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Disclination and molecular director studies on bowlic 
columnar nematic phase using mosaic-like morphology 
decoration method 
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Two bowlic cyclotriveratrylene CTV-1 and CTV-2, with different peripheral groups of —OCH3 and 
—OCH2CH3 for CTV-1 and —OCH3 and —OCH2COOCH3 for CTV-2, respectively, were synthesized by 
typical trimerization via a multistep sequence from vanillin. Both bowlic CTV molecules were thermo-
tropic liquid crystals, and presented typical grainy textures of the nematic phase and homogeneous 
texture of the single domain nematic phase. It is of interest to observe the regular and beautiful mo-
saic-like morphologies after cooling from liquid crystalline phases, which appeared and vanished re-
peatedly in several circles of cooling and heating. The size of each mosaic was several dozens of mi-
cron. In nature, the mosaic-like morphologies are the optical pattern of cracks formed by the shrinking, 
due to the crystallization of frozen texture of nematic phases. By means of scanning electron micros-
copy, the mosaic-like morphologies were observed to consist of lamellae, and each mosaic is a rec-
tangular multi-layer lamella, which is composed of packed single-layered lamellae. The fibrils in the 
diameter of about 1 μm were observed, which are the structural units of lamellae and would be the 
bundles of the bowlic molecular columns. The mosaic-like morphologies decorate the bowlic molecular 
columnar nematic phase, therefore, a novel mosaic-like morphologies decoration method was applied 
to reveal the director distribution of several kinds of point disclinations, such as s = +1(δ =0°and δ =90
°) and s = ±1/2, and Nèel domain walls. It was shown that the bowlic molecular columnar nematic 
phase behaved as normal nematic phases; however, the basic structural units ordered were the bowlic 
molecular column or the bundles of bowlic molecular column (i.e. fibrils), but not the bowlic molecules 
themselves. The bowlic molecular columns acted as the rod-like molecules in a normal nematic phase. 
Therefore, a new term BCN (bowlic columnar nematic phase) is used to describe the anomalous nematic 
phase in this paper. 

CTV bowlic molecules, thermotropic liquid crystals, bowlic columnar nematic phase BCN, mosaic-like morphologies, disclination 

1  Introduction 

As early as in 1980 s, Lin proposed the concept of bowlic 
liquid crystals[1, 2]. In 1985, Zimmermann et al.[3] and 
Malthête et al.[4] synthesized the rigid liquid crystalline 
molecules based on cyclotriveratrylene (CTV) with 
pyramide-shape or cone-shape successfully. The liquid 
crystalline molecules with these shapes are called bowlic 
(bowl-like) liquid crystalline molecules in this paper.  

According to molecular shape, liquid crystal can be 

classified into rod-like, disk-like and bowlic patterns. 
The bowlic molecules including CTV (or TBCN, 
tribenzocyclononenen), CTTV (cyclotetraveratrylene), 
calix[n]arene, etc. have been well reviewed [5]. Although  
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all these three dimensional molecules are able to form 
columnar liquid crystalline phases (Figure 1), only CTV 
can keep bowlic structure in columnar liquid crystalline 
phases [6]. 
 

 
 
Figure 1  Three kinds of bowlic molecules to be able to form columnar 
liquid crystalline phases. 

 
Lindsey et al.[7] and Hyatt et al. [8] have reported the 

synthesis methods of this kind of molecule in the 1960’s 
and 1970’s of the 20th century respectively. However, 
Zimmermann et al.[3] and Malthête et al.[4]  reported the 
liquid crystalline behavior of bowlic molecules CTV 
until 1985.  

In addition to liquid crystalline behavior, CTV and its 
derivatives also have some important properties, such as 
optical activity and chirality[9−12]. In supramolecular 
chemistry, CTVs are macrocyclic host molecules which 
can form cavity host-guest complex macromolecule with 
metal ions and organometallic complex, etc. [13−20]. This 
kind of molecule with special shape has some special 
applications. 

CTV is a kind of circle trimer, with bowlic structure 
and high rigidity[21]. This topological structure is very 
easy to self-assemble into stable columnar structure. 
Although some researches of liquid crystalline behavior 
of bowlic molecules have been reported, but there have 
been no studies about their texture, disclination and di-
rector distribution.  

