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Abstract

Water-loving and often biocompatible lyotropic chromonic liquid crystals (LCLCs) attract great
attention because they may offer novel opportunities for applications such as biosensors. Besides,
LCLCs are an interesting system for studying the physics of LCs because they exhibit different elastic
properties from other thermotropic LCs. However, compared to well-known thermotropic LCs, the
fundamental science and application potentials of LCLCs are far less understood.

In this dissertation, I study LCLCs with additives, shear, and drying. Chapter 2 investigates how
chiral dopants affect the chiral symmetry breaking of LCLCs, focusing on the double-twist (DT)
director configurations of LCLCs in a cylindrical capillary. LCLCs of unusual elastic properties tend to
exhibit chiral director configurations under confinement despite the absence of intrinsic chirality. The
DT director configuration in a cylindrical cavity with a degenerate planar anchoring, resulting from the
large saddle-splay-to-twist elastic modulus ratio, is a representative example. Here, [ start by
reexamining the DT configuration of nematic disodium cromoglycate (DSCG) in a cylindrical capillary
and estimate the ratio of saddle-splay to bend modulus K»/K3; = 0.5 £ 0.1. I also study the DT
configurations of the chiral nematic LCLCs with chiral dopants. The DT configuration becomes
homochiral when the dopant concentration surpasses the critical concentration, which can be explained
successfully by a theoretical model of their energetics. Finally, I observe the enantiomeric excess of
chiral dopants determines the director configuration when dopants of two different handednesses are
mixed.

Chapter 3’s study of chiral nematic LCLCs confined in a cylinder manifest the topological properties
of the layer structure of cholesteric LCs. | investigate experimentally and theoretically how cholesteric
LCLC's DT director configuration exhibits a discontinuous layering transition upon increasing the
concentration of a chiral dopant. The discontinuous transition results from local minima in the energy
landscape and the selection of the new lowest energy configuration according to the dopant
concentration. Domains of different twist angles, corresponding to each local minimum, can coexist,
and topological defects form between them. [ discover that any traditional topological invariants do not
distinguish the metastable domains and accompanying defects; they are topologically protected chiral
configurations characterized by the topological layer number invariant, unique to cholesterics.

Chapter 4 presents the effect of purification and impurities on the self-assembly and phase behavior
of'the LCLC. LCLC molecules in water form aggregates by stacking, and the elongated nano-aggregates
align to make liquid crystalline phases. Utilizing multiple experimental techniques, I unveil impurities
in commercial Sunset Yellow FCF (SSY), the representative LCLC, and how the precipitation-based
purification promotes the formation of the aggregates and mesophase. I further explore the roles of

intrinsic impurities, i.e., byproducts of the SSY synthesis, whose molecular structures are almost



identical to the SSY's but differ only in the number and position of sulfonates groups. Combining
quantum chemical calculations of molecular structures and experimental investigation of aggregate
structures and phase behavior, [ propose that the impurities of the planar shapes behave as the planar
SSY, i.e., participating in the aggregate formation, whereas the non-planar one disrupts the nematic
phase.

Chapter 5 discusses how nematic SSY aligns under the shear; SSY exhibits shear-dependent aligning
behavior according to the concentration and the shear rate. Our optical observation reveals that nematic
SSY at a low concentration aligns perpendicular to the shear direction, whereas nematic SSY of high
concentrations shows a parallel alignment along with the shear. Additionally, by utilizing a wide-angle
X-ray diffraction (WAXD) experiment, I confirm that the alignment direction depends on the shear rates
when SSY concentrations are low. At the low shear rate, low concentration SSY has a perpendicular
direction along the shear direction, but the alignment direction follows the shear direction upon the
increase of the shear rate. To our interest, the SSY alignment direction comes back to the former
direction, i.e., perpendicular to the shear, even after the flow stops. In contrast, the alignment direction
with nematic SSY at a high concentration remains parallel along the shear direction regardless of the
shear rate. We presume that this intriguing alignment behavior results from different values of multiple
viscosities, so-called "Miezowicz coefficients." Namely, SSY with low concentration show 1. <1
while the high concentration SSY has 1. > np.

