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Under specific circumstances, organized columnar phases can be formed from the planar 

discoid shapes of the molecules that make up discotic liquid crystals. These materials offer 

unusual features because of their distinct columnar phase structure. They are utilized in or-

ganic semiconductors, liquid crystal magnetic materials, and photoelectric conversion. It has 

numerous applications, so researchers are paying more and more attention to it. In this paper, 

the effects of alkynyl groups on the properties of discotic liquid crystals at various positions 

are emphatically discussed. The main focus is on the alkynyl-containing discotic liquid crystal 

molecules and their properties reported in domestic and foreign literature in the past ten years. 
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TUDIES have been conducted on the synthesis and char-

acterization of discotic liquid crystal molecules of differ-

ent configurations since Chandrasekhar (1) originally 

described the synthesis and characterization of discotic liquid 

crystal molecules in 1977. Thousands of different chemicals 

have been created thus far. A molecule with a planar discoid 

shape that can be ordered to produce a liquid crystal state when 

specific circumstances are met is known as a discotic liquid 

crystal molecule. The flexible components are primarily ali-

phatic long chains, whose function is to introduce perturbation 

factors into the rigid system and increase the solubility of the 

compound. It can be adjusted through the packing mode of these 

planar molecules under suitable conditions and promulgate the 

orderly arrangement in a one-dimensional direction. Many dif-

ferent types of rigid central cores exist, but the most common 

are poly(fused) ring aromatic hydrocarbons that achieve orderly 

arrangement in a one-dimensional direction through the interac-

tion of plane molecules. 

A distinct columnar phase structure can be formed by the 

molecules of discotic liquid crystals. The molecules have 

one-dimensional order and are aligned in a direction perpendic-

ular to the discoid plane in the columnar phase. The columnar 

arrangement forms a quasi-one-dimensional conjugated electron 

cloud distribution when the discotic mesogen itself exhibits 

electron conjugation. Because of their structural characteristics, 

discotic liquid crystals have promising futures as optoelectronic 

materials (2-5). Additionally, when compared to crystals with 

similar columnar stacking, the discotic liquid crystal system’s 

defects are greatly reduced by the self-healing function caused 

by the perturbation of flexible chains and specific molecular 

mobility. The discotic liquid crystal molecules also reflect the 

fact that, as a semiconductor material, it has special advantages 

in carrier transport. 

High order and good charge transport capabilities, a stable 

hexagonal columnar liquid crystal phase, and a broad mesogenic 

temperature range are the main determinants of the usefulness of 

discotic liquid crystal materials as optoelectronic and semicon-

ductor materials. The phase state, phase transition temperature, 
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and stability of the phase state of the discotic compound can all 

be changed to satisfy these parameters. After the central core has 

been established, the structural modification of a discotic liquid 

crystal’s performance also depends on changes to the flexible 

chain surrounding the core, such as altering the connection 

mode between the flexible chain and the core or the length of 

the flexible chain, adding functional groups, creating oligomers 

or polymers of the discotic liquid crystal (6-8). For instance, 

Rego (9) incorporated alkynyl groups directly into liquid crystal 

molecules, whereas Axenov et al. (10) used unsaturated alkynyl 

groups to produce liquid crystal compounds with low melting 

points, a wide temperature range of the mesogenic phase, and 

stable mesogenic phases. The substance exhibits good liquid 

crystallinity on the triphenylene core’s stiff structure. This paper 

primarily introduces the alkynyl-containing discotic liquid crys-

tals; the striking modifications in the mesogenicity and semi-

conducting characteristics of various discotic central cores and 

dimers following the addition of alkynyl groups; and the devel-

opment of polyalkyne-based discotic liquid crystal polymers. 

 
Discotic Liquid Crystal Molecules 
 
Disotic Liquid Crystals Based on Alkynyl 
 
Benzene Ring Derivatives 
Previous studies naturally focused on molecules made from a 

single benzene ring structure, since the benzene ring is the fun-

damental building block of aromatic chemicals. Numerous 

discotic liquid crystals of benzene derivatives have appeared 

since the initial finding of hexasubstituted ester-containing ben-

zene derivatives in 1977. 

