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Abstract 

Background: This work is broadly motivated by the development of ferroelectric liquid crystal devices and the 

need to develop a basic understanding of these strategic materials' wetting properties.  

Materials and Methods: This article studied the surface stability and wetting properties of the smectic C* 

ferroelectric liquid crystal mixture using highly polarized reflected optical microscopy. We used a homemade 

spin-coated machine to prepare the thin-film samples of smectic C* ferroelectric liquid crystal mixture on soft 

silicon dioxide substrate with a thickness of 300 nm and 600 nm. Images of the film texture caught on heating 

and cooling processes, with a heating rate of 0.5 
o
C/min.  

Results: The results showed the following: a) the thin film samples composed from multilayer, b) in both film 

thickness samples, the dewetting started a few degree 
o
C below the bulk SmA to the isotropic phase transition 

temperature, c) in both thin-film surfaces, undulation was observed first, followed by spinoidal dewetting, d) 

above the isotropic phase, strongly depends on the value of the extracted contact angle of the formed sessile 

droplets with temperature was found and e) on cooling, the value of the contact angle remained constant, and 

the droplets remained until reached the re-crystalline phase. Attempts were made to extract the values of the 

tension surface length using the modified Young equation. These values monotonically decreased by increasing 

the temperature. 

Conclusion: In conclusion, the FLC mixture's surface under consideration was stable by increasing the 

temperature within the SmC* and SmA phases. The dewetting observed above the SmA –I phase transition 

temperature. The first-order wetting transition characterizes these thin films. 

Keywords: Liquid crystal, thin-film, wetting properties, surface undulation, anchoring force, contact angle,  

tension surface length 
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I. Introduction 
A wealth of information on liquid crystal materials' physical and chemical properties was reported

1-30
. 

The physical properties of the LC materials are intermediate between ordinary isotropic fluids and solid
1
. LC 

flow like liquids but also exhibits some properties of crystals. These materials are large, anisotropic, complex, 

and existed in different mesophases
1,2

. For technological applications, the physical properties of dielectric 

constants, elastic constants, viscosity, absorption spectra, transition temperatures, anisotropy, and LC's 

nonlinearity are interested
1-3

.  

Recently experimental and theoretical studies, of surface properties and the characteristics of solid 

surfaces interaction with liquids, are reviewed and discussed by Law and Zhao4 (including the references 

therein). This subject is a multidiscipline field with significant academic interests and tremendous applications 

in industry.  

Unfortunately, the area of surface physics has been full of controversies and misconceptions. Many 

researchers paid attention to study the wetting properties of the nematic LC materials. The wetting phenomenon 

is related to the field of wetting and absorption of LC on a solid substrate, including the concepts of partial and 

complete wetting and partial and complete dewetting.  

In this respect, many experimental approaches studied this phenomenon, such as optical microscopy, 

X-ray diffraction (XRD), atomic force microscopy (AFM), scanning polarizing force microscopy (SPFM), and 

ellipsometry techniques
1-34

. A better knowledge of liquid crystals' interfacial properties may lead to 

improvements in the performance of liquid crystal displays (LCDs) technology.  

The fundamentals of understanding of the wetting in different systems are by measuring the contact 

angle. These angles are affected by many factors, such as heterogeneity, presence of surfactants, smoothness of 

the surface, and the line surface length. These factors strongly influenced the interpretation of their behaviour as 

a function of temperature. Zola et al.
6
 presented information on the surface-induced phase separation and pattern 

formation at the isotropic interface in chiral nematic liquid crystals. Gunyakov et al.
7
 investigated the 

temperature dependence of the significant anchoring energy for a nematic-ferroelectric interface. Zou et al.
8
 

reported experimental results on the line tension and structure of smectic liquid-crystal multilayer at the air-
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water interface.  

In 2018, Kaznacheev et al.
9
 presented new results on the Biaxial potential of surface-stabilized 

ferroelectric liquid crystals(FLC's). They analyzed the biaxiality impact on the FLC alignment. In this 

experiment, the bistable or monostable structure formed in a surface stabilized FLC cell. Guo et al.
10

 reviewed 

three electrooptic modes, including surface stabilized FLC, deformed helix ferroelectric, and electrically 

suppressed helix modes. Silvestre et al.
11

 studied the wetting of cholesteric liquid crystals at a planar substrate 

theoretically. They found that the materials' wetting properties strongly depend on the anchoring conditions, 

which distort the liquid crystal layers.  

