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Abstract: We present the creation of an alignment layer for liquid crystal molecules based on DNA
from fish waste and a selected cationic surfactant. The implemented biodegradable DNA-based sur-
face offers excellent optical and physical properties, cost-effectiveness, and environmental benefits
compared to conventional polymers. Our findings demonstrate that the biopolymer DNA-DODA
effectively induces homeotropic alignment of nematic liquid crystals, which was confirmed by to-
pography visualization using atomic force microscopy, macroscopy and polarizing optical micros-
copy observations. Anchoring energy and response time studies in the well-known electro-optical
effect show that DNA-DODA exhibits molecular interaction strengths comparable to those of com-
mercial polyimide. The successful implementation of DNA-DODA as an alignment layer highlights
its promise for next-generation technologies, including flexible, sustainable, and biocompatible op-
tical devices.

Keywords: liquid crystal; biointerface; biopolymer; anchoring energy; DNA

1. Introduction

Aquatic food is a crucial source of protein for human consumption. Depending on the species
and processing methods, about 20 to 80% of the total fish body can be considered fish waste [1]. Food
and Agriculture Organization (FAO) reported in 2022 that total fisheries and aquaculture production
will reach 15% by 2030 [2]. Mainly farmed Atlantic salmon has been one of the significant contributors
to growth in the global trade of fisheries and aquaculture products in recent decades. Additionally,
FAO is committed to the Blue Transformation strategy as a vision for sustainably transforming
aquatic food systems, a recognised solution for food and nutrition security and the environment by
preserving aquatic ecosystem health, reducing pollution, protecting biodiversity, and promoting so-
cial equality [2]. Fish waste is out of the reutilization process but landfilled, incinerated, and dis-
charged into the sea. Those disposal methods can create secondary pollution, like an environmental
burden and a severe economic crisis. There is a real need to find environmentally acceptable ways of
reusing fish waste [3].

One of the possibilities for utilising fish waste by-products is related to synthesising biopoly-
mers, which can be functionalised for specific photonic applications [4]. Advances in producing bi-
opolymers through chemical, microbial, or enzymatic processes increase their acceptability for com-
mercial usability. The utilisation of fish waste as a bio-based polymer has remarkable potential due
to its non-toxic, biocompatibility, and biodegradable nature. It has gained a wide audience as a sus-
tainable alternative to petroleum-based polymers. The global production of biopolymers from vari-
ous organic wastes is expected to rise to 7.5 million tonnes in 2026, and by 2050, global production is
predicted to triplicate [5-7].

Commercial polymers are high-functional materials used in specific technological areas, partic-
ularly microelectronics applications, semiconductors, and displays. The manufacturing technology
of many optical devices is based on the thin polymer alignment layer for organic molecules. The
alignment layer is considered thin film, but the global quantity of produced electronic displays is
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crucial in that technology. Further, the increasing demand for commercial displays across a wide
range of sectors is driving the growth of the retail display market. Infrastructure development, in-
dustrialisation, and urbanisation are key factors governing the growth of the global commercial dis-
play market, which is expected to be around USD 297 billion by 2030 and expand by 7.35% from 2022
[8]. Polyimides (PI) comprising highly polarised moieties and electron-withdrawing groups show a
high refractive index and good transparency with a high potential for such optoelectronic devices but
not produced by environmentally friendly methods [9]. Therefore, it is essential to obtain polyimide
based on non-toxic, bio-renewable raw materials and less toxic conditions for synthesising this type
of polymer.