In the last chapter, I present the X-ray imaging results of how LCLCs sessile droplets on a
hydrophobic substrate evaporate and leave deposits. For hydrophobic substrates, I adopt two different
substrates: polycarbonate and aquapel-coated glass. As the solvent starts to evaporate, internal flows
such as Marangoni and capillary flow appear, and the solute/dispersion distribution becomes non-
uniform. These lead to a skin formation at the droplet surface and the caviation inside the droplet; the

cavity grows to make the dried SSY droplet dome-shaped.
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List of Figures

Figure 1.1. The molecular order with increasing temperature; Liquid crystals (LCs) phase are placed
between solid crystals and liquids.

Figure 1.2. The schematic diagram of molecular shape and phase transition corresponding to 4-cyano-
4'-pentyl-biphenyl (5CB). The colored rods represent pure SCB molecules and n manifests the average
orientational direction in local.

Figure 1.3. The schematic diagram representing various states of LCs: The nematic (N) phase only
possess the orientational order along the enlogated molecule. The smectic phases including smectic A
(SmA) and smectic C (SmC) have one-dimensional (1D) positional order exhibiting layer. The
cholesteric (chiral nematic, N*) phases where the each nematic layer piles up a preference twisting
direction [1].

Figure 1.4. The classification of LCs according to several feature.

Figure 1.5. The examples of lyotropic chromonic liquid crystal materials. At a specific concentration
and temperature, they exhibit LCLCs phases.

Figure 1.6. The schematic diagram of molecular shape corresponding to the disodium cromoglycate

(DSCG) [10] and illustration on which how they form their LCLCs phases.

Figure 2.1. Optical microscopy of 14.0% (wt/wt) nematic disodium cromoglycate (DSCG) confined
inside a cylindrical cavity of 100-um diameter and characterization of the DT configuration. The scale
bar is 100 pm. (a) Bright-field and [(b) and (c)] POM images of the confined DSCG between crossed
polarizers of which pass axes are shown as yellow double arrows. (d) A POM image of the same DSCG
between crossed polarizers with a full-wave plate of 550-nm retardance inserted before the analyzer. A
blue single arrow represents the slow axis of the wave plate. Note that all the images are taken under a
quasi-monochromatic illumination of 660 nm wavelength. The discontinuity in the brightness pattern
at the center corresponds to the domain-wall-like defect. (e) and (f) Representative experimental POM
images of the domains of different handedness (see e-1 and f-1) and corresponding POM patterns
simulated by Jones calculus (see e-2 and f-2). Note that the wave plate distinguishes the difference in
handedness as in (d). The handedness of the DT configuration in (e) and (f) are right- and left-handed,
respectively. (See Fig. 2.2 for the schematic diagram of the director configuration.) (g) The
transmittance of the 660-nm illumination through the center of the cylinder as a function of the angle
of the polarizer (see Materials and Methods); the intensities are measured from rectangles spanning the
10% of the cylinder diameter at the center of the cylinder. Filled and empty symbols are experimental
data from the right-handed domain shown in (e) and the left-handed one shown in (f), respectively. The

solid lines are the best matching numerical calculation data. (h) and (i) The twist angle £ and

v



birefringence An of the DT configuration of 14.0% (wt/wt) nematic DSCG in capillaries of different
diameters. Each data point is the average value of 10 different measurements, and the error bar
represents the standard deviation.

Figure 2.2. Homochiral DT configurations of CLCLCs with different chiral dopants and the
corresponding POM texture in cylindrical cavities. The yellow double arrows represent the pass axes
of crossed polarizers, and the blue arrow represents the slow axis of the full-wave plate. The scale bar
is 50 um. (a-1)~(d-1) The POM images under crossed polarizers with no wave plate, and the POM
images of (a-2)+(d-2) are taken with a full-wave plate inserted before the analyzer. (a) 14.0% (wt/wt)
DSCG + 2.0% (wt/wt) L-alanine, (b) 14.0% (wt/wt) DSCG + 2.0% (wt/wt) D-alanine, (¢) 14.0% Sunset
Yellow (SSY) + 0.1% (wt/wt) Brucine sulfate heptahydrate. (wt/wt) DSCG + 2.0% (wt/wt) D-glucose,
(d) 30.0% (wt/wt) (e) and (f) Schematic diagrams of the DT configurations. The yellow rods represent
the nematic directors. According to the right-hand rule, the director configuration in (e) is left-handed,
and the one in (f) is right-handed. Namely, in the right-handed one in (f), the tip of the director rotates
clockwise as the director proceeds radially.

