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The structures of the cubic mesophases of a chiral and an achiral hydrazine derivative have
been investigated by means of X-ray di� raction experiments. As seen from the phase diagram
of the binary system, both cubic phases are incompletely miscible which can be explained by
the di� erent space groups of the cubic lattices. In contrast to the isotropic liquid, the cubic
phase of the chiral compound exhibits a considerable optical rotation indicating phase chirality.

1. Introduction compound 1 are discussed in relation to the structure of
the cubic phase.1,2-Bis-(4-n-alkyloxybenzoyl ) hydrazines [1] belong

to one of the ® rst classes of thermotropic liquid crystal
materials where for some members of the series cubic 2. Experimental

2.1. Methodsmesophases were found. As shown by Demus et al. [2],
the octyloxy-, nonyloxy- and decyloxy- homologues The phase transitions were studied by polarized

light microscopy (Leitz Orthoplan) using a Linkamexhibit both a cubic and a smectic C phase. In contrast
to the 3 ¾ -nitro (or 3 ¾ -cyano)-4 ¾ -n-alkyloxybiphenyl- THM-1000 hot stage and by di� erential scanning calori-

metry (DSC 7, Perkin Elmer). Structural investigations4-carboxylic acids [3± 5], the smectic C phase is the
high temperature phase. were performed by X-ray methods (Guinier gonio-

meter, small angle camera, Siemens area detector).Later, a number of thermotropic liquid crystal cubic
phases were reported. The majority of these compounds Monodomains of the cubic phase were obtained by slow

cooling from the isotropic phase in the presence of aare carbohydrates (or related substances) [6 ± 10] and
polycatenar compounds [11± 16], and there are also magnetic ® eld. The wavelength dispersion of the optical

rotation was measured using a spectropolarimeterexamples of metallomesogens with cubic mesophases
[17, 18, 26]. (Jasco 7± 20).

In this paper we present the results of structure
investigations on the cubic phase of the chiral material 2.2. Materials

2.2.1. 1,2-Bis-(4-n -octyloxy-benzoyl )hydrazine (1)1,2-bis-[4-(3,7-dimethyloctyloxybenzoyl )]hydrazine (2 ).
The aim of the investigations was to ® nd out a possible The achiral derivative 1 was prepared as described in

[1]. The phase transition temperatures ( in ß C) are givensimilarity between a chiral cubic phase and the well
known chiral blue phases [19]. The results are compared below together with the molecular structure.

As seen from the transition scheme the achiral com-with those obtained for the cubic phase of an analogous
achiral compound (1 ). Furthermore, the compatibility pound exhibits a smectic C phase besides the cubic phase.

The transition cubic± smectic C is strongly in¯ uenced by(miscibility) of both cubic phases was of special interest.
For this reason the phase diagram of the binary system the heating and cooling rate. The hysteresis of the phase

transitions is displayed in ® gure 1.was studied by microscopic as well as by X-ray studies.
Some results on the full crystal structure analysis of At a fast heating rate, the smectic C phase can be

suppressed (trace a). If the isotropic liquid is kept
su� ciently long well above the clearing temperature,
the SmC phase appears on cooling the isotropic liquid*Author for correspondence.

0267± 8292/98 $12´00 Ñ 1998 Taylor & Francis Ltd.
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468 P. GoÈ ring et al.

The structure of 2 is given below together with
the phase transition temperatures (in ß C). The DSC
thermogram of 2 is displayed in ® gure 2.

Compound 2 only exhibits a cubic phase which could
be distinguished from the isotropic liquid by polarizing
microscopy only by the fact that movement of air
bubbles suddenly stopped at the phase transition from
the isotropic liquid.

The introduction of the lateral CH3 groups depresses
the clearing temperature in comparison with the achiral
compound. On cooling the cubic phase, no crystalliza-
tion is observed down to room temperature; only after
some days does the sample begin to crystallize.

The optical rotation of 2 is shown in ® gure 3 as a
function of the wavelength.

