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                    Abstract
Molecular features that are essential to forming a columnar liquid crystalline phase in a polymer are discussed, along with the corresponding phase structure. The formation of internally short-range ordered and overall straight columns, the fundamental structure elements of the phase, has been emphasized.
Keywords
	Columnar
	Mesophase
	Liquid crystal
	Column
	Discotic
	Entropy
	Self-compacting
	Rigidified
	Rigid-rod
	π-stack
	Side-chain
	Main-chain
	Minidendron
	Cross-linked





                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    
                        
                    

                    

                    

                    References
	Adam D, Schuhmacher P, Simmerer J, Häussling L, Siemensmeyer K, Etzbachi KH, Ringsorf H, Haarer D (1994) Fast photoconduction in the highly ordered columnar phase of a discotic liquid crystal. Nature 371:141–143
Article 
    CAS 
    
                    Google Scholar 
                

	Allcock HR, Connolly MS, Sisko JT, Al-Shali S (1988) Effects of organic side group structures on the properties of poly(organophosphazenes). Macromolecules 21:323–334
Article 
    CAS 
    
                    Google Scholar 
                

	Allegra G, Meille SV (2004) Mesomorphic phases of flexible polymers: the self-compacting chain model. Macromolecules 37:3487–3496
Article 
    CAS 
    
                    Google Scholar 
                

	Allen G, Lewis CJ, Todd SM (1970) Polyphosphazenes. 2. Characterization. Polymer 11:44–60
Article 
    CAS 
    
                    Google Scholar 
                

	Antipov EM, Kulichikhin VG, Plate NA (1992) Mesophase structure of some flexible chain polymers. Polym Eng Sci 32:1188–1203
Article 
    CAS 
    
                    Google Scholar 
                

	Ban J, Chen S, Li C, Wan X, Zhang H (2014) Influence of the spacer and molecular weight on the phase behavior of side-chain liquid crystalline polymers containing triphenylene discotic mesogen units as side groups. Polym Chem 5:6558–6568
Article 
    CAS 
    
                    Google Scholar 
                

	Bassett DC, Block S, Piermarini GJ (1974) A high-pressure phase of polyethylene and chain-extended growth. J Appl Phys 45:4146–4150
Article 
    CAS 
    
                    Google Scholar 
                

	Brand JD, Kübel C, Ito S, Müllen K (2000) Functionalized hexa-peri-hexabenzocoronenes: stable supramolecular order by polymerization in the discotic mesophase. Chem Mater 12:1638–1647
Article 
    CAS 
    
                    Google Scholar 
                

	Boden N, Bushby RJ, Lu ZB (1998) A rational synthesis of polyacrylates with discogenic side groups. Liq Cryst 25:47–58
Article 
    CAS 
    
                    Google Scholar 
                

	Chandrasekhar S, Sadashiva BK, Suresh KA (1977) Liquid crystals of disc-like molecules. Pramana 9:471–480
Article 
    CAS 
    
                    Google Scholar 
                

	Clark E (2006) The crystal structure of polytetrafluoroethylene, forms I and IV. J Macromol Sci Part B Phys 45:201–213
Article 
    CAS 
    
                    Google Scholar 
                

	Corradini P (1969) On the chain conformation of the high temperature polymorph of trans-1,4-polybutadiene. J Polym Sci Part B Polym Lett 7:211–214
Article 
    CAS 
    
                    Google Scholar 
                

	Crescenzi V, Flory PJ (1964) Configuration of the poly(dimethylsiloxane) chain. II. Unperturbed dimensions and specific solvent effects. J Am Chem Soc 86:141–146
Article 
    CAS 
    
                    Google Scholar 
                

	Cypryk M, Matyjaszewski K, Kojima M, Magill JH (1992) Novel mesomorphic feature of poly(diphenylphosphazene). Makromol Chem Rapid Commun 13:39–43
Article 
    CAS 
    
                    Google Scholar 
                

	de Gennes P, Prost J (1995) The physics of liquid crystals. Clarendon Press, Oxford
Book 
    
                    Google Scholar 
                

	De Rosa C, Napolitano R, Pirozzi B (1985) Conformational and packing energy calculations on the two crystalline modifications of poly (trans-1,4-butadiene). Polymer 26:2039–2042
Article 
    
                    Google Scholar 
                

	Desper CR, Schneider NS (1976) Mesomorphic structure at elevated temperature in meta and para forms of poly[bis(chlorophenoxy)phosphazene]. Macromolecules 9:424–428
Article 
    CAS 
    
