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Two series of mesogenic compounds consisting of a rigid pyramidal central core and six equal 
flexible side chains were synthesized and their mesomorphic properties studied by calorimetry 
and optical microscopy. The two series of compounds are: I-hexaalkyloxytribenzocyclononene 
and II-hexaalkanoyloxytribenzocyclononene. In series I, enantiotropic mesophases appear for 
homologues in which the number, n, of carbon atoms in each side chain is equal or larger than 
six, while for series II mesomorphism is exhibited for all the compounds studied ( 8 - 15). Some 
of these exhibit dimorphism (i.e. 1-11 and 11-12 to 11-14) and even trimorphism (11-11). In total 
Five different mesophases are identified in both series. Several of these are stable at room 
temperature. Optical measurements indicate that they are not layered, they appear to be 
columnar. Due to the pyramidal shape of the central core of the constituent molecules special 
molecular arrangements for these mesophases are possible. It is suggested to call them pyramidic 
mesophases. 

Introduction 

The structure and proper t ies of t he rmo t rop i c 
mesophases depend on the geometry and chemical 
nature of their constituent molecules. Thus calamit ic 
liquid crystals (nematic and smectic phases) consist 
of elongated, usually flexible, molecules; plastic 
crystals consist of globular molecules, and discotic 
liquid crystals are fo rmed by flat, disc-l ike mole-
cules [1-4] . In the present paper we repor t on the 
mesophases formed by yet another type of molec-
ular architecture, namely of molecules consist ing of 
a rigid central core with pyramidal symmet ry to 
which long side chains are symmetrical ly b o u n d at 
the pyramid base. The compound chosen consists of 
hexasubstituted tr ibenzocyclononene (2,3,7,8,12,13-
hexasubstituted-5,10,15-dihydrotribenzo[a,d,g]cyclo-
nonene). 

As may be seen f rom the structural f o r m u l a , the 
central core of these series consist of a rigid crown 
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1 = R = C n H 2 n + 1 - 0 -

n = R = c n - i H ^ - c ( 0 ) 0 -

A = R = - OH 

B = R =-OCH„ 

structure with a trigonal pyramidal symmetry in 
which the three benzene rings fo rm the three sides 
of the pyramid while the three methylene groups 
point towards its apex [5 -8 ] , The molecular struc-
ture is thus reminiscent of conventional discogenic 
compounds [ 1 - 4 , 9 - 1 1 ] except that their central 
core is no flat. As a result of this s tructure, sym-
metrically substituted homologues will in general 
possess a net electric dipole momen t along the C 3 
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symmetry axis of the molecule. This may have 
important consequences regarding the na ture of the 
molecular packing and other physical proper t ies of 
the mesophases formed by such compounds . 

In analogy with the conventional discogenic com-
pounds we therefore expected that tr ibenzocyclo-
nonenes hexasubstituted with sufficiently long side 
chains will exhibit such special mesophases . This 
was indeed the case for the two series, hexaalkyl-
oxytribenzocyclononene (I-«) with R = C„H2„ + 10—, 
and hexaalkanoyloxytribenzocyclononene (Il-rc) with 
R=C„_ i H2„_ i C (O) O (in this notat ion n re-
presents the total n u m b e r of carbon a toms in the 
unbranched side chains). In both series of com-
pounds it was found that when the length of the 
side chains becomes sufficiently long, melt ing of the 
solid results in one or several mesophases . In the 
present paper we report on the prepara t ion of these 
compounds and on some prel iminary observat ions 
performed on their mesophases. 

Other homologues of t r ibenzocyclononene deriva-
tives have been known to form special types of 
complexes and inclusion compounds [12], and have 
been suggested as solubilizing agents. 

Experimental 

A) Synthesis 

The starting compounds for the synthesis of both 
the hexaalkyloxy- and hexaalkanoyloxytr ibenzocy-
clononenes (I-/? and II-A? respectively) is the hexa-
hydroxytribenzocyclononene (A). This c o m p o u n d is 
obtained by hydrolysis of hexamethoxytr ibenzocy-
clononene (B), also known as cycloveratrylene [ 1 3 -
17], The hydrolysis is effected using BBr3 in benzene 
followed by recrystallization f rom w a t e r / E t O H to 
yield colorless crystals of A. Cycloveratrylene (B) is 
obtained by reacting fo rmaldehyde and veratrol 
(1,2-dimethoxybenzene) in the presence of a strong 
acid. 