Figure 2.3. The characterization of the critical concentration of L-alanine for the homochiral mono-
domain formation. (a)~(d) The POM images of the DT configuration with different concentrations of
L-alanine after the phase transition from the isotropic to nematic phase. The number on each capillary
specifies a different concentration of L-alanine: (1) 0, (2) 0.01, (3) 0.1, and (4) 0.3% (wt/wt). (a) 0 h,
(b) 1 h, (c) 3 h, and (d) 24 h after reaching the nematic phase at 21.5 °C. The yellow double arrows
represent the pass axes of the crossed polarizer, and the blue single arrow is the slow axis of the wave
plate. The scale bar is 200 um. (e) The length ratio of the domains of two different handednesses. The
empty and filled symbols are the length ratios of the left- and right-handed domains, respectively. Each
data point is the average of six different measurements, and the standard deviation is shown as the error
bar.

Figure 2.4. The twist angle, birefringence, POM images, and corresponding simulated optical textures
of the DT configuration of 14.0% (wt/wt) DSCG in a cylinder, according to the concentration of L-
alanine and D-alanine. (a) The dependence of the twist angle i on the (excess) dopant concentration.
(b) The dependence of the birefringence An on the (excess) dopant concentration. In (a) and (b), the
empty symbols are measured when only L-alanine is added. The filled symbols represent the excess
concentrations of L-alanine in the mixture of L- and D-alanine, according to the mixture ratio (L-
alanine:D-alanine) shown in the legend. (¢c)—<(e) The POM images (the left column) and corresponding
Jones-calculus-simulated optical textures (the right column) according to the concentration of L-alanine:
(c) 0, (d) 0.67, and (e) 1.0% (wt/wt), respectively. The yellow double arrows indicate the pass axes of
crossed polarizers. The scale bar is 50 pm.

Figure 2.5. An example of a numerically calculated twist angle profile S(r) in the cylindrical capillary.

The twist angle S is plotted as a function of the normalized radius #/R. Here, a CLCLC with a 191-pm
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helical pitch is confined in a 100 pm-diameter capillary. The profile of a linear twist is shown as the red
dashed line, and its twist angle at the capillary wall £ = f(#/R = 1) is 94.2 deg. The numerically
calculated profile of the lowest elastic free energy follows the black solid line with ; = 74.0 deg.