                    Google Scholar 
                

	Desper CR, Schneider NS, Higginbotham E (1977) Mesomorphic structure in poly(organophosphazenes). J Polym Sci Polym Lett Ed 15:457–461
Article 
    CAS 
    
                    Google Scholar 
                

	Destrade C, Mondon MC, Malthete J (1979) Hexasubstituted triphenylenes: a new mesomorphic order. J Phys Colloq 40:17–21
Article 
    
                    Google Scholar 
                

	Fischer H, Ghosh SS, Heinery PA, Maliszewskyj N, Plesnivy T, Ringsdorf H, Seitz M (1995) Formation of a hexagonal columnar mesophase by N-acylated poly(ethylenimine). Angew Chem Int Ed 34:795–798
Article 
    
                    Google Scholar 
                

	Flory PJ (1956) Phase equilibriums in solutions of rodlike particles. Proc R Soc Lond Ser A 234:73–89
Article 
    CAS 
    
                    Google Scholar 
                

	Franssen NMG, Ensing B, Hegde M, Dingemans TJ, Norder B, Picken SJ, Alberda van Ekenstein GOR, van Eck ERH, Elemans JAAW, Vis M, Reek JNH, de Bruin B (2013) On the "tertiary structure" of poly-carbenes; self-assembly of sp3-carbon-based polymers into liquid-crystalline aggregates. Chem Eur J 19:11577–11589
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ganicz T, Stanczyk WA (2002) Organosilicon mesomorphic polymer systems. Prog Polym Sci 28:303–329
Article 
    
                    Google Scholar 
                

	Gearba RI, Anokhin DV, Bondar AI, Godovsky YK, Papkov VS, Makarova NN, Magonov SN, Bras W, Kock MH, Masin F, Goderis B, Ivanov DA (2006) Mesomorphism, polymorphism, and semicrystalline morphology of poly(di-n-propylsiloxane). Macromolecules 39:988–999
Article 
    CAS 
    
                    Google Scholar 
                

	Ghobril C, Heinrich B, El D, Mw G (2014) Synthesis of hydrophobic carbohydrate polymers and their formation of Thermotropic liquid crystalline phases. ACS Macro Lett 3:359–363
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Giamberini M, Ronda JC, Reina JA (2005) Poly(epichlorohydrin) modified with 3,4,5-tris(dodecyloxy)benzoate: the structure and dynamics of the aliphatic side chains in the columnar mesophase. J Polym Sci Part A Polym Chem 43:2099–2111
Article 
    CAS 
    
                    Google Scholar 
                

	Godovskii YK, Mamaeva II, Makarova NN, Papkov VS, Kuzmin NN (1985) Influence of molecular weight on the thermotropic mesophase behavior of polydipropylsiloxane. Makromol Chem Rapid Commun 6:797–801
Article 
    CAS 
    
                    Google Scholar 
                

	Gomez MA, Marco C, Fatou JG, Bowmer TN, Haddon RC, Chichester-Hicks SV (1991) Thermal phase transitions of substituted poly[bis(4-R-phenoxy)phosphazenes]. Macromolecules 24:3276–3284
Article 
    CAS 
    
                    Google Scholar 
                

	Gomez MA, Marco C, Fatou JG, Chichester-Hicks SV, Haddon RC (1990) Morphological study of the phase transitions in poly.[bis(4-ethylphenoxy)phosphazene. Polym Commun 31:308–312
Article 
    CAS 
    
                    Google Scholar 
                

	Herrmann-Schoenherr O, Wendorff JH, Kreuder W, Ringsdorf H (1986) Structure of the mesophase of a discotic main chain polymer. Makromol Chem Rapid Commun 7:97–101
Article 
    CAS 
    
                    Google Scholar 
                

	Hüser B, Pakula T, Spiess HW (1989) Macroscopic ordering of liquid-crystalline polymers with discotic mesogens. Macromolecules 22:1960–1963
Article 
    
                    Google Scholar 
                

	Kamachi M, Cheng XS, Kida T, Kajiwara A, Shibasaka M, Nagata S (1987) Synthesis of new polymers containing porphyrins in their side chains: radical polymerizations of 5-[4-(acryloyloxy)phenyl]-10,15,20-triphenylporphyrin and 5-[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphyrin. Macromolecules 20:2665–2669
Article 
    CAS 
    
