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APPLICATION BENEFITS INTRODUCTION

This application note illustrates cost-effective, Liquid crystals combine the physical and optical properties of both liquids

efficient impurity profiling of liquid crystal and solids. They flow and pour like liquids, but they have some of the optical

intermediate compounds using Waters® properties of solids, such as birefringence. They also react predictably to an

ACQUITY UPC?™ System with PDA detection. electric current, which enables the control of light passage. Because of these

When compared to standard methodology, properties, liquid crystals are used in many items with electronic displays,

it offers: for example watches, calculators, mobile phones, desktop monitors, and TVs.

m Greater than 110-fold reduction Liquid crystal intermediate compounds are the building blocks used to prepare
in the volume of toxic solvents used. liquid crystals. A typical liquid crystal mix, in order to achieve the material

B Greater than 13-fold increase in properties required, contains between 10 and 20 individual intermediate

sample throughput. compounds. The purity of the liquid crystal intermediate compounds used is
critical to ensuring optimum optical quality, performance,

and lifetime of the electronic display device.

There are various analytical methods used to characterize liquid crystal
intermediate compounds including: Differential Scanning Calorimetry,"?
Fourier Transform Infrared, Raman Spectroscopy,® Ultraviolet Absorption
Spectrophotometry,' and Optical Microscopy.?

For the impurity profiling aspect of characterization, typically a chromatographic
technique would be used for the analysis of liquid crystal intermediate
WATERS SOLUTIONS compounds, for example HPLC with UV detection,* HPLC with MS detection,’
ACQUITY UPC? System and GC with MS detection® However, these techniques have some limitations

including: the compounds might not be thermally stable and/or volatile; there

2
ACQUITY UPC™PDA Detector might be limited sample availability; the sample solubility might be incompatible

ACQUITY UPC? CSH™ Fluoro-phenyl with the solvent required for the technique, therefore requiring additional sample
Column preparation stages; long analysis times with insufficient selectivity and sensitivity.
Empower® 3 Software Convergence chromatography (CC) is a normal phase separation technique that

uses carbon dioxide as the primary mobile phase, with the use of co-solvent such as
methanol. Waters UltraPerformance Convergence Chromatography™ (UPC?) builds

KEY WORDS upon the potential of CC while using Waters’ proven and robust UPLC® Technology.
Liquid crystals, convergence Many liquid crystal intermediate compounds are not very stable at high
chromatography, UPC*®, liquid crystal temperatures, have low volatility, and similar UV spectra. Therefore, utilizing
intermediates, supercritical fluid the separation powers of UPC with CO, as the mobile phase is an ideal alternative
chromatography, SFC to both HPLC and GC analysis.
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EXPERIMENTAL

UPC? conditions

System:
Run time:

Column:

Column temp.:

ACQUITY UPC?
5.00 min

ACQUITY UPC2 CSH
Fluoro-phenyl,
1.7 pm, 3.0 x 100 mm

50°C

This application note describes impurity analysis of liquid crystal intermediates
utilizing UPC? with Photodiode Array (PDA) detection offering robustness,
selectivity, and sensitivity, with reduced run times and associated savings

in the cost and disposal of non-toxic solvents.

Sample description

The 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 9:1 heptane/ethanol or methanol.

Serial dilutions of the stock solutions were carried out in 9:1 heptane /isopropanol

in order to prepare mixed calibration standards.

Liquid crystal intermediate compounds

4-(Octyloxy)benzoic acid
Ci5H2203

o

o
CH3(CH2)50H2\O

4,4’-Azoxyanisole-dy4
(internal standard)
C14H13DN,03

4-Butoxybenzoic acid

Ci11H1403

0]

O* or
Hsc/\/\o

4-Butylbenzoic acid

Ci11H1402

]

OH
Hs3C

4-Cyanobenzoic acid

CsgHsNO,

O

o
N=C

4-Octylbenzoic acid
CISHZZOZ

(0]

o
CH3(CHa)eCHZ

CCM back pressure: 2000 psi

Sample temp.: 20°C

Mobile phase A: €0,

Mobile phase B: Methanol (2%
formic acid + 15 mM
ammonium acetate)

Flow rate: 2.0 mL/min

Injection volume: 1 pL

Vials: Waters Amber Glass
Screw Neck
12 x 32 mm, 2 mL

Time Flowrate %A  %B Curve
(min)  (mL/min)
1 Initial 2.00 980 20 -
2 1.00 200 980 20 6
3 200 200 900 100 6
4 250 200 800 200 6
5 3.00 200 800 200 6
6 3.01 200 980 20 6
7 5.00 200 980 20 6

Table 1. ACQUITY UPC? System mobile phase gradient.

PDA conditions
UV detector:

Range :
Resolution:
Sampling rate:

Filter time constant:
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ACQUITY UPC2PDA
210 to 450 nm

1.2 nm

20 pts/s

Slow (0.2 s)

Table 2. 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 UPC? System and the
ACQUITY UPC? PDA Detector, and provide data acquisition.




[ADPLICATION NOTE ]

RESULTS AND DISCUSSION

UPC? 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

(Table 3).
Chemical substance CAS number  Retentiontime UV optimum absorbance
(minutes) (nm)
4,4-Azoxyanisole-d,, 39750-11-3 0.69 346
4-Butylbenzoic acid 20651-71-2 1.39 235
4-Octylbenzoic acid 3575-31-3 1.62 235
4-Cyanobenzoic acid 3575-31-3 1.75 252
4-Butoxybenzoic acid 1498-96-0 1.90 252
4-(Octyloxy)benzoicacid ~ 2493-84-7 2.09 235

Table 3. Liquid crystal intermediate compounds, associated CAS number, measured retention times, and the
UV optimum absorbance.

