscosity.  

We also studied the short-time self-diffusion coefficients shown in Figure 2. Our results indicate that 
adding salts drive the formation of dimers consistent with the results obtained by SANS data. As a result, 
the moving unit of proteins moving inside the solutions after adding salts can be considered to be 
dimers. These dimers form large loosely connected network.  

Hence, combining with D33 (SANS) and IN15 (NSE), we have a comprehensive physical picture of the 
microstructure and dynamics of mAbG protein solutions. Our study together with other experimental 
information has been published in 2016.[1] 
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Figure 1. SANS data of mAbG at different concentrations without additional salts (a) and with 50mM 
Na2SO4 (b). The results are published in Ref. [1]. 

 

 

Figure 2. Short-time diffusion coefficients of mAbG at different concentrations without additional salts 
(a) and with 50mM Na2SO4 (b) measured by IN15. The results are published in Ref. [1]. 

 