                    Google Scholar 
                

	Karikari EK, Greso AJ, Farmer BL, Miller RD, Rabolt JF (1993) Studies of the conformation and packing of polysilanes. Macromolecules 26:3937–3945
Article 
    CAS 
    
                    Google Scholar 
                

	Kato H, Sasanuma Y, Kaito A, Tanigaki N, Tanabe Y, Kinugasa S (2001) Unperturbed chain dimensions of poly(di-n-hexylsilane), poly(methyl-n-propylsilane), and poly(di-n-butylsilane). Macromolecules 34:262–268
Article 
    CAS 
    
                    Google Scholar 
                

	Kayal H, Ahmida MM, Dufour S, Tang H, Holger Eichhorn S (2013) Cross-linking of discotic tetraazaporphyrin dyes in 2 and 3 dimensions by "click" chemistry. J Mater Chem C 1:7064–7072
Article 
    CAS 
    
                    Google Scholar 
                

	Kögler G, Hasenhindl A, Möller M (1989) Solid-state NMR studies on the molecular structure and dynamics of poly(diethylsiloxane) polymorphs. Macromolecules 22:4190–4197
Article 
    
                    Google Scholar 
                

	Kojima M, Magill JH (1984) Hexatic phase in poly(bistrifluoroethoxyphosphazene), (PBFP), thin films. Polym Commun 25:273–275
CAS 
    
                    Google Scholar 
                

	Kojima M, Magill JH (1985) Phase transitions in polyphosphazene films: poly[bis(trifluoroethoxy)phosphazene]. Makromol Chem 186:649–663
Article 
    CAS 
    
                    Google Scholar 
                

	Kojima M, Magill JH (1989) Influence of side groups on thermotropic behavior of polyorganophosphazenes. Polymer 30:579–584
Article 
    CAS 
    
                    Google Scholar 
                

	Kojima M, Magill JH (1992) Solution-grown crystals of poly(dimethylphosphazene). Makromol Chem 193:2731–2736
Article 
    CAS 
    
                    Google Scholar 
                

	Kojima M, Magill JH, Cypryk M, White ML, Franz U, Matyjaszewski K (1994) Novel structural and thermotropic behavior of poly(diphenylphosphazene). Macromol Chem Phys 195:1823–1842
Article 
    CAS 
    
                    Google Scholar 
                

	Kojima M, Young SG, Magill JH (1992) Some properties of poly[bis(halophenoxy)phosphazenes]. Polymer 33:4538–4549
Article 
    CAS 
    
                    Google Scholar 
                

	Kohn P, Ghazaryan L, Gupta G, Sommer M, Wicklein A, Thelakkat M, Thurn-Albrecht T (2012) Thermotropic behavior, packing, and thin film structure of an electron accepting side-chain polymer. Macromolecules 45:5676–5683
Article 
    CAS 
    
                    Google Scholar 
                

	Kranig W, Hüser B, Spiess HW, Kreuder W, Ringsdorf H, Zimmerman H (1990) Phase behavior of discotic liquid crystalline polymers and related model compounds. Adv Mater 2:36–40
Article 
    CAS 
    
                    Google Scholar 
                

	Kreuder W, Ringsdorf H (1983) Liquid crystalline polymers with disk-like mesogens. Makromol Chem Rapid Commun 4:807–815
Article 
    CAS 
    
                    Google Scholar 
                

	Kreuder W, Ringsdorf H, Tschirner P (1985) Liquid crystalline polymers with disk-like mesogens in the main chain. Makromol Chem Rapid Commun 6:367–373
Article 
    CAS 
    
                    Google Scholar 
                

	Kurelec L, Rastogi S, Meier RJ, Lemstra PJ (2000) Chain mobility in polymer systems: on the borderline between solid and melt. 3. Phase transformations in nascent ultrahigh molecular weight polyethylene reactor powder at elevated pressure as revealed by in situ Raman spectroscopy. Macromolecules 33:5593–5601
Article 
    CAS 
    
                    Google Scholar 
                

	Lee CC, Huang WY (2012) Insertion of poly(acrylamide) disc-columnar liquid crystals as a functional template in organic photovoltaics. J Appl Polym Sci 126:E70–E77
Article 
    CAS 
    
                    Google Scholar 
                

	Lovinger AJ, Cais RE (1984) Structure and morphology of poly(trifluoroethylene). Macromolecules 17:1939–1945
Article 
    CAS 
    
