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m-VROC®: Single Point Intrinsic Viscosity 

 

Intrinsic Viscosity made fast, easy, and 

Simply Precise™ 

Intrinsic viscosity (IV) is a means to understand molecular 

structure and its interaction in solution. Applications 

pertaining to IV measurement include: 

 Size or weight of molecules 

 Polymerization  

 Interaction of molecules 

 Stability of molecules – aggregation, denaturation or 

conformational change 

 Sensitive detection of low molecular weight 

 Protein structure and melting temperature 

Measurement of this parameter is considered to be a more 

reliable method than light scattering for the characterization 

of molecular size/structure in solution. Scattering of light is 

strongly affected by the presence of small particulate 

impurities while the relative changes in viscosity as a function 

of solute concentration are not. 

IV is a measurement of the contribution of a given solute to a 

dilute solution viscosity. IV is defined as the value of 
𝜂𝑠𝑝

𝐶
 at zero 

concentration: 

[𝜂] = lim
𝐶→0

𝜂𝑠𝑝

𝐶
    (1) 

where 𝜂𝑠𝑝 =  𝜂𝑟 − 1 and 𝜂𝑟 = 𝜂/𝜂𝑠 is the relative viscosity of 

the solution with respect to the solvent. In Eq. (1) C is the 

concentration in mg/ml or mg/dl.  

 
Figure 1. IV determination through Huggins-Kraemer plot.  

The Huggins and Kraemer equations are often used to 

establish IV (see Fig. 1):   

Huggins: 
𝜂𝑠𝑝

𝐶
= [𝜂] + 𝑘𝐻[𝜂]2𝐶      (3) 

Kraemer: 
ln 𝜂𝑟

𝐶
= [𝜂] − 𝑘𝐾[𝜂]2𝐶       (4)  

BENEFITS OF m-VROC® SOLUTION 

 

m-VROC® offers precise shear viscosity measurements 
with small sample volume requirements and a wide 
dynamic operating range. High accuracy and 
repeatability makes it ideal for R&D and QC applications.  

Features include:  

 Accuracy: 2% of reading. 

 Repeatability: 0.5% of reading. 

 Smallest sample volume. 

 Shear Viscosity range: 0.2 – 100,000 mPa-s. 

 Shear Rate range: 0.5 -1,400,000 s-1 

 Temperature control: 4-70°C 

VROC® Technology and Principle of Operation 

 

RheoSense’s Viscometer-Rheometer-on-a-Chip (VROC®) 
combines a microfluidic channel with a MEMS pressure 
sensor array to measure viscosity. As the test fluid flows 
through the channel the sensor array captures the 
pressure drop, which is proportional to the shear stress 
at the wall.  The shear rate is calculated from the flow 
rate and the channel dimensions. The viscosity of the test 
fluid is obtained as the ratio of shear stress to shear rate.  
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where kH and kK are Huggins and Kraemer constants 

respectively. Both expressions are obtained through the Taylor 

series expansion of the relative and inherent viscosities 

assuming that for very dilute solutions the effect of increasing 

the solute’s concentration is additive on viscosity. For small 

molecules the critical concentration 𝐶∗ below which Eqns (3) 

and (4) can be used is given by [1]:  

𝐶∗ =  
1.5

[𝜂]
      (5) 

Still, to use Eqns. (3) and (4) it is necessary to measure viscosity 

at several concentrations and then extrapolate to zero 

concentration to obtain IV.  

A number of expressions can be used to determine intrinsic 

viscosity from a single concentration solution measurement 

[1]. A very simple one is Solomon-Ciuta equation [1]:  

[𝜂] ≅
1

𝐶
√2𝜂𝑠𝑝 − 2 ln 𝜂𝑟       (6) 

where kH and kK have been assumed constant such as that 

kH+kK=0.5. Using this expression, IV can be calculated with a 

single solution viscosity measurement. 

Most viscometry methods lack the repeatability required to 

characterize IV. Glass capillary viscometers are conventionally 

used but, their operation is laborious, time consuming and 

requires cleaning between each individual solution. m-VROC® 

exceptional repeatability (0.5% of reading) and straight 

forward operation make it ideal to test IV. In this application 

note, we present measurements of intrinsic viscosity for 

several polymers (Polyisoprene-PI, Polyvinylidene Fluoride-

PVDF and Polyethylene Glycol-PEG) and biopolymers (Bovine 

Serum Albumin-BSA and Immunoglobulin G-IgG). 

Additionally, we present comparison between multi-point and 

single-point methods for the characterization of IV.  

Experimental 

Samples and Test Set-Up: Table 1 gives a summary of the 

samples and solvents used in this study.  

Table 1. Summary of samples, solvents and critical concentrations. 

All measurements were performed using an m-VROC® unit 

equipped with an A05 (50 μm) chip. Solutions are loaded into 

a 1 ml syringe and mounted onto the m-VROC® system. All 

tests are conducted at 25°C. Temperature equilibrium is 

reached within three minutes. 

Testing procedure: Viscosity values are taken by measuring 

the pure solvent and the polymer/biopolymer solutions at 

different concentrations. To extrapolate at zero concentration, 

for multi-point intrinsic viscosity measurements, several 

solutions are prepared and tested as a function of increasing 

concentration. There is no need to clean the chip between 

miscible solutions. For this test, each sample was measured 

three-four subsequent times and averaged. Each individual 

measurement takes 10-20 seconds and repeatability is 0.5% of 

reading or better. 