The hexaalkyloxytribenzocyclononene homologues 
I-/7 were obtained by alkylation of A with the cor-
responding /7-alkylbromide in E tOH with K 2 C 0 3 as 
the base. 

E x a m p l e 1 -6 : 

0,5 gr A dissolved in 95% EtOH (50 ml) was 
refluxed for 30' with K 2 C 0 3 (6 gr). rc-Hexylbromide 
(6 gr) in D M F (20 ml) was added and the mixture 

was stirred and refluxed for 24 hrs. Af te r hot f i l tra-
tion the solution was evaporated under d iminished 
pressure. The resulting product was pur i f ied on 
Silica-gel with CHC1 3 /«-hexane as eluents. 

Y i e l d : 0.9 gr (74%) 2,3,7,8,12,13-hexahexyloxy-
5,10,15-trihydro-tribenzo-[a,d,g]-cyclononene (1-6). 
The ' H - N M R spectrum (270 MH Z , C D C 1 3 / T M S ) 
shows the rigid c rown-conformat ion with three ex-
actly equivalent pairs of axial and equator ia l hy-
drogens and a single aromat ic resonance, due to 
equivalency of the aromat ic hydrogens. 

0.89 ppm (t; 7 = 6 . 8 Hz; 1 8 H - C H 3 ) , 1 .1-1.6 p p m 
m; 36H—CH2—CH2—CH2—CH3) , 1 .60-1 .80 p p m 
(m; 1 2 H - 0 - C H 2 - C H 2 ) , 3.49 p p m (d; J = 14.7 Hz, 
A r - C H 2 - A r equ.) 3 . 8 5 - 4 . 0 p p m (m; 12H, 
- O - C H ^ ) , 4.70 p p m (d; J= 14.7 Hz A r - C H ^ -
a x - A r ) , 6.82 (S; 12H H a r o m) . 

C5 7H9o06 : M W = 871.34 Mass-spectrum M® = 870 
calcul. C = 78.57% H= 10.41% 
found C = 78.83% H = 10.61 % 

TLC: Silica-gel F-254 C D C l 3 / « - h e x a n e : one spot. 

The hexaalkanoyloxytr ibenzocyclononene h o m o -
logues \\-n were obtained ei ther by reacting A 
with the corresponding acid-chlor ide under ref lux 
or by reaction in pyridine. 

E x a m p l e 11-13: 

1 g A and 25 ml «- t r idecanoylchlor ide were 
heated up to 185 ° C while stirring. T h e excess acid-
chloride was removed by vacuum-dest i l la t ion and 
the residue was recrystallized twice f rom E tOH. 
Subsequent column chromatography on silica-gel 
using CH2C12 as eluent yielded 2.5 g (58%) of 
2,3,7,8,12,13-hexatridecanoyloxy-5,10,15-trihydro-tri-
benzo-[a,d,g]-cyclononene (II-13). 

C99H,eO,2 = 1544.37 
calcul. C = 76.99% H = 10.57% 
found C = 77.20% H = 10.84%. 

E x a m p l e 11-15: 

0.5 g A was dissolved in 46 ml dry pyridine. 
While the tempera ture was kept at 0 ° C , pentade-
canoylchloride (8.2 g) was added and stirring was 
continued for 24 hours at 0 ° C . Af te r hydrolysis in 
an excess of diluted HCl, the prec ip i ta ted solid was 
filtrated, recrystallized twice f rom E t O H and pur i -
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fied by column chromatography. Yield = 
11-15. 

•6 g (67%) 

C , „ H 1 8 6 0 1 2 = 1712.70 
calcul. C = 77.84% 
found C = 77.91% 

H = 10.94% 
H = 10.90%. 

All the compounds I-n and II-« have been checked 
by TLC, N M R (270 MHZ ) and combus t ion analysis 
and found to be of high purity. F r o m the I-n 
homologues correct M® are obta ined. T h e I-n and 
II-« compounds are colorless substances. They are 
stable in air in the t empera tu re range s tudied, and 
gave reproducible transition t empera tu res on re-
peated measurements. 