The excellent candidates for substituting PI layers are biopolymers, such as deoxyribonucleic
acid (DNA) [10,11]. This specific biopolymer is under intensive research for many applications, espe-
cially outside the biological field of interest [12-15]. Some of the research is concentrated on the form
of DNA-cationic surfactant complexes [16-18]. The structure consists of a single or double strand of
DNA and different surfactants attaching, through electrostatic interactions, to a negatively charged
phosphate residue. DNA complexes are considered essential materials for numerous applications in
photonics and organic molecular electronics [19], including devices based on nonlinear optical effects
[20], organic lasers [21], and promising materials in organic light emitting devices (OLEDs) as elec-
tron blocking layers [22]. In our investigations, we have already demonstrated that the raw DNA and
DNA complex can stabilise the alignment of mesogenic molecules [12,23,24]. From our perspective,
the crucial point was to find an appropriate surfactant and obtain the DNA-based biopolymer align-
ment layer with the same aligning properties as commercial polyimides. Therefore, the new biopol-
ymer based on DNA and dioctadecyl dimethylammonium (DODA) was studied as a homeotropic
alignment layer for liquid crystal devices.

The biopolymer complex was synthesized using a straightforward procedure, and its structural
and surface properties were analyzed using multiple experimental techniques including atomic force
microscopy (AFM), Fourier-transform infrared (FTIR) spectroscopy, Raman spectroscopy, contact an-
gle and surface energy measurements, as well polarizing optical microscopy. The alignment proper-
ties of the DNA-DODA layer were evaluated through electro-optical studies by measuring threshold
voltages, anchoring energy, and response times, and its performance was compared to that of a com-
mercial polyimide alignment layer (SE-1211). The presented results demonstrate that the DNA-
DODA complex provides effective homeotropic alignment of LC molecules, with anchoring energy
and response times comparable to those of traditional polyimides. The material stability and effec-
tiveness in directing light propagation confirmed that the biopolymer is suitable for photonic devices
including waveguides, displays, and biosensors.

2. Materials and Methods
2.1. DNA and Surfactant

DNA is considered a linear and unbranched biopolymer whose monomers are deoxyribonucle-
otides. It consists of biopolymer strands of sugar and phosphate molecules coiled around each other
to form a helix linked by hydrogen-bonded base pairs. DNA sodium salt — fabricated from the waste
product of the salmon fishing industry, was chosen as a biopolymer source. The claimed molecular
weight of DNA sodium salt from Acros Organics was MW =50.000 — 100.000 Daltons (Da) with purity
higher than 96%. The DNA sodium salt layer is too sensitive to water, shows insufficient mechanical
strength resistance, and is incompatible with LC devices’ typical fabrication processes. Therefore, we
modified the DNA structure using a selected surfactant to make the biopolymer layer more suitable
for the production of optoelectronic devices.

The cationic surfactant - dimethyldioctadecylammonium chloride (CAS Number: 107-64-2, mo-
lecular weight of 586.5 g/mol) named DODA, with purity higher than 97%, purchased from Sigma-
Aldrich Co., was chosen to modify DNA sodium salt. This surfactant was chosen because of a char-
acteristic amphiphilic structure crucial for the synthesis process with DNA sodium salt. DNA forms
a complex with a cationic surfactant, such as DODA, using electrostatic interactions between the neg-
atively charged phosphoric acid residue in DNA and the positively charged nitrogen atom in the
surfactant. The sodium salt of DNA in an aqueous solution has a negative charge and quickly forms
a complex with the cationic surfactant. Both the sodium salt of DNA and the cationic surfactant are
soluble in water. In the first step, the surfactant molecule binds via electrostatic interactions with the
phosphate residues of the DNA structure, and then the surfactant groups are aligned along the DNA
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structure due to the strong hydrophobic interactions between the surfactant groups as presented in
Figure 1. The resulting DNA-surfactant complex is not soluble in water.
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Figure 1. The schematic drawing for the reaction of DNA sodium salt with DODA surfactant. The final product
of the reaction is the biodegradable polymer DNA-DODA used as an alignment layer in photonic devices.
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2.2. Synthesis of Biopolymer

The synthesis of the biopolymer DNA-DODA was done on the procedure described earlier [25].
DNA sodium salt and the DODA surfactant were dissolved in equal amounts (by weight) in deion-
ised water. Then, the DODA solution was added to the DNA sodium salt solution drop-by-drop on
a magnetic stirrer. The precipitated DNA-DODA complex was filtered from solutions, dried at room
temperature, and dissolved in butanol (3%).