                    Google Scholar 
                

	Lovinger AJ, Davis DD, Schilling FC, Padden FJ, Bovey FA, Zeigler JM (1991) Solid-state structure and phase transitions of poly(dimethylsilylene). Macromolecules 24:132–139
Article 
    CAS 
    
                    Google Scholar 
                

	Lovinger AJ, Furukawa T, Davis GT, Broadhurst MG (1983) Crystallographic changes characterizing the curie transition in three ferroelectric copolymers of vinylidene fluoride and trifluoroethylene: 2. Oriented or poled samples. Polymer 24:1233–1239
Article 
    CAS 
    
                    Google Scholar 
                

	Luzzati V, Mustacchi H, Skoulios A (1957) Structure of the liquid-crystal phases of the soap-water system: middle soap and neat soap. Nature 180:600–601
Article 
    CAS 
    
                    Google Scholar 
                

	Luzzati V, Nicolaieff A (1959) Small-angle x-ray diffraction study of gels of deoxyribonucleic acid and nucleoproteins. J Mol Biol 1:127–133
Article 
    CAS 
    
                    Google Scholar 
                

	Makhseed S, Cook A, Mckeown NB (1999) Phthalocyanine-containing polystyrenes. Chem Commun 5:419–420
Article 
    
                    Google Scholar 
                

	Mei X, Chu Y, Cui J, Shen Z, Wan X (2010) Steric interaction between flexible main chain and nonmesogenic cyclic pendants leading to thermotropic liquid crystalline property. Macromolecules 43:8942–8949
Article 
    CAS 
    
                    Google Scholar 
                

	Menescal R, Eveland J, West R, Leites LL, Bukalov SS, Yadritseva TD, Blazso M (1994) Poly(di-n-propylsilylene) and poly(diethylsilylene-co-di-n-propylsilylene): solid state structure and phase transitions. Macromolecules 27:5885–5892
Article 
    CAS 
    
                    Google Scholar 
                

	Miller KJ, Hollinger HB, Grebowicz J, Wunderlich B (1990) On the conformations of poly(p-xylylene) and its mesophase transitions. Macromolecules 23:3855–3859
Article 
    CAS 
    
                    Google Scholar 
                

	Molenberg A, Möller M (1997) Structure and phase transitions of poly(diethylsiloxane). Macromolecules 30:8332–8337
Article 
    CAS 
    
                    Google Scholar 
                

	Molenberg A, Möller M, Sautter E (1997) Columnar mesophase behavior of poly(di-n-alkylsiloxane)s. Prog Polym Sci 22:1133–1144
Article 
    CAS 
    
                    Google Scholar 
                

	Möller M (1985) Cross polarization-magic angle sample spinning NMR studies. With respect to the rotational isomeric states of saturated chain molecules. Adv Polym Sci 66:59–80
Article 
    
                    Google Scholar 
                

	Möller M, Siffrin S, Kögler G, Oelfin D (1990) Mesomorphic phases of poly(di-n-alkylsiloxanes). Makromol Chem Macromol Symp 34:171–194
Article 
    
                    Google Scholar 
                

	Mu B, Hao X, Chen J, Li Q, Zhang C, Chen D (2017) Discotic columnar liquid-crystalline polymer semiconducting materials with high charge-carrier mobility via rational macromolecular engineering. Polym Chem 8:3286–3293
Article 
    CAS 
    
                    Google Scholar 
                

	Mu B, Pan S, Bian H, Wu B, Fang J, Chen D (2015a) Well-organized columnar superlattices via positive coupling between polymer backbone and discotic side groups. Macromolecules 48:6768–6780
Article 
    CAS 
    
                    Google Scholar 
                

	Mu B, Wu B, Pan S, Fang J, Chen D (2015b) Hierarchical self-organization and uniaxial alignment of well synthesized side-chain discotic liquid crystalline polymers. Macromolecules 48:2388–2398
Article 
    CAS 
    
                    Google Scholar 
                

	Müller C, Schmidt C, Frey H (1996) Solid state NMR investigation of C1-deuterated poly(di-n-hexylsilylene). Macromolecules 29:3320–3322
Article 
    
                    Google Scholar 
                

	Natta G, Corradini P, Porri L (1956) Structures of new polymers of conjugated diolefins containing 1-4 trans linkages. Atti Accad Nazl Lincei Rend Classe Sci Fis Mat Nat 20:728–734
CAS 
    