Figure 3.1. Observation of the layering transition in the double-twist (DT) director configuration of a
cholesteric LCLC. (a) The cutaway diagram of a DT configuration in a cylindrical cavity with the radius
R. The rods represent the nematic directors n. They twist from the center to the wall of the cavity
according to f(r), i.e., the angle between the director and the z-axis parallel to the capillary axis, and
the colors of the rods map the twist angle according to sin(f(r)%m). (b-h) Optical microscopy images
of 14.0% nematic DSCG inside capillaries of 100-pm diameter with varying concentrations of L-alanine,
from 0.0 to 6.0% . The top, middle, and bottom rows present bright field images, polarized optical
microscopy (POM) images under crossed polarizers, and corresponding POM textures simulated by
Jones calculus, respectively. The yellow double arrows in the middle row indicate the pass axes of the
crossed polarizers. Scale bar in (b) is 50 wm. The dashed line in (e) highlights the line of S(r) = /2.
Figure 3.2. Energetics of cholesterics' layering transition in a cylindrical cavity. For all calculations, we
adopt the elastic moduli ratios of K»/K3 = 1/30 and K»4/K3 = 1/2 corresponding to the approximate ratios
of 14.0% nematic DSCG [57], [102]. (a) The calculated twist angle profiles 5(s) corresponding to two
local minima in the energy landscape when §, = 6.54. The solid line indicates the linearly increasing
S(s) of cholesterics in bulk. The red dashed and blue dotted lines show S(s) of the lowest total energy
and the next lowest one, respectively. The lowest one has f; = 37/2, and the next lowest one f; = /2.
(b-c) The azimuthally integrated elastic free energy density profiles fs of two director configurations
shown in (a). The solid and dashed lines show the twist and bend deformation energy, respectively. (d)
Numerically calculated dimensionless energies /~F/K3L of two local minima in the energy landscape
depending on §,. The dashed and solid lines represent the f of the director configurations having f; =
7/2 and f1 = 3w/2, respectively; Mind the two breaks on the y-axis. At a given gy, the lines with colored
bands indicate f5 of the lowest total energy, and the band-less ones correspond to f5 of the next lowest
total energy. The red, blue, magenta, and green lines present fiwist, foend, fsaddle-splay, and fiotal, respectively.
Figure 3.3. Discontinuous transition depending on the elastic moduli ratios. (a) Comparison of
numerically found 1= f(#/R = 1) of the ground state with the experimental observations according to
0, and ratios of elastic moduli. The star symbols are the experimentally observed approximate fs, and
the red solid line presents the corresponding S of the numerically found ground state when K3/K> = 30
and K>4/K> = 15. Multiple star symbols at the same §, mean the coexisting domains of different 1, and
the smaller filled symbols indicate the almost annihilated domain at a given . The other dotted lines
predict how S of a ground state changes according to given elastic moduli. (b) A state diagram showing
the existence of the discontinuous transition in the regime where f; < 37/2. We conduct the calculations

at the elastic moduli designated by the symbols, and the colored area approximately sketches the regime
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where no discontinuous transition occurs. The inset is the expanded diagram in the linear scale around
Ki/K> =3.0.

Figure 3.4. Coexisting domains of the DT configuration with different fis and accompanying
topological defects. The scale bar is 100 um. (a and b) Bright field images of multiple domains with the
defects on which the bright n/2-line converge. The specimen is 14.0% nematic DSCG with 2.0% L-
alanine in a capillary of 200-um diameter. The metastable domains with no n/2-line in (a) shrink after
relaxation, to make two defects approach each other as shown in (b). (¢) The schematic of the director
field model near the defect. The rods represent nematic directors, and their colors map the sine value of
the remainder after the division of f(r) by w. The red rotating arrow about the (-axis means the azimuthal
symmetry; { = z(K»/K;)"2. The directors are shown on the cylindric section containing the diameter in a
cutaway view. (d) and (e) Various defects observed in the same 200-um capillary with 3.0% and 4.0%
L-alanine, respectively.

Figure 3.5. Forced annihilation of the defects via local melting using infrared laser (IR) illumination.
The cholesteric LCLC is confined in a capillary of 200-um diameter. (a-d) The bright field image
sequence of the local melting of the region near the defect. The white text specifies the elapsed time
after turning on the IR illumination. The IR is focused to the center of the defect and immediately
generates an isotropic droplet in (b). The droplet grows, and we turn off the IR when the droplet covers
the most of the defect region at 38 sec shown in (d). (e-h) The image sequence of the spontaneous
cooling after turning off the IR with the elapsed time in yellow. The isotropic droplet shrinks, and the
specimen recovers its fully nematic phase and the DT configuration, but with no defect.

Figure 3.6. A failed attempt of the forced annihilation of the defect via local melting using infrared
laser (IR) illumination. The cholesteric LCLC is confined in a capillary of 200-um diameter. (a-d) The
bright field image sequence of the local melting of the region near the defect. The time in white text
specifies the elapsed time after turning on the IR illumination. The IR is focused to the center of the
defect and immediately generates an isotropic droplet, as shown in (b). The droplet gets larger, and we
turn off the IR at 95 sec shown in (d) before the droplet covers the most of the defect region. (e-h) The
image sequence of the spontaneous cooling after turning off the IR illumination with the elapsed time
in yellow text. After the isotropic droplet shrinks completely, the specimen recovers its fully nematic
phase, the DT configuration, and the defect, showing the topological robustness of the defect.

