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Abstract

For semiconductor materials development and manufacturing, rapid characterization of polymer additives can 

support formulation control and the evaluation of material stability and performance. Polymer additives may also 

be relevant to the development and monitoring of polymer-based materials used in electronics applications. The 

reverse phase liquid chromatographic (RPLC) separation of polymer additives with tetrahydrofuran (THF) as a 

mobile phase can be a challenge for many LC systems and detectors. LC systems and detectors are not 

commonly compatible with THF and other organic solvents used for dissolving polymeric samples. This 

application demonstrates the separation of six polymer additives with two sets of known coeluting additives: 

Tinuvin 327 and 328, also Irganox 1010 and 1076.1 The separation method for the six polymer additives is modified 

from high performance liquid chromatography (HPLC) to ultra-high performance liquid chromatography 

(UHPLC) and from UHPLC to UltraPerformance Liquid Chromatography (UPLC) using the columns calculator 

tool and a family of C18 columns. Evaporative light scattering detection (ELSD) is chosen for organic solvent 
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compatibility, sensitivity, and ability to detect samples that may not be UV active.2,3

Benefits

A 3-minute RPLC separation of six polymer additives■

System compatibility with THF■

Robust and non-swelling BEH column technology■

Columns calculator software tool for intuitive method development■

ELSD for THF compatibility and without dependency on UV activity 

 

■

Introduction

Polymers have long been subject to degradation from high temperature synthesis, processing, weather, and light 

exposure.4 The use of polymer additives to minimize polymer degradation is a common practice.5 The first 

chromatographic separations of polymers and polymer additive mixtures used large particles and required long 

analysis times. Over the years, chromatographic technology has improved with smaller separation particles and 

significantly shorter analysis times. Older separation methods using HPLC are commonly updated to more 

advanced LC systems for higher quality or faster results. The polymer industry typically uses aggressive organic 

solvents, like THF, to dissolve their samples, and many LC systems are not intended for use with these harsh 

solvents.

This document presents a series of chromatographic methods to separate a blend of six polymer additives 

demonstrating the ability to convert methods from an older HPLC technique to the more advanced UHPLC and 

UPLC™ techniques using one solvent compatible system and one column family: the Waters™ ACQUITY™ 

Advanced Polymer Chromatographic™ (APC™) System with a polymer Quaternary Solvent Manager (p-QSM) and 

ELSD, and the ACQUITY BEH™ C18 Columns.6,7 

Experimental
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This document includes three experiments that calculate a method from a 5 µm column to a 2.5 µm column, and 

from a 2.5 µm column to a 1.7 µm column. Each column experiment has a unique set of instrumental parameters.

The sample preparation contains six polymer additives listed in Table 1 that were dissolved in THF at 1.0 mg/mL 

each, and then 100 µL of each solution was then added to a 2 mL LC vial (p/n: 186005660CV <

https://www.waters.com/nextgen/us/en/shop/vials-containers--collection-plates/186005660cv-truview-lcms-

certified-clear-glass-12-x-32-mm-screw-neck-vial-wi.html> ) and diluted with 600 mL of THF for a final 

concentration of 0.5 mg/mL. Experiment 1, 2, and 3 used the same samples and sample tray with its 

corresponding column. The gradient, injection volume, and flow rate were adjusted for each experiment based on 

the results from the columns calculator software tool (Figures 1, 2).
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Table 1. Polymer Additive Samples.

Experiment 1: LC Conditions

LC system: ACQUITY APC System with p-QSM

Detection: ACQUITY ELSD with Hexane/THF kit

Column(s): XBridge™ C18 5 µm, 4.6 x 150 mm (p/n: 186003116)

Column temp.: 25 °C

4
Advanced Polymer Chromatography Reverse Phase Method for Polymer Additives Using Tetrahydrofuran and 
Evaporative Light Scattering Detection in Under Three Minutes per Sample



Sample temp.: 20 °C

Injection volume: 14 µL

Flow rate: 0.68 mL/min

Mobile phase A: THF (unstabilized)

Mobile phase B: Water (deionized)

Needle wash solvent: 50/50, v/v, THF/water

Seal wash solvent: Isopropanol

ELS nebulizer temp.: Cooling

ELS drift tube temp.: 60 °C

ELS gain: 500

ELS gas flow: 60 psi

Gradient Table 1
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After the first experiment was completed with the 5 µm column, the column calculator tool was used to calculate 

the parameters for the 2.5 µm column experiment (Figure 1).

Figure 1. Columns calculator tool for converting the 5 µm column method to the 2.5 µm column 

method.