2.3. Liquid Crystal

The created biodegradable DNA-DODA polymer was used to align liquid crystal molecules. The
liquid crystals (LCs) are self-organised compounds that were used in this research as the optically
active medium [26]. LC as a type of soft matter combines crystalline-like solid ordering with fluid-
like behaviour and is attracted to many display and photonic devices technology [27].

A nematic liquid crystal is a specific compound with an achiral phase representing a purely
orientational order of elongated molecules desired for homeotropic or planar aligning. To verify a
proper alignment layer of biopolymer complex, an 1832 nematic mixture (synthesized at the Military
University of Technology) with negative dielectric anisotropy of Ae =-1.1 at frequency 1 kHz, was
used. This mixture exhibits good properties beneficial for photonic with optical anisotropy An = 0.23
(at 589 nm, 20°C) and short switching times in the order of milliseconds. The mixture consists of 1-
alkoxy-4-[(4-alkyl phenyl)ethynyl] benzene and 2,3-difluoro-1-alkoxy-4-[(4-alkyl phenyl)ethynyl]
benzene with a different alkoxy- and alkyl chain lengths. Those compounds are represented by the
general formulas presented in Figure 2.

X X

CnH2n+1 Q e O OCmH2m+1

Figure 2. The chemical structure of organic compounds used in the 1832 nematic mixture. X =-H or -F, n = 3-6
and m = 1-4.

2.4. Preparation of the Alignment Layer

A typical testing cell for alignment layer properties comprises two sandwiched glass plates cov-
ered by an indium tin oxide (ITO) conductive layer and a thin polymer aligning layer. The properties
of the polymer layer surface dictate the LC molecules preferred orientation at the interface by some
specific agent: dipolar interactions, chemical bonding, Van der Waals interactions, steric factors, and
surface topographies [28]. To obtain a durable biopolymer alignment layer, the same fabrication pro-
cedure was used for cells with the commercial polyimide alignment layer as for DNA-DODA. The
DNA-DODA complex was spin-coated onto a glass/ITO substrate at a speed of 3500 rpm for 30 sec-
onds. The coating was then annealed to evaporate the solvent at a temperature of 135°C for 90
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minutes. In the next step, two substrates were glued together. To control the cell thickness 5pum glass
spacers were used. Nematic liquid crystal at the isotropic phase was injected into the cell by capillary
forces.

2.5. Atomic Force Microscopy

The Atomic Force Microscopy (AFM) technique was implemented to visualise the topography
of three types of materials: DNA sodium salt, DODA, and DNA-DODA. The research was done using
Bruker’s Dimension Icon AFM system. Before the investigation, a silicon AC200TS scanning probe
(Olympus) was installed, and its drive frequency (ca. 139 kHz) was calibrated using the Auto-Tune
built-in function. The probe operated in Tapping Mode at room temperature (21°C) and a relative air
humidity of approximately 38%. Topographical images were recorded over three randomly selected
areas for each sample. These images were used for a qualitative description of the tested surfaces,
and subsequently, based on these images, a quantitative analysis of the average roughness parameter
Ra was performed using Gwyddion software (ver. 2.56).

2.6. Spectroscopy

The Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR FT-IR, ALPHA
FT-IR Spectrometer, Bruker Optics, Germany) was used to characterise DNA sodium salt, DODA,
and DNA-DODA. The spectra were recorded using a diamond crystal within a wavenumber range
of 400-4000 cm! with a resolution of 2 cm™ from 24 scans. The spectra are average spectra from 5
random points on the surface of each sample. The spectra were imported via OPUS software (Bruker,
Germany).