In the isotropic liquid there is only an extremely small
signal caused by the molecular optical activity of 2.
However, in the cubic phase (below 135ß C), a consider-

Figure 1. Transition scheme for the achiral compound 1. The able optical rotation has been found, with a strongnumbers at the transition peaks designate the transition
increase on decreasing the wavelength. This rotatoryenthalpy in kJ mol Õ

1 .
dispersion indicates phase chirality. Because of the small
lattice constant of the cubic phase (see § 3 2́ ) one can
presume that an anomalous rotatory dispersion will

(trace d). On the other hand, on cooling the sample occur in the far UV as has been found for cubic blue
immediately after the transition into the isotropic phases in the visible region [20].
liquid, the smectic C phase could not be observed
(trace b). The results have been explained by pretran-
sitional e� ects [2] or a kinetically determined process.
However, with respect to the discussions about lattice
melting at the clearing point [27], our results can be
explained by the assumption that nuclei of the cubic
phase exist above the clearing point, but are destroyed
at the higher temperatures which must be reached in
order to obtain the SmC phase during the cooling
process. But in contrast to [27, 28] a calorimetric e� ect
could not be detected above the clearing temperature.

2.2.2. 1,2-Bis[4-(3,7-dimethyloctyloxybenzoyl )]hydrazine
(2)

The chiral derivative 2 has two chiral centres (*) in
the side chains. Starting from (S )-(-)-b-citronellol, 2 was
synthesized following the route given in the scheme. The
overall yield was 10%. 2 was puri® ed by repeated
recrystallization from ethanol; optical rotation at 25 ß C Figure 2. DSC trace for the chiral compound 2 showing the

phase transitions Cr ± Cub± I.in CHCl3 (10 mg ml Õ
1 ): Õ 5 2́ ß (Na-D).
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469Cubic L Cs of chiral and achiral hydrazines

Scheme 1

Figure 5 presents the X-ray di� raction diagram of the
cubic and smectic C phases of the achiral compound as
registered by a Guinier goniometer. In accordance with
earlier measurements [2] we found in the small angle
region several re¯ ections (the intensities of which are
di� erent by more than two orders of magnitude) and a
di� use scattering at about 10 ß . The h values, and the
Miller indices are summarized in table 1. But in contrast
to [2] the sin h values of these re¯ ections match the
proportions Ó 35Ó 45 Ó 75 Ó 85 Ó 10. Since the ratio Ó 7 is
not compatible with a cubic lattice, the sequence of
numbers must be doubled, so that the following ratios
result Ó 65Ó 85 Ó 145Ó 165Ó 20. From this indexing not
only a higher lattice parameter (a=6 4́6 nm) is calculated

Figure 3. Wavelength dispersion of the optical rotation w in compared with that of [2], but also another space
the cubic phase (full line) and the isotropic liquid (dashed group: a body centred cubic cell with the designation
line) of compound 2. I4± 3d or Ia3± d. Only these space groups of a body centred

unit cell can explain the absence of re¯ ections with the
lower Miller indices (1 0 0, 1 1 0, etc.).3. Results

We were able to investigate the smectic phase above3.1. T he achiral compound 1

the cubic phase by X-ray investigations of orientedSingle crystals of su� cient quality were obtained, and
samples. After longer heating above the clearing temper-the results of the full structure analysis will be reported
ature and cooling the sample below 164ß C we obtainedin a separate paper [20]. Compound 1 crystallizes in a
the typical scattering diagram of an oriented smectictriclinic cell with the space group P1± . The dimensions
phase with liquid-like order in the smectic layersof the unit cell are a=0 4́987(7) nm, b=1 1́549(8) nm,
[® gure 6(a)].c=1 3́466(9) nm, a=112 2́3(3) ß , b=94 2́7(3) ß and c=

From the relative positions of the maxima of the small95 1́0(3) ß .
angle re¯ ections and those of the di� use wide angleThe molecules form sheets linked by hydrogen bonds
scattering which have been measured by a x scan, a tilt(see ® gure 4). The N± H ¼ O distance is 0 2́985 nm. A
angle of about 20 ß with an error of about Ô 3ß can besolid± solid transition at q=129 5́ ß C prevents a direct
estimated, which proves the existence of a smectic Ccomparison of the molecular packing found by the full
phase. Using this angle and the measured d-value of thestructure analysis with that of the cubic phase. The
SmC phase (dSmC=2 7́5 nm) we can estimate the lengthpacking of the molecules in the crystalline phase may
l of the building units (l=dSmC /cos 20 ß =2 9́ nm) of thebe considered more as a precursor for a layer structure

than for a cubic one. layer structure. It can be seen that this value strongly
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470 P. GoÈ ring et al.