Experiment 2: LC Conditions

LC system: ACQUITY APC System with p-QSM

Detection: ACQUITY ELSD with Hexane/THF kit

Column(s): XBridge C18 2.5 µm, 3.0 x 75 mm (p/n: 186006034)

Column temp.: 25 °C
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Sample temp.: 20 °C

Injection volume: 3 µL

Flow rate: 0.58 mL/min

Mobile phase A: THF (unstabilized)

Mobile phase B: Water (deionized)

Needle wash solvent: 50/50, v/v, THF/water

Seal wash solvent: Isopropanol

ELS nebulizer temp.: Cooling

ELS drift tube temp.: 60 °C

ELS gain: 500

ELS gas flow: 60 psi

Gradient Table 2
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After the second experiment was completed with the 2.5 µm column, the column calculator tool was used to 

calculate the parameters for the 1.7 µm column experiment (Figure 2).

Figure 2. Columns calculator tool for converting the 2.5 µm column method to the 1.7 µm column 

method.

Experiment 3: LC Conditions

LC system: ACQUITY APC System with p-QSM

Detection: ACQUITY ELSD with Hexane/THF kit

Column(s): XBridge C18 1.7 µm, 2.1 x 50 mm (p/n: 186002350)

Column temp.: 25 °C
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Sample temp.: 20 °C

Injection volume: 1 µL

Flow rate: 0.42 mL/min

Mobile phase A: THF (unstabilized)

Mobile phase B: Water (deionized)

Needle wash solvent: 50/50, v/v, THF/water

Seal wash solvent: Isopropanol

ELS nebulizer temp.: Cooling

ELS drift tube temp.: 60 °C

ELS gain: 500

ELS gas flow: 60 psi

Gradient Table 3
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Data Management

The data management system used to control the ACQUITY APC System and to process the data was the 

Waters Empower™ Chromatography Data System (CDS) 3, FR 5. The chromatograms and peak quality table 

provided in the results and discussion section of this document were created in Empower CDS without the use 

of a 3rd party software. 

Results and Discussion

The chromatograms from experiments 1, 2, and 3 are below in images 3, 4, and 5. The resolution for acceptable 

chromatography should be greater than 1, and the Empower CDS generated table under each chromatogram 

represents the quality of the data.8 The first peak to elute in a reverse phase method is usually the marker peak, 

and the data from the maker peak is not used for many of the peak quality calculations. A marker peak is not 

used in this experiment. Therefore, the table spaces under Tinuvin 328 heading are blank.

Figure 3 displays the separation of the mixture of six polymer additives for experiment 1 in under twelve minutes, 

and the resolution values for six separate injections of the mixture is in Table 2. Note the separation of Tinuvin 

328 and Tinuvin 327 are baseline resolved, as well as the separation of Irganox 1010 and Irganox 1076. 

10
Advanced Polymer Chromatography Reverse Phase Method for Polymer Additives Using Tetrahydrofuran and 
Evaporative Light Scattering Detection in Under Three Minutes per Sample



Figure 3. Chromatogram from HPLC experiment 1.

Table 2. Empower Peak resolution table for experiment 1.
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Figure 4 displays the separation of the mixture of six polymer additives for experiment 2 in under six minutes, and 

the resolution values for six separate injections of the mixture is in Table 3. Note the separation of Tinuvin 328 

and Tinuvin 327 are baseline resolved, as well as the separation of Irganox 1010 and Irganox 1076.

Figure 4. Chromatogram from UHPLC experiment 2.
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Table 3. Empower peak resolution table for experiment 2.

Figure 5 displays the separation of the mixture of six polymer additives for experiment 3 in under three minutes, 

and the resolution values for six separate injections of the mixture is in Table 4. Note the separation of Tinuvin 

328 and Tinuvin 327 are baseline resolved, and they are integrated with peak resolution values greater than one 

which is the accepted criteria for quality chromatographic resolution. Although the separation of Irganox 1010 

and Irganox 1076 is not baseline resolved, each peak resolution exceeds accepted criteria.
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Figure 5. Chromatogram from UPLC experiment 3.

Table 4. Empower peak resolution table for experiment 3.
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Conclusion

The separation of a six-polymer additive blend was successfully developed from a 19-minute HPLC run time to a 

3-minute UPLC run time increasing the number of injections per hour by a factor of five. The ACQUITY APC 

System with a p-QSM, ELSD, and ACQUITY BEH C18 Column Technology enabled the gradient use of 

tetrahydrofuran as a mobile phase due to the robust system, detector, and column particles. The ability to 

develop the legacy HPLC method using a 5 µm particle column into a 1.7 µm column method was intuitively 

accomplished by using the column calculator software tool and a family of columns designed for a variety of LC 

separation methods. The resulting method provides a rapid approach for characterizing representative polymer 

additives under THF-compatible conditions. Such analytical capabilities may support method development for 

polymer-additive characterization in semiconductor and electronics materials workflows, including formulation 

assessment and investigations of material stability.
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