
Tips & Tricks GPC/SEC: How to 
Determine dn/dc Values

The refractive index increment (dn/dc) is an essential parameter when analyzing light-scattering 

(LS) data, independent of the LS method applied. This instalment of Tips & Tricks discusses the 

different approaches for determining this crucial value. 

Daniela Held, PSS Polymer Standards Service GmbH, Mainz, Germany.

Light scattering is an absolute method for 

measuring molar mass and is therefore an 

important tool when analyzing polymers, 

biopolymers, and proteins. Many R&D and 

QC labs combine light-scattering detectors 

with separation techniques such as gel 

permeation chromatography/size-exclusion 

chromatography (GPC/SEC). However 

“absolute” does not mean parameter-free, 

rather the opposite. One of the most 

important parameters for light scattering 

is the refractive index increment (dn/dc),

because this sample and method related 

parameter determines if light-scattering 

can be successfully applied and calculates 

accurate results. 

What is the dn/dc?

The refractive index increment (dn/dc) refers 

to the rate of change of the refractive index 

with the concentration of a solution for 

a sample at a given temperature, a given 

wavelength, and a given solvent: 
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Above a certain molar mass, the infl uence 

of end groups can be neglected and the 

dn/dc of homogeneous polymers is 

constant and can be considered as a 

contrast factor. A high dn/dc indicates 

higher signal intensity and therefore higher 

accuracy and precision. This can be easily 

understood by looking at equation 2, 

which shows the dependency of the signal 

intensity for LC detectors from the most 

important instrumental and experimental 

parameters: 

[2]Signal Intensity KDetector ksample=
� � concentration   Mx

�

In addition to the detector constant 

(KDet) and the concentration (or injected 

molar mass), signal intensity also depends 

on a sample related constant (ksample)

and may depend on the molar mass (M). P
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The molar mass exponent × equals 1 for 

a molar mass sensitive detector (such as 

an light scattering detector) and is 0 for a 

typical concentration detector (such as an 

refractive index detector [RI]). When using 

either an RI or a light-scattering detector, 

ksample is equal to the dn/dc.

The consequences can be best explained 

when looking at typical detector signals. 

Figures 1 and 2 show a raw data 

comparison of mixtures of four different 

molar masses for polystyrene (PS) and 

polymethyl methacrylate (PMMA) in 

tetrahydrofuran (THF) for an RI detector 

(Figure 1) and a light-scattering detector 

(Figure 2, MALLS, 90° only). While 

concentration and injection volume are 

the same for both mixtures and the molar 

masses are comparable, the dn/dc values 

are very different. Under these conditions 

Figure 1: RI detector signals for a mixture of four different polystyrene molar masses (green 
trace, dn/dc = 0.184 mL/g) and 4 different polymethyl methacrylate molar masses (red, 
dn/dc = 0.089 mL/g). Conditions: Peak 1: 0.5 mg/mL, Peak 2–4: 1 mg/mL.
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Sample Prep Tips and Tricks Using  
QuEChERS and Accelerated Solvent Extraction

Register free at www.chromatographyonline.com/lcgc/pesticide_residue_analysis_series

Series Part 1 Event Overview:
Sample preparation can be one of the most challenging steps in pesti-
cide analysis due to the variety and complexity of both the matrices and 
compounds of interest. Sample fat and water contents, pH, and level of 
pigmentation are important considerations, along with the pesticide 
compound classes. Optimum sample preparation may require separate 
sample extraction regimens for different sample types. The analyst is chal-
lenged to select the optimum combination of consumable products and 
methods for a diverse set of matrices.

Join the experts as they discuss the use of accelerated solvent extraction 
and QuEChERS techniques for the extraction of pesticide residues from a 
diverse range of food samples. Tips and tricks for improving the extraction 
efficiency will be covered, along with selection criteria for each technique 
by sample type, assisting analysts in modifying existing methods or devel-
oping new methods to tackle their analytical challenges.

Key Learning Objectives:

■ Best sample prep practices for a variety of food matrices

■ Solutions for challenging sample analyses, such as foods with high fat 
content

■ Understanding of extraction and evaporation techniques which can be 
automated to provide walk-away capability and overnight production

■ Familiarity with a novel moisture-absorbing polymer to address high 
water content samples using accelerated solvent extraction

Series Moderator

Richard Fussell, Ph.D.
Global Vertical Marketing Manager,  
Food and Beverage, Chromatography & Mass Spectrometry 
Division, Thermo Fisher Scientific

Presenters:

Mike Oliver: Product Manager Sample Preparation, 
Chromatography Consumables, Chromatography & Mass 
Spectrometry Division, Thermo Fisher Scientific

Aaron Kettle: Product Manager, Sample Preparation 
Systems, Chromatography & Mass Spectrometry Division, 
Thermo Fisher Scientific

LCGC Moderator:

Laura Bush: Editorial Director, LCGC

Who Should Attend:

■ Researchers and analysts in pesticide analysis

■ Food scientists interested in learning the latest 
technologies for sample preparation of food 
matrices

■ Anyone struggling with sample preparation 
challenges for pesticide residue analysis in food

For questions, contact Kristen Moore at kmoore@advanstar.com

Register free at www.chromatographyonline.com/lcgc/pesticide_residue_analysis_series

Sponsored by

Presented by

Part 1: Sample Prep Tips and Tricks Using QuEChERS and Accelerated Solvent Extraction
Tues., March 24, 2015  at 8  am PDT/ 11  am EDT/ 3  pm GMT/ 4  pm CET

Part 2: Workflow Guide for the use of LC-MS
Wed., April 29, 2015 at 8 am PDT/ 11 am EDT/ 4 pm BST/ 5 pm CEST

Part 3: Maximizing Analysis Efficiency through New GC-MS Approaches
Wed., June 17, 2015 at 8 am PDT/ 11 am EDT/ 4 pm BST/ 5 pm CEST

Part 4: Latest Developments & Future Directions in  
Data Processing & Analysis Software for LC-MS/MS & GC-MS/MS
Wed., July 15, 2015 at 8 am PDT/ 11 am EDT/ 4 pm BST/ 5 pm CEST
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PS has a quite high dn/dc of 0.184 mL/g, 

while the PMMA dn/dc is much smaller 

at 0.089 mL/g. It is clear from the fi gures 

that the signal intensities and peak areas 

for the PS RI signals are much higher than 

for PMMA. This is even more pronounced 

for the light scattering signal because 

this signal depends on dn/dc.2 It is also 

important to note that as the dn/dc gets 

higher, the lower the molar masses that 

can be detected (under the same analytical 

conditions).

 dn/dc values can also be zero or 

negative, meaning that it is not possible to 

perform detection with RI/light scattering 

(dn/dc = 0, sample is isorefractive) or that 

the RI signal is negative. A well known 

example of an isorefractive system is 

polydimethyl siloxane (PDMS) in THF. In 

this example only small RI signals can be 

Figure 2: MALS 90° detector signals for a mixture of four different polystyrene molar masses 
(green trace, dn/dc = 0.184 mL/g) and four different polymethyl methacrylate molar masses 
(red, dn/dc = 0.089 mL/g). Conditions: Peak 1: 0.5 mg/mL, Peak 2–4: 1 mg/mL. Molar masses 
PS/PMMA: 1.2/1.0 MDa, 130/202 kDa, 17.6/18.7 kDa, 1250/2380 Da.
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OMNISEC

Introducing the latest 
SEC system from Malvern

Determine absolute molecular weight, size and structure 
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measured because of an end group effect 

and typical light scattering detection is not 

possible. One solution is to either replace 

the RI with an evaporative light scattering 

detector (ESLD)2 or to switch to using 

toluene as the solvent and mobile phase. 

In this case, the dn/dc will be less than zero 

resulting in negative RI traces. 

Determining dn/dc Values

There are a number of ways to determine 

dn/dc, and analysts select a method based 

Figure 3: RI peak area plotted vs. the injected mass (concentration, injection volume) for fi ve 
different concentrations and double injections. The dn/dc can be obtained from the slope, 
which depends on the RI detector constant and the dn/dc. Insert: Raw data RI detector for 
fi ve concentrations.
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on the accuracy and precision required as 

well as the applicability in the laboratory. 

The three different general approaches are 

as follows:

Approach 1: Literature data can be used 

(if it is available), but it is important that 

experimental data such as mobile phase, 

temperature, and wavelength (for example, 

635 nm) are identical to the experimental 

conditions. Good sources for dn/dc data 

are manuals for light-scattering detectors 

or general literature.3–5 It is always good 

practice to verify literature data.

Approach 2: A more accurate method is to 

measure the dn/dc on-line with the sample 

using the peak area(s) detected by the RI of 

the liquid chromatography (LC) equipment. 

This method is often applied because it is 

fast, easy-to-use, and does not consume 

additional sample. This is explained in more 

detail below. 

Approach 3: The most accurate method 

is to use dedicated batch/stand-alone 

instrumentation and to measure different 

concentrations. This requires more time and 

sample than the on-line method, but is not 

6.0 1.30e.03
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Concentration (mg/mL) = 8.853e+00
Calibration Constant (V-1) = 2.274e-04+8.3e-07

Figure 4: dn/dc determination with a dedicated defl ection type batch dn/dc instrument 
(620 nm). Raw data for 11 concentrations and automatic dn/dc determination from slope.
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Simplifying Carbohydrate Testing in Food and 
Beverages to Meet Food Quality and Labeling 