Figure 4. Packing and crystal
structure of 1: projection onto (03± 1).

Figure 5. X-ray di� raction diagram of the cubic phase (150 ß C) and smectic C phase (161 ß C) of compound 1 obtained by a
Guinier goniometer.

deviates from the length of the molecule (L =3 7́8 nm) calation of molecules of neighbouring layers is unlikely
for compounds with this chemical structure.)which has been measured by the full structure analysis

[2]. This points to an essential change of the molecular On cooling down the sample, the (0 0 1) re¯ ection is
shifted only very slightly and corresponds now to theconformation in the liquid crystalline phase. (An

explanation of the di� erence, L -l=0 8́8 nm, by inter- (2 1 1) re¯ ection of the cubic phase. The pattern of a
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471Cubic L Cs of chiral and achiral hydrazines

Table 1. Small angle re¯ ections of the cubic phase of tems [24]. Some metal complexes exhibit a thermotropic
compound 1; h-values, and the Miller indices (h k l ) SmC phases below the cubic Ia3± d phase [18], and there

too the transition of the [0 0 1] planes into the {2 1 1}hexp / ß hcalc / ß (h k l )
planes of the cubic phase has been evidenced. Therefore
this kind of epitaxial relation seems to be a speci® c1 6́7 Ð 2 1 1

1 9́5 1 9́5 2 2 0 feature of the transition from a layer structure into a
2 5́8 2 5́8 3 2 1 Ia3± d phase, whereas in the case of a transition into a
2 7́5 2 7́6 4 0 0

Im3± m structure, the relation between the [0 0 1] planes3 0́8 3 0́8 4 2 0
and the {2 2 2} planes has been found [25].

Finally the appearance of a di� use scattering,
® gure 6(b), between the re¯ ections (1± 2± 1) and (2± 0 2),

monodomain of the cubic phase is shown in ® gure 6 (b). (2± 0 2) and (1± 2 1 ), (1 2 1) and (2 0 2± ) , (2 0 2± ) and (1 2± 1± )
The indexing sketched in ® gure 7(a) and proved by a should be emphasized. This scattering has been explained
computer simulation using the CERIUS program in [18] and [24] by a displacement of parallel rows in
[® gure 7(b)] leads to the direction of incidence along the [1 1 1] direction with respect to each other. On the
the axis [0 1 1] or [1 0 1], respectively. basis of the structural model given ® rst in [23], a line

The epitaxial relation between the [0 0 1] planes of in the [1 1 1] directions connects the junctions of the
the lamellar phase and the {2 1 1} planes of the cubic rods linked three by three [® gure 12(b)]. However, it is

necessary in the case under consideration to check thephase has been discussed extensively for lyotropic sys-

Figure 6. X-ray di� raction pattern
of an oriented sample (a) of the
smectic C phase (161 ß C) and
(b) the cubic phase (151 ß C) of
compound 1.

Figure 7. Indexing of the
re¯ ections of ® gure 6 (b) (a) and
the corresponding section of
reciprocal plane calculated by
the CERIUS program (b).
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472 P. GoÈ ring et al.

