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single crystal X-ray structure characterization and properties of
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A new liquid crystal involving hydrogen bonding between 4-hexyloxybenzoic acid and
4-octyloxylphenylethynylpyridine has been investigated by DSC, polarizing optical microscopy
and X-ray diVraction. The mesogen shows a nematic phase and an unknown liquid crystalline
phase. The liquid crystal crystallizes with a triclinic space group P-1 with the parameters:
a=8.879 (2) AÃ , b=10.137( 2) AÃ , c=17.629( 4) AÃ ; a=104.16( 3)°, b=95.47( 3)°, c=101.48( 3)°;
V =1490.3 (6) AÃ 3 ; Z=2; F(000 )=572; m=0.076 mm 1 ; l(MoKa)

=0.71073 AÃ ; � nal R1=0.0435.
The complex is formed by strong intermolecular hydrogen bonding.

1. Introduction because of the diYculty of growing good single crystals
for X-ray analysis, and all the materials have been dimersHydrogen bonding plays important roles in molecular

recognition and self-assembly [1]. In the last decade, a of identical benzoic acid derivatives [8]. To the best of
our knowledge, there has been no single crystal structuralnumber of supramolecular mesogenic materials have been

obtained by molecular self-assembly through hydrogen study of a hydrogen-bonded liquid crystal complex
formed by two diVerent components. Here we report thebonding [2]. In earlier years, Jones and co-workers

found that hydrogen bonding in 4-substituted benzoic single crystal structure and properties of a hydrogen-
bonded liquid crystal obtained from 4-n-hexyloxybenzoicacids induced the liquid crystal phases formed, [3] but

the components were of course identical. Kato enlarged acid (6BA) and 4-(4-octyloxyphenylethynyl )pyridine
(8PEP) as shown in scheme 1.the range of systems when he synthesized liquid crystals

by mixing 4-alkoxybenzoic acids and pyridine derivatives
[4]. There have also been many reports of hydrogen- 2. Results and discussion

2.1. Experimentalbonded liquid crystals bearing ethynyl, ether and azo
moieties in recent years [5]. 6BA (hydrogen-bonding donor) and 8PEP (hydrogen-

bonding acceptor) were synthesized by literature methodsHigh birefringence (Dn) liquid crystals are useful
materials for application in re� ective-type LCDs, as shown in schemes 2 and 3 [9]. 6BA was recrystallized
spatial light modulators, compensation � lm re� ectors
and polarizers [6]. Liquid crystals containing acetylene
groups also possess high birefringence, low viscosity and
low melting points, but up to now there has been no
report of aryl-acetylene liquid crystals induced by inter-
molecular hydrogen bonds. Crystal structure studies of
liquid crystals, especially of liquid crystals induced by
hydrogen bonds, can provide insight into and under-
standing of the intermolecular interactions controlling the
mesophases [7]. However, there are only a few single
crystal studies involving hydrogen-bonded mesogens

Scheme 1.*Author for correspondence; e-mail: zsw@chem.pku.edu.cn
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1534 X. Song et al.

Scheme 2.

Scheme 3.

from ethanol and then from acetic acid. Elemental
analysis: calc for C13H18O3 C 70.24, H 8.16; found C 70.21,
H 8.155%. 8PEP was puri� ed by column chromato-
graphy on silica gel (petroleum: ethyl acetate=1 : 1
as the eluent). Melting point 50.2–51.6°C. 1H NMR
(200 MHz) for 8PEP (CDCl3 , ppm): 8.56 (2H, d) and
7.36 (2H, d) (pyridyl ), 7.50 (2H, d) and 6.90 (2H, d)
(phenyl ), 4.00 (2H, t) (OCH2 ), 1.76–1.80 (2H, m)
(OCH2CH2 ), 1.31–1.45 (10H, m), 0.89 (3H, t) (CH3 ).
M 1/z: 308. Elemental analysis: calc for C21H25O1N1
C 82.03, H 8.20, N 4.56; found C 82.19, H 8.262,
N 4.491%. The hydrogen-bonded complex was obtained
by evaporation from a THF solution containing equal
amounts of the H-bonding donor and the H-bonding
acceptor, followed by drying in vacuum at room
temperature.