Normally, the nematic texture observed under polar-
ized optical microscopy (POM) is an optical effect of 
disclination, which is not the real morphology of discli-
nation. So far, it is impossible to observe the morphol-

ogy of disclination and the director distribution nearby 
directly by experiments. The only way people can adopt 
is indirect, that is, using all kinds of decoration tech-
niques. Chen et al.[22] reviewed three determination 
techniques, including lamellar decoration, banded tex-
ture decoration and surface crack decoration. For exam-
ple, Windle et al.[23] observed the lamellae in the 
nematic texture of aromatic copolyester B-N (i.e. Vec-
tra) after slow cooling, and the lamellae were studied by 
means of scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM). Still further, 
Dong et al.[24] detected the disclinations with s = −1/2 
and s = +1 and their director distribution under SEM by 
using the decoration technique of these lamellae and 
etching technique. Chen et al. [22, 25] reported firstly the 
banded texture decoration technique, and the nematic 
Schlieren texture of aromatic copolyester was decorated 
by banded texture, which was induced during cure. The 
disclinations with s = ±1/2, s = ±1 and s = −3/2, and in-
verse wall were studied using POM. Wang et al.[26]  
determined the disclinations with s = ±1/2 and s = +1 in 
the lyotropic mesophase of polydiacetylene/chloroform 
solution using surface crack decoration technique. A 
stripe texture observed over large regions of the solid 
film is suggested to be a decoration effect due to internal 
stress as a result of solvent evaporation when the films 
are prepared by solution casting. 

Two bowlic molecules, i.e. CTV-1 and CTV-2, with 
peripheral alkoxyl groups are synthesized in this paper. 
The interesting mosaic-like morphologies were firstly 
observed in the liquid crystalline textures. A novel mo-
saic-like morphologies decoration technique was devel-
oped to observe the disclinations and director distribution. 
This technique is different from both lamella decoration 
technique and surface crack decoration technique men-
tioned previously. It is an organic combination of these 
two techniques. Using this new technique, the disclina-
tions and the director distribution nearby in a new nematic 
phase, i.e., the columnar nematic phase of bowlic mole-
cules, were revealed. 

2  Experimental 

2.1  Materials and instrument 

All reagents and solvents were of analysis reagent (AR) 
or chemical purity (CP). The solvents were purified by 
distilling before use. The thin layer chromatography 
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(TLC) silica gel H (type 60, CP, made in YanTai ZiBu 
Huangwu Silica Gel Factory) was used for the separa-
tion and purification of products. Nuclear magnetic 
resonance spectrometer (Bruker AV400 NMR), mass 
spectrometer (Bruker Dalton Esquire 3000 plus), ele-
ment analyzer (Carlo Erba 1110 CHNS-O), differential 
scanning calorimetry (DSC, Netzsch DSC204), with 
both heating rate and cooling rate being 10℃/min, Met-
tler FP90 hot stage coupled polarized optical microscope 
(Nikon Eclipse ME600), and scanning electron micro-
scope (XL30 ESEM) were employed. The silica gel plate 
HS2GF25 (thickness: 0.20－0.30 mm, made in YanTai 
ZiBu Huangwu Silica Gel Factory) was used in TLC, and 
iodine gas was used to dye after the separation was over. 

2.2  Synthesis and structure characterization 

We prepared two CTV derivatives from vanillin by re-
ferring to refs. [27, 28]. The synthesis route designed 
and structure characterization of products are as follows. 

The formulas and synthesis routes of intermediate 1, 
intermediate 2 and product CTV-1 are shown in Figure 2. 

For 3, 4, and CTV-2 are shown in Figure 3. 
2.2.1  4-ethoxy-3-methoxybenzaldehyde 1.  A mixture 
of acetone (250 mL), vanillin (15.2 g, 100 mmol), K2CO3 

(14.5 g, 105 mmol) and bromoethane (7 mL, 95 mmol) 
was refluxed in a 500 mL round bottom flask for 24 h 
followed by removing acetone by rotary evaporation. The 
residue was redissolved in CHCl3 (100 mL), filtered, 
dried over by anhydrous MgSO4 and after collection by 
rotary evaporation, recrystallized from hexane to give 1 as 
a light yellow solid (13.4 g, yield: 78%). 

1H NMR (CDCl3, 400 MHz): 1.54 (t, 3H, J=7.2 Hz, 
CH3), 3.96 (s, 3H, CH3OAr), 4.21－4.23 (m, 2H,  
CH2OAr), 6.98 (d, J=8.4 Hz, 1H, ArCH), 7.44 (d, J=8.4 
Hz, 1H, ArCH), 7.48 (s, 1H, ArCH), 9.87 (s, 1H, CHO); 
13C NMR (CDCl3, 100 MHz): 14.7 (CH3), 55.9 
(CH3OAr), 64.7 (CH2OAr), 109.7, 111.8, 126.6 (ArCH), 
130.3 (ArCCHO), 150.1 (ArCOCH3), 154.3 (Ar-
COCH2), 190.8 (CHO); Anal. Calc. for C10H12O3: C, 
66.65; H, 6.71, Found: C, 66.53; H, 6.95; MS (ESI+, 
m/z) 180.2(M+Na+, calc. 203.2). 

 

 
 

Figure 2  The formulas and synthesis routes of intermediate 1, intermediate 2 and product CTV-1.  
 

