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Abstract 
It is commonly found that liquid crystals stored in a 

common environment degrade with time, trapping more and 

more ion impurity in the materials.  In this paper, we 

demonstrate how the electrical property of an old batch of 

liquid crystal can be effectively restored by a novel 

regenerative agent. 
 

 

1. Introduction 

 

Because of the problems such as the reduction of 
voltage holding ratio, increase in threshold voltage, 
image sticking, gray-level shift, image flickering, and 
the slowdown of response, the field-screening effect 
originating from impurity ions within a liquid-crystal 
(LC) cell has long been a critical issue in the liquid-
crystal display (LCD) technology [1–5].  To solve 
the problems caused by the ions, current strategy is to 
employ high-resistivity LC materials with a low 
concentration of impurity ions and to address the 
displays in ac to avoid surface polarization, which 
would otherwise lead to the field screening and, in 
turn, degrade the electro-optical performance of the 
devices.  Recently, our observations on voltage-
dependent transmittance, voltage-dependent 
capacitance, dynamically optical response, and 
behavior of transient current in a polarity-reversed 
field have invariably shown that the inclusion of an 
adequate amount of carbon nanotubes dramatically 
reduces the abominable mobile ions in cells consisting 
of a low-resistivity LC mixture [6–15]. 

It is well known that liquid crystals stored in bottles 
or vials gradually lose their electro-optical integrity 
with time.  The very issue is often misrecognized as 
being caused by artificial contamination.  The natural 

degradation of the material quality, which may 
primarily stem from the trapping of atmospheric water 
into the materials, makes big unwanted wastes for LC 
research laboratories and display manufacturers.  
Water molecules embedded in a LC material can form 
hydrogen cations and hydroxyl anions, generating 
considerable amount of impurity ions to enhance the 
field-screening effect. 

In this work, we reveal the sorption kinetics of 
water vapor on microporous silica gels (SiO2), 
zeolite-based molecular sieves (MS3 for pore size of 
3Å and MS4 for 4-Å pore size), and on a novel water 
absorbent “[Mg2(BTEC)]” (here designated as M2B)  
The effects of these water sorbents on the 
“purification” of a nematic liquid crystal (5CB) are 
characterized by voltage (V)–capacitance (C) as well 
as time-evolved impedance measurements.  The 
conductivity data deduced from dielectric spectra 
between 20 Hz and 2 MHz clearly demonstrate that 
M2B is effective in recovering the electrical resistivity 
of an old batch of liquid crystal. 

 
 

2. Experimental 
 

Both our old and new 5CB batches (designated as 
oLC and nLC, respectively) were purchased from 
Merck in March 2005 and February 2009, respectively.  
The old batch weighing 25 g is in a bottle package, 
which was first unsealed in September 2005.  The 
bottle has been resealed and saved in a dry cabinet 
controlled at 35% humidity ever since. 

While molecular sieves were obtained from Aldrich, 
USA, the desiccant M2B was synthesized in the 
Solid-State Chemistry Laboratory at Chung Yuan 
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Christian University.  Both MS3 and M2B were 

preheated in a vacuum oven at 200°C for 5 hr and 

then cooled naturally down to the room temperature. 
 

 

3. Results and discussion 
 

We conducted a pre-experiment by comparing the 

water-sorption behaviors of various agents.  Four 

adsorbents for water described above were pretreated 

by 5-hr heating at 150°C prior to the comparative 

sorption kinetics experiment.  5 g of each dehydrated 

absorbent was contained in a beaker which was left 

open to air at 25°C.  The atmospheric pressure was 

not specifically regulated and the relative humidity 

was ~50–60% throughout the experiment.  Figure 1 

depicts the water loadings of these agents.  It is clear 

that M2B outperforms the other desiccating agents. 

Both our old and new 5CB batches (designated as 

oLC and nLC, respectively) were received from 

Merck in March 2005 and February 2009, respectively.  

The old batch weighing 25 g is in a bottle package, 

which was first unsealed in September 2005.  The 

bottle has been resealed and saved in a dry cabinet 

controlled at 35% humidity ever since.  Both MS3 

and M2B were preheated in a vacuum oven at 200°C 

for 5 hr and then cooled naturally down to the room 

temperature.  Figure 2 shows the dc voltage 

dependence of capacitive plots for three distinct cells 

(of 11.2 μm in thickness) consisting of the untreated 

old material and its counterparts dehydrated by MS3 

and M2B at 10% by weight.  Note that the probe 

voltage had a 50-mV amplitude in sinusoidal 

waveform at 1 kHz and the data were acquired at 

30°C and RH 70% after soaking each drying agent in 

oLC for 96 hr.  One can see from Fig. 2 that M2B 

substantially rectifies the voltage-dependent 

capacitive behavior from an ill-functioning LC. 

Deduced from the dielectric spectra between 20 Hz 

and 100 kHz, the conductivities in various LC cells 

were illustrated in Fig. 3.  This figure shows that 

oLC with apparent ion contamination gains back its 

higher resistivity after desiccative treatment by the 

regenerative drying agent M2B. 
 

 

4. Summary 

 

We found that natural degradation of liquid crystals 

stored in an environment with normal standards can 

be mostly attributed to ion contamination caused by 

permeation of water vapor from air into the materials.  

Due to the use of the novel agent M2B with 

remarkably desiccative capacity, the good level of 

electrical quality associated originally with a fresh LC 

can be preserved.  This finding would expectedly 

generate a big impact on cost reduction for LCD panel 

manufacturers and certainly be a blessing to many 

academic laboratories. 
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Fig. 1. Comparison of water-sorption kinetics for 

various drying agents. 
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Fig. 2. Capacitance as a function of the applied dc 

voltage in cells consisting of untreated and 

treated oLC. 
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Fig. 3. Conductivities of liquid crystals dehydrated 

with two different drying agents. 
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