Deshmukh and Malik
12

 described a simple sessile drop technique for measuring polymer and nematic 

LC's surface tensions. Dhara et al.
13

 studied the morphology transformation of the LC-5CB thin films coated on 

flat patterned PMMA substrate. The occurrence of the change from spin dewetted droplets to continuous films 

due to the increase of the solute concentration.  

Thin films of the thermotropic LC- 5CB has been the subject to several thermal dewetting studies. The 

undulation on the surface of a 5CB thin-film appeared near the Nematic to Isotropic phase transition 

temperature
14-17

. Fukuda et al.
18

 found an additional elastic force field within the LC thin film on a solid surface 

due to both the anisotropic anchoring at the substrate interface (weak planar anchoring) the strong homeotropic 

anchoring.  

These factors result in a far more complex morphological evolution scenario in thin LC films, 

particularly during thermal annealing
14-19

. The behaviour of the free surface system and the molecular alignment 

within a confined liquid crystal system have been theoretically
20-25

, and experimentally
26-29

.  

The alignment of liquid crystal molecules strongly depends on the boundary conditions, whether the 

LC film is confined between two plates or with a free surface on substrates. Uniform alignment of LC mesogens 

achieved on modified soft substrates. Using the scanning AFM and the rubbing process, this modification of soft 

polymeric substrates creates nano or microgrooves
30-35

.  

The LC layer's complex order and phase behaviour within a confined system strongly depend on the 

interplay. Research on surface characteristics of ferroelectric LC's (FLC's) has always been messy in literature. 

The wetting dynamic of these materials' formed microdroplets determined by surface tension, viscosity, and 

temperature for a given liquid crystal–solid interface. Studying the stability of ferroelectric liquid crystal (FLC) 

thin film on a solid substrate is of interest in many applications such as the optically addressed spatial 

modulators, semiconductors, FLC thin-film devices, and liquid crystal on silicon (LCOS) technologies
4
.  

Information on the wetting and dewetting characteristics of FLC mixture thin films are scarce in the 

literature. This article presents and discusses new experimental results concerning the commercial FLC mixture 

material's wetting properties and surface stability. This research is part of an intensive research program on 

ferroelectric liquid crystal's dynamical and electrical properties. 

 

II. Experiment 
This experiment studied the surface stability and the wetting properties of ferroelectric liquid crystal 

mixture—thin films prepared on a smooth silicon wafer substrate. Under consideration, the FLC sample was a 

commercial multi-compound mixture developed (by Mitsubishi Company, Japan with catalogue number 

NS1010) for analogue electrooptic applications). The liquid crystal research group at the University of 

Colorado, USA, delivered this material. From the datasheet provided, this strategic material has a spontaneous 

polarization of 102 nC/cm
2,
 and its molecules have a tilt angle of 28

o
 at room temperature (T = 25 

o
C). It shows 

an SmC* to SmA phase transition at T = 70 
o
C, and a temperature control unit (Instec model STC 200) with a 

precision of ± 0.1 ºC. We illuminate the sample is by a white light beam emitted from a halogen lamp. This light 

first passes through the linear polarizer. After reflection from the sample's surface, the SmA to Isotropic (I) - 

phase transition occurred at T = 97 
o
C. The measurements performed using a high-resolution polarizing optical 

microscope (Olympus BX51TRF) equipped with a heating stage (Instec model HCS402). The sample's 

temperature stabilized by reflected light falls on a digital camera (Olympus model C-3040) coupled to a 

computer. Real-time images of the thin-film surfaces at specific temperatures were recorded and displayed on 

the monitor. A magnification lens of power 20x was used; the scale calibrated such that a 1 µm length on the 

sample is equivalent to 0.75 mm on display. 

Thin films under consideration prepared at room temperature according to the following procedure: 

 We used silicon wafers with a native oxide layer of 2 nm thicknesses (100 oriented, p- Boron doped) as a 

solid substrate. 

 The wafers were then cut to about 1 cm
2
 in size and cleaned with a snow jet of a cold CO2 stream, which 

effectively removes the particulate and the organic contaminants, followed by ultrasonication in ethanol, 

acetone, and hexane, subsequently. 