B) Differential scanning calorimetry (DSC) 

Transition temperatures and transi t ion en tha lp ies 
were measured using a Mettler T.A. 3000 d i f fe ren-
tial scanning calorimeter. The results are repor ted 
for increasing temperatures (0.2 to 5 ° C / m i n ) . 

C) Optical microscopy 

The textures as well as the miscibil i t ies of s o m e 
binary systems were studied using a Leitz polar iz ing 
microscope equipped with a Mett ler F P 52 hot 
stage. Binary phase d iagrams were constructed by 

Table 1. Transition temperatures (in degrees centrigrade) 
and enthalpies (in kJ/mole) for the hexaalkyloxytribenzo-
cyclononenes (R = C„H2„ +10—) studied in the present 
work3. 

K, K-> 

6 
1 
8 
9 

10 
11 
12 

68.4 (21.7) 

40.9(15.7) 
25.0 (21.1) 
24.9 (24.8) 
18.7 (28.6) 
25.5 (40.4) 
34.8 (56.0) 
48.3 (76.0) 

44.2 (7.2) 

232 
135.6 (22.1) 
127] 
103.8 (16.0) 
96.0] 
92.2(14.4) 
79.9 (9.3) 
71.5 (6.9) 
66.1 (6.9) 
63.2 (6.7) 
62.0 (5.7) 
61.6(6.2) 

a In the table K stands for crystal, P for mesophases and L 
for the isotropic liquid. The enthalpies are given in paren-
theses, and in square brackets are indicated virtual transi-
tion temperatures. 
b This compound was deuterated in the methylene sites of 
the cyclononene ring (positions 5, 10 and 15 in the 
structural formula). 

observation of contact prepara t ions [18] and the 
solubilities calculated using the Le Chate l ie r -Schrö-
der relation [19]. 

Results and Interpretation 

The list of compounds studied f rom series I and II 
and their transition temperatures and enthalpies as 
determined by DSC are summar ized in Tables 1 
and 2 and are also shown in a d iagramat ic fo rm in 
Figs. 1 and 2. Microscopic observat ions and misci-

1 5 0 -

1 0 0 -

o 

Fig. I. Schematic representation of the phase transition 
temperatures of the hexaalkyloxytribenzocyclononene, I-n, 
homologues. 
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Fig. 2. Same as Fig. 1 for the hexaalkanoyloxytribenzocy-
clononene, II-«, homologues. 
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Table 2. Transition temperatures (in degrees centigrade) and enthalpies (in kJ/mole) for the hexaalkanoyloxytri-
benzocyclononene homologues studied in the present work3. 

n KX K2 PE PD PC L 

8 • 5.2(16.1) • 153.1 (31.0) 
9 • 23.9 (28.2) • 152.6 (30.2) 

10 •18.2(22.1) «32.7(14.8) • 146.2 (29.2) 
11 •31.5(22.0) »38.6(17.3) •131 .6 (3 .7 ) •140.8(18.8) 
12 • 58.1 (48.4) «118.8(3.1) • 1 4 0 . 6 (20.2) 
13 » 67.4(67.0) • 99.5(2.3) »139.2 (20.9) 
14 »73.4(81.0) • 81.4(1.4) »136.2(18.5) 
15 • 80.5 (118.4) • 134.6 (19.1) 
a The notation is the same as in Table 1. 

bility experiments were made on the various 
mesogens of these two series and the results are 
described in the following sections in some detail . 

A) The hexcialkyloxytribenzocyclononene series (I-n) 

Upon increasing the length of the side chains in 
this series of compounds the normal melt ing tem-
perature of the solid gradually decreases until at 
n = 6 it has reduced sufficiently to allow the fo rma-
tion of a mesophase. C o m p o u n d 1-5 does not pos-
sess an enantiotropic mesophase but it exhibits two 
different crystalline phases (see Plate 1) labeled Kx 