The Raman spectra of DNA sodium salt, DODA, and DNA-DODA were acquired using a Ren-
ishaw inVia Reflex Raman microscope (Renishaw Plc) equipped with an EMCCD detector (Andor
Technology Ltd.). The measurements were carried out using laser radiation with a wavelength of 532
nm, laser power of ca. 10 mW, and Leica objective lens 100x. The other measurement parameters were
the acquisition time of 1 second and 20 accumulations at each point. The Raman spectra were ac-
quired from at least 100 points. The spectrometer was calibrated using an internal silicon wafer. All
collected spectra were processed in WiRE 5.5 software and then averaged using CasaXPS software.

2.7. Contact Angle Measurements

Contact angle (CA) measurements were made using a Mobile Surface Analyzer (MSA) from
Kriiss company. The static sessile drop method was used for two liquids water (polar liquid) and
diiodomethane CH:I2 (non-polar liquid). The volume of each drop was 2 pL. In addition, the surface
free energy (SFE) was determined using the Owens, Wendt, Rabel, and Kaelble (OWRK) model [29].
The OWRK model divides SFE into two components: dispersive and polar. Wettability and surface
free energy parameters were collected from at least 12 points.

2.8. Electro-Optics

Electrooptical measurements were carried out to confirm that the fabricated biopolymer film can
be used with success in photonic devices as an alignment layer. In the experiment, the LC cells were
placed between the crossed analyser and polariser of the polarizing optical microscope (POM). To
investigate the change in the intensity of light passing through the cell white light with an optical
filter of 589 nm as the incident light source was used. An AC electric field (0-20 V, 1 kHz, sinusoidal
wave) was applied to the cells by a function generator (Hewlett-Packard 33120A) and monitored by
an oscilloscope (Hewlett-Packard 346013). The light intensity was recorded using a linear optical de-
tector. The capacitance of the cells was measured using the impedance analyser (Hewlett-Packard
4284A) at a constant frequency of 1.5 kHz. All electrooptical measurements were conducted at room
temperature (23°C).

3. Results

The FTIR spectrum of DNA, DODA, and DNA-DODA layers is depicted in Figure 3 showing
several distinct vibration bands. The bands visible in the pure DNA spectrum have been reported in
the literature as characteristic features [30]. Notably, a broad absorption band spanning 3000-3400
cm™ can be attributed to various molecular vibrations, including N-H stretching modes, C=N
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vibrations, and O-H symmetric and antisymmetric stretching modes. Compared to the pure DNA
spectrum, the following absorption bands appear in the DNA-DODA spectrum: 2915 and 2850 cm™.
These bands correspond to symmetric and asymmetric stretching C-H vibrations of the -CH2 and -
CH3 groups, which is in complete agreement with the band present in the spectrum of pure surfac-
tant (DODA). It should also be noted that the visible bands at 3371 and 3446 cm™ (O-H stretching
modes) in the DODA spectrum are evidence of the presence of water remaining after the layer for-
mation process.
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Figure 3. ATR FT-IR baseline-subtracted spectra of DNA (red line), DODA (blue line), and DNA-DODA (green
line). As a baseline, the glass substrate was measured.

Raman spectra of DNA, DODA, and DNA-DODA complex are presented in Figure 4. The green
areas indicate characteristic bands from the DODA surfactant. The peaks observed at ca. 2840-2970,
2730, 1450, 1300, 1090, and 475 cm! correspond to symmetric CH2 and CHs groups stretching, sym-
metric CHs stretching, CH deformation vibration, (CH2)» deformation vibration, C-N deformation
vibration, and -C-C- skeletal vibration, respectively. These peaks completely agree with the bands
observed in the FT-IR spectrum, which is a complementary method for studying molecular oscilla-
tions. The presence of these peaks in both the DODA and the DODA-DNA spectra confirms that the
DODA surfactant has indeed bound to the DNA in the DNA-DODA sample.
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Figure 4. Raman spectra of DNA (blue line), DODA (green line), and DNA-DODA complex (red line). A grey
area in each spectrum shows the standard deviation of the signal.