 
 
Figure 3  The formulas and synthesis routes of intermediate 3, intermediate 4 and CTV-2.
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2.2.2  4-ethoxy-3-methoxybenzylalcohol 2.  An aque-
ous NaOH solution containing H2O (60 mL), NaOH 
(0.75 g, 18.8 mmol), and NaBH4 (3.32 g, 79.3 mmol) 
was added into a 250mL methanol solution of 1 (13.5 g, 
75 mmol) containing H2O (60 mL), NaOH (0.75 g, 18.8 
mmol), and NaBH4 (3.32 g, 79.3 mmol) dropwise 
through an additional funnel. The mixture was stirred 
with a Teflon-coated magnetic stirrer for 4 h at room 
temperature, followed by removing methanol by rotary 
evaporation, and then diluted with water (200 mL), and 
acidified with 5% HCl. The organic material was ex-
tracted with dichloromethane. The organic layer was 
thoroughly washed with water to neutral and dried over 
anhydrous MgSO4 resulting in 2 after rotary evaporation 
as a white solid (12.6 g, yield: 92%). 

1H NMR (CDCl3, 400 MHz): 1.45 (t, J=7.2 Hz，3H, 
CH3), 3.87 (s, 3H, CH3OAr),  4.10 (t, J=6.8 Hz, 2H, 
CH2OAr), 4.61 (s, 2H, CH2OH), 6.85 (d, J=8.0 Hz, 1H, 
Ar CH), 6.92 (d, J=8.0 Hz, 1H, ArCH), 6.98 (s, 1H, 
ArCH); 13C NMR (CDCl3, 100 MHz): 14.5 (CH3), 55.5 
(CH3OAr), 64.1 (CH2OH), 64.5(CH2OAr), 110.3, 112.2, 
119.1 (ArCH), 137.9 (ArCCH2OH), 149.0 (ArCOCH3), 
149.8 (ArCOCH2); Anal. Calc. for C10H14O3: C, 65.91; 
H, 7.74, Found: C, 65.82; H, 7.90; MS (ESI+, m/z) 182.2 
(M+Na+, calc. 205.3). 
2.2.3  (±) 2,7,12-tris-methoxy-3,8,13-tris-ethoxy-10, 15- 
dihydro-5H-tribenzo-[a, d, g]cyclononene (CTV-1). To a 
solution of 100 mL methanol and 2 (5.46 g, 30 mmol) in a 
500 mL round bottom flask containing a Teflon-coated 
magnetic stirrer, was added 50 mL 65% HClO4 through 
an addition funnel at ice-water bath temperature. The 
resulting pink or purple solution was stirred for 24 h at 
room temperature, affording a whitish crystalline pre-
cipitate. 100 mL water was added dropwise with shak-
ing, and the solution turned light yellow by being alka-
lized with 10% NaOH (Caution: all the perchloric acid 
must be removed at this step). The resulting precipitate 
was collected by suction filtration and washed with H2O 
to be neutral, then purified by Soxhlet immersion and 
extracted in diethyl ether. Finally, CTV-1 was obtained 
as a white solid (2.12 g, yield: 43%). 

1H NMR (CDCl3, 400 MHz): 1.41 (t, 9H, J=9.2 Hz, 
CH3), 3.56 (d, 3H, J=13.6 Hz, ArHaCHeAr), 3.54 (s, 
9H, CH3OAr), 4.06－4.10 (m, 6H, J=7.2 Hz, CH2OAr), 
4.75 (d, 3H, J=13.6 Hz, ArHaCHeAr), 6.84 (s, 3H, 
ArCH), 6.86 (s, 3H, ArCH); 13C NMR (CDCl3, 
100MHz): 14.9 (CH3), 36.5 (ArCH2Ar), 56.1 (CH3OAr), 
64.5 (CH2OAr), 113.5, 114.9 (ArCH), 131.9 (ArCCH2), 

146.9, 148.1 (ArCO); Anal. Calc. for C27H12O3: C, 
64.27; H, 7.19, Found: C, 64.22; H, 7.30; MS (ESI+, 
m/z) 492.3 (M+Na+, calc. 510.2). 
2.2.4  4-formacyl-2-methoxyphenoxy acetic acid, and 
sodium salt 3.  A stirred solution of chloroacetic acid 
(18.9 g, 0.20 mol) in ethanol (300 mL) was neutralized 
with 20 mL 35% aqueous NaOH, to which were succes-
sively added 27.4 g vanillin (0.18 mol), 20 mL 35% 
aqueous NaOH and sodium iodide (0.28g). The mixture 
was refluxed for 5 h under nitrogen. After cooling to 
room temperature, they were kept at 4°C for 15 h. The 
resulting precipitate was filtered off, washed with little 
ethanol, recrystallized from 80 mL of hot water and 
dried under vacuum to afford a light yellow solid 3 (29.3 
g, yield: 70%). 