                    Google Scholar 
                

	Okumoto H, Yatabe T, Shimomura M, Kaito A, Minami N, Tanabe Y (1999) Molecular orientation dependent photoconductivity of liquid crystalline oligosilanes. Synth Met 101:461–462
Article 
    CAS 
    
                    Google Scholar 
                

	Out GJJ, Schloessels F, Turetskii AA, Möller M (1995a) Columnar mesophase behavior of poly(dibutylsiloxane) and related copolymers containing polar substituents. Macromol Chem Phys 196:2035–2046
Article 
    CAS 
    
                    Google Scholar 
                

	Out GJJ, Aa T, Möller M (1995b) Structural correlation between the columnar mesophase and the melt in poly(di-n-alkylsiloxane)s. Macromol Rapid Commun 16:107–112
Article 
    CAS 
    
                    Google Scholar 
                

	Papkov VS, Godovskii YK, Svistunov VS, Litvinov VM, Zhdanov AA (1984) DSC studies of phase transitions in poly(diethylsiloxane). J Polym Sci Polym Chem Ed 22:3617–3632
Article 
    CAS 
    
                    Google Scholar 
                

	Papkov VS, Il'ina MN, Zhukov VP, Tsvankin DY, Tur DR (1992) Unusual phase behavior of some poly(dialkoxyphosphazenes). Macromolecules 25:2033–2040
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Ahn CH, Ungar G, Yeardley JP, Möller M, Sheiko SS (1998a) Controlling polymer shape through the self-assembly of dendritic side-groups. Nature 391:161–164
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Ahn CH, Cho WD, Jamieson AM, Kim J, Leman T, Schmidt M, Gerle M, Möller M, Prokhorova SA, Sheiko SS, Cheng SZD, Zhang A, Ungar G, Yeardley DJP (1998b) Visualizable cylindrical macromolecules with controlled stiffness from backbones containing libraries of self-assembling dendritic side groups. J Am Chem Soc 120:8619–8631
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Heck J, Tomazos D, Falkenberg F, Blackwell H, Ungar G (1993) Self-assembly of taper-shaped monoesters of oligo(ethylene oxide) with 3,4,5-tris(p-dodecyloxybenzyloxy)benzoic acid and of their polymethacrylates into tubular supramolecular architectures displaying a columnar mesophase. J Chem Soc Perkin Trans 1:2799–2811
Article 
    
                    Google Scholar 
                

	Percec V, Schlueter D, Ungar G, Cheng SZD, Zhang A (1998c) Hierarchical control of internal superstructure, diameter, and stability of supramolecular and macromolecular columns generated from tapered monodendritic building blocks. Macromolecules 31:1745–1762
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Heck J, Lee M, Ungar G, Alvarez-Castillo A (1992a) Poly{2-vinyloxyethyl 3,4,5-tris[4-(n-dodecanyloxy)benzyloxy]benzoate}: a self-assembled supramolecular polymer similar to tobacco mosaic virus. J Mater Chem 2:1033–1039
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Holerca MN, Magonov SN, DJP Y, Ungar G, Duan H, Hudson SD (2001) Poly(oxazolines)s with tapered minidendritic side groups. The simplest cylindrical models to investigate the formation of two-dimensional and three-dimensional order by direct visualization. Biomacromolecules 2:706–728
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Percec V, Lee M, Heck J, Blackwell HE, Ungar G, Alvarez-Castillo A (1992b) Reentrant isotropic phase in a supramolecular disc-like oligomer of 4-[3,4,5-tris(n-dodecyloxy)benzoyloxy]-4′-[(2-vinyloxy)ethoxy]biphenyl. J Mater Chem 2:931–938
Article 
    CAS 
    
                    Google Scholar 
                

	Percec V, Schlueter D (1997) Mechanistic investigations on the formation of supramolecular cylindrical shaped oligomers and polymers by living ring opening metathesis polymerization of a 7-oxanorbornene monomer substituted with two tapered monodendrons. Macromolecules 30:5783–5790
Article 
    CAS 
    
                    Google Scholar 
                

	Ronda JC, Reina JA, Cádiz V, Giamberini M, Nicolais L (2003) Self-organized liquid-crystalline polyethers obtained by grafting tapered mesogenic groups onto poly(epichlorohydrin): toward biomimetic ion channels. J Polym Sci Part A Polym Chem 41:2918–2929
Article 
    CAS 
    