By using Wolff-Kishner reduction and a palladi-

um-catalyzed coupling reaction, Kumar et al. created branched 

alkyl-substituted hexaethynylbenzene derivatives, which dis-

played a nematic discotic liquid crystal phase at room tempera-

ture and increased the viewing angle of the liquid crystal display 

(11). Additional research found that the substituents’ and con-

necting atoms’ chain length affects how these compounds be-

have in liquid crystals. Such molecules can also have their liquid 

crystal behavior controlled by adding electron acceptors, which 

results in charge transfer effects on the molecules (12). 

According to Varshney et al. (13), the achiral alkyl branch 

of the radioactive polyalkynyl benzene series forms a columnar 

phase (Col), although the regular alkoxy branch also forms a 

columnar phase (Col). When chiral alkoxy branches are present, 

a chiral nematic-discotic phase (ND*) forms in addition to the 

nematic-discotic phase (ND). The phase transition temperature 

was successfully decreased to room temperature by the "molec-

ular symmetry effect," and the charge transfer complex and 

2,4,7-trinitrofluoren-9-one (TNF) produced a univariate hexag-

onal columnar phase (Colh). Further utilizing these compounds’ 

molecular rotational characteristics for effective charge transfer 

was done by Lee et al. (14). Hennrich et al. investigated highly 

polarizable C3-symmetric 1,3,5-trialkynyl benzene series and 

discovered that these compounds not only exhibited the tetrago-

nal columnar phase (Colr), Colh, and ND phases, but also in-

tense fluorescence, a clear Stokes shift, and general photocon-

ductivity (15). Triethynylbenzene was used by Ryu et al. to cre-

ate star-shaped 1,3,5-trialkynylbenzene derivatives. At room 

temperature, they noticed a CO2 phase and a vertical alignment 

tendency (16). 

 
Phenylene and Acetylene Macrocycles 
Fischer et al. created the first macrocyclic compounds in 1994 

(17). Macrocycles have rigid alkyne or lower alkyne units that 

serve as bridges and aromatic or antiaromatic groups at the mar-

gins. Macrocycles typically have a triangular or hexagonal form. 

The smallest macrocyclic compounds have been created by Seo 

et al., who also confirmed how side chains affect mesogenicity 

(18). 

Large triangular and hexagonal compounds were created 

by Li et al. (19) and Fritzsche et al. (20), using the 

Sonogashira-Hagihara and oxidative glaser coupling processes, 

respectively. The phenylene spacing and the existence of aryl 

groups in the edge unit allowed for the detection of the Colr, 

Colh, and ND phases for the cyclic trimer. While 

self-assembling into the Colh and Colr phases, hexagonal 

macrocyclic compounds display more conventional liquid 

crystallinity. 

The optoelectronic characteristics of triangular com-

pounds were investigated by Luo et al. (21). Triangular com-

pounds are an ideal material for creating photoelectric switches 

since they can not only produce nA-type photocurrent but also 

have an on/off ratio of 103. Kato et al. reported shape-stable 

macrocyclic compounds with phenanthrenes in the corners of 

triangles, tetraalkoxy-phenanthrene-mixed dehydro(n)rotaxenes 

(or quadrilaterals) (22). While the comparable antiaromatic 

rotaxenes lack any discernible fluorescence features, some 

rotaxenes are luminous. 

 
Disotic Liquid Crystals with Alkynyl Functional 
Groups 
 
Liquid Crystals with a Discotic Phenylene 
Structure 
Triphenylene discoid molecules are among the most studied 

discotic liquid crystal materials because of their advantages of 

simple synthesis and processing and low melting point. A hard 

planar triphenylene core and many flexible chains surround the 

rigid core in such liquid crystal molecules. This triphenylene 

molecule exhibits enhanced charge and exciton transport capa-

bilities along the direction of the column axis and is easily con-

verted into a columnar liquid crystal phase. The main applica-

tion-related issues for discotic liquid crystal materials to be re-

solved are extending the temperature range of the liquid crystal 

phase and decreasing the melting point, which may be primarily 

accomplished by altering the molecular structure. 

To explore the effect of structural elements on the devel-

opment, nature, and stability of discotic triphenylene 

mesophases, Andrew et al. synthesized several polysubstituted 

triphenylenes with a combination of alkynes and alkoxy groups 

(23). Their findings demonstrated that when triphenylene con-

tains two alkynes, the columnar mesophase activity can really be 

improved; but, when four or six alkynes are present, the 

mesophase behavior is completely inhibited. 