Figure 8. (a) Schematic representation of the X-ray re¯ ections of the cubic phase of compound 2. (b) X-ray di� raction pattern of
an oriented cubic sample; the lower part of the pattern is shadowed by the heating stage.

direction of the di� use plane in reciprocal space using 3.3. Phase diagram of the binary system
Since like liquid crystalline phases give complete mis-di� erent incidence angles of the primary beam.

cibility [21] over broad composition ranges, this behavi-
our should be checked for the substances under3.2. T he chiral compound 2

Figure 8(a) displays schematically the re¯ ections and consideration. The similar chemical structures should
favour complete miscibility.relative intensities for the cubic mesophase of the chiral

compound 2 obtained from the Guinier ® lm pattern. In The phase diagram ( ® gure 9) has been checked by
DSC and X-ray studies. The X-ray studies show a breaktable 2 the h-values of the small angle re¯ ections and

Miller indices are summarized. in the features of the patterns at around 50 mol%
( ® gure 10). It is remarkable that the gap is very narrow.The small number of re¯ ections does not allow us to

select a de® nite space group. The space groups I23, I213,
Im3± , I432, I4± 3m, Im3± m and I4132 are compatible with
the observed re¯ ections. But the observed optical activity
demands a point group symmetry 23 or 432. Among the
listed space groups only the space groups I23, I213, I432
and I4132 ful® l the conditions [28]. The indexing under
this assumption leads to a lattice parameter of about
9 6́4 nm.

The pattern of an oriented sample is quite similar to
that of the achiral compound with the exception that
the di� use scattering between the Bragg spots does not
exist [see ® gure 8(b)].

Table 2. Small angle re¯ ections of the cubic phase of com-
pound 2; h-values and Miller indices (h k l )

hexp / ß hcalc / ß (h k l )

1 7́1 Ð 3 2 1
1 8́3 1 8́3 4 0 0
1 9́4 1 9́4 4 1 1
2 0́4 2 0́5 4 2 0
2 2́2 2 2́4 4 2 2

Figure 9. Phase diagram for the chiral and achiral hydrazine2 3́1 2 3́3 4 3 1
derivatives.
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473Cubic L Cs of chiral and achiral hydrazines

Figure 11. Contact preparation of compound 1 ( left ) and
compound 2 (right ) at 132 ß C. The birefringence on the
left is caused by the crystallization of 1. The borderline
between the two cubic phases is marked by arrows.

Figure 10. Small angle re¯ ections in the cubic phases of the
binary systems as a function of concentration.

The concentration at the borderline follows from
investigations of the dependence of X-ray characteristics
on concentration. As seen from ® gure 10, up to 50 mol%
only the re¯ ections of the achiral hydrazine are observed,
and above 50 mol% only re¯ ections of the chiral com-
pound appear. It should be noted that the positions of
the re¯ ections remain nearly unchanged in their depend-
ence on concentration and temperature.

As shown in ® gure 11, the contact preparation photo-
micrograph proved the miscibility gap between the cubic
phases. The cubic phases of the chiral and achiral
components are not therefore completely miscible,
although their chemical structures are very similar. The
same result, caused by the di� erent symmetry of the
di� erent space groups has been reported recently in [22].

4. Discussion

It is remarkable that in spite of their quite similar
molecular structures, each compound forms a di� erent

Figure 12. Possible molecular arrangement in the cubiccubic mesophases; the lattice constant, as well as the
phase.space group is clearly di� erent in the two cubic phases.

These di� erences give rise to the immiscibility of the
cubic phases as seen from the phase diagram of the of achiral compound 1 without changing its space group,
binary system. Nevertheless, a considerable amount of and vice versa. Obviously at 50 mol% the lattice type

suddenly changes.chiral component 2 can be incorporated into the lattice

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



474 Cubic L Cs of chiral and achiral hydrazines

[3] Gray, G . W ., Jones, B., and Marson, F., 1957, J. chem.The question arises as to what are the structural units
Soc., 395.of these cubic phases. It follows from the structure

[4] Pelzl, G ., and Sackmann, H ., 1971 Symp. Faraday Soc.,
investigation on the solid crystal that there exist sheets 5, 68.
which are obviously linked by hydrogen bonds. It can [5] D iele, S., Brand, P., and Sackmann, H ., 1972, Mol.

Cryst. liq. Cryst., 17, 163.be assumed that such sheets, stabilized via hydrogen
[6] Kohne, B., Praefcke, K ., and Billard, J., 1986, Z.bonds, are the structural units in the cubic structure too.