1H NMR (D2O, 400 MHz): 3.62 (s, 3H, OCH3), 4.41 
(s, 2H, OCH2), 6.73 (d, 1H, J = 8.4 Hz, ArCH), 7.16 (s, 
1H, ArCH), 7.31 (d, 1H, J = 9.6 Hz, ArCH), 9.49 (s, 1H, 
CHO); 13C NMR (D2O, 100 MHz): 55.5 (OCH3), 66.9 
(OCH2), 109.8, 111.6, 127.5, 129.2, 148.3, 152.9 
(ArCH), 175.6 (CO2), 194.5 (CHO). Anal. Calcd. for 
C10H9O5Na.: C, 51.73; H, 3.91. Found: C, 51.87; H, 
4.02. MS (ESI+, m/z) 232.2 (M+Na+, calc. 255.2). 
2.2.5  4-hydroxymethyl-2-methoxyphenoxy acetic acid, 
and sodium salt 4.  An aqueous NaOH solution 
containing H2O (60 mL), NaOH (0.75 g, 18.8 mmol), 
and NaBH4 (3.00 g, 79.3 mmol) was added into a 250 
mL CH3OH solution of 3 (17.4 g, 75 mmol) dropwise 
through an additional funnel. The mixture was stirred 
with a Teflon-coated magnetic stirrer for 4 h at room 
temperature, then collected by rotary evaporation, and 
recrystallized three times from hot water and dried under 
vacuum to afford a white solid 4 (16.8 g, yield: 96%). 

1H NMR (D2O, 400 MHz): 3.78 (s, 3H, OCH3), 4.36 
(s, 2H, CH2OH), 4.45 (s, 2H, OCH2CO2), 6.70 (d, 1H, J 
= 8.0 Hz, ArCH), 6.82 (dd, 1H, J = 8.0 and 1.6 Hz, 
ArCH), 6.94 (d, 1H, J = 1.6 Hz, ArCH); 13C NMR (D2O, 
100 MHz): 56.2 (OCH3), 64.9 (CH2OH), 68.8 
(CH2CO2), 111.5, 113.5, 120.7, 136.3, 147.4, 149.7 
(ArCH), 175.6 (CO2). Anal. Calcd. for C10H11O5Na: C, 
51.29; H, 4.73. Found: C, 51.38; H, 4.95. MS (ESI+, 
m/z) 234.2 (M+Na+, calc. 257.3). 
2.2.6  (±)2,7,12-tris(methoxycarbonylmethoxy)-3,8,13- 
trimethoxy-10,15-dihydro-5H-tribenzo-[a,d,g]cyclononene 
(CTV-2).  Alcohol 4 (10 g, 42.7 mmol) was added por-
tionwise to 150 mL 65% aqueous perchloric acid and the 
resulting solution was stirred at room temperature for 18 
h. Then, 1 L of a chilled 1:9 acetic acid-water mixture 
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was added dropwise. The resulting precipitate was col-
lected by slow suction filtration and washed with acetic 
acid (200 mL) and water (200 mL). The still wet and 
acidic cake was added to a mixture of methanol (240 
mL) and methyl orthoformate (120 mL), and the result-
ing suspension was refluxed for 5 h, and the acid slowly 
dissolved while a precipitate began to form. The reaction 
mixture was kept for 2 days at −20℃ and the solid was 
collected by suction filtration. This crude product was 
purified by chromatographed silica gel by using di-
chloromethane-diethyl ether 9︰1 (v/v) as the eluant, 
and dried under vacuum for 5 h to give 3.5 g CTV-2 as a 
white crystalline powder (yield: 37%). 

1H NMR (CDC13, 400 MHz): 3.42 (d, 3H, J = 13.6 
Hz，ArHaCHeAr),), 3.80 (s, 9H, CO2CH3), 3.88 (s, 9H, 
OCH3), 4.03－4.09 ( m, 6H, OCH2), 4.58 (d, 3H, J = 13.6 
Hz, ArHaCHeAr), 6.78 (s, 3H, ArCH), 6.87 (s, 3H, 
ArCH) ; 13C NMR (CDCl3, 100MHz): 36.4 (ArCH2Ar), 
52.1 (OCH3), 56.0 (CO2CH3), 67.3 (OCH2), 113.7, 117.6, 
131.5, 134.1, 145.9, 148.6 (ArCH), 169.9 (CO2). Anal. 
Calcd. for C33H36O12 : C, 63.45; H, 5.81. Found: C, 63.32; 
H, 5.90. MS (ESI+, m/z) 624.63 (M+Na+, calc. 647.8). 

3  Results and discussion 

3.1  Appearance of mosaic-like morphologies 

Both CTV-1 and CTV-2 were thermotropic liquid crystals. 
Their structure difference is that the peripheral groups of 
the former are larger than the latter, therefore, the latter has 
poorer structure symmetry (i.e. larger difference between R 
and R′ in CTV structure in Figure 1) and poorer molecular 
rigidity, which causes the poorer liquid crystallinity and 
demonstrates a more narrow liquid crystal temperature 
region. The DSC traces and the data of melting point Tm, 
clearing temperature Tc, and liquid crystal temperature 
regionΔT are shown in Figure 4 and Table 1. 