The analysis of five liquid crystal intermediate compounds along with one internal standard was achieved
using Waters’ ACQUITY UPC? System and the ACQUITY UPC? PDA Detector.

Optimum UPC? and PDA conditions were developed, with the elution of all compounds within a five-minute run.
Reported run times between 65 and 110 minutes have been reported using HPLC,** for the analysis of liquid
crystal intermediate compounds.

Mixed calibration standards, 0.001 to 0.25 mg/mL, were prepared and analyzed for all the compounds
considered. The calibration curve results generated by Empower 3 Software for 4-cyanobenzoic acid are
shown in Figure 1.

Method | LCD 252rm ink sid Date/Time | S/7/2013 2564 PMBST
System | Channel | 252.0nm
Component [4-Cyanchenzoic acid =] Time(min) [ 1.748
S r-azsm:n 2+ 10724001 K
Rz [ 0833780 A [ 0990 Standard Enior | 11798526002
RSS [ 83484Te004  RSD[ 147198338 \eighting [ MNone
Codes |
RSDE] [ 235943
Nom Intercept/Slope |
|2 22 !
200
1.80
1604
1404
£ 1204
_l E 1.004
0804
0604
040+
0204
j 0.00+
0.00 oo2 004 008 008 010 012 014 018 018 020 022 024
0.0962 Amourt, 0.5253 Area Ratio Amount Figure 1. Empower 3
- L] B Software calibration curve
[3T7 1\ Calibration / | IR 2l L
for cyanobenzoic acid.
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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.

0101 252 nm 4-Butoxybenzoic

acid

0.08+ 4-Cyanobenzoic acid
0.06
0.044
0,02
0.004
T T T . T - T T T
080 080 1.00 1.20 140 160 180 2.00 220
Minutes

0304 235 nm
4-Octylbenzoic acid
4-(Octyloxy)benzoic acid

020
E I
4-Butylbenzoic acid
0104
am-\j\
T T T T T T T T
080 080 1.00 1.20 1.40 1.60 180 2.00 220
Minutes
0204 346 nm
4,4'-Azoxyanisole-d
0451 % Y 14
2 0104
0.05
10.00
T T T T T T T T T
0E0 080 1.00 120 140 1.60 180 2.00 220
Mintes

Figure 2. UV chromatograms for each liquid crystal intermediate compound, at their optimum
wavelength of either 252, 235, or 346 nm, in a mixed 0.1 mg/mL calibration standard.
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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).
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Impurity profiling

The purity of the liquid crystal intermediate compounds is paramount to achieving optimum optical quality,
performance, and lifetime of the electronic device. Therefore, the ability to detect impurities is critical to
ensuring optimum efficiency of the liquid crystal. Impurities can be present due to many factors, including
contamination, as by-products, or as degradation products.

UPC? can be used for impurity profiling of liquid crystal intermediate compounds. Typically, impurities present
above 0.1% are considered significant and could potentially reduce optical quality, performance, and product
lifetime. In order to demonstrate this, one liquid crystal intermediate compound (4-butylbenzoic acid) was
spiked at 0.1% with three other liquid crystal intermediate compounds, and analyzed using the developed
UPC? conditions with PDA detection. The resulting UV chromatograms achieved, as shown in Figure 4,
demonstrate that the identification of an impurity at 0.1% can be achieved for the liquid crystal intermediate
compounds considered.

Ll 252 nm 4-Butoxybenzoic acid
(0.001 mg/mL)

008+ 4-Cyanobenzoic acid
(0.001 mg/mL)
N

0024 > 4
| I ===
01004 J P e =L
T T T -y T T T T T T T
0En 080 1.00 1.20 140 160 180 200 220 240
0604 1
235 nm
0.50 4-(Octyloxy)
4-Butylbenzoic acid benzoic acid ~————,
404 - 0.001 L
0.40 (1 mg/mL) ( mg/mL)
o0 paA
0201 /
0.10- =i

IJ.UU-\-_PL -

060 080 100 120 140 180 180 200 220 240

0204 346 nm
4,4'-Azoxyanisole-d,,
0154 (internal standard)
2 - /
0.054 J
0.004 L
050 080 1.00 120 140 160 180 200 220 240

Figure 4. Impurity profiling UV chromatograms. 4-butylbenzoic acid at 1 mg/mL, spiked with 4-cyanobenzoic acid,
4-butoxybenzoic acid, and 4-(octyloxy)benzoic acid all at 0.001 mg/mL (equivalent to 0.1% impurity in the product).
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CONCLUSIONS

By utilizing ACQUITY UPC? with PDA detection, a cost-effective,
efficient impurity profiling method has been developed for the
analysis of liquid crystal intermediate compounds.

Many liquid crystal intermediate compounds are not very stable at

high temperatures, have low volatility, and have similar UV spectra.

Therefore, separation by UPC? with CO, as the mobile phase is an
ideal alternative to both HPLC and GC analysis.

The efficiency of the ACQUITY UPC? System, which builds upon
the potential of convergence chromatography while using proven
and robust UPLC Technology, can be used as an orthogonal
technique to ensure full characterization of liquid crystal
intermediate compounds.

The described approach offers many business and analytical
benefits, when compared to HPLC for the analysis of liquid crystal
intermediate compounds, with typically greater than a 13-fold
increase in sample thoughtput and a 110-fold reduction in the
volume of toxic solvent required.
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