Results 

Table 2 below summarizes the results for multi- and single- 

point IV measurements. 

Table 2. Summary of Intrinsic Viscosity (IV) results including multi- and single-point IV, Huggins and Kraemer and MHS parameters and   

estimated molecular weights

*Polymer Handbook (Brandrup, 1999)  

 
 

 

Sample Solvent C* [mg/mL] Figure # 

PI#1-3 Toluene 3 2 

PVDF#1-4 NMP 10-20 3 

PEG PC 40 4 

BSA PBS 250 5 

IgG PBS 300 5 
*NMP- N-Methyl-2-pyrrolidone, PC-Propylene carbonate, PBS- Phosphate-

buffered saline  

Solution Multi-Point IV  kH kK Single Point IV Ref. aMHS KMHS Est. Mw rh 

Name [mL/mg] -- -- [mL/mg] [mL/mg] -- -- [MDa] [nm] 

PI#1 0.524±0.002 0.424 0.107 0.538±0.010 0.3-0.6* 0.667* 5.02x10-5 1.06 44.5 

PI#2 0.468±0.013 0.241 0.127 0.472±0.061 0.3-0.6* 0.667* 5.02x10-5 0.89 40.4 

PI#3 0.481±0.004 0.467 0.106 0.502±0.006 0.3-0.6* 0.667* 5.02x10-5 0.93 41.4 

PVDF#1 0.086±0.001 0.709 0.040 0.092±0.006 0.1-0.2* -- -- -- -- 

PVDF#2 0.113±0.001 0.402 0.023 0.117±0.004 0.1-0.2* -- -- -- -- 

PVDF#3 0.101±0.001 0.571 0.039 0.105±0.006 0.1-0.2* -- -- -- -- 

PVDF#4 0.134±0.002 0.692 0.016 0.147±0.012 0.1-0.2* -- -- -- -- 

PEG 0.042±0.001 0.343 0.114 0.042±0.003 -- -- -- -- -- 

BSA 0.004±0.001 0.55 0.163 0.005±0.002 0.0036-0.0042 [2] -- -- 0.066 3.6 

IgG 0.006±0.001 2.169 0.16 0.007±0.002 -- -- -- -- -- 
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Figure 2. Huggins and Kraemer plot of Polyisoprene samples with 

slight variations of molecular weight in Toluene.  

Figure 3. Huggins-Kraemer plot of PVDF samples with different 

branching structures in NMP.   

Figures 2-5 display the Huggins-Kraemer plots for all the 

systems studied. multi-point IV was determined by 

extrapolation to zero concentration of the linear fits through 

the data. An average of Huggins and Kraemer IV viscosity is 

given in Table 2 as the multi-point IV value. Single-point IV 

was established through Solomon-Ciuta expression in Eq. (6). 

As shown in Table 2 and Figure 6 results are in good 

agreement between the two methods. Uncertainty of 

measurements is lower for multi-point IV method.   

Using an empirical model known as the Mark-Houwink-

Sakurada (MHS) relation, intrinsic viscosity correlates to the 

size of the macromolecules: 
[𝜂] = 𝐾𝑀𝑤

𝑎 ,      (7) 

where K and a are constants for a given combination of 

macromolecule and solvent varying with temperature and 

molecular weight range. Using Eq. (7) molecular weight or size  

 

 

 

Figure 4. Huggins-Kraemer plot of PEG in PC.   

Figure 5. Huggins-Kraemer plot of BSA and IgG in PBS.   

(Mw) can be calculated from the intrinsic viscosity value. The 

value of a also indicates the conformation of the molecules:  

 a = 0 for compact sphere shaped molecules 

 a = 0.5 ~ 0.8 for random coiled shapes 

 a = 1.8 for rigid rod shapes 

The MHS parameters for PI in Toluene at 25 °C are given in 

Table 2 together with the calculated average molecular 

weights.  

The hydrodynamic radius 𝑟ℎ can be calculated from the 

molecular weight and the intrinsic viscosity using the well-

known Einstein-Simha equation: 

𝑟ℎ =  (
3 𝑀𝑤[𝜂]

10 𝜋 𝑁𝐴

)

1/3

,        (5) 

where NA is the Avogadro number.  Results for the 

hydrodynamic radius are also summarized in Table 3.    
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Conclusion 

Two methods to establish IV from measurement of dilute 

solutions of polymers and biopolymers have been presented. 

Figure 6 shows the good agreement between multi-point and 

single-point IV. The single-point method significantly reduces 

the amount of testing required to measure IV. However, our 

results highlight the increased uncertainty of single-point 

measurements in contrast to multi-point. It is in this kind of 

application where the superior repeatability of VROC® 

powered systems results in faster data acquisition with higher 

accuracy. 

Figure 6. Comparison of single-point and multi-point IV 

measurements. The dashed line represents the bisectrix.  

 m-VROC® enables highly accurate intrinsic and dynamic 

viscosity measurements with unsurpassed degree of 

repeatability.   

 High throughput measurement systems powered by 

VROC® technology allow for fast, accurate and reliable 

measurements of IV. 

 An additional advantage of VROC® powered systems, in 

contrast to capillary viscometers, is that they do not 

require cleaning between miscible samples. This results 

in additional time savings. 

Remember, m-VROC® will make your intrinsic viscosity 

measurements fast and Simply Precise™.  
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Contact Information 

If you have questions about this product or other 

applications, please contact us: 

Main office — 1 925 866 3801 

Information — info@rheosense.com 

Sales — sales@rheosense.com  
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