 The liquid crystal films were spin-casted onto the substrate from the hexane solution. 
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 We paid attention to control the thin film's thickness by the FLC's material concentration and the spin 

coater's spinning speed. The concentration of the NS1010 FLC mixture in the hexane solution was 11.6 g/l. 

 The spinning speed was 2000 and 4000 revolutions per minute (rpm), corresponding to film thickness of 

300 nm and 600 nm, respectively. 

 The thickness after spun cast FLC the film was measured by using ZYGO 

 

Maxim-GP 200 profile-meter, a general-purpose surface optical profiler, measures the microstructure 

and topography of surfaces in three dimensions. We used the light from a Halogen lamp incident on an 

interference filter of wavelength 611.4 nm (or 643 nm) with a full width at half maximum (FWHM) ≈3 -15 nm. 

Monochromatic light is filtered and falls on an optical cube beam splitter, which directs the light downwards to 

an interferometric objective (Michelson type) controlled by the Piezo-electric transducer phase stepping fringe. 

The light reflected from the test object returns through the interferometric objective lens and passes through the 

cube beam splitter to the camera to form interference fringes.   We obtained all surface-related data using a 

computer and advanced texture analysis software. The instrument can measure step height up to 100 μm with 

0.75% accuracy. In this experiment, we use the optical microscopy techniques to study the dewetting of the 

isotropic thin film-forming microscopic cap-shaped droplets on the silicon substrate surface for the prepared 

samples. Figure 1 shows the geometry of the cap-shaped droplet. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sketch of a spherical cap-shaped droplet resting on a solid surface. The interference 

                fringe is formed by the illuminating beam (1) and the reflected beam (3) originating  

                from the illuminating beam (2). 2nh = (m+0.5) λ, R = (r2 + h2)/ 2h, and cos α =  

                r/R, since θ = 90-α. 

This technique enabled us to measure small contact angles less than 10
o
 with an accuracy of 0.5

o
 – 1

o
, for 

droplets of average radii ranging from 1-100 µm, respectively. The radius (r) of each droplet was measured with 

an accuracy ± 0.01 µm for small droplets and ± 0.1 µm for big droplets. 

We observe the wetting behaviour during the heating and cooling processes for all samples, with a rate of 0.5 
o
C/min started from room temperature.  At a temperature of 130 

o
C, the measurement stopped to avoid the 

evaporation of the sample. Each droplet's contact angle is calculated by counting the number of the observed 

interference Newton rings and measuring each droplet's radius. From Figure (2), the height, h, of the droplet is 

given by
17

:  

ℎ =  𝑚 + 0.5  𝜆 2𝑛                                                                                                                                                   (1) 

where m is the order of the interference fringes ( is the wavelength of the incident light, and n is the liquid 

crystal sample's refractive index. We calculate the contact angle  of each droplet from the formula
17

: 

θ =  90° −  cos−1  2rh
 r2 + h2                                                                                                                            (2)  

where r is the average radius of the spherical cap-shaped droplet. 
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III. Results and Discussion 
In Figure 2 (a-i) and Figure 3(a-i) illustrate the evolution of the texture structure of the NS1010 

ferroelectric liquid crystal mixtures thin films of thickness d= 300 nm (sample 1) and d = 600 nm (sample 2) at a 

different temperature, respectively. We investigate the samples' wetting behaviour during the heating and 

cooling processes with a heating (cooling) rate of 0.5 
o
C/min. 

 

 
Figure 2: Images of the texture structure of NS1010 FLC mixture of thickness d = 300 nm at different 

temperature of values: 

                           a) T = 28 ºC, b) T = 92 ºC, c) T = 94 ºC, d) T = 95 ºC, e) T = 97 ºC, 

                           f) T = 100 ºC, g) T = 102 ºC, h) T = 108 ºC, i) T = 109 ºC 

 

 
Figure 3: Images of the texture structure of NS1010 FLC mixture of thickness d = 600 nm at 

the different temperature of values: 

                     a)T = 28 ºC, b) T = 92 ºC, c) T = 94 ºC, d) T = 95 ºC, e) T = 97 ºC, 

                     f) T = 98.5 ºC, g) T = 100 ºC, h) T = 108 ºC, i) T = 111 ºC 

 