The joint point of these two CTV derivatives is that no 
intermolecular hydrogen bonds could be formed, so the 
interactions between molecules are weak. Therefore,  
their liquid crystalline textures were very similar. A typi-
cal nematic texture, the grainy texture, was found when 
heating or cooling to the liquid crystalline state (Figure 
5(a) and (c)). At some sites, single domains with round or 
oval shape and homogeneous birefringence can be found 
(Figure 5(b) and (d)). The single domains and the grainy 
textures occurred simultaneously, because both of them 
are of nematic texture. The single domain is also named 

homogeneous texture, which is the result of homogeneous 
alignment of director.  

 

 
 
Figure 4  The DSC traces of CTV-1 (a) and CTV-2 (b) 

 
Table 1  The peripheral group and liquid crystalline transition 
temperature of CTV derivatives 

 CTV-1 CTV-2 
R OCH3 OCH3 
R′ OCH2CH3 OCH2COOCH3 

Tm (℃) 169 187 
Tc (℃) 207 192 
ΔT (℃) 38 5 

 
It is of interest to find very beautiful mosaic-like 

morphologies in domains with larger size while cooling 
from mesophase. The Mosaics were quite regular, the 
length and width were about several dozens of µm (Fig-
ure 6). After several circles of heating and cooling from 
mesophase to room temperature, Mosaic-like morpholo-
gies can reappear, but the size became smaller, and the 
arrangement became more and more irregular (Figure 7). 
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Figure 5  Two kinds of nematic textures under hot-stage coupled POM. 
(a) The grainy texture of CTV-1, at 170℃; (b) the homogeneous texture of 
CTV-1, at 120℃; (c) the grainy texture of CTV-2, at 189.6℃; (d) the 
homogeneous texture of CTV-2, at 191.2℃. The scales in (a), (b) and (c) 
all are 200 μm, but the scale in (d) is 150 μm . 

 

 
 

Figure 6  The POM photograph of mosaic-like morphologies of CTV-1 
after a circle of heating and cooling. The scale is 100 μm. 
 

 
 
Figure 7  The POM photograph of mosaic-like morphologies of CTV-1 
after three circles of heating and cooling. The scale is 100 μm. 

The generation process of the mosaic-like morpholo-
gies in a piece of single domain of CTV-1 was firstly 
studied upon a hot stage-coupled POM (Figure 8). It is 
found that the single domain cracked along two 
mutually perpendicular directions from the edge toward 
the inside. One direction was the preferred direction of 
the cracks, which penetrated from one end to the other 
end and was called “main cracks”. The cracks on 
another direction were shorter, called “vertical cracks”. 
After cooling further, the cracks formed completely, the  

final mosaic-like morphologies appeared. Because the 
boundary of the lamellae was the mechanical weak 
point, the cracks almost occurred on every boundary. 
Therefore, the cracks delineated the morphologies of the 
lamellae, each piece of mosaic was a piece of lamella. 
The appearance of mosaic-like morphologies was later 
than that of nematic textures at the cooling run from clear 
temperature. However, the vanish of mosaic-like 
morphologies was earlier than that of nematic textures at 
the second heating run from room temperature to melting 
points. It can be concluded that the appearance of 
mosaic-like morphologies is the result of crystallization. 
The crystallization is a process with density increasing, 
and the volume shrinks, that causes the fractures. It is 
unusual to find obvious cracks for normal liquid 
crystalline molecules during cooling and crystallization. It 
implies that there was larger volume shrinking during 
crystallization for bowlic liquid crystals. This behavior of 
bowlic liquid crystals can be explained by much tighter 
packing during self-assembling into columns.  
 

 
 
Figure 8  POM photographs of the dynamic process forming mosaic-like 
morphologies of CTV-1 observed under hot-stage-coupled POM at different 
temperatures of first cooling from clear temperature. (a) 160℃, (b) 130℃, 
(c) 115℃, (d) 85℃ and (e) room temperature. The scale is 100 μm . 
 

The X-ray diffraction was applied to prove that mo-
saic-like morphologies are crystal morphologies, but not 
liquid crystal texture. The X-ray diffraction diagrams of 

 DONG YanMing et al. Sci China Ser B-Chem | Jul. 2009 | vol. 52 | no. 7 | 986-999 991 



 

CTV-1 and CTV-2 with mosaic-like morphologies are 
shown in Figures 9 and 10 respectively. Many sharp dif-
fraction peaks occurred at wide angles, indicating that 
the crystals have been formed upon the basis of original 
nematic texture. 
 

 
 

Figure 9  The X-ray diffraction diagram of mosaic-like morphologies of 
CTV-1. 
 

 
 
Figure 10  The X-ray diffraction diagram of mosaic-like morphologies 
of CTV-2. 