Figure 2. The microscopic textures of the complex. (a) 118°C
(heating) nematic; (b) 119°C (cooling) nematic; (c) 81°C
(cooling) crystal.

Figure 1. DSC curves of the complex.
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1535Hydrogen-bonded L Cs

2.2. FT IR
The existence of intermolecular bonds can be identi� ed

by IR spectroscopy. The bands centred at 2450 and
1950 cm 1 show the formation of intermolecular bonds
between the carboxylic acid and the pyridyl unit [10].

2.3. Mesomorphic properties
The mesomorphism of the complex was studied

by diVerential scanning calorimetry (DSC), polarizing
optical microscopy (POM) and variable temperature
X-ray diVraction (XRD).

8PEP is not mesomorphic and melts directly to the
isotropic liquid at 51°C; 6BA shows a nematic phase in

Figure 3. X-ray diVractograms for the complex at diVerent
the range 105–153°C. The DSC thermogram of the temperatures: 118°C (heating) nematic; 140°C (heating)
complex is shown in � gure 1. The heating cycle thermo- isotropic; 118°C (cooling) nematic; 98°C (cooling) unknown

LC phase.gram clearly shows two endotherms at 106.64 and
126.07°C. In the subsequent cooling cycle, there were
four exotherms at 124.27, 107.73, 88.71 and 70.62°C. to d=39.2 and 4.4 AÃ , respectively were obtained at

118°C (heating and cooling) and are characteristic of aPOM studies suggested that the complex showed a
nematic phase in the heating cycle (� gure 2 (a) ), and nematic phase. The calculated lengths of 6BA, 8PEP

and the complex are 15.7, 21.8 and 39.1 AÃ , respectively.a nematic (� gure 2 (b) ), an unknown LC phase and two
crystal phases in the subsequent cooling cycle. The The length of the complex is in close agreement with

d=39.2 AÃ . Therefore the small angle re� ection corre-nematic phase had a schlieren texture and the unknown
LC phase appeared giving a textureless and completely sponds to the molecular length of the complex and the

wide angle re� ection corresponds to the intermolecularhomeotropic � eld of view.
Variable-temperature X-ray diVraction (XRD) studies distance. There are no distinct changes between the

XRD patterns at 118°C (cooling) and 98°C (cooling);were also used to identify the mesophases (� gure 3). A
weak, broad re� ection in the wide angle and a weak, therefore the liquid crystalline phase at 98°C remains

unidenti� ed.short re� ection in the small angle region, corresponding

Table 1. Atomic coordinates (×104 ) and equivalent isotropic displacement parameters (AÃ 2×103 ) for test. Ueq is de� ned as one
third of the trace of the orthogonalized Uij tensor.