Requirements Using Ion Chromatography 
and Pulsed Amperometric Detection

Register for free: www.chromatographyonline.com/lcgc/simplifying

EVENT OVERVIEW:
Carbohydrates are widely used in food and beverage products and have 

numerous functions: energy sources, sweeteners, as a creator of physical 

properties (like texture and viscosity) and as dietary fiber. This use has led 

to a need for accurate, high-quality analyses of the carbohydrate composi-

tion and content in food and beverages, including raw materials. Due to the 

diverse use of carbohydrates in food and beverage products, and the legal 

requirements for product labelling and quality control, the food and bever-

age industry has a high demand for testing methods which are quick, easy to 

use, and highly reproducible. Traditional testing methods for carbohydrates 

are often not suitable anymore. They can lead to faulty results and therefore 

inaccurate declarations on product labels and can also lead to food quality 

issues and product recalls. In this presentation we will discuss the use of ion 

chromatography with pulsed amperometric detection as a technique to pro-

vide fast, reproducible, and simple methods to determine the carbohydrate 

content in food and beverages and address product labeling requirements 

and quality control testing.

Key Learning Objectives:

Q� Learn about the importance of food quality and labeling testing in the food 
and beverage industry

Q� Learn the theory of ion chromatography with pulsed amperometric detection 
for the determination of carbohydrates

Q� Learn how you can simplify carbohydrate analysis to provide fast, 
reproducible and simple-to-use methods in food and beverage products

Who Should Attend:

■ Food and beverage laboratory 
operators, food quality managers, 
and lab managers responsible for 
implementing labeling requirements

■ Lab operators wanting to learn how 
to simplify carbohydrate analysis

■ Food scientists working in the area of 
carbohydrate research

■ Lab managers who are considering 
performing or implementing 
carbohydrate analysis

For questions,  

contact Kristen Moore at  

kmoore@advanstar.com

Presenter:

DR KHALIL DIVAN
Director of Food and  
Beverage Market,
Chromatography and  
Mass Spectrometry,

Thermo Fisher Scientific

Moderator:

LAURA BUSH
Editorial Director,
LCGC & Spectroscopy

Sponsored by Presented by

ON-DEMAND WEBCAST Originally aired April 2, 2015
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infl uenced by chromatographic parameters. 

Again there is a detailed description below.

Approach 2: On-line dn/dc

Determination

In this approach, the measured RI signal 

area is used to get a dn/dc value, but it can 

be problematic if the general assumptions 

that 100% of the sample mass is injected 

and elutes from the column fail. Also, 

co-elution of system peaks or additives — 

because of ineffi cient separation — can be 

a problem. According to equation 2, the RI 

area depends on the sample concentration, 

the RI detector constant, and the dn/dc

value. 

The fi rst step is to determine the RI 

detector constant by injecting at least 

one sample with a precisely known 

concentration and dn/dc. It is a prerequisite 

that all of the sample reaches the detector 

cell. With this detector constant, and again 

assuming that all of the injected sample 

mass reaches the RI detector, the dn/dc can 

now be determined. The strategies adopted 

by laboratories are very different with some 

using only one sample concentration to 

save time and sample volume, while others 

inject several concentrations to minimize 

the experimental error.

Figure 3 shows an experiment with five 

different concentrations where the injected 

mass is plotted vs. area. The dn/dc is 

determined from the slope, which reflects 

the detector constant multiplied by the dn/

dc. For this approach typical RI detectors 

are very often used independent of the 

detector light source type. While there 

are some RI detectors with a fixed 

wavelength on the market, many 

laboratories also use RI detectors 

successfully with a white light source.

Approach 3: Batch dn/dc

Determination with Dedicated 

Instrumentation

Dedicated stand-alone instrumentation can 

be used for highly accurate and precise dn/

dc values. Most commercial instruments 

today are defl ection-type instruments 

optimized for convenient batch mode 

operation, and are available with different 

wavelengths (red, green, or blue light 

source) to allow for interpolation of other 

wavelengths. 

The procedure is comparable to the one 

using an RI detector. The first step is to 

calibrate the instrument (determine the 

detector constant), which is performed 

using NaCl or KCl solutions. Afterwards 

the sample dn/dc can be measured 

by manually injecting five or more 

concentrations ranging from 0.1 mg/mL 

to 10 mg/mL. 

E-mail: Dheld@pss-polymer.com
Website: www.pss-polymer.com

Summary

t� The dn/dc is a crucial parameter for 

the analysis of stand-alone or on-line 

light scattering data independent 

of the method applied (LALS, MALS, 

RALS).

t� dn/dc values can be taken from the 

literature if the experimental conditions 

match; however, a verifi cation of the 

value is highly recommended.

t� dn/dc values can be measured on-line 

with an RI detector, and also in a 

hyphenated GPC/SEC/gel fi ltration 

chromatography (GFC) light-scattering 

setup. This is a fast approach that often 

does not require additional sample. It is 

only applicable if 100% of the sample 

elutes from the column and requires 

accurate sample concentrations.

t� Most accurate is the off-line approach 

to measure dn/dc values using dedicated 

instrumentation, but it also requires more 

time and sample. 
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