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INTRODUCTION: Proteins, as key constituents 

of living systems, have been the subject of many 

studies and a wide range of analytical tools have 

been employed to probe the proteins’ structure, 

conformation, dynamics, and degradation. 

Electrostatic properties of proteins, regulated by 

the distribution and ratio of charged and polar 

residues within the protein structure, often play 

deterministic roles in the function, colloidal 

stability, and adsorption of proteins on different 

surfaces and interfaces. Therefore, the isoelectric 

point (IEP) of proteins, i.e. the pH at which the 

overall charge state of a protein is minimum, is 

regarded as a key characteristic parameter of a 

protein. Nevertheless, the IEP and conformation of 

proteins at the air/liquid interface is very 

challenging to determine and might be different 

from those in the bulk solution. In this study, we 

have utilized sum frequency generation (SFG) 

spectroscopy, as an inherently surface sensitive 

technique, as well as zeta potential and 

ellipsometry measurements to compare the charge 

state of a wide range of proteins at the liquid/air 

interface and in the bulk solution. This approach 

enables us to provide a unified picture of how 

charge states at the proteins in the bulk solution 

and at the air/liquid interface will be translated to 

their macroscopic properties. 

 

Fig. 1: A schematic of the proteins’ charge effect 

in the bulk and at the liquid/air interface. 

METHODS: SFG, zeta potential, and 

ellipsometry measurements are performed on 

protein solutions as a function of solution pH, 

under a constant ionic strength. SFG provides 

information on the structure as well as the net 

charge of proteins at the liquid/air interface at 

different pH. Using zeta potential measurements, 

information about the charge of a protein in the 

bulk solution can be obtained from their 

electrophoretic mobility as a function of solution 

pH. Ellipsometry measurements, on the other 

hand, provide information on the thickness of the 

protein film that is adsorbed at the liquid/air 

interface. At the IEP, the electrostatic repulsion 

between proteins is negligible and therefore the 

protein film thickness approaches a maximum 

value. 

RESULTS:  

 

Fig. 2: Unified summary of the measured IEPs in 

the bulk, IEP at the air/liquid surface, and the pH 

of maximum layer thickness (IEP ellipsometry). 

DISCUSSION & CONCLUSIONS: Our results 

demonstrate the advantage of combination of 

complementary analytical tools in studying 

proteins properties. We showed that the interfacial 

and bulk IEPs for the investigated proteins do not 

deviate more than one pH unit.  
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