Atom x y z Ueq Atom x y z Ueq

O(1) 8531( 1) 9188 (1) 912 (1) 34(1) C(16) 13324( 2) 7288( 2) - 811(1) 24(1)
O(2) 7859( 1) 6889 (1) 317 (1) 31(1) C(17) 12230( 2) 6019( 2) - 997(1) 28(1)
O(3) 1758( 1) 7195 (1) 1787 (1) 29(1) C(18) 10852( 2) 5967( 2) - 695(1) 28(1)
O(4) 20814( 1) 6112 (1) - 3068 (1) 32(1) C(19) 14762( 2) 7333( 2) - 1129( 1) 27(1)
N(1) 10497( 2) 7083 (1) - 227 (1) 27(1) C(20) 15908( 2) 7242( 2) - 1433( 1) 27(1)
C(1) 7606( 2) 8061 (2) 750 (1) 23(1) C(21) 17205( 2) 7013( 2) - 1839( 1) 25(1)
C(2) 6070( 2) 7874 (2) 1041 (1) 22(1) C(22) 18588( 2) 8018( 2) - 1704( 1) 26(1)
C(3) 5098( 2) 6540 (2) 873 (1) 23(1) C(23) 19823( 2) 7771( 2) - 2103( 1) 26(1)
C(4) 3670( 2) 6361 (2) 1132 (1) 24(1) C(24) 19673( 2) 6486( 2) - 2645( 1) 25(1)
C(5) 3189( 2) 7502 (2) 1563 (1) 23(1) C(25) 18304( 2) 5470( 2) - 2790( 1) 28(1)
C(6) 4144( 2) 8842 (2) 1743 (1) 26(1) C(26) 17082( 2) 5727( 2) - 2394( 1) 28(1)
C(7) 5579( 2) 9007 (2) 1476 (1) 25(1) C(27) 22223( 2) 7144( 2) - 2989( 1) 28(1)
C(8) 1174( 2) 8286 (2) 2274 (1) 28(1) C(28) 23243( 2) 6467( 2) - 3526( 1) 31(1)
C(9) - 377(2) 7579 (2) 2440 (1) 26(1) C(29) 24728( 2) 7482( 2) - 3562( 1) 29(1)
C(10) - 1136( 2) 8578 (2) 2988 (1) 28(1) C(30) 25726( 2) 6799( 2) - 4130( 1) 29(1)
C(11) - 2701( 2) 7851 (2) 3152 (1) 28(1) C(31) 27260( 2) 7757( 2) - 4149( 1) 29(1)
C(12) - 3476( 2) 8822 (2) 3701 (1) 36(1) C(32) 28254( 2) 7032( 2) - 4701( 1) 30(1)
C(13) - 5055( 2) 8116 (2) 3843 (1) 43(1) C(33) 29763( 2) 7969( 2) - 4758( 1) 35(1)
C(14) 11538( 2) 8313 (2) - 59(1) 27(1) C(34) 30729( 2) 7220( 3) - 5319( 1) 45(1)
C(15) 12950( 2) 8455 (2) - 335 (1) 26(1)
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1536 X. Song et al.

Table 2. Bond lengths (AÃ ) and angles (°). Symmetry transformations used to generate equivalent atoms.

O(1)–C(1) 1.2174( 18) O(1)–C(1)–(C(2) 122.62( 14)

O(2)–C(1) 1.3195 (19) O(2)–C(1)–C(2) 113.34( 13)
O(3)–C(5) 1.3663 (18) C(7)–C(2)–C(3) 118.82( 14)
O(3)–C(8) 1.4407 (19) C(7)–C(2)–C(1) 121.25( 14)
O(4)–C(24) 1.3725 (18) C(3)–C(2)–C(1) 119.93( 14)
O(4)–C(27) 1.433( 2) C(4)–C(3)–C(2) 120.26( 15)
N(1)–C(18) 1.340( 2) C(3)–C(4)–C(5) 120.36( 14)
N(1)–C(14) 1.343( 2) O(3)–C(5)–C(4) 115.05( 13)
C(1)–C(2) 1.495( 2) O(3)–C(5)–C(6) 124.50( 14)
C(2)–C(7) 1.390( 2) C(4)–C(5)–C(6) 120.45( 14)
C(2)–C(3) 1.397( 2) C(7)–C(6)–C(5) 118.53( 15)
C(3)–C(4) 1.382( 2) C(2)–C(7)–C(6) 121.58( 15)
C(4)–C(5) 1.388( 2) O(3)–C(8)–C(9) 106.04( 13)
C(5)–C(6) 1.394( 2) C(8)–C(9)–C(10) 113.25( 14)
C(6)–C(7) 1.393( 2) C(9)–C(10)–C(11) 112.74( 14)
C(8)–C(9) 1.511( 2) C(12)–C(11)–C(10) 113.76( 14)
C(9)–C(10) 1.526( 2) C(13)–C(12)–C(11) 113.94( 16)
C(10)–C(11) 1.527( 2) N(1)–C(14)–C(15) 122.70( 15)
C(11)–C(12) 1.519( 2) C(14)–C(15)–C(16) 119.41( 15)
C(12)–C(13) 1.515( 2) C(15)–C(16)–C(17) 117.83( 14)
C(14)–C(15) 1.381( 2) C(15)–C(16)–C(19) 123.49( 14)
C(15)–C(16) 1.392( 2) C(17)–C(16)–C(19) 118.67( 14)
C(16)–C(17) 1.393( 2) C(18)–C(17)–C(16) 119.04( 15)
C(16)–C(19) 1.441( 2) N(1)–C(18)–C(17) 123.31( 15)
C(17)–C(18) 1.377( 2) C(20)–C(19)–C(16) 173.92( 17)
C(19)–C(20) 1.203( 2) C(19)–C(20)–C(21) 174.93( 17)
C(20)–C(21) 1.440( 2) C(22)–C(21)–C(26) 118.12( 15)
C(21)–C(22) 1.389( 2) C(22)–C(21)–C(20) 122.66( 15)
C(21)–C(26) 1.403( 2) C(26)–C(21)–C(20) 119.22( 14)
C(22)–C(23) 1.390( 2) C(21)–C(22)–C(23) 121.55( 15)
C(23)–C(24) 1.388( 2) C(24)–C(23)–C(22) 119.10( 15)
C(24)–C(25) 1.385( 2) O(4)–C(24)–C(25) 115.17( 14)
C(25)–C(26) 1.378( 2) O(4)–C(24)–C(23) 124.54( 14)
C(27)–C(28) 1.511( 2) C(25)–C(24)–C(23) 120.28( 14)
C(28)–C(29) 1.520( 2) C(26)–C(25)–C(24) 120.21( 15)
C(29)–C(30) 1.530( 2) C(25)–C(26)–C(21) 120.73( 15)
C(30)–C(31) 1.516( 2) O(4)–C(27)–C(28) 106.98( 13)
C(31)–C(32) 1.529( 2) C(27)–C(28)–C(29) 112.94( 14)
C(32)–C(33) 1.508( 2) C(28)–C(29)–C(30) 112.55( 14)
C(33)–C(34) 1.531( 3) C(31)–C(30)–C(29) 114.16( 14)
C(5)–O(3)–C(8) 119.98( 12) C(30)–C(31)–C(32) 112.94( 14)
C(24)–O(4)–C(27) 118.20( 12) C(33)–C(32)–C(31) 114.37( 15)
C(18)–N(1)–C(14) 117.69( 14) C(32)–C(33)–C(34) 113.30( 16)
O(1)–C(1)–O(2) 124.02( 14)