                    Google Scholar 
                

	Rosen BM, Wilson CJ, Wilson DA, Peterca M, Imam MR, Percec V (2009) Dendron-mediated self-assembly, disassembly, and self-organization of complex systems. Chem Rev 109:6275–6540
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schilling FC, Bovey FA, Davis DD, Lovinger AJ, Macgregor RB Jr, Walsh CA, Zeigler JM (1989a) The effect of pressure on the solid-state structure and UV-visible absorption spectra of symmetrically substituted poly(di-n-alkylsilylenes). Macromolecules 22:4645–4648
Article 
    CAS 
    
                    Google Scholar 
                

	Schilling FC, Bovey FA, Lovinger AJ, Zeigler JM (1986) Characterization of poly(di-n-hexylsilane) in the solid state. II. Carbon-13 and silicon-29 magic-angle spinning NMR studies. Macromolecules 19:2660–2663
Article 
    CAS 
    
                    Google Scholar 
                

	Schilling FC, Lovinger AJ, Zeigler JM, Davis DD, Bovey FA (1989b) Solid-state structures and thermochromism of poly(di-n-butylsilylene) and poly(di-n-pentylsilylene). Macromolecules 22:3055–3063
Article 
    CAS 
    
                    Google Scholar 
                

	Seitz M, Plesnivy T, Schimossek K, Edelmann M, Ringsdorf H (1996) Formation of hexagonal columnar mesophases by linear and branched oligo- and polyamides. Macromolecules 29:6560–6574
Article 
    CAS 
    
                    Google Scholar 
                

	Sirlin C, Bosio L, Simon J (1987) Spinal columnar liquid crystals: polymeric octasubstituted [small micro]-oxo-(phthalocyaninato)tin(IV). J Chem Soc Chem Commun 5:379–380
Article 
    
                    Google Scholar 
                

	Sworen JC, Smith JA, Wagener KB, Baugh LS, Rucker SP (2003) Modeling random methyl branching in ethylene/propylene copolymers using metathesis chemistry: synthesis and thermal behavior. J Am Chem Soc 125:2228–2240
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tahar-Djebbar I, Nekelson F, Heinrich B, Donnio B, Guillon D, Kreher D, Mathevet F, Attias AJ (2011) Lamello-columnar mesophase formation in a side-chain liquid crystal π-conjugated polymer architecture. Chem Mater 23:4653–4656
Article 
    CAS 
    
                    Google Scholar 
                

	Tang H, Sun S, Wu J, Wu P, Wan X (2010) Conformational changes in novel thermotropic liquid crystalline polymer without conventional mesogens: a Raman spectroscopic investigation. Polymer 51:5482–5489
Article 
    CAS 
    
                    Google Scholar 
                

	Tashiro K, Sasaki S, Kobayashi M (1996) Structural investigation of orthorhombic-to-hexagonal phase transition in polyethylene crystal: the experimental confirmation of the conformationally disordered structure by X-ray diffraction and infrared/Raman spectroscopic measurements. Macromolecules 29:7460–7469
Article 
    CAS 
    
                    Google Scholar 
                

	Thünemann AF, Kubowicz S, Burger C, Watson MK, Tchebotareva N, Müllen K (2003) α-Helical-within-discotic columnar structures of a complex between poly(ethylene oxide)-block-poly(l-lysine) and a Hexa-peri-hexabenzocoronene. J Am Chem Soc 125:352–356
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thünemann AF, Ruppelt D, Burger C, Müllen K (2000a) Long-range ordered columns of a hexabenzo[bc,ef,hi,kl,no,qr]coronene-polysiloxane complex: towards molecular nanowires. J Mater Chem 10:1325–1329
Article 
    
                    Google Scholar 
                

	Thünemann AF, Ruppelt D, Ito S, Müllen K (1999) Supramolecular architecture of a functionalized hexabenzocoronene and its complex with polyethyleneimine. J Mater Chem 9:1055–1057
Article 
    
                    Google Scholar 
                

	Thünemann AF, Ruppelt D, Schnablegger H, Blaul J (2000b) Rigid-rod complex of a cationic poly(p-phenylene) and a fluorinated amphiphile. Macromolecules 33:2124–2128
Article 
    CAS 
    
                    Google Scholar 
                

	Tokita M, Shikinaka K, Hoshino T, Fujii K, Mikami J, Koshimizu N, Sakajiri K, Kang S, Watanabe J, Shigehara K (2013) Thermotropic behavior of syndiotactic polymethylenes with alkyloxycarbonyl side chains. Polymer 54:995–998
Article 
    CAS 
    