The topography visualisation of the biopolymer alignment layer, by the AFM microscope, is
presented in Figure 5. The pristine DODA sample is composed of terrace-like topography with sub-
sequent flat layers lying on each other (Figure 5A). However, the DNA and DNA-DODA samples
(Figure 5B, C) were generally characterised by similar, homogenous topography without specific at-
tributes. Qualitative analysis was further justified with roughness estimation based on recorded AFM
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images. The DODA sample was described as the roughest among all tested materials, with a Ra pa-
rameter of 3.87 + 0.73 nm. DNA sample and composite DNA-DODA were characterised by much
smoother surfaces with Ra parameters of 0.21 + 0.01 nm and 0.42 + 0.01 nm. It should be underlined
that the DNA-DODA surface was approximately twice as rough as the pristine DNA surface. In-
creased roughness of the DNA-DODA surface reduces the wettability of the alignment layer. This in
turn will increase the contact angle and modify the surface energy of the studied layers.

o~ o o W 4 b sl .

[ ;n L iy -“ L ) 3 " o

Figure 5. AFM topographical images of tested samples: A) DODA, B) DNA sodium salt, C) DNA-DODA. The
scanning area was 2 x 2 pum.

Figures 6 and 7 show the contact angle measurements for water and diiodomethane, respec-
tively. In each case, the highest contact angle was obtained for the DNA-DODA complex. While the
lowest CA was calculated for the hydrophilic DODA surfactant layer. The addition of DODA surfac-
tant increased the hydrophobic properties of DNA and significantly reduced the surface free energy
value of the DNA-DODA complex. The dominance of the dispersive component in the surface energy
value over the polar component indicates that the investigated biopolymer is hydrophobic. The de-
tailed results are presented in Table 1.

GLASS 0.5 mm || DNA 0.5 mm

DODA 0.5 mm || DNA_DODA 0.5 mm

Figure 6. Contact angle measurement for water on the glass, DNA, DODA, and DNA-DODA complex of sur-
faces.

GLASS 0.5 mm || DNA 0.5 mm
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Figure 7. Contact angle measurement for dilodomethane on glass, DNA, DODA, and DNA-DODA complex of
surfaces.

Table 1. Experimentally determined parameters of layer wettability and sur-
face free energy.

Disperse
[mN/m]
GLASS* 31,00£2,03 2958+2,12 142+0,61 9502+490 58,25+ 3,69
DNA 3634+1,78 2,06+0,63 3428+121 89,79+716 4998+215
DODA 47,08+1,78 22,14+031 2494+192 5433+253 71,32+0,56
DNA-DODA 20,46+0,26 1996+023 0,51+0,23 10690+1,75 75,31+0,43

Sample SFE [mN/m] Polar [mN/m] CA H,O[°] CA CH.L[°]

The usefulness of the biopolymer DNA-DODA as an alignment layer was tested in the electron-
ically controlled birefringence effect (ECB) [31]. In the ECB effect, the liquid crystal director n, which
describes the average molecular direction, is oriented homeotropically in the absence of the electric
field. The director is perpendicular to the glass substrates. The dark state under the polarizing optical
microscope is visible because the effective refractive index of LC is the same for all incident polariza-
tion components. Applying the electric field to the liquid crystal material with negative dielectric
anisotropy (Ae < 0) causes changing the orientation of the optical axis to the planar structure. The
bright state is observed under crossed polarizers. The birefringence An change of the LC medium
leads to phase retardation, causing interference effects that selectively allow certain wavelengths to
pass, creating voltage-dependent colour variations.

Figure 8 shows the macroscope images of the homeotropically aligned liquid crystal cell by us-
ing the DNA-DODA alignment layer at different applied voltages. The director is homeotropically
aligned since it shows a perfect dark state at 0 V (even after rotating the cell). The application of
relatively small electric voltages (2-8 V) causes the appearance of a colored texture, typical of the ECB
effect.