and K2 in Table 1 and in Figure 1. Each of the 1-6 to 
1-12 homologues exhibits a thermodynamical ly sta-
ble mesophase. Optical microscopy observat ion of 
the melting solids show disordered bi ref r ingent 
patterns which disappear upon fur ther heat ing to 
the isotropic liquid. On very slow cooling of these 
liquids they undergo strong supercooling and even-
tually exhibit birefringent patterns with nonun i fo rm 
extinction as shown in Plate 2. Fur ther cooling 
results in packed areas with irregularly curved 
boundaries (Plate 3), exhibit ing defects with recti-
linear axes similar to those occuring in co lumnar 
discotic mesophases [1, 20], If these samples are 
observed with polarized light but with the analyzer 
removed, the rectilinear axes are not visible when 
the electric field vector of the light is parallel to the 
defect axis. Areas with defect axes oriented in dif-
ferent directions, observed between crossed polar-
izers and with an auxiliary wave plate, appea r b lue 
in the quadrants parallel to the slow neutral line of 
the wave plate and red in the two other quadran ts . 
Thus the sign of the optical anisotropy of these 
mesophases is negative [21]. By pressing the cover 

slip numerous defects appea r with locally parallel 
orientation, which persist for a very long per iod of 
time due to the high viscosity of the mesophase . 

One often observes dark areas between crossed 
polarizers which are not changed by rotat ion of the 
microscope stage. These domains must the re fore 
correspond to normally oriented areas indicat ing 
that the mesophases of I-/7 are uniaxial . On the 
other hand the boundar ies of these doma ins usually 
exhibit finger-like contours suggesting that the sym-
metry axis of the phase is of finite order . 

Near rectilinear axes the neutral lines are ei ther 
parallel or perpendicular to the defect axes. Thus 
the optical axes are everywhere pe rpend icu la r to the 
defect axes, and the normal surfaces (surfaces which 
at each point are perpendicular to the optical axes 
[22]) constitute cylinders parallel to these lines. 
Without analyzer and by shif t ing the focus plane 
above a defect axis, the latter turns sombre indicat-
ing [22] that the optical axes are not radial but 
rather concentric around the defect axis as indicated 
in Figure 3. Isolated domains with only one defect 
axis exhibit uniform extinction, two plane surfaces 
perpendicular to this defect and lateral boundar i e s 
with finger-like profiles. 

Droplets of mesophases with free surfaces ob-
tained from the isotropic phase by slow cooling (say 
1 °C/min) show near the boundar ies b i ref r ingencies 
which increase continuously with the thickness and 
no Grandjean's terraces are observed. Similar obser-
vations were made on monotropic phases obtained at 
room temperature by evaporat ion of the solvent 
from benzene solutions. 

When a crystalline sample is remel ted the result-
ing mesophase exhibits pseudomorphos i s of the 
crystal structure (see Plate 4). Crystall ine p repara -
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Plate 1. Crystalline polymorphism in 1-5. The crystal phase Kx (large domains) is transformed to the crystalline phase 
K2 (needles) upon heating to above 68 °C (x 125). 

a) b) 

Plate 4. Pseudomorphism between the crystalline and PA phases of 1-6. Picture a is of the crystalline form at 30 °C. 
Picture b is of the mesophase at 81 0 C (x 125). 



Plate 3. Same as in Plate 2 upon further cooling to 71 °C. 

Plate 5. Mesophase PC of 11-13 at 138 °C obtained by slow cooling (0.2 °C/min) from the isotropic liquid (x 125). 



Plate 2. The mesophase PA of 1-6 obtained on slow cooling (0.2 °C/min) from Plate 7. Mesophase PD of 11-13 at 75 °C obtained by cooling (3 °C/min) from 
the isotropic liquid. Temp. = 82 °C (x 125). the PC phase shown in Plate 6 (x 125). 

Plate 6. Mesophase PC, as Plate 5 at 133 °C. Plate 8. Concentric arcs in the crystalline phase of 11-13 at 40 °C (x 125); same 
preparation for Plates 6, 7 and 8. ^ 
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Fig. 3 Disposition of the optical axes (arrows) near a 
defect line in the mesophases PA and PD. The defect axis 
is perpendicular to the figure's plane and crosses it at the 
center. 

R = C n H ? n . , O — 

100 

Fig. 4. Phase diagram of the binary mixtures of I-n and 
l-(n + l) for n equal 5 to 11 of the hexaalkyloxytribenzocy-
clononene. 

tions obtained by cooling of ten exhibit f issures, 
which on remelting get Filled up. indicat ing tha t the 
molar volume change associated with mel t ing is 
positive. 