Naturforsch. (b) , 41, 1036.The X-ray data are not su� cient to prove a molecular [7] Lattermann, G ., and Staufer, G ., 1990, Mol. Cryst. liq.
packing in the cubic phase, but for the Ia3± d space group Cryst., 191, 199.

[8] Fischer, S., Fischer, H ., D iele, S., Pelzl, G .,two interwoven, but unconnected networks of rods
Jankowski, R., Schmidt, R. R., and Vill, V., 1994, L iq.linked three by three have been described [18, 23, 24]
Cryst., 17, 855.[® gure 12(a)]. If the measured parameter a of compound

[9] Borisch, K ., D iele, S., G öring, P., M üller, H ., and
1 is used to calculate the distance between the junctions Tschierske, C., 1997, L iq. Cryst., 22, 427.

[10] Borisch, K ., D iele, S., G öring, P., and Tschierske, C.,
1997, Angew. Chem. int. Ed. Engl., 36, 2087.AA = A 1

8

1

8

1

8B *a, B = A5

8

5

8

5

8B *aB [11] Tinh, N . H ., Destrade, C., Levelut, A. M ., and
Malthete, J., 1986, J. Phys. Fr., 47, 553.

[12] Levelut, A. M ., Malthete, J., Destrade, C., and Tinh,of one of the two three-dimensional networks
N . H ., 1987, L iq. Cryst., 2, 877.

[® gure 12(b)] a value of 5 8́ nm is obtained, which agrees [13] Fang, Y., Levelut, A. M ., and Destrade, C., 1990, L iq.
very well with twice the apparent length of the molecule Cryst., 7, 265.

[14] Alstermark, C., Eriksson, N ., N ilsson, M .,in the liquid crystalline phase. This is the distance
Destrade, C., and Tinh, N . H . 1990, L iq. Cryst., 8, 75.between the parallel rods in the networks generally, and

[15] Weissflog, W ., Letko, I., Pelzl, G ., and D iele, S.,
supposes the idea that the molecules are positioned 1995, L iq. Cryst., 18, 867.
between the rods of one network in a manner such that [16] Letko, I., D iele, S., Pelzl, G ., and Weissflog, W .,

1995, L iq. Cryst., 19, 643.the methyl groups of the terminal alkyl chains are
[17] Bruce, D . W ., Dunmur, D . A., Hudson, S. A.,located on the rods to form planes [® gure 12(c)].

Lalinde, E., Maitlis, P. M ., McDonald, M . P.,Since the planes (spread between the parallel rods of
Orr, R., Styryng, P., Cherodian, A., Richardson,

one and the same network) interpenetrate the planes of R. M ., Feijoo, J. L., and Ungar, G ., 1991, Mol. Cryst.
liq. Cryst., 206, 79.the second network perpendicularly, the alignment of the

[18] Bruce, D . W ., Donnio, B., Hudson, S. A., Levelut,molecules at the crossing point can be understood. The
A. M ., Megtert, St., Petermann, D ., and Veber, M .,location of the molecules around the 3-fold points (which 1995, J. Phys. II Fr., 5, 289.

have to ful® l the condition of a 4-fold screw axis), as [19] For reviews of blue phases see: Stegemeyer, H ., Blümel,
well as the extension of the assumed sheets into cylin- Th., H iltrop, R., Onusseit, H ., and Porsch, F., 1986,

L iq. Cryst., 1, 3; Crooker, P. P., 1989, L iq. Cryst., 5, 751.drical rods or fragments of layers, cannot however be
[20] Thyen, H ., Stegemeyer, H ., Flörke, U ., and Haupt,answered in this way. In forthcoming studies we will

H .-J., ( in preparation).
check some models using calculations based on the [21] Demus, D ., D iele, S., Grande, S., and Sackmann, H .,
bicontinuous minimal surface model. 1983, Advances in L iquid Crystals, Vol. 6 (Academic

Press), p. 1.
[22] Levelut, A.-M ., and Clerc, M ., 1998, L iq. Cryst.,
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[24] Rancon, Y., and Charvolin, J., 1987, J. Physique,Chemischen Industrie are gratefully acknowledged.
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Delacroix, H ., Guillon, D ., and Bruce, D . W ., 1997,
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