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Abstract

This application note illustrates the efficient, cost-effective compositional analysis of Merck E7 liquid 

crystal intermediate compounds using the ACQUITY UPC2 System with PDA detection.

Benefits

Greater than 20-fold increase in sample throughput, and greater than a 300-fold reduction in the volume of 

toxic solvents used.

Introduction

Liquid crystals combine the physical and optical properties of both liquids and solids. They flow and pour 

like liquids, but have some of the optical properties of solids, such as birefringence. They also react 

predictably to an electric current, which enables the control of light passage. Due to these properties, 

liquid crystals are used in many items with electronic displays, for example: watches, calculators, mobile 

phones, desktop monitors, and TVs.

The E7 nematic liquid crystals mixture contains cyanobiphenyl and cyanoterphenol components, at a 

specific composition, which possess relatively high birefringence and positive dielectric anisotropy. Due to 

these properties, it is widely used in polymer dispersed liquid crystals.1,2,3 The specific composition is 

critical to ensure physical properties and characteristic of the liquid crystal. Even small changes can have 

pronounced effects on factors such as the nematic to isotropic transition (TNI), and glass transition (TG) 

temperatures.

For the compositional analysis typically a chromatographic technique would be used for the analysis of 

liquid crystal intermediate compounds, for example: HPLC with UV detection,4 HPLC with MS detection,5 

and GC with MS detection.6

Convergence Chromatography (CC) is a normal phase separation technique that uses carbon dioxide as the 

primary mobile phase, with the use of a co-solvent such as methanol. Waters UltraPerformance 

Convergence Chromatography (UPC2) builds upon the potential of CC while using proven and robust Waters 

UPLC technology.

Many liquid crystal intermediate compounds are not very stable at high temperatures, have low volatility, 

and have similar UV spectra. Therefore, utilizing the separation powers of UPC2 with CO2 as the mobile 

phase is an ideal alternative to both HPLC and GC analysis.



This application note describes the compositional analysis of Merck’s E7 liquid crystal mixture utilizing 

UPC2 with PDA detection offering: robustness, selectivity and sensitivity, with reduced run times, and 

associated savings in the cost and disposal of toxic solvents.

Experimental

UPC2 conditions

System: ACQUITY UPC2

Run time: 3.00 min

Column: ACQUITY UPC2 BEH 2-EP, 3.0 mm x 100 mm, 1.7 μ

m

Column temp.: 60 °C

CCM back pressure: 1800 psi

Sample temp.: 20 °C

Mobile phase A: CO2

Mobile phase B: Acetonitrile

Flow rate: 2.0 mL/min

Injection volume: 1 μL

Vials: Waters Amber Glass 12 x 32 mm Screw neck vial, 

2 mL

Mobile phase gradient is detailed in Table 1.

Gradient



Sl.no Time(min) Flowrate(mL/min)%A %B Curve

1 Initial 2.00 99.0 1.0 ‒

2 0.75 2.00 99.0 1.0 6

3 1.50 2.00 90.0 10.0 6

4 2.00 2.00 90.0 10.0 6

5 2.10 2.00 99.0 1.0 6

6 3.00 2.00 99.0 1.0 6

PDA conditions

UV system: ACQUITY UPC2 PDA Detector

Range: 190 to 400 nm

Resolution: 1.2 nm

Sampling rate: 20 pts/sec

Filter time constant: Slow (0.2 sec)

Sample description

The Merck E7 liquid crystal intermediate compounds were purchased from Sigma Aldrich (their structures 

are shown in Table 2). Individual stock solutions were prepared to a concentration of 5 mg/mL, dissolved in 

either heptane/ethanol (9:1) or methanol. Serial dilutions of the stock solutions were carried out in 

heptane/isopropanol (9:1) in order to prepare mixed standards, or in methanol to prepare infusion MS 

tuning standards.



Table 2. Merck E7 liquid crystal intermediate compounds, associated empirical formulas, and 

structures.

Instrument control, data acquisition, and results processing

Empower 3 Software was used to control the ACQUITY UPC2 and the ACQUITY UPC2 PDA Detector, as well as 

for data acquisition.

Results and Discussion

The UPC2 conditions were optimized for the analysis of the selected liquid crystal intermediate compounds. 

Retention times and UV optimum absorbances were established by analyzing single component standards 

(see Table 3).



Table 3. Merck E7 liquid crystal intermediate compounds, associated CAS number, measured retention 

times, and the UV optimum absorbance.

The analysis of the four Merck E7 liquid crystal intermediate compounds was achieved using the ACQUITY 

UPC2 System with the ACQUITY UPC2 PDA Detector.

UPC2 and PDA conditions were optimized, considering different UPC2 columns, co-solvents, column 

temperatures, mobile phase temperatures, and system CO2 back pressures. The elution of all compounds 

was achieved in a 3-minute run, offering a 20 to 90 fold time saving when compared to HPLC.4,5

Mixed calibration standards, 0.01 to 0.40 mg/mL, were prepared and analyzed for all the compounds 

considered. The calibration curve results generated by Empower Software for 4-cyano-4'-n-puntyl-

biphenyl, are shown in Figure 1.



Figure 1. Empower Software calibration curve for 4-cyano-4’-n-puntyl-biphenyl.

The UV chromatograms for each liquid crystal intermediate compound in a mixed 0.1 mg/mL calibration 

standard, are shown in Figure 2, and the associated UV spectra, are shown in Figure 3.

Figure 2. UV chromatograms for each liquid crystal intermediate compound, at wavelength of 279 nm, 

in a mixed 0.1 mg/mL calibration standard.



Figure 3. UV spectra for each liquid crystal intermediate compound in a mixed 0.1 mg/mL calibration standard (all 

compounds were resolved by retention time).

Compositional analysis

The ratio of the individual liquid crystal intermediate compounds in the required mix is paramount to 

achieving optimum optical quality, performance, and lifetime of the electronic device. Therefore the ability 

to quantify the ratio is critical to ensure optimum efficiency of the liquid crystal.

In order to demonstrate compositional analysis, a mix of the four compounds in the E7 was prepared, one 

containing the correct ratio and one at an incorrect ratio; both were then analyzed using the developed 

UPC2 conditions with PDA detection. The resulting UV chromatograms acquired are shown in Figure 4, and 

the achieved results are provided in Table 4.



Figure 4. Merck E7 liquid crystal compositional UV chromatograms.

Table 4. Merck E7 liquid crystal compounds, correct and incorrect ratios, and the achieved results.

Utilizing the custom calculation function of Empower 3, results can be quickly reported, highlighting preset 

pass/fail criteria. This removes the need for manual calculations and in doing so, eliminates potential 

human calculation errors. Generated compositional custom QC reports are shown in Figure 5.



Figure 5. Merck E7 liquid crystal compositional custom QC reports.

Conclusion

By utilizing the efficiency of ACQUITY UPC2 with PDA detection, a cost-effective, sensitive, and selective 

compositional analysis of E7 liquid crystal mixtures can be achieved.

The ratio of the individual liquid crystal intermediate compounds in the required mix is paramount to 

achieving optimum optical quality, performance, and lifetime of the electronic device. Therefore the ability 

to quantify the ratios is critical to ensuring optimum efficiency of the liquid crystal.

Many business and analytical benefits are provided when compared to HPLC for the analysis of E7 liquid 

crystal mixtures, with typically greater than a 20 fold increase in sample throughput and a 300 fold 

reduction in the volume of toxic solvent required.

Using the custom calculation functions available in Empower 3, results can quickly by reported, 

highlighting preset pass/fail criteria. By removing the need for manual calculations helps to eliminate 



potential human calculation errors.
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