 

3.2  The details of mosaic-like morphologies under 
SEM  

Figures 11 and 12 are SEM photographs of mosaic-like 
morphologies of CTV-1 after one and three circles of heating 
and cooling respectively. The mosaics were regularly ar-
ranged along two directions, which were cross basically. As 
shown in Figure 10(b), the main cracks were in the horizon-
tal direction, which continued from left to right. On the other 
hand, the so-called vertical cracks were in the perpendicular 
direction, whose order was lower than that of the main 
cracks. The average size of mosaics of CTV-1 read after a 
circle of heating and cooling was about (40－80 μm)× (20－

40 μm). But the average size of mosaics of CTV-1 read after 
three circles of heating and cooling was about (10－30 μm)× 
(10－20 μm). The average size of mosaics decreased after 
several circles of heating and cooling, moreover, the size 
became less uniform. The order of both directions also de-
creased, especially the vertical cracks almost lost the order. 
The mosaics also became more uneven in the third dimen-
sional direction vertical to the paper. It can be explained by 
the accumulation history effect of defects. Some parts of 
crystalline defects remained to the mesophase during heat-
ing, subsequently some parts of mesophase defects remained 
back to the crystal during cooling of the circle.  
 

 
 

Figure 11  The SEM photographs of mosaic-like morphologies of CTV-1 
after a circle of heating and cooling.  
 

From the SEM photographs, it can be seen directly that 
the mosaic-like morphologies were formed by cracks, the 
bright stripes were just these cracks. Another fact to prove 
the existence of the cracks was presented by peeling 
technique. During the preparation of SEM samples, some 
of the mosaics were stripped off while peeling off the cover 
glass slides (Figures 13 and 14). The cracks can be seen to 
penetrate the whole thickness, and each mosaic peeled was 
just a single lamella. The internal structure can be studied 
through the edge regions of these mosaics peeled, and then 
the forming mechanism could be deduced from the 
structure. There are two experimental techniques that can 
be used to increase the anatomical effect, i.e., tilting the 
sample and shearing the sample. 
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Figure 12  The SEM photographs of mosaic-like morphologies of CTV-1 
after three circles of heating and cooling.  

 

 
 
Figure 13  The SEM photograph of mosaic-like morphologies of CTV-1 
with parts of mosaics stripped. 

 
 
Figure 14  The SEM photograph of mosaic-like morphologies of CTV-2 
with a piece of mosaic stripped. 
 

(1) Tilted sample 
When the SEM samples of CTV-1 were tilted at 30°, 

the microstructures are shown in Figure 15(a) and (b). 
From the cracks, it can be seen that every mosaic had  
 

 
 
Figure 15  The SEM photograph of internal structure in mosaic-like 
morphologies of the tilted CTV-1 sample.  
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multi-layer lamellar structure. The thickness of a single 
layer of lamella was measured to be about 1 μm. From 
Figure 15(c), it can also be seen clearly that some fibrils 
were drawn out, the diameter of which was also about 1 
μm. It implied that the single layer of lamella consists of 
the fibrils. What is the composition of the fibril? The 
reasonable inference is that a fibril is a bundle of bowlic 
molecular columns. The bowlic molecules tend to form the 
column and further aggregate to form the bundle of 
columns, due to the strong driving force of self-assembling. 
These fibrils were observed to be vertical to the direction of 
the main cracks, i.e. parallel to the vertical cracks. 

(2) Sheared sample 
The SEM samples of CTV-1 were shorn at the temperature 

region of liquid crystal, and then cooled, and the broken 
mosaic-like morphologies are shown in Figure 16. No 
preferred orientation of sub-structure was observed. Some 
ribbons consisting of lamellae without cracks were observed 
(Figure 17(a)). Rectangular teeth can be noticed at the edges 
of the ribbon (Figure 17(b)). They were obviously the contour 
of the end of the fibrils. The long side of the ribbon was main 
crack, so the fibrils were vertical to the main cracks.  
 

 
 
Figure 16  The POM photograph of mosaic-like morphologies of CTV-1 
after shearing. The scale is 300 μm. 
 

The phenomenon that the fibrils were vertical to the 
main cracks could also be verified by the birefringence 
symbol of the mosaic-like morphologies. By inserting a 
λ plate in POM, the birefringence symbol of the mo-
saic-like morphologies was measured (Figure 18). The 
color in direction of quarter 1 and quarter 3 changed 
from violet to blue, a higher interference color, and the 
color in direction of quarter 2 and quarter 4 changed 
from violet to yellow, a lower interference color. It 
means that the refraction index n of main crack direction 
is smaller, and the n of vertical crack direction is larger. 

Because the axis direction of column packed by bowlic 
molecules is the direction with higher atomic density, 
and its refraction index must be larger. In Figure 18, it 
can be recognized that the vertical cracks are radial, so 
the direction of vertical cracks was that of director. The 
relationship between birefringence and all sub-structures 
is shown in Figure 19. 
 

 
 
Figure 17  The ribbon structure in shorn mosaic-like morphologies of 
CTV-1, and (b) is the detail of (a). The scale is 4 μm for (b).  

 

 
 

Figure 18  The interference colors of mosaic-like morphologies of 
CTV-1 in POM after inserting a λ plate. The scales are 500 μm. 
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Figure 19  The illustration of optical properties of mosaic-like 
morphologies. 