Figure 3.7. Computing the layer number invariant. (a) The cross-sectional disk D? for the fi = 3n/2

configuration. The rods and their colors represent the nematic director and the twist angle, respectively,
as in Fig 3.4(c). (b) A valid path y (red), Q — P — Q’, along with its pushoff y’ (blue). (c) The same

configuration as in (b), viewed from above. (d) Taking two copies of D? glued along the boundary makes
a sphere, both y and y’ become closed curves. Their linking number is twice the chiral layer-number

invariant th(y).
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Figure 4.1. Comparison of the phase transition temperatures and aggregate structures of nematic SSY
before and after purification. The open and filled symbols represent nonpurified and purified SSY,
respectively. (a) and (b) Phase transition temperatures according to the concentration of SSY. Each data
point is an average of six different measurements, and the error bar is the standard deviation. Tx_n:1 is
the temperature at which the isotropic phase starts to appear from the fully nematic phase as the
temperature increases. At Ti — N, the nematic phase emerges in the fully isotropic phase as the
temperature decreases. (¢) Schematic diagram representing SSY aggregates in the nematic phase. D and
d are interaggregate and intermolecular distances, respectively, and n indicates the average direction
of the stacked aggregates in the nematic phase. (d)—(f) Structural properties of SSY aggregates
according to the concentration. The Lorentzian fitting of the X-ray scattering data gives (d)
interaggregate distance D, (e) interaggregate correlation length &p, and (f) intra-aggregate correlation
length & along the stacking direction of SSY molecules. Each data point is an average of two different
measurements, and the error bar is the standard deviation. All X-ray data are taken at 26.0 °C.

Figure 4.2. X-ray photoelectron spectroscopy (XPS) analysis of the dried supernatants generated in the
process of purification of SSY according to the degree of purification. (a) and (b) XPS spectra of the
first and fourth dried supernatants, respectively. See the Methods section for details. The peaks of major
elements are indicated by labels. The disappearance of the Cl peak at around 200 eV after the repeated
purification is notable.

Figure 4.3. Liquid chromatography—mass spectroscopy (LC-MS) analysis of SSY before and after
purification. (a) and (b) Chromatograms of the SSY solutions before and after purification, respectively.
The absorbance in a milliabsorbance unit (mAU) is measured according to the retention time. The peaks
are numbered in order of appearance, and the identified molecules in each peak are specified with the
mass-to-charge ratio (m/z) and abbreviated names. See the Table 1 for the area fractions of the
chromatogram peaks and the data of electrospray mass spectrometry.

Figure 4.4. Mass spectra of SSY before the purification. (a-e) represent respectively the mass spectrum
of each peak from #1 to #5 in Figure 4.4(a). The identified mass-to-charge ratios m/z are indicated with
their multiples.

Figure 4.5. Mass spectra of SSY after the purification. (a-e) represent respectively the mass spectrum
of each peak from #1 to #3 in Figure 4.4(b) of the main text. The identified mass-to-charge ratios m/z
are indicated with their multiples.

Figure 4.6. Molecular structures of SSY and byproduct impurities detected in commercial SSY. (a) NH
hydrazone form of SSY. (b) Hydroxy azo form of SSY. It is known that SSY in water exists mostly in
the NH hydrazone form. (c) Sodium salt of 4-(2-hydroxy-1-naphthylazo) benzenesulphonic acid (2N-
SA), (d) sodium salt of 6-hydroxy-5-phenylazo-2-naphthalenesulphonic acid (SS-AN), (e) sodium salt
of 3-hydroxy-4-(4-sulphophenylazo)-2,7-naphthalenedisulphonic acid (RS-SA), and (f) trisodium salt
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of 7-hydroxy-8-(4-sulphophenylazo)-1,3-naphthalenedisulphonic acid (GS-SA). The four impurities
are shown in the NH hydrazone form.