Miscibility measurements were m a d e on b inary 
mixtures of the I-n homologues and the results for 
neighboring members in the series are presented in 
Figure 4. These results show that the mesophases 
obtained on cooling f rom the isotropic l iquid of all 
mesogenic compounds in this series are comple te ly 

miscible and must therefore be the same. W e call 
this mesophase PA. Note that c o m p o u n d I - l l ex-
hibits an additional mesophase (PB) which does not 
occur in its neighboring homologues. Solid solut ions 
are detected everywhere. The pure 1-9 and some 
binary mixtures (Fig. 4) exhibit PA s table at room 
temperature. Miscibility measurements of mix tu res 
between enantiotropic mesogens and non-mesogen ic 
homologues with not too different side cha ins (e.g. 
1-6 with 1-5 and 1-4) may provide i n fo rma t ion on 
the virtual clearing tempera ture of the lat ter com-
pounds. The measurements on mixtures of 1-6 and 
1-5 are included in Fig. 4, yielding a vir tual L — PA 

transition temperature of 96 °C. A s imi lar pro-
cedure applied to mixtures of 1-6 and 1-4 yield a 
virtual L — PA transition tempera ture of 127 ° C for 
the latter. This result is, however, uncertain because 
the coexistance curve for the PA and L phases in the 
1-6 and 1-4 mixtures exhibits a p ronounced mini -
mum, making the extrapolation p rocedure unrel i-
able. Mixtures of non-neighboring m e m b e r s of the 
I - /7 series also exhibit min ima in their miscibi l i ty 
curves, e.g. I-10 with 1-12 at 58 °C, and 1-8 with 
1-12 at 40.1 °C. These results show that even for the 
mesogenic members of the series, when the side 
chains are not very similar their binary mixtures are 
not ideal [23, 24], For that reason we were unab le to 
obtain the virtual L-PA transition t empera tu re s for 
the lower members of the I-/7 series. 

B) The hexaalkanovloxytribenzocyclononene 
series (Il-n) 

We have performed similar optical microscopy 
and miscibility experiments on the homologues of 
the II-« series. Their transition t empera tu re s and 
enthalpies are summarized in Table II and in Fig-
ure 2. Compounds II-8 and II-9 are highly viscous 
birefringent pastes at room tempera ture . Both these 
compounds as well as 11-10 give on slow cooling 
from the isotropic liquid birefr ingend d o m a i n s hav-
ing mainly two rectilinear, parallel sides, and 
axicular extremities with uniform extinct ion be-
tween crossed polarizers. Sometimes the sides are 
curved and a neutral line appears which is every-
where parallel to these sides. N o normally or ien ted 
areas have been observed, indicating that these 
mesophases (labeled as PD in Fig. 2 and Tab le 2) 
are most probably biaxial. Rarely d o m a i n s with 
rectilinear defect axes distr ibuted radially, are ob-
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served. By pressing strongly the microscope cover 
slip the larger domains with uniform extinction split 
up into elongated smaller domains , with sharp 
extremities, slightly curved contours and small de-
fects with rectilinear axes. 

Compound 11-10 shows fragile crystals at room 
temperature (20 °C). Therefore the first order t ran-
sition observed by calorimetry at 18.2 °C is a solid-
solid transition. Crystalline prepara t ions of this 
compound are obtained from the mesophase af te r 
several days at room temperature . They exhibi t 
fissures, which upon melting near 33 ° C fill up 
indicating that the volume change associated with 
this transition is positive. 

For compounds II-11 to 11-15, slow cooling of the 
isotropic liquid gives, upon strong supercooling, 
birefringent patterns as shown in Plates 5 and 6. 
They exhibit defects with rectilinear axes similar to 
those observed in the phase PA of series I-n. 
Normally oriented domains are also observed. Con-
sequently this mesophase indicated by Pc in Fig. 2 
and Table II is uniaxial with negative optical an-
isotropy. The optical axes seem to fo rm concentr ic 
contours around the defect line (Figure 3). W e have 
observed that isolated domains with only one de-
fect axis exhibit uniform extinctions and of ten two 
parallel planes perpendicular to the defect axis. 
Occasionally one of these planes and one point and 
lateral surfaces with finger-like profi les are ob-
served. Droplets of this mesophase with f ree sur-
faces obtained by slow cooling (1 ° C / m i n ) of the 
liquid exhibit near their boundar ies b i refr ingencies 
which increase continuously with the thickness bu t 
no Grandjean 's terraces are observed. 

