
Tips & Tricks: New and Old Approaches to 
Handle Unknown dn/dc in GPC/SEC-LS 

The intensity of the light scattering signal depends on concentration, molar mass, and the specifi c refractive 
index increment, dn/dc, of the sample. dn/dc therefore usually needs to be known to derive molar masses 
by gel permeation chromatography/size-exclusion chromatography-light scattering (GPC/SEC-LS). How to 
overcome the issue of unknown refractive index increments is outlined in this instalment of Tips & Tricks. 
In particular, a new approach to derive molar masses by GPC/SEC-LS that requires only the molar mass of a 
reference material, and not the dn/dc of the sample or of the reference material, is introduced.

Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany 

Gel permeation chromatography/

size-exclusion chromatography (GPC/

SEC) is a powerful separation technique 

that helps to determine molar mass 

distributions and molar masses of 

polymers and macromolecules. However, 

GPC/SEC is a relative method requiring 

standards for calibration, which must 

be of identical chemical structure and 

topology as the samples to be analyzed. 

For samples where appropriate standards 

are not available, GPC/SEC with light 

scattering detection (LS) has become 

widely used. However, although light 

scattering is accepted to be an absolute 

method to determine molar masses, a 

variety of parameters must be known and 

instrument calibration is required. The last 

instalment of “Tips and Tricks” focused 

on the determination of the inter-detector 

volume, one of the parameters required to 

evaluate GPC/SEC-LS data (1).

Another crucial parameter required to 

determine molar masses by light scattering 

is the specific refractive index increment, 

dn/dc, of the sample. This parameter is 

often unknown for the samples under 

investigation. This instalment of “Tips 

and Tricks” will therefore discuss possible 

strategies to handle this problem. 

Basic Light Scattering

If a sample of suffi cient low concentration 

is irradiated by a laser light beam, it usually 

scatters light. The Rayleigh ratio, R(0), that 

is, the scattering intensity in the direction of 

the incident beam resulting from a polymer 

of molar mass, M, at a concentration, c, 

which is dissolved in a solvent of refractive 

index, n0, can be written:P
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Here, λ0 and NA are the laser wavelength 

and Avogadro’s number, respectively. The 

parameter dn/dc is the specifi c refractive index 

increment of the polymer in the given solvent. 

The refractive index increment describes 

the difference in the refractive indices of 

the polymer and the solvent. If a sample 

disperse in molar mass is to be analyzed, M 

in equation 1 needs to be replaced by the 

weight average molar mass, Mw.

Strictly speaking, equation 1 is only valid at 

vanishing concentration and at zero scattering 

angle. The fi rst requirement is usually met for 

the concentrations applied in typical GPC/

SEC-LS.

Figure 1: Offl ine determination of dn/dc for polystyrene in toluene using a differential 
refractometer dn/dc 1260. 
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For molecules larger than approximately 

λ0/20, the scattering intensity depends on 

the angle of observation, and the scattering 

intensities obtained at different scattering 

angles need to be extrapolated to zero 

scattering angle to derive the molar mass. 

From the angular variation of the scattered 

light the mean squared radius can be derived. 

The mean squared radius characterizes 

the polymer size in solution. For molecules 

smaller than approximately λ0/20, the 

angular dependence can be ignored and 

equation 1 is valid, irrespective of the angle 

of observation. Thus, the extrapolation to 

zero scattering angle is not required. For such 

small molecules, a light scattering detector 

with a single angle is suffi cient to derive molar 

masses (2).

In the following we will assume that all 

intensities and the corresponding signal 

areas corresponding to the light scattering 

instrument are extrapolated to zero scattering 

angle. 

For GPC/SEC-LS experiments, equation 1 

and the above discussion holds true for each 

elution volume.

Offl ine Determination of dn/dc

From equation 1 it becomes clear that 

knowledge of the specifi c refractive index 

increment is essential to derive molar masses 

from light scattering. By measuring the 

refractive index of the solvent and for a 

series of different sample concentrations, 

the refractive index increment dn/dc can 

be derived by plotting the refractive index 

difference between sample solution and pure 

solvent versus sample concentration. The slope 

of the plot yields dn/dc. An example is shown 

in Figure 1.

However, the precision of a simple Abbè 

refractometer is insuffi cient to derive 

dn/dc with the required accuracy. A 

differential refractometer is therefore required. 

Another problem of dn/dc determination 

arises from the fact that in mixed solvents or 

salt solutions, the macroscopically determined 

dn/dc is not identical to the refraction index 

difference responsible for light scattering (3–

6). Therefore, dialysis of the sample solutions 

is required before dn/dc determination in 

ternary systems. This makes correct dn/dc 

determination in ternary systems labour- 

and time-intense, raising the costs for each 

analysis.