Hexabromotriphenylene was used by Wang and cowork-
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ers to create a series of six symmetrically substituted 

triphenylene derivatives (24). In addition to extending the range 

of triphenylenes’ long-type conjugation, six symmetrical sub-

stituents can also improve the compounds’ solubility. It is shown 

that the various substituents of the discoid molecules affect the 

electronic properties and mesophases by contrasting their prop-

erties and examining the relationship between the structural 

properties. It is demonstrated that the extended conjugation 

length affects the triphenylene derivatives by comparing the 

absorption and photoluminescence spectra of these pure com-

pounds, and the photoluminescence spectra of the absorption 

wavelengths show a significant increase with increasing conju-

gation length. According to the electrochemical characteristics 

of these compounds, HTP3 and HTP4 have lower LUMO levels 

than HTP1 and HTP2, which may be a result of the phenyl 

group’s addition, which lengthens the conjugation and increases 

the electron delocalization. 

In order to investigate the effects of flexible chains on the 

phase state, phase transition temperature, and phase stability, 

Zhao et al. created flexible chains containing unsaturated groups 

around triphenylene (25). Their findings showed that the target 

compounds all exhibit an ordered hexagonal-columnar 

mesogenic phase. The terminal alkynyl chain compound series 

has the highest melting point, while the terminal alkenyl flexible 

chain compound series has a lower melting point than the ter-

minal alkynyl flexible chain compound series. The highest 

clearing point and largest mesogenic temperature range were 

found in the vinyloxy flexible chain compound series, and the 

clearing point rose noticeably as the number of unsaturated ether 

chains increases. 

Although hexa(phenylethynyl)triphenylene’s self-org- 

anized ND phase is uncommon in discotic liquid crystals, its 

broad bandgap energy precludes its use in organic electronics. 

The triphenylene derivative not only displayed an ND phase but 

also relatively low bandgap energy of 2.53 eV when a thiophene 

unit was added at the periphery via a Suzuki−Miyaura and 

Sonogashira cross-coupling process to offset this effect. 

 
Discotic Hexabenzone-Like Liquid Crystals 
Hexabenzocoronene (HBC) is a macrocyclic aromatic molecule 

with a diameter of 0.15 nm that is made up of 42 carbon atoms 

bound together by covalent bonds. By employing a transition 

metal-catalyzed cyclization technique to create HBC derivatives 

with chiral and racemic groups, Fechtenktter et al. discovered 

that the compounds’ solubility and processing characteristics 

were enhanced and that their crystal phase changed to a colum-

nar phase (26). At temperatures below room temperature, the 

compound can enter the columnar phase area; however, the 

clearing threshold is not reached until 400 °C. While the struc-

turally related p-dodecylphenylacetylene substituted HBC 

showed corresponding phase transitions at 15 °C and 80 °C, it 

was clear that the addition of the connecting arm, the ethynyl 

group, had an impact on the compound’s phase transition tem-

perature. 

Hexa-hexabenzopyridine/perylenediimide dimers with 

covalent bonds were created by Dössel et al. as a fundamental 

model for checking energy and electron transfer procedures (27). 

While unstable, compounds made of columnar polymers can 

display photoluminescence. For the purpose of preventing direct 

charge recombination, the connecting section of the dyad is not 

conjugated. Because there is no electron contact between the 

donor and acceptor, this type of star-shaped doublet transports 

holes and electrons along the column-oriented channel, poten-

tially as a result of coaxial line acting on the crystal field effect. 

 
Liquid Crystal Made of Perylene Diimide 
The majority of perylene imide compounds are soluble in typical 

organic solvents due to the fused-ring conjugated system and 

molecular planarity of perylene imide compounds, which im-

prove the interaction of massive bonds between molecules and 

raise the lattice energy. Such compounds can be given various 

functional groups to increase their solubility. The Sonogashira 

coupling process has been used to create perylene imide (PBI) 

derivatives with benzyne substituents in the bay position. By 

identifying absorption peaks and distinct electronic vibrational 

processes, the manufactured doublet exhibits a distinct red shift. 