For compounds 11-11 to 11-14 fu r ther cooling of 
the phase Pc results in considerable supercool ing 
(relative to the transition tempera tures given in 
Table II for heating), and in a t ransformat ion to a 
second mesophase (cf. Plates 6, 7 and 8) which was 
found to be identical to the mesophase PD of com-
pounds II-8 to 11-10 . During the t r ans fo rmat ion 
normally oriented domains break up into separa te 
domains with neutral lines inclined at 45° to each 
other and the limits between areas are more in-
dented. Areas with defect axes in phase Pc exhibi t 
in the PD phase striations perpendicular to these 
axes which disappear upon reheating the sample, and 
normally oriented domains are re fo rmed . These 
mesomorphic transitions are more clearly observed 
on free surface preparations. 

Compound 11-11 exhibits an addi t ional phase , 
labeled PE, which is stable between 31.5 and 
38.6 °C. Experiments per formed on this phase indi-
cate that it is not crystalline but rather a mesophase . 
For example, pressing with a fine steel needle on 
preparation with a free surface, does not cause 
fracture of fissures but rather small craters, indicat-
ing that this phase can support considerable defor -
mations when stresses are appl ied. 

To compare the mesophases of the II-« series 
miscibility measurements , on binary mixtures were 
carried out. The results for neighboring members of 
the series are shown in Figure 5. It may be seen that 
compounds 11-11 to 11-15 all exhibit the same Pc 

phase, compounds 11-11 to 11-14 also have a lower 
PD phase while 11-11 is t r imorphic and in addi t ion 
exhibits the phase PE. The PD phase is also identi-
fied as the mesophase of compounds II-8 to 11-10. 
Contact preparat ion of II-« with II-(« + 1) h o m o -
logues show no min ima for n > 10 indicat ing that 
these mixtures fo rm ideal solutions in the L and Pc 

phases. However, min ima are observed in mixtures 
of II-8 with II-9 and II-9 with 11-10 indicat ing that 
these mixtures are not ideal. Pure II-8 and II-9 
exhibit stable PD mesophase at room tempera tu re . 

Miscibility studies were also made on binary 
mixtures of homologues f rom the I-« and II-« series. 
These studies show that the mesophases PA and PB 

identified in series I are apparent ly d i f ferent f rom 

R= c , , H ; N „ c (o) o -

1 8 0 
L L L L L L L " 

1 4 0 
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2 0 
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y 
-
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n 

Fig. 5. Phase diagram of the binary mixtures of neigh-
boring homologues of the hexaalkanoyloxytribenzocyclo-
nonene ( I I -« ) series. 



1 5 8 

1 4 0 

120 

100 

iL 80 

60 

4 0 

20 
1-11 1-11 

Fie. 6. The phase diagram of the binary mixture consist-
ing of I-11 and II-11. 

PE, PD and PQ of series II. As an example we 
reproduce in Fig. 6, the phase d iagram of the 
mixture consisting of I-l l and I I - l l . Clearly ne i ther 
PA nor PB mix with PD. This d iagram also shows 
that the sequence of phases, with increasing tem-
peratures (from left to right) is 

PE PD PC 

PB PA 

The relative order of PE and PB or PC and PA 

could, however, not be obtained due to the l imited 
miscibilities in PA and PQ states of c o m p o u n d s 
exhibiting the respective phases. 

Finally we have also studied the miscibil i t ies of 
compounds from series I and II with several discotic 
forming mesogens, in part icular with m e m b e r s of 
the hexaalkyloxytriphenylene series [ 1 - 4 , 9. 10], 
These compounds have a molecular symmetry simi-
lar to that of the I and II series and the size of their 
central core matches the projection of the tri-
benzocyclononene moiety perpendicular to its three-
fold axis. However, in all these exper iments no total 
miscibility in a mesomorphic state of the respective 
mesogens was found. 
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Summary and Discussion 

Both homologous series of the tribenzocyclononene 
derivatives studied exhibit mesophases once the 
attached side chains are sufficiently long. Evidence 
has been presented for the existence of five new 
mesophases in these compounds. Thei r clearing 
enthalpies are generally large, so are the enthalpies 
for some of the interphase transitions, e.g. PB to PA 

and PE to PD, but the enthalpy changes associated 
with the PD to PC transitions are small. In some 
cases (e.g. II-8 to 10) the clearing enthalpies are 
larger than the melting enthalpies, as was also found 
in some discogens [25]. 