                    Google Scholar 
                

	Tur DR, Provotorova NP, Vinogradova SV, Bakhmutov VI, Galakhov MV, Zhukov VP, Dubovik II, Tsvankin DJ, Papkov VS (1991) The influence of the length of alkoxy side groups on the phase state of poly(dialkoxyphosphazenes). Makromol Chem 192:1905–1919
Article 
    CAS 
    
                    Google Scholar 
                

	Ungar G (1986) From plastic-crystal paraffins to liquid-crystal polyethylene: continuity of the mesophase in hydrocarbons. Macromolecules 19:1317–1324
Article 
    CAS 
    
                    Google Scholar 
                

	Ungar G, Keller A (1980) Effect of radiation on the crystals of polyethylene and paraffins. 1. Formation of the hexagonal lattice and the destruction of crystallinity in polyethylene. Polymer 21:1273–1277
Article 
    CAS 
    
                    Google Scholar 
                

	van de Craats AM, Warman JM, Fechtenkötter A, Brand JD, Harbison MA, Müllen K (1999) Record charge carrier mobility in a room-temperature discotic liquid-crystalline derivative of hexabenzocoronene. Adv Mater 11:1469–1472
Article 
    
                    Google Scholar 
                

	van der Pol JF, Neeleman E, Van Miltenburg JC, Zwikker JW, Nolte RJM, Drenth W (1990) A polymer with the mesomorphic order of liquid crystalline phthalocyanines. Macromolecules 23:155–162
Article 
    
                    Google Scholar 
                

	Varma-Nair M, Cheng J, Jin Y, Wunderlich B (1991) Thermal properties of polysilylenes. Macromolecules 24:5442–5450
Article 
    CAS 
    
                    Google Scholar 
                

	Weber P, Guillon D, Skoulios A, Miller RD (1990) Liquid-crystalline behavior of a series of poly(di-n-alkylsilanes). Liq Cryst 8:825–837
Article 
    CAS 
    
                    Google Scholar 
                

	Weck M, Mohr B, Br M, Grubbs R (1997) Synthesis of discotic columnar side-chain liquid crystalline polymers by ting-opening metathesis polymerization (ROMP). Macromolecules 30:6430–6437
Article 
    CAS 
    
                    Google Scholar 
                

	Welsh WJ, Debolt L, Mark JE (1986) Conformational energies and unperturbed chain dimensions of polysilane and poly(dimethylsilylene). Macromolecules 19:2978–2983
Article 
    CAS 
    
                    Google Scholar 
                

	Wenz G (1985) New polymers with disk-shaped mesogenic groups in the main chain. Makromol Chem Rapid Commun 6:577–584
Article 
    CAS 
    
                    Google Scholar 
                

	Werth M, Spiess HW (1993) The role of the spacer in discotic polymers. Makromol Chem Rapid Commun 14:329–338
Article 
    CAS 
    
                    Google Scholar 
                

	Xing C, Lam JWY, Zhao K, Tang BZ (2008) Synthesis and liquid crystalline properties of poly(1-alkyne)s carrying triphenylene discogens. J Polym Sci Part A Polym Chem 46:2960–2974
Article 
    CAS 
    
                    Google Scholar 
                

	Yamagishi T, Fukuda T, Miyamoto T, Takashina Y, Kakoh Y, Watanabe J (1991) Thermotropic cellulose derivatives with flexible substituents. IV. Columnar liquid crystals from ester-type derivatives of cellulose. Liq Cryst 10:467–473
Article 
    CAS 
    
                    Google Scholar 
                

	Yamamoto T (1979) Nature of disorder in the high-pressure phase of polyethylene. J Macromol Sci Phys B16:487–509
Article 
    CAS 
    
                    Google Scholar 
                

	Yatabe T, Kaito A, Tanabe Y (1997) Liquid crystalline behavior of linear permethyloligosilanes. Chem Lett 8:799–800
Article 
    
                    Google Scholar 
                

	Ye C, Zhang H-L, Huang Y, Chen EQ, Lu Y, Shen D, Wan XH, Shen Z, Cheng SZD, Zhou QF (2004) Molecular weight dependence of phase structures and transitions of mesogen-jacketed liquid crystalline polymers based on 2-vinylterephthalic acids. Macromolecules 37:7188–7196
Article 
    CAS 
    