Effective charge transfer from electron-rich substituents to elec-

tron-deficient PBI nuclei is made possible by these substituents. 

The PBI ethynyl (dimethylaminophenyl) substituent exhibits a 

significant donating property, according to the spectrum charac-

teristics. 

 
Discotic Liquid Crystals That Resemble 
Porphyrins 
By using a "click" reaction, symmetric octa(thioalkane) nitro-

gen-containing porphyrins terminated by azide or acetylene 

groups, respectively, can be cross-linked into Langmuir mem-

branes, according to Belviso et al. (28) and Kayal et al. (29). Or 

the COOH phase was created by thermally activating the az-

ide-alkyne cycloaddition. Surprisingly, crosslinking had minimal 

impact on the mesophase. 

 

Discotic Liquid Crystal Dimer  
Two stiff mesogens that are either the same or distinct are joined 

by bridges make up a liquid crystal dimer. Compared to conven-

tional small-molecule liquid crystals, it has unusual physical 

characteristics. The discotic state is improved by the com-

pound’s abundance of mesogenic phase states as well as some 

liquid crystal dimer compounds’ polymer features, such as glass 

transition during phase transition. the usefulness of organic 

semiconductor materials like liquid crystals. As an alternative to 

changing the flexible chains around the triphenylene mesogens 

to produce stable columnar phases, bridge chains are used to 

join the two triphenylene molecular mesogens, giving rise to 

triphenylene dimer compounds. 

By the Pd-catalyzed self-coupling reaction of terminal al-

kynes, Zhao and coworkers (30) generated diphenylbutadiyne 

bridged triphenylene discotic liquid crystal dimers and a series 

of functionalized discotic liquid crystal monomers. According to 

their results of the thermogravimetric analysis (TGA), it has 

good thermal stability and starts to break down at around 370 °C. 

All monomer and dimer compounds were discovered using po-

larized light microscopy and differential scanning calorimetry to 

be columnar phase liquid crystals that were in liquid crystal 

phase at room temperature. The molecule also possesses very 

stable columnar packing, high-definition brilliant spots, and a 
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broad mesogenic phase range. It is proven that joining two 

discotic mesogens with a semi-rigid bridge chain can stabilize 

the columnar phase to some extent. A comparison of the litera-

ture reveals that the central bridge chain’s rigidity has a signifi-

cant impact on the triphenylene discoid liquid crystal dimer’s 

mesogenicity and that the rigidity of the central bridge chain of 

diphenylbutadiyne is advantageous for the molecules’ orderly 

stacking. 

Through the Sonogashira coupling and cyclization proce-

dure, Zhao et al. also created a (D-A-D) trimers using 

triphenylene as the electron donor and perylene diimide as the 

electron acceptor (31). Due to effective molecular autonomous 

ordering, all trimers self-assemble to create layered columnar 

tilting phases that can give rise to highly separated do-

nor-acceptor (D-A) heterojunction structures. By stacking 

hexabenzophthalimide to create an electron transport channel 

and using electron-rich striphenylene as a hole transient pathway, 

a so-called p-n heterojunction is constructed and proven for the 

first time at the molecular level. 

 
Polymer Liquid Crystal 
A polymer liquid crystal is a polymer created by joining 

mesogens together chemically. It combines the benefits of pol-

ymer stability and liquid crystal’s optoelectronic capabilities. 

Due to their functional side chains, monosubstituted side-chain 

liquid crystal polyalkynes have numerous application possibili-

ties in the fields of electricity and optics. 

By using a Rh(nbd)2Cl2/Et3N catalyst system, Xing et al. 

successfully polymerized the monomers in a solution of 

tetrahydrofuran by changing the bond length of the spacer to the 

main chain of polyalkyne (32). It dissolves readily in common 

organic solvents due to its low molecular weight. The yield is 

extremely high and can reach 84%. All polymers have very high 

thermal decomposition temperatures, and when heated to 300 °C, 

there is no degradation. While the polymer’s X-ray diffraction 

peak is sharpest when the spacer length is a methylene group of 

five carbons, corresponding to the development of mixed co-

lumnar liquid crystals, the tailed triphenylene having four car-

bons exhibits a hexagonal columnar phase. It has been discov-

ered that the packing of mesogens and the structure of 

triphenylene polymers are both significantly influenced by the 

length of the alkyl chain. 