The mesophases PA and PC are optically uniaxial , 
while PB and PD are apparently biaxial. In the 
uniaxial phases strong anisotropy of interfacial ten-
sions with the liquid occur as evidenced by the 
parallel plane faces in isolated domains of PA and 
PC. These mesophases exhibit rectil inear defects 
which are surrounded concentrically by the optical 
axes of the domains (see Figure 3). Since the circu-
lation of n (the director) along a closed path sur-
rounding the defect axis is non zero and we have 

V x n + O. 

There can be two possible structures for such 
domains: non-layered, or layered with the director 
non-orthogonal to the layers [26], However , the 
absence of Grandjean ' s terraces in droplets with f ree 
surfaces rules out the possibility of a layered struc-
ture for PA and PQ. Although we do not yet have 
structural information f rom X-ray studies, it is 
natural to assume that these phases have co lumnar 
structures similar to those occuring in the conven-
tional columnar discotics. The textural studies 
showed that the normal surfaces have single curva-
tures, so that if the molecules are indeed stacked 
into columns the distance between them remains 
unchanged upon bending. 

Since the tribenzocyclononene core has a net 
electric dipole along its C3 axis it is most likely that 
the stacking of the molecules in the columns is with 
their dipoles parallel to each other resulting in a net 
macroscopic electric dipole as indicated in Figure 7. 
We thus obtain a two-dimensional array of co lumns 
with dipoles pointing either up or down. This may 
result in paraelectric, ferroelectric or ant i - ferro-
electric mesophases, depending on the interact ion 
nature between the columns. Energetically it would 



159 H. Zimmermann et al. • Pyramidic Mesophases 

Fig. 7. Schematic model for the stacking of the substituted 
tribenzocyclononene molecules into columnar structures. 

be more favourable for ne ighbor ing co lumns to 
have opposite direction (anti-ferroelectr ic) , however 
this imposes restriction on the symmetry of the 
columnar array: As may be seen in Fig. 8, whi le 
both parallel and alternant direct ions are possible 
for tetragonal (and rectangular) arrays, only parallel 
arrangement (ferroelectric) is possible for the hexa-
gonal array of columns. In this connect ion it is 
interesting to note that doma ins of PD ob ta ined 
from single domains of PC exhibit neutra l lines 
inclined at 45° , suggesting a tetragonal symmetry 
for the latter phase. It should also be emphas ized 
that if the interactions between the molecules within 
the columns are sufficiently strong, the co lumns will 
retain the trigonal symmetry of the isolated mole-
cules, and it would be impossible to construct 
mesophases with simple two or four fold symmet ry 
axes. 

Clearly more research into the s t ructure and 
physical properties of these mesophases is needed , 
in particular X-ray measurements on the s t ructure 
of the mesophases and studies of the effect of 
electric fields on the t ransformat ion between phases, 
relaxation dispersion in al ternat ing fields etc. 

T e t r a g o n a l Conclusions 
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Fig. 8. Schematic representation of two dimensional arrays 
of polar columns in tetragonal and hexagonal lattices. + 
and — indicate the directions of the columnar dipoles. 

The studies of the pyramidic derivat ives of tri-
benzocyclononene resulted in the discovery of five 
new non-layered mesophases. It is ant ic ipated that 
further work on similar c o m p o u n d s will reveal a 
new area of mesomorphic po lymorph i sm. 

Globular molecules can be assembled into plast ic 
crystals, elongated molecules into calamitic (xodoc/io?-
reed) mesophases; and disc-like molecules into dis-
cotic (<5z<7xoc-quoit) mesophases. In accordance with 
this tradition we propose to n a m e these phases 
pyramidic (;nj£>a/ng-pyramid). W e have surmised 
their existence before their observat ion. 
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