Figure 4.7. Comparison of the phase transition temperatures and aggregate structures of 30.0% (wt/wt)
nematic Sunset Yellow FCF according to the type and concentration of impurities. (a) and (b) Changes
in the phase transition temperatures because of the impurities: neat SSY (filled stars), 2N-SA (open
squares), SS-AN (open circles), RS-SA (open diamonds), and GS-SA (filled triangles). For neat SSY,
each symbol represents nematic SSY with 30.0, 33.0, and 35.0% (wt/wt). The other symbols correspond
to different concentrations of the impurities: 0.0, 0.5, 1.0, 3.0, and 5.0% (wt/wt). See the Methods
section for the clarification of the concentration. Each data point is an average of two different
measurements, and the error bar is the standard deviation. (c—e) Aggregate structures of SSY upon
increasing the concentration of impurities. The error bars are from the standard errors of the fittings to
X-ray scattering data. (c) Interaggregate distance D. (d) Interaggregate correlation length &p. (e) Intra-
aggregate correlation length & along the stacking direction. All X-ray data are taken at 26.0 °C.
Figure 4.8. Optimized molecular structures of SSY and GS-SA in NH hydrazone forms surrounded in
the implicit water solvent. Colors and atomic symbols on the balls specify the elements, and the sticks
are the chemical bonds. (a) and (b) Top and side views of the calculated three-dimensional (3D)
structure of SSY. Note that the molecule is almost flat [13]. (¢) and (d) Top and side views of the
calculated 3D structure of GS-SA. The phenyl and naphthyl rings no longer remain in the same plane.

See the Appendix for the representative dihedral angles of the optimized structures.

Figure 5.1. The orientation behavior of nematic 30, 35% (wt/wt) Sunset Yellow FCF (SSY) in the linear
microchannel. The scale bar is 50 um. (a-f) Polarized optical microscope (POM) textures of the 30, 35%
(wt/wt), respectively. (a) POM images of 30% (wt/wt) SSY under crossed two polarizes. (b) and (c)
Transmission images of 30% (wt/wt) SSY obtained by linear polarized light with parallel or
perpendicular to the SSY injecting direction, respectively. (d) POM texture of the 35% (wt/wt) SSY
between two crossed polarizers. (e) and (f) Transmission images of 35% (wt/wt) SSY obtained by linear
polarized light with parallel or perpendicular to the SSY injecting direction, respectively. Blue arrows
show the SSY injecting direction, and yellow double arrows represent the pass axes of the linear
polarizers.

Figure 5.2. The orientation behavior of nematic 30, 35% (wt/wt) Sunset Yellow FCF (SSY) in the semi-
radial microchannel. The scale bar is 1000 pm. (a-f) Polarized optical microscope (POM) textures of
the 30, 35% (wt/wt) after reaching equilibrium state. (a) Polarized optical microscope (POM) images
of the 30% (wt/wt) SSY under crossed polarizers. (b) and (c) Transmission optical microscopy images
corresponding to the (e) when linearly polarized light passes through the sample horizontally and
vertically to the flow direction, respectively. The yellow double arrows represent the pass axes of the

linear polarizers. (d) The schematic diagram shows how 30% (wt/wt) SSY directors align in the semi-
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radial channel. The black arrow indicates SSY passing direction, and orange ellipses exhibit SSY
directors. () POM texture of the 35% (wt/wt) SSY between crossed polarizes. (f) and (g) Transmission
optical microscopy images corresponding to the (e) when linearly polarized light passes through the
sample horizontally and vertically to the flow direction, respectively. (h) The schematic diagram
manifests how 35% (wt/wt) SSY directors align in the semi-radial channel. (i) and (j) Intensity profile
of nematic 30, 35% (wt/wt) SSY corresponding to the semi-radial channel as a function of the polarizer
angle. The error bar means the standard deviation which is taken by each images.

Figure 5.3. Microscope image of accompanying point defect (boojom defect) in open-channel. PMMA
solid particles with 20 um diameter capped in 100 pm open-channel of different SSY solutions. (a-f)
Optical mocrographs of PMMA dispersed in open-channel with different region, as taken in polarized
mode. The blue and yellow arrows represent direction correspondgin to SSY director (n) and polarizer,
respectively. The scale bar is 20 pm.