Figure 8. Optical macroscope images of homeotropically aligned nematic liquid crystal cell with DNA-DODA
layer placed between crossed polarizers at 0-8 V.

The quality of liquid crystal ordering was confirmed using the orthoscopic and conoscopic
modes of POM. Conoscopic observations confirm perfect homeotropic ordering by observing the
classical “Maltese cross” due to symmetrical interference (Figure 9A) [32]. After applying voltage,
non-uniform textures can be observed in Figure 9B-F. The presented textures are typical for the ne-
matic phase and show that liquid crystal molecules arrange themselves in a random direction under
the influence of an electric field.
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Figure 9. Orthoscopic and conoscopic optical polarizing microscope images of the LC cell with DNA-DODA
alignment layer, placed between crossed polarizers. Photos in the lower left corner show the conoscopic images.

In the next step, we checked whether the cells prepared using the biopolymer and conventional
polyimide would switch equally under the influence of the applied voltage and whether they would
be equally susceptible to the action of an electric field. The phenomenon of director switching is called
a Frederick transition and it takes place when the value of the external electric voltage exceeds a
minimum so-called threshold voltage Vth [33]. From the light transmittance measurement of the lig-

uid crystal cell under the applied voltage V, the phase retardation R can be obtained from the follow-
ing formula [34]:

R = 2 arcsin (\/%) (1)

where lo is the incident light intensity and I is the intensity of light coming out of the cell between
crossed polarizers. In the experiment, the optical axis of the homeotropically aligned cell with nega-
tive dielectric anisotropy liquid crystal is oriented at 45° with respect to the polarizer. Figure 9 shows
the voltage-dependent retardation change at A = 589 nm and T = 23°C. The behaviour of the electroop-
tical response is similar for the cells made with the commercial polyimide SE-1211 (Figure 10a) and
the biopolymer DNA-DODA (Figure 10b) and as ordering alignment layers. At voltages below the
threshold voltage value Vth, the molecular orientation of LC becomes undistributed, and no phase
retardation is observed. The change of molecular orientation starts at the Vth. The threshold voltage
value was determined from the extrapolation method [35]. From Figures 10A and 10B, Vth is found
tobe 1.96 V and 2.01 V for SE-1211 and DNA-DODA, respectively. The results confirm that biopoly-
mer DNA-DODA does not cause a significant increase of Vth. The small difference between the val-
ues is at the level of measurement error. We observed a slight deviation from the perfect homentropic
alignment in the case of the commercial alignment layer because the transition threshold is not very
sharp. In the case of DNA-DODA material, the pretilt angle is close to 90°. The slight voltage differ-
ences in the electrooptical characteristics for both alignment layers are probably due to differences in
the anchoring energies of the LC molecules on both orientation layers.

A) 20 B)ZO
1.8 . 18+
. -
1.6+ - 1.6 ]
L
14 4 - 144
.
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12 - 1.2+ -
—_ —_ []
L0 . Eod .
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Figure 10. The voltage-dependent phase retardation R of homeotropically aligned LC cells prepared using two
different surfactants: (a) commercial polyimide SE-1211 and (b) biopolymer DNA-DODA. The calculated thresh-
old voltage Vth from the linear extrapolation is 1.96 V and 2.01 V for SE-1211 and DNA-DODA cells, respectively.

doi:10.20944/preprints202504.2608.v1
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To further analyze the electro-optical properties of the studied materials, we calculated the polar
anchoring energy W of homeotropic cells using biopolymer DNA-DODA and polyimide SE-1211.
The anchoring energy is a crucial parameter for liquid crystal-based photonics devices. It influences
not only the orientation of molecules on the surface but, above all, the threshold voltage and the on
and off response times. Based on the voltage V-dependent capacity C and retardation R of light pass-
ing through the liquid crystal cell we precisely determined W.

