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Optimize Your Formulations: Intrinsic Viscosity Measurements of Protein 
Solutions with VROC® initium 

 

Intrinsic viscosity is a key parameter in understanding the molecular structure and 
interactions of candidate proteins in formulation. Intrinsic viscosity is a measure of a solute’s 
contribution to viscosity at infinitely low concentration, and this parameter is used to calculate: 
molecular size in formulation, molecular weight, stability in formulation, (through Huggins’ constant), 
and other properties. Intrinsic viscosity ([η]) is defined as:  

lim
→

 (1) 

where 1,   (ηr is the relative viscosity of solution to pure solvent) and C is the 

concentration. Intrinsic viscosity is determined by measuring sample viscosities at increasingly dilute 
concentrations. These measurements requires an instrument capable of accurately detecting small 
differences in viscosity between  samples. VROC® initium boasts unmatched accuracy (within 2%), 
repeatability (0.5%), and resolution (0.02cP), making it the ideal instrument for intrinsic viscosity 
measurements. In this application note, the initium is used to measure the intrinsic viscosity of bovine 
serum albumin (BSA), a standard lab protein, dissolved in two different solvents. 

Experiment 

We prepared 50mg/mL stock solutions of BSA in distilled water and BSA in 0.01M PBS. From 
these stock solutions, we prepared dilutions at several concentrations, down to 5 mg/mL (see table 
1 for exact concentrations). 100 μL aliquots of each concentration, as well as pure solvent, were 

BSA in Water  BSA in PBS 
C (mg/mL) η (cP) RSD (%) η sp/C ln(η r)/C  C (mg/mL) η (cP) RSD (%) η sp/C ln(η r)/C 

48.10 1.209 0.88 0.00749 0.00640  52.05 1.164 0.27 0.00553 0.00486 

38.58 1.142 0.33 0.00738 0.00650  40.89 1.096 0.21 0.00519 0.00471 

28.75 1.077 0.59 0.00738 0.00670  31.76 1.045 0.39 0.00492 0.00457 

19.56 1.022 0.19 0.00768 0.00716  21.19 0.997 0.23 0.00489 0.00465 

9.69 0.958 0.18 0.00806 0.00776  11.35 0.951 0.36 0.00464 0.00452 

4.81 0.924 0.15 0.00832 0.00816  6.13 0.928 0.16 0.00447 0.00441 
0 0.889 0.24 -- --  0 0.904 0.23 -- -- 

Table 1. Concentration and viscosity data of BSA in water (left) and BSA in PBS (right) solutions. 
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measured with the VROC initium. For each sample, 
twenty viscosity measurements were recorded at a flow 
rate of 600 µL/min (shear rate of 10,675 s-1) at 25 °C. 

Figure 1 shows that BSA in water and BSA in PBS follow 
distinct viscosity-concentration curves. Additionally, the 
low variance of the measurements showcase VROC® 
initium’s ability to accurately discern small viscosity 
differences (0.02cP) between samples that differ in 
concentration by just 5 mg/mL. 

 

Calculating Intrinsic Viscosity 

The Huggins and Kraemer equations were used to calculate intrinsic viscosity. 

Huggins:    (2) 

Kraemer:    (3) 

Viscosity data were transformed according to equations 2 and 3 and plotted as a function of C. A 
linear fit to each data set was calculated (see fig 2). [η] for both the Huggins and Kraemer method is 
calculated as the Y-intercept of the linear fit. [η] is reported in table 2 as the average value of the 
Huggins and Kraemer methods. Additionally, Huggins’ constant KH (table 2) indicates the goodness 
of a solvent. KH>0.5 are generally considered poor solvents, because solute-solute interactions at 
higher concentrations tend to increase viscosity more rapidly. Our data suggest that distilled water 
is a much better solvent of BSA than PBS solution. 
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Figure 1. Viscosities of BSA solutions. Error bars = 1 SD. 
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Calculating Molecular Size 

The molecular size of BSA in these different formulations can be quantified using the Einstein-Simha 
equation. In this equation, [η] and molecular weight (Mw=66.5kDa for BSA) are used to calculate the 
hydrodynamic radius (rh) of the molecule in solution: 

  (4) 

where NA is Avogadro’s number. rh of BSA in water is approximately 20% higher than rh of BSA in 
PBS (table 2) clearly indicating that BSA has a greater molecular size in water. 

 

If you have questions or need more information about this product or other applications, please 
contact us: 

Main Office — 1 925 866 3801 

Information — info@RheoSense.com 

Sales — Sales@RheoSense.com  

  
BSA in 
Water 

BSA in 
PBS Reference 

KH -0.301 1.103 1.579* 
KK 0.615 -0.426 -0.935* 

[η] (mL/mg) 0.00818 0.00438 0.00413** 

rh (nm) 4.42 3.59 3.48** 
Table 2. Physical chemistry data of BSA.  

*Curvale et al, 2008. Int. J. Biol. Macromolec. 

**Sigma-Aldrich CAS No. 9048-46-8 data sheet 
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Figure 2. Intrinsic viscosity calculations of BSA solutions using 
Huggins and Kraemer methods 