 
Conclusion 
This paper mainly introduces the remarkable changes in the 

mesogenicity and semiconducting properties of discotic liquid 

crystal molecules of polyalkyne-based discotic liquid crystal 

polymers, as well as the significant changes in the mesogenicity 

and semiconducting properties of discotic liquid crystals con-

taining alkynyl structures and various central cores and dimers 

after the modification of alkynyl groups. Although thousands of 

compounds have been published and more than four decades 

have passed since the discovery of discotic liquid crystals, the 

study of discotic liquid crystals containing alkynyl groups is still 

in its infancy. How to increase the order degree of the discotic 

liquid crystal’s columnar phase and how to enhance its 

film-forming properties are now the two primary issues in the 

field of discotic liquid crystal materials.■ 

 

 

 

 

References 

1. Chandrasekhar S, Sadashiva BK, Suresh KA. Liquid 
crystals of disc-like molecules. Pramana 1977; 
9(5):471-480. DOI: 
https://doi.org/10.1007/BF02846252  

2. Geelhaar T, Griesar K, Reckmann B. 125 Years of 
liquid crystals-a scientific revolution in the home. 
Angewandte Chem Int Ed 2013; 52(34):8798-8809. 
DOI: https://doi.org/10.1002/anie.201301457  

3. Bremer M, Kirsch P, Klasen-Memmer M, Tarumi K. 
The TV in your pocket:development of liquid-crystal 
materials for the new millennium. Angewandte Chem 
Int Ed 2013; 52(34):8880-8896. DOI: 
https://doi.org/10.1002/anie.201300903  

4. Kumar S. Design concepts and synthesis of discotic 
liquid crystals. Handb Liq Cryst 2014; 26(4):467-520. 

5. Bushby RJ, Boden N. Responses of discotic liquid 
crystals to mechanical, magnetic, and electrical fields. 
Handb Liq Crys 2014; 26(5):569-602. 

6. Chen SS, Li T, Zhao DH. Progress in discotic liquid 
crystalline materials. Acta Physic Chim Sin 2010; 
26(4):1124-1134. 

7. Monika G, Santanu K P. Triphenylene-based 
room-temperature discotic liquid crystals: Aa new 
class of blue-light-emitting materials with long-range 
columnar self-assembly. Langmuir 2016; 
32(4):1120-1126. DOI: 
https://doi.org/10.1021/acs.langmuir.5b03353  

8. Yu ZQ, Lam JWY, Zhao KQ, Zhu CZ, Yang S, Lin JS, 
Li BS, Liu JH, Chen EQ, Tang BZ. Mesogen jacketed 
liquid crystalline polyacetylene containing 
triphenylene discogen:synthesis and phase structure. 
Polymer Chem 2013; 4(4):996-1005. DOI: 
https://doi.org/10.1039/C2PY20535A  

9. Rego JA, Kumar S, Ringsdorf H. Synthesis and 
characterization of fluorescent, low-symmetry 
triphenylene discotic liquid crystals: Tailoring of 
mesomorphic and optical properties. Chem Mat 1996; 
8(7):1402-1409. DOI: 
https://doi.org/10.1021/cm950582x  

10. Axenov KV, Laschat S. Thermotropic ionic liquid 
crystals. Materials (Basel) 2011; 4(1):206-259. DOI: 
https://doi.org/10.3390/ma4010206  

11. Kumar S, Varshney SK, Chauhan D. A 

https://doi.org/10.1007/BF02846252
https://doi.org/10.1002/anie.201301457
https://doi.org/10.1002/anie.201300903
https://doi.org/10.1021/acs.langmuir.5b03353
https://doi.org/10.1039/C2PY20535A
https://doi.org/10.1021/cm950582x
https://doi.org/10.3390/ma4010206


https://bonoi.org/index.php/si SI | August 31, 2022 | vol. 41 | no. 3 623 

room-temperature discotic nematic liquid crystal. Mol 
Cryst Liq Cryst 2003; 396(1):241-250. DOI: 
https://doi.org/10.1080/15421400390213573  

12. Hiroaki I, Hidenori F, Nobuo K. Ionic charge-transfer 
liquid crystals formed by alternating supramolecular 
copolymerization of liquid π-donors and TCNQ. Front 
Chem 2021; 9. DOI: 
https://doi.org/10.3389/fchem.2021.657246  