Online dn/dc Determination Using a 

Calibrated RI Detector

An alternative is the use of a calibrated 

refractive index (RI) detector in a GPC/

SEC-LS experiment. As in most GPC/SEC-LS 

experiments, an RI detector is used in 

conjunction the LS instrument to determine 

the concentration at each GPC slice; no 

additional investment is needed. However, the 

refractometer needs to be calibrated in the 

solvent the GPC/SEC experiment is performed 

in. This calibration is done by injecting a 

known amount of a reference sample, for 

which dn/dc is known in the eluent applied. 

Often the same sample is also used to 

calibrate the light scattering detector itself. 

Since the response of the RI detector is 

proportional to the product of concentration 

and dn/dc, the total area under the RI signal 

(ARI) can be written:  
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Figure 2: Molar mass as function of elution volume and concentration profi le of a broadly 
distributed PMMA in DMAc/LiBr. The weight average molecular mass calculated using 
the dn/dc-free approach results in Mw = 202,000 Da. The molecular mass given by the 
standard supplier is Mw = 206,000 Da.
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Here, minj is the total injected mass, 

which can be calculated from the injected 

concentration and the injection volume 

(minj = cinj × Vinj). kRI is the instrument 

constant of the RI detector.

According to the second line of equation 2 

the instrument constant is derived by dividing 

the area of the RI signal by the product of 

injected mass and the reference material’s 

(Ref) dn/dc. Once the instrument constant 

is known, the injection of a known amount 

of the analyte (sample) allows determination 

of the analyte’s dn/dc using the last part of 

equation 2. The requirements that need to be 

fulfi lled to use the approach of a calibrated RI 

detector are: 

1. A reference material of known dn/dc

in the solvent under investigation must be 

available.

2. Both analyte and reference material must

elute completely from the column at the 

given chromatographic conditions.

However, in GPC/SEC the use of solvents 

containing additives or salts is not unusual. For 

these solvent systems—and sometimes even 

for pure solvents—a suitable reference material 

of known dn/dc is often not available. In this 

case it is diffi cult to apply this approach. 

GPC/SEC-LS Without Knowing Any 

dn/dc

A new approach to calibrate GPC/SEC-LS 

setups has been reported recently (7). The 

approach allows the complete GPC/SEC-LS 

setup to be calibrated based solely on the 

molar mass of a reference material. Neither 

the dn/dc of the analyte nor of the reference 

material is required. Also, the calibration can 

be performed even if the refractive index 

of the solvent at the laser wavelength is 

unknown.

It was shown that the following relation 

holds true for GPC/SEC-LS setups with 

RI detection if the sample and the 

reference material are run under the same 

conditions (7).  
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Here ALS,ref and ALS,sample are the areas of 

the light scattering peaks of the reference 

material and the sample, respectively. 

Likewise ARI,ref and ARI,sample correspond to 

the RI peak areas. The injected masses of 

reference material and sample are denoted 

minj,ref and minj,sample, and can be calculated 

from the injected concentration and injection 

volume. Mw,ref is the weight average molar 

mass of the reference material. 
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According to equation 3 only the molar 

mass of the reference material and the 

injected masses need to be known. The 

detector areas are measured. 

Although equation 3 is written for 

the weight average molar mass of the 

sample, it can similarly be applied to 

calculate the molar mass at each elution 

volume. It should be stressed that the 

required reference material need not be 

of identical chemical structure to the 

sample being analyzed to derive the correct 

molar mass. This is in distinct contrast to a 

conventional GPC/SEC calibration, where the 

standards must be chemically identical to the 

analyte. 

However, it should also be stressed 

that equation 3 was obtained assuming 

full recovery for the sample and for the 

reference material—similar to equation 2.

In Figure 2 the concentration profi le 

and the dependence of molar mass on 

elution volume are shown for a broadly 

distributed PMMA in DMAc/LiBr. The molar 

masses were derived using the dn/dc-free 

approach. The evaluation of molar masses 

for the broadly distributed PMMA results 

in Mw = 202,000 Da, which is in good 

agreement with the expected molar mass 

of 206,000 Da. The evaluation of a large 

number of polymers of different chemical 

structure in various solvents revealed that 

the results of the dn/dc-free evaluation are 

of equal accuracy to those obtained using a 

calibrated RI detector (7). 

Summary

• Molar mass determination by GPC/SEC-LS

requires the detector responses to be

calibrated.

• dn/dc is a crucial parameter affecting

the molar masses determined by

GPC/SEC-LS.

• Offl ine dn/dc determination requires

a separate instrument. When solvent

mixtures or salt–additive containing

solvents are applied, a correct dn/dc

determination requires dialysis, which

makes offl ine dn/dc determination labour

intensive.

• Online dn/dc determination requires

a calibrated RI detector and assumes

complete recovery of the injected sample

and the reference used to calibrate the

setup. To calibrate the RI detector a material

with known dn/dc in the eluent applied is

required, making calibration diffi cult.

• A recently introduced method requires

only the molar mass of the reference

material and complete recovery of sample

and reference material. Neither dn/dc

of the sample nor of the reference

material is needed, making the method

easy to apply.
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