The anchoring energy can be determined from the slope of a plot (R/Ro -1)CV as a function of
CV, where Ro is maximum phase retardation. Figures 11A and 11B present the linear slope fitting
method obtained for the DNA-DODA and SE-1211 cells, respectively. The results indicate a good
linear fit. The plot is the linear function in a specific voltage regime from around 7 to 13 V. Calculation
of the slope coefficient of straight lines allowed to determine the W parameter, taking into account
the bend elastic constant K33 = 8.6 pN of 1832 and thickness of the measuring cell d [36]. For the 5 um
thick cell prepared using the commercial rubbed polyimide SE-1211, W is calculated to be 1.22-10
J/m2. The obtained anchoring strength for the biopolymer DNA-DODA is W=1.47-105 J/m?, in 4.6 um
thick cell. Comparing these two values, it can be seen that the anchoring energy for both investigated
materials is very similar. From the point of view of the molecular interactions between the studied

surfactants and the polar molecules of the liquid crystal, there is no significant difference between
DNA-DODA and SE-1211.
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Figure 11. The determination of anchoring energy W from the slope fitting method, according to [36]. The plots

were obtained in the homeotropically aligned cells prepared using commercial polyimide (a) SE-1211 and (b)

biopolymer DNA-DODA.

The anchoring energy is a critical factor in determining the time response of liquid crystals.
Therefore, LC switching times were measured in the next step of the study. Figure 12 shows the
electro-optical characteristics of LC cells with DNA-DODA and a commercial SE-1211 alignment
layer. These characteristics determined the turn-off times (i.e., the time during which the LC cell
transmission changes from 90% to 10% after the electric field pulse disappears). The turn-off times
were measured at the first transmission peak (i.e., 0=m), V=2.5V (1 kHz, square signal). The switching
on time is the same (ton =1 ms) for all investigated cells because the switching mechanism in the ECB
effect depends mainly on the applied electric field [27]. While the turn-off mechanism is related to
the liquid crystal medium and alignment layer properties. Based on the time’s response measure-
ments, it can be concluded that the turn-off times were toit = 10 ms for the cell with DODA-DNA layers
and torf = 13 ms for the cell with SE-1211 layers, respectively. The experiments show that the liquid
crystal cell with the DNA-DODA alignment layer possesses a comparable response time to the com-
mercially available cell. Therefore, based on the presented studies we proved that the DNA-DODA
complex can be successfully used in liquid crystal transducers.
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Figure 12. Switching off-times of liquid crystal cells with DNA-DODA and SE-1211 alignment layers.

4. Conclusions

The proposed biopolymer complex from fish waste was simply synthesized and showed avail-
ability as an alignment surface promotes for alignment of LC molecules. The DNA-DODA complex
as an alignment surface promotes a vertical alignment of LC molecules, which are perpendicular to
the surface and maintain the stable orientation of neighbouring molecules. Our research has proven
that a DNA-based complex could be a good alternative for LC materials as a non-conventional align-
ment layer for developing photonic devices. Additionally, such biopolymers show environmentally
required properties such as biodegradability and biocompatibility. The results open the way to fur-
ther research on using biological materials in liquid crystal devices that can be used in advanced
photonics.
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Abbreviations

The following abbreviations are used in this manuscript:

AFM - Atomic Force Microscopy

ATR FT-IR - Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy
CA - Contact Angle

DODA - Dimethyldioctadecylammonium Chloride

DNA - Deoxyribonucleic Acid

ECB - Electrically Controlled Birefringence
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FTIR - Fourier Transform Infrared Spectroscopy
ITO - Indium Tin Oxide

LC - Liquid Crystal

OLED - Organic Light Emitting Device

POM - Polarizing Optical Microscopy

Ra — Average Surface Roughness

SFE - Surface Free Energy

Vth — Threshold Voltage
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