As shown in Figure 2 (a, b) and Figure 3 (a, b) on the heating process, up to T = 90 
o
C, no variation in 

the film texture structure in both samples. Figure 2c and Figure 3c noticed that white spots appeared within the 

matrix of sample1 and sample2 at T = 94 
o
C and T = 92 

o
C, respectively. The size of these white spots increases 

by increasing the temperature. In Figure 2(d, e), and Figure 3(d, e), we observed surface undulation in both thin-

film samples around T = 95 
o
C before reaching the Sm A - I phase transition temperature (at TSmA-I = 97 

o
C). We 

may attribute this undulation to the change in anchoring conditions, thermal-induced surface instability, the 

viscosity gradient of the formed layers, and the tension surface length within each layer. 

At T > 95 
o
C, a spinoidal dewetting occurred in both samples. In the thicker sample 2, this process was 

accompanied by heterogenous nucleation dewetting. The white spots rapidly grew as the liquid crystal material 

drifted from the inner surface, and a hole was formed. The drifted material was accumulated at the hole-

boundary. Similar observations were reported, and theoretical attempts were made to explain this 

phenomenon
38-40

. In these reports, the nucleation and wetting near-surface spinodal in the binary mixture system 

was described. It was mentioned that when the system is in a metastable state, the decay towards equilibrium is 

governed by a nucleation process. In this case, the formation of the thermodynamically stable state starts with 

the nucleation of droplets. On the other hand, Bonn et al.
38

 studied the formation and growth of wetting layers in 

the binary liquid mixture of cyclohexane-methanol. They observed that the nucleation probability decreases 

rapidly with increasing film thickness. Braun et al.
39

 reported a theoretical model to explain the spinoidal 

dewetting of a nematic film, which is destabilized by Van Der Waals forces.  

As shown in Figure 2 and Figure 3, the dewetting due to the formation of the sessile droplets in both 

sample1 (with film thickness d = 300 nm) and sample 2 (with film thickness d = 600 nm) occurs at temperature 

T = 100 
o
C and T = 108 

o
C, respectively. From equation (2), each droplet's contact angle (θ) was determined as 
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a function of temperature, using the microscopic method as discussed above. Here, the contact angle is dictated 

by the materials at the three-phase contact line rather than the contact area materials.  

Figure 4 (a, b) shows the variation of θ versus the temperature for both samples. From Figure 4a, the 

value of θ reaches a maximum value of 5
o
 at T = 120 

o
C for sample1 with film thickness d= 300 nm, and from 

Figure 4b, the value of θ becomes 7.8
o
 at T=130 

o
C for sample 2 with film thickness d=600 nm. On cooling, a 

slight variation of the contact angle by 14% and 25% from its maximum value for Sample1 and Sample 2. The 

formation of a multilayer of the liquid crystal material under investigation and its mixture structure could be 

responsible for this effect. It is worth mentioning that, on cooling down to room temperature at T = 28 
o
C, the 

droplets are frozen, and rewetting doesn't occur. 

It is known for a self-assembled monolayer of liquid crystal on a solid surface. The surface energies 

have often been based on the values of the contact angle. In such cases, the famous Young equation
40

 may be 

used to describe the equilibrium force balance in the coexistence of three phases: a liquid drop resting on an 

underlying solid surface, in equilibrium with the saturated vapour. 

 

 
Figure 4: Variation of average contact angle θAV. with temperature during heating and cooling processes 

                 for: (a) Sample1 of d = 300 nm film thickness, (b) Sample2 of d = 600 nm film thickness. 

 

The angle θ made by the surface of the drop at the point where it meets the underlying substrate satisfies the 

relation: 

 

cos 𝜃 =   
 𝛾𝑠𝑣 − 𝛾𝑠𝑙 

𝛾𝑙𝑣                                                                                                                                                 (3) 

 

Where γlv, γsl and γsv are the surface energies per unit area of the liquid/vapour, solid/liquid, and 

solid/vapour interfaces, respectively. The inherent difficulty presented by Young's equation is related to the 

quantities γsl and γsv, which are not usually accessible in a direct experimental measurement
41

. 