 
In sum, the formation process of lamellae in mosaic-like 

morphologies is illustrated in Figure 20. Firstly, 
the bowlic molecules self-assemble into columnar 
microstructure, and the columnar diameter is about 5 nm 
according to the calculation of the molecular structure. 
Then the columns self-assemble into fibrils with the 
diameter being about 1 μm along a same director. The 
length of fibril ranges from about 20 μm to about 40 
μm, which is the same as the width of a piece of mosaic. 
Subsequently, the fibrils self-assemble into single layer 
lamellae with the size of 20 μm×100 μm×1 μm, and 
several single layer lamellae pack to form a multi-layer  
lamella, i.e. a piece of mosaic. The columnar direction 
(i.e. the direction of director) in mosaic is vertical to the 
main cracks, whose direction is the long side of mosaic.  
 

 
 
Figure 20  The illustration of self-assembling of lamellar structure.  

The mosaic-like morphology formed by bowlic 
molecules is not equal to typical mosaic-like texture, 
although their names are similar. Another name of 
typical mosaic-like texture is marble-like texture. The 
direction of molecular directors in adjacent domains is 
often not uniform, and there are obvious boundaries 
between domains. However, the direction of molecular 
directors in adjacent mosaic is basically uniform in 
mosaic-like morphology. A piece of mosaic is not 
exactly a domain consisting of many pieces of mosaic. 
The direction of molecular directors varies from 
domain to domain. That is the reason why we can 
research the disclination and molecular director 
distribution from the morphologies.  

 is columnar axis.  

  

It is more important that the composition unit of 
traditional mosaic-like texture is rod-like molecule, and 
the direction of the molecular director is rod axis. 
However the composition unit of mosaic-like 
morphologies is not bowlic molecule itself, but is bowlic 
molecular columns, and the direction of the molecular 
director

3.3  The disclination and molecular director 
distribution of columnar nematic texture decorated 
by lamellae

Because the lamellae were decorated on the columnar 
nematic texture, the director distribution of the original 
columnar nematic texture could be obtained directly 
from the distribution map of lamellae. Several kinds of 
general disclinations of nematic phase can be observed, 
including the point disclination with the strength s = +1, 
s = ±1/2 and three-dimensional disclination Nèel domain 
wall. It is noticed that the direction of main crack was 
vertical to the molecular director, so the diagrams 
formed by main cracks discussed later were different 
from the director maps. The direction of main cracks 
was just vertical to the molecular directors.  
3.3.1  Director distribution around the disclination with 
strength s=+1. The disclination with strength s=+1 and 
the angle between director and radius δ=0 has a director 
distribution map with the disclination point at the center 
and the directors are radial from the center.  This kind 
of disclination was detected in both CTV-1 and CTV-2 
(Figures 21, 22 and 23). The tangential direction of cir-
cle was the direction of main cracks, hence the diagrams 
looked like a series of concentric circles of main cracks, 
but the director distribution map was a series of radial 
directors.  
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Figure 21  The POM photograph of point disclination with s = +1 (δ =   
0°) decorated by lamellae presented in the mosaic-like morphologies of 
the CTV-2 sample. The scale is 100 μm, and the director distribution map 
is shown on the right side.  

 

 
 
Figure 22  The SEM photograph of point disclination with s = +1 (δ =0°) 
decorated by lamellae presented in the mosaic-like morphologies of the 
CTV-2 sample. The director distribution map is shown on the right side.  
 

 
 

Figure 23  The SEM photograph of point disclination with s = +1 (δ=0°) 
decorated by lamellae presented in the mosaic-like morphologies of the 
CTV-1 sample. The director distribution map is shown on the right side. 
 

The result of Figure 24 is just opposite, i. e. the main 

cracks were seen to be radical, and the director is tangen-
tial. So it was the disclination with s = +1 and δ = 90°. 
The director distribution map looked like a series of 
concentric circles of directors. 
3.3.2  Director distribution around the disclination with 
strength s = ±1/2.  The disclinations with strength s = 
+1/2 or −1/2 were observed in CTV-1 and CTV-2. Fig-
ures 25 and 26 are the examples of disclinations with s = 
+1/2 and their director distribution maps. Figure 27 is 
the example of disclinations with s = −1/2 and its direc-
tor distribution map. 
3.3.3  Director distribution around the Nèel domain 
wall.  The boundary between two domains is the site 
that directors turn their direction, which is termed do-
main walls or inverse wall. It is three-dimensional 
disclination. It was observed that direction of main cracks 
turned suddenly (Figures 28 and 29). There are two sorts  
 

 
 

Figure 24  The SEM photograph of point disclination with s = +1 (δ =   
90°) decorated by lamellae presented in the mosaic-like morphologies of 
the CTV-1 sample. The director distribution map is shown on the left side. 