3. Single crystal structure of the complex (SHELX-97), and re� ned by full-matrix least-squares on
F2 using all unique data (SHELXL-97).Colourless chips of single crystals of the complex were

obtained by slow evaporation from a THF solution. A The crystal is triclinic, space group P-1, a=8.879 (2),
b=10.137(2), c=17.629(4) AÃ , a=104.16( 3)°, b=95.47 (3)°,0.40×0.40×0.20 mm3 single crystal was selected and

mounted on the goniometer of Rigaku R-AXIS PAPID c=101.48 (3)°, V =1490.3 (6) AÃ 3, formula C34H43NO4 ,
M=529.69, Z=2, Dc=1.180 g cm 3, m=0.076 mm 1.imaging plate diVractometer. DiVraction data were

collected at 173 K with graphite monochromated MoK
a

A total of 6461 re� ections were read from which 3843
unique re� ections were used for the structural deter-radiation (l=0.71073 AÃ ) operating at 50 Kv and 40 mA.

Absorption correction was applied by correction of mination. The structure was re� ned against 525 para-
meters. R1=0.0435 and wR2=0.0970 for 3843 [I>2s(I)].symmetry-equivalent re� ections using the ABSCOR pro-

gram (Sheldrick, G. M., 1997 ). The structure was solved In the � nal diVerence map, Drmax=0.303 eAÃ 3, Drmin=
- 0.211 e AÃ 3 and goodness-of-� t=0.892. The positionby the direct method and successive diVerence maps
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1537Hydrogen-bonded L Cs

Table 3. Hydrogen bond distances (AÃ ) and angle (°) for the complex.

D–H … A d(D–H) d(H … A) d(D … A) <(DHA)

O(2)–H(1) … N(1) 1.109( 2) 1.502 (2) 2.604( 2) 172.8 (18)

way. The crystal packing shows that the molecules of
the complex pack in a nematic-like arrangement, con-
sistent with the formation of the nematic liquid crystal
phase and with the variable-temperature XRD spectra
and the microscopic texture.

4. Conclusion
In conclusion, the hydrogen-bonded liquid crystal con-

taining the aryl-acetylene group shows a low viscosity
nematic phase substantiated by the single crystal structure
studied which demonstrates the liquid crystal packing
mode.
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