Figure 5.4. The averaged shear rate- and concentration-dependent alignment in SSY. (a) Peak angle
representing inter-aggregate interaction of SSY 30% (wt/wt), on which they are taken by azimuthally
integrated profile corresponding to the two-dimensional (2D) Wide-angle X-ray diffraction (WAXD)
images. (b)-(d) Typical 2D WAXD patterns of SSY 30% (wt/wt) according to averaged shear rates: (b)
0, (c) 0.009, and (d) 2.25 s, respectively. In Fig. (c) and (d), top and bottom panels represent nematic
30% (wt/wt) SSY structural behavior under the flow and after equilibrium state, respectively. (e) Peak
angle representing inter-aggregate interaction of SSY 35% (wt/wt). (f)-(h) Typical 2D WAXD patterns
of SSY 35% (wt/wt) according to shear rates.

Figure 5.5. SSY's director alignment direction according to shear rate. (a) and (b) The radially
integrated WAXD intensity as a function of the azimuthal angle ¢ according to channel height and
concentration of SSY, especially (a) low (0.1 s™) and (b) high (1 s). The top, middle, bottom rows
present alignment of SSY director depending on channel height: (top) near the channel wall, (middle)

between wall and center of channel, (bottom) center of the channel, respectively.

Figure 6.1. The schematic diagram of X-ray imaging

Figure 6.2. The deposition of dried DSCG sessile droplet. (a-c) Final shape of DSCG droplets according
to concentration; (a) 5.0% (, (b) 14.0% (wt/wt), and (c) 18.0% (wt/wt) DSCG solution, respectively.
They are placed on a polycarbonate (PC) substrate and the volcano shape starts to appear when the
DSCG solution has nematic phases. The initial volume of droplet is approximately 1 pL.

Figure 6.3. The deposition of dried SSY sessile droplet. (a-c) Final shape of SSY droplets according to
concentration; (a) 5.0% (wt/wt), (b) 10.0% (wt/wt), (¢) 15.0% (wt/wt), (d) 30.0% (wt/wt), and (e) 35.0%
(wt/wt), respectively. They are laied on a aquapel-coated (AP) substrate and air cavity is form inside
the droplet in all SSY solutions. The initial volume of droplet is approximately 1puL. The scale bar is
500 pm.



Figure 6.4. The final shape of dried SSY 35.0% (wt/wt) droplet on polycarbonate substrate. (a)
Deposition of SSY 35.0% (wt/wt) exhibits many cavities on polycarbonate (PC) substrate. (b) and (c)
A scanning electron microscope (SEM) textures corresponding to SSY 35.0% (wt/wt) droplets after
dried in room condition. (b) The dried droplet's top view refers to X50 (left) and X400 (right)
magnification. (c) The bottom view with the same droplets represents X50 (left) and X400 (right)
magnification. We cleary confirm the final shape, i.e., formation of dome, from bottom view.

Figure 6.5. The drying process of nematic DSCG 14.0% (wt/wt) droplets on polycarbonate (PC)
substrate. (a-e) The X-ray image sequence of DSCG dropet’s evaporating process. The black text
indicates the elapsed time since the droplet is exporsed to the X-ray. The initial volume of driplet is
about 1 plL.

Figure 6.6. The drying process of nematic SSY 30.0% (wt/wt) droplets on polycarbonate (PC) substrate.
(a-j) The X-ray image sequence of SSY dropet’s evaporating process. The black text indicates the
elapsed time since the droplet is exporsed to the X-ray. The initial volume of driplet is about 1 pL.
Figure 6.7. The experimental three-dimensional (3D) image corresponding to the SSY 30% (wt/wt)
droplet on aquape-coated substrates. (a) The schematic diagram of the experimental setup. The initial
volume and concentration represent 1.5 ulL, 30% (wt/wt), respectively. (b) The 3D reconstruction
example of 30% (wt/wt) SSY droplets after 13 min has passed later. (¢) The slice of the reconstructed

images according to a different plane
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