 

 
 

Figure 25  The POM photograph of point disclination with s = +1/2 
decorated by lamellae presented in the mosaic-like morphologies of the  
CTV-1 sample. The scale is 200 μm. The director distribution map is 
shown below the photograph.  
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of domain wall, one is Nèel domain wall, another is 
Bloch domain wall[24]. The former is more often ob-
served, Figure 30 shows the director distribution around 
a Nèel domain wall. 

 

 
 
Figure 26  The SEM photograph of point disclination with s=+1/2 deco-
rated by lamellae presented in the mosaic-like morphologies of the CTV-1 
sample. The director distribution map is shown on the right side.  

 

 
 
Figure 27  The SEM photograph of several point disclinations with s = 
−1/2 decorated by lamellae presented in the mosaic-like morphologies of 
the CTV-2 sample. The scale is 300 μm. The director distribution map is 
shown on the right side.  

 

 
 
Figure 28  POM microstructure of the Nèel domain wall decorated by 
lamellae appearing in the mosaic-like morphologies of the CTV-1. The 
scale is 50 μm 

 
 
Figure 29  POM microstructure of the Nèel domain wall decorated by 
lamellae appearing in the mosaic-like morphologies of the CTV-2. The 
scale is 50 μm. 

 

 
 
Figure 30  The illustration of director distribution around a Nèel domain 
wall. 

 
The directors near the boundary are uncertain, there-

fore, the stress tends to concentrate, and more obvious 
cracks will be found（Figure 31）. 

 

 
 
Figure 31  SEM microstructure of the Nèel domain wall decorated by 
lamellae appearing in the mosaic-like morphologies of the CTV-2. 
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3.4  The columnar nematic phase of bowlic molecules 

The shapes of bowlic molecule and disk-like molecule 
are similar, so it is easy to misunderstand that the phase 
structures of both kinds of molecule are similar. All of 
them can form columnar phase indeed, however the 
nematic phase of disk-like molecule is generally re-
garded as random distribution of disks with only one 
direction orientation, and as shown in Figure 32(a), no 
column of disks exists. Only in hexagonal phase or 
tetragonal phase, the disks form columns (Figure 32(b) 
and (c)). The nematic phase of disk-like molecule is 
called DN phase or ND phase.[29]

 

 
 

Figure 32  The illustration of the three kinds of  liquid crystalline 
phases for disk-like molecules. (a) Nematic phase; (b) hexagonal phase; 
(c) tetragonal phase. 

 
No detailed researches of phase structure of bowlic 

molecule have been found in literature. Therefore, ac-
cording to the similarity of the shapes of bowlic mole-
cule and disk-like molecule, the nematic phase of bowlic 
molecule (BN) could be easily imagined as that shown in 
Figure 33. Nevertheless, we believe that the molecular 
columns occur in bowlic nematic phase. The reason is 
that bowlic molecules miss the up-and-down symmetry, 
and structure order will be higher[29]. Its driving force of 
forming a column is much stronger than that of disk-like 
molecules. Therefore, the liquid crystalline behavior of 
bowlic molecule is special, and bowlic molecular col-
umns exist not only in hexagonal phase and tetragonal 
phase, but also in nematic phases. Figure 34 illustrates 
the structure of this special bowlic columnar nematic 
phase. In unoriented state, the bowlic molecular columns 
only have preferred orientation within every domain, but 
in oriented state, all of the bowlic molecular columns 
have preferred orientation, and the arrow represents the 

preferred direction of director. Figure 34 looks like the 
structure of a normal nematic phase, however the struc-
ture unit of bowlic nematic phase is different from that 
of normal nematic actually. The latter is simple rod-like 
molecule, however the former is bowlic molecular col-
umn, i.e. each bowlic molecular column acts as a normal 
rod-like molecule. 

 

 
 

Figure 33  The nematic structure of bowlic molecules as an imitation of 
that of disk-like molecules.   
 

 
                 

Figure 34  The illustration of the columnar nematic phase of bowlic 
molecules (BCN). 

 
Because there is only a limited number of researches 

concerned with liquid crystal phases of bowlic molecule, 
no system classification and nomenclature of them are 
found. Here we use BCN to represent the bowlic columnar 
nematic phase, in order to distinguish from both normal 
nematic phase N and disk-like nematic phase DN. 

4  Conclusions 

The special mosaic-like morphologies of bowlic CTV 
derivative molecules are the optical pattern of cracks 
initiated by the shrinking, because of the crystallization 
of frozen texture of nematic phases. The mosaic-like 
morphologies consist of lamellae, with each mosaic be-
ing a rectangular multi-layer lamella, which was com-
posed by packed single layer lamella. The fibrils with 
the diameter of about 1 μm were observed directly, 
which were the structural units of lamella and would be 
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the bundles of the bowlic molecular columns. By means 
of the mosaic-like morphologies decoration technique, 
point disclinations such as s = +1 and s = ±1/2 and Nèel 

domain walls, which were very similar to normal 
nematic phase, were revealed in the novel bowlic mo-
lecular columnar nematic phase. 
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