For microscopic droplets, the contact angle is influenced by surface interactions, which will contribute 

an additional free energy per unit length or a line tension (τ) to the excess free energy of the microscopic 

droplet. So, an extra energy term is added to equation (3). Hence, for a tiny spherical cap-shaped droplet of 

contact angle (θ), we obtain the modified Young's equation, which can alternatively be written as
17

: 

 

𝛾𝑠𝑣 =  𝛾𝑠𝑙 + 𝛾𝑙𝑣 cos 𝜃 + 𝜏
𝑅                                                                                                                                         (4) 

Or 

 

cos 𝜃 =  cos 𝜃∞ −  𝜏 𝛾𝑙𝑣𝑅                                                                                                                                               (5) 

Where; θ is the contact angle of the microscopic droplet, θ is Young's contact angle (i.e., the contact angle for 

an infinitely large droplet), λ = τ/γsl is called the tension surface length, τ is the contact line tension (which has 

the units of force (N)), γvl is the surface tension of the air/liquid crystal interface (N/μm), and R (μm) is the 

radius of curvature of the circular contact line. 

Figure 5 (a, b) shows the variation of (cosθ) as a function of the droplet curvature (1/R) at different temperatures 

within the isotropic phase for sample1 and sample2, respectively. The results indicate that by increasing the 

temperature, the rate of relaxation for the contact angle is increased, and the final contact angle is decreased. 

This effect may be attributed to the FLC mixture content changes inside the droplet, anchoring conditions, the 

value of the surface tension, and the viscosity.  
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Figure 5: The relation between cosθ, and the droplet curvature (1/R) for a) Sample1 of d = 300 nm film 

thickness and b) Sample2 of d = 600 nm film thickness 

 

Also, due to the evaporation effect, it is noticed that the number of the formed droplet decreases at 

116 
o
C ≤T≤120 

o
C for sample1 (d=300 nm) and 122 

o
C ≤T≤130 

o
C for sample2 (d=600 nm). The curves in 

Figure 5 (a, b) represent the linear relation of equation (6), which characterizes the multilayer structure within 

the liquid crystal film matrix, as discussed above. The values of the tension surface length (λ) are determined 

from the slope of this linear relation for both samples and plotted versus the corresponding reduced temperature 

(t = (T-Tw)/Tw), as illustrated in Figure 6. It is worth noticing that the value of λ for both samples is 

monotonically decreased by increasing the isotropic phase's temperature. At T=Tw, it reaches its maximum value 

of λmax = 1.32 μm for sample1 (film thickness d=300 nm) and λmax = 2.2 μm for sample2 (film thickness d=600 

nm). In the I- phase, far from the critical point, the surface's spatial delocalization leads to a usual negative slope 

(dλ/dt) <0, which is typical of isotropic liquids. The linear relation shown in Figure 6 indicates that the first-

order wetting transition characterizes both samples. It is believed that the value (dλ/dt) may be responsible for 

the surface instability of the FLC mixture under consideration in the isotropic phase. 

 
Figure 6: The relation between the tension surface lengths (λ in µm) as a function of the reduced 

                 temperature t = (T-Tw)/Tw for: a) Sample1 (d =300 nm) b) Sample2 (d = 600 nm) 

 

As a limitation of the microscopic method, more experiment data such as measuring viscosity as a function of 

temperature, surface tension, determining the surface free energy, and the friction force between the liquid 

crystal layers are needed to explain this phenomenon. 

 

IV. Conclusion 
In this report, high resolution optical polarized microscopy technique is used to study the surface 

stability and the wetting properties of the commercial ferroelectric of liquid crystal mixture as a thin film spin-

coated on the silicon wafer. This FLC mixture's surface was found stable by increasing the temperature within 

the SmC* and SmA phases. During the heating process undulation, and spinoidal dewetting has been observed 

at the SmA –I phase transition. These processes are accompanied by heterogenous nucleation dewetting, where 

the liquid crystal material drifted from the inner surface, and a hole was formed. The dewetting occurred above 

the isotropic phase, where the contact angle of the formed microdroplet was deduced as a function of 
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temperature. On the cooling process, the rewetting of the formed droplets did not occur. Attempts were made to 

apply the modified Young's equation. We found that the FLCmixture's thin-film comprises at least five layers, 

and the value of each layer's tension surface length was deduced. This value was found to decrease 

monotonically by increasing the temperature within the isotropic phase. 
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