13. Varshney SK, Takezoe H, Rao DS. Discotic liquid 
crystals: Synthesis and characterization of radial 
polyalkynylbenzene derivatives. Bull Chem Soc Ja-
pan 2008; 81(1):163-167. DOI: 
https://doi.org/10.1246/bcsj.81.163  

14. Lee SL, Lin HA, Lin YH, Chen HH, Liao CT, Lin TL, 
Chu YC, Hsu HF, Chen C, Lee JJ. Gearing of molec-
ular swirls: Columnar packing of nematogenic 
hexakis(4-alkoxyphenyl-ethynyl)benzene derivatives. 
Chem Eur J 2011; 17(3):792-799. DOI: 
https://doi.org/10.1002/chem.v17.3  

15. Hennrich G, Cavero E, Barbera J, Gomez LB, Hanes 
RE, Talarico M, Golemme A, Serrano JL. Optoelec-
tronic devices based on mesomorphic, highly polar-
izable 1, 3, 5-trisalkynyl benzenes. Chem Mat 2007; 
19(25):6068-6070. DOI: 
https://doi.org/10.1021/cm702617v  

16. Ryu MH, Choi JW, Cho BK. Design synthesis and 
self-assembly behavior of C3-symmetry discotic 
molecules via click chemistry. J Mat Chem 2010; 
20(9):1806-1810. DOI: 
https://doi.org/10.1039/b921685e  

17. Fischer M, Lieser G, Rapp A, Schnell I, Mamdouh W, 
Feyter S, Schryver FC, Höger S. Shape-persistent 
macrocycles with intraannular polar groups: Synthe-
sis, liquid crystallinity, and 2D organization. J Am 
Chem Soc 2004; 126(1):214-222. DOI: 
https://doi.org/10.1021/ja038484x  

18. Seo SH, Jones TV, Seyler H, Peters JO, Kim TH, 
Chang JY, Tew GN. Liquid crystalline order from 
orthophenylene ethynylene macrocycles. J Am Chem 
Soc 2006; 128(29):9264-9265. DOI: 
https://doi.org/10.1021/ja060354b  

19. Li T, Yue K, Yan Q, Huang H, Wu H, Zhu N, Zhao D. 
Triangular arylene ethynylene macrocycles: Synthe-
ses, optical, and thermotropic liquid crystalline prop-
erties. Soft Mat 2012; 8(8):2405-2415. DOI: 
https://doi.org/10.1039/c2sm06144a  

20. Fritzsche M, Bohle A, Dudenko D, Baumeister U, 
Sebastiani D, Richardt G, Spiess HW, Hansen MR, 
Höger S. Empty helical nanochannels with adjustable 
order from low symmetry macrocycles. Angewandte 
Chem Int Ed 2011; 50(13):3030-3033. DOI: 
https://doi.org/10.1002/anie.201007437  

21. Luo J, Yan Q, Zhou Y, Li T, Zhu N, Bai C, Cao Y, 
Wang J, Pei J, Zhao D. A photoswitch based on 
self-assembled single microwire of a 
phenyleneethynylene macrocycle. Chem Comm 
2010; 46(31):5725-5727. DOI: 
https://doi.org/10.1039/c0cc00739k  

22. Kato S, Takahashi N, Tanaka H, Kobayashi A, Yo-
shihara T, Tobita S, Yamanobe T, Uehara H, Naka-
mura Y. Tetraalkoxyphenanthrene-fused 

dehydroannulenes: Synthesis, self-assembly, and 
electronic, optical, and electrochemical properties. 
Chem Eur J 2013; 19(36):12138-12151. DOI: 
https://doi.org/10.1002/chem.201301262  

23. Andrew NC, Hemant G. Synthesis and liquid crystal 
properties of mixed alkynyl-alkoxy-triphenylenes. Liq 
Cryst 2009; 36(8):809-816. DOI: 
https://doi.org/10.1080/02678290903063000  

24. Wang D, Mi YS, Tang JK, Liang PX, Jin ZK, Yang Z, 
Yang H. Disk-shaped symmetric hexa-substituted 
triphenylene derivatives: Synthesis, physical proper-
ties and self-assembly. Chem Res Chin Univ 2013; 
29(3):495-499. DOI: 
https://doi.org/10.1007/s40242-013-2288-3  

25. Zhao KQ, Zhou H, Yu W H, Hu P, Wang BQ, Monobe 
H, Shimizu Y. Synthesis of functionalized 
triphenylene discotic liquid crystals and the influence 
of unsaturated periphery on mesomorphism. Sci Chin 
(B) 2011; 41(10):1565-1574. 