                    Google Scholar 
                

	Yin XY, Ye C, Ma X, Chen EQ, Qi XY, Duan XF, Wan XH, Cheng SZD, Zhou QF (2003) Manipulating supramolecular self-assembly via tailoring pendant group size of linear vinyl polymers. J Am Chem Soc 125:6854–6855
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yoneda S, Sakurai T, Nakayama T, Kato K, Takata M, Seki S (2015) Systematic studies on side-chain structures of phthalocyaninato-polysiloxanes: polymerization and self-assembling behaviors. J Porphyrins Phthalocyanines 19:160–170
Article 
    CAS 
    
                    Google Scholar 
                

	Young SG, Magill JH (1989) A study of the T(1) transition of poly[bis(trifluoroethoxy)phosphazene] (PBFP) using solid-state nuclear magnetic resonance spectroscopy. Macromolecules 22:2549–2551
Article 
    CAS 
    
                    Google Scholar 
                

	Yu ZQ, Lam JWY, Zhao K, Zhu CZ, Yang S, Lin JS, Li BS, Liu JH, Chen EQ, Tang BZ (2013) Mesogen jacketed liquid crystalline polyacetylene containing triphenylene discogen: synthesis and phase structure. Polym Chem 4:996–1005
Article 
    CAS 
    
                    Google Scholar 
                

	Zeng D, Tahar-Djebbar I, Xiao Y, Kameche F, Kayunkid N, Brinkmann M, Guillon D, Heinrich B, Donnio B, Ivanov DA, Lacaze E, Kreher D, Mathevet F, Attias AJ (2014) Intertwined lamello-columnar coassemblies in liquid-crystalline side-chain π-conjugated polymers: toward a new class of nanostructured supramolecular organic semiconductors. Macromolecules 47:1715–1731
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang H, Yu Z, Wan X, Zhou QF, Woo EM (2002) Effects of molecular weight on liquid-crystalline behavior of a mesogen-jacketed liquid crystal polymer synthesized by atom transfer radical polymerization. Polymer 43:2357–2361
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang L, Chen S, Zhao H, Shen Z, Chen X, Fan X, Zhou Q (2010) Synthesis and properties of a series of mesogen-jacketed liquid crystalline polymers with polysiloxane backbones. Macromolecules 43:6024–6032
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang QK, Tian HJ, Li CF, Zhu YF, Liang Y, Shen Z, Fan X (2014) Synthesis and phase behavior of a new 2-vinylbiphenyl-based mesogen-jacketed liquid crystalline polymer with a high glass transition temperature and low threshold molecular weight. Polym Chem 5:4526–4533
Article 
    CAS 
    
                    Google Scholar 
                

	Zhu YF, Tian HJ, Wu HW, Hao DZ, Zhou Y, Shen Z, Zou DC, Sun PC, Fan XH, Zhou QF (2014) Ordered nanostructures at two different length scales mediated by temperature: a triphenylene-containing mesogen-jacketed liquid crystalline polymer with a long spacer. J Polym Sci Part A Polym Chem 52:295–304
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Chemistry, College of Staten Island, The City University of New York, Staten Island, NY, USA
Shi Jin

	Ph.D. Program in Chemistry, The Graduate Center of the City University of New York, New York, NY, USA
Shi Jin


Authors	Shi JinView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Shi Jin .


Editor information
Editors and Affiliations
	Indian Institute of Technology-Roorkee, Saharanpur, India
Sanjay Palsule 




Rights and permissions
Reprints and permissions


Copyright information
© 2019 Springer-Verlag GmbH Germany, part of Springer Nature


About this entry
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this entry
Jin, S. (2019).  Columnar Phase-Forming Polymers.

                     In: Palsule, S. (eds) Polymers and Polymeric Composites: A Reference Series. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-37179-0_59-1
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-642-37179-0_59-1

	Received: 29 December 2018

	Accepted: 07 May 2019

	Published: 23 July 2019

	
                            Publisher Name: Springer, Berlin, Heidelberg

	
                                Print ISBN: 978-3-642-37179-0

	
                                Online ISBN: 978-3-642-37179-0

	eBook Packages: Springer Reference Chemistry and Mat. ScienceReference Module Physical and Materials ScienceReference Module Chemistry, Materials and Physics







Publish with us
Policies and ethics



                    
    

                    
                

            
        

        
            
                
                    
                


                
                    
                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    

                    

                


            
        

    

    
        
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.226.229.159
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    



