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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of copending U.S. Patent Application Serial No. 11/353606 filed Feb-
ruary 14, 2006.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of insertable and/or implantable medical devices, particularly to balloon
catheter assemblies and components thereof.

BACKGROUND OF THE INVENTION

[0003] It is known to use liquid crystal polymers (LCPs) in combination with thermoplastic polymers, i.e. matrix polymers,
for use in the manufacture of insertable and/or implantable medical devices such as catheter assemblies and components
thereof such as inflatable medical balloons which can be disposed at the distal end of a balloon catheter assembly. For
example, see commonly assigned U.S. Patent Nos. 6,977,103, 6,905,743, 6,730,377 and 6,284,333. See also U.S.
Patent Nos. 6,596,219, 6,443,925 and 6,325,780 to Schaible.
[0004] Liquid crystal polymers are known to phase separate from commonly used thermoplastic polymers into mul-
tiphase polymer compositions. For example, see U.S. Patent Nos. 5,248,305 and 5,156,785 to Zdrahala.
[0005] Compatibilized blends of LCP and thermoplastic polymers have been found suitable for use as medical device
balloon materials. See for example commonly assigned U.S. Patent No. 6,242,063.
[0006] It would be desirable to have a liquid crystal polymer material or blend using a liquid crystal polymer material
which has increased compatibility over other previous LCP/polymer blends which could be employed in the formation
of medical devices, particularly in the manufacture of catheter assemblies or components thereof.
[0007] The art referred to and/or described above is not intended to constitute an admission that any patent, publication
or other information referred to herein is "prior art" with respect to this invention. In addition, this section should not be
construed to  mean that a search has been made or that no other pertinent information as defined in 37 C.F.R. §1.56
(a) exists.
[0008] Without limiting the scope of the invention a brief summary of some of the claimed embodiments of the invention
is set forth below. Additional details of the summarized embodiments of the invention and/or additional embodiments of
the invention may be found in the Detailed Description of the Invention below.

SUMMARY OF THE INVENTION

[0009] The present invention relates to polymer compositions useful in the formation of medical devices which include
at least one liquid crystal block copolymer having at least one A block and at least one B block which is a hard polymer block.
[0010] The A block, which may also be referred to herein as the mesogenic (liquid crystal) block, may include any
suitable repeating unit, the repeating unit having mesogenic groups. Any suitable mesogenic repeating unit may be
employed herein.
[0011] In some embodiments, the A block has at least one aromatic group per each mesogenic repeating unit and
more suitably the A block has at least two aromatic groups per each mesogenic repeating unit.
[0012] In other embodiments, the mesogenic repeating unit