26. Fechtenktter A, Tchebotareva N, Watson M, Müllen K. 
Discotic liquid crystalline hexabenzocoronenes car-
rying chiral and racemic branched alkyl chains: 
Supramolecular engineering and improved synthetic 
methods. Tetrahedron 2001; 57(17):3769-3774. DOI: 
https://doi.org/10.1016/S0040-4020(01)00252-6  

27. Dössel LF, Kamm V, Howard IA, Laquai F, Pisula W, 
Feng X, Li C, Takase M, Kudernac T, Feyter S. Syn-
thesis and controlled self-assembly of covalently 
linked hexaperi-hexabenzo-coronene/perylene 
diimide dyads as models to study fundamental ener-
gy and electron transfer processes. J Am Chem Soc 
2012; 134(13):5876-5886. DOI: 
https://doi.org/10.1021/ja211504a  

28. Belviso S, Amati M, Rossano R, Crispini A, Lelj F. 
Non symmetrical aryl-and arylethynyl-substituted 
thioalkyl-porphyrazines for optoelectronic materials: 
Synthesis, properties, and computational studies. 
Dalton Transact 2015; 44(5):2191-2207. DOI: 
https://doi.org/10.1039/C4DT03317E  

29. Kayal H, Ahmida M, Dufour S, Taing H, Eichhorn SH. 
Cross-linking of discotic tetraazaporphyrin dyes in 2 
and 3 dimensions by "click" chemistry. J Mat Chem C, 
2013; 1(42):7064-7072. DOI: 
https://doi.org/10.1039/c3tc31588f  

30. Zhao KQ, Zhou H, Yu W H, Wang BQ, Hu P. Palla-
dium catalyzed homo-coupling reaction for the syn-
thesis of rigid-spacer connected discotic liquid crystal 
dimers with triphenylene mesogens. Acta Chim Sin 
2011; 69(16):1895-1902. 

31. Zhao KQ, An LL, Zhang XB, Yu WH, Hu P, Wang BQ, 
Xu J, Zeng QD, Hirosato M, Yo S, Beno H, Bertrand 
D. Highly segregated lamello-columnar mesophase 
organizations and fast charge carrier mobility in new 
discotic donor-acceptor triads. Chem Eur J 2015; 
21(8):10379-10390. 

32. Xing CM, Jacky WYL, Zhao KQ, Tang BZ. Synthesis 
and liquid crystalline properties of poly (1-alkyne)s 
carrying triphenylene discogens. Polymer Chem 
2008; 46(9):2960-2974. DOI: 
https://doi.org/10.1002/(ISSN)1099-0518  

https://doi.org/10.1080/15421400390213573
https://doi.org/10.3389/fchem.2021.657246
https://doi.org/10.1246/bcsj.81.163
https://doi.org/10.1002/chem.v17.3
https://doi.org/10.1021/cm702617v
https://doi.org/10.1039/b921685e
https://doi.org/10.1021/ja038484x
https://doi.org/10.1021/ja060354b
https://doi.org/10.1039/c2sm06144a
https://doi.org/10.1002/anie.201007437
https://doi.org/10.1039/c0cc00739k
https://doi.org/10.1002/chem.201301262
https://doi.org/10.1080/02678290903063000
https://doi.org/10.1007/s40242-013-2288-3
https://doi.org/10.1016/S0040-4020(01)00252-6
https://doi.org/10.1021/ja211504a
https://doi.org/10.1039/C4DT03317E
https://doi.org/10.1039/c3tc31588f
https://doi.org/10.1002/(ISSN)1099-0518


https://bonoi.org/index.php/si SI | August 31, 2022 | vol. 41 | no. 3 624 

 

Received: May 21, 2022   |   Revised: July 04, 2022   |   Accepted: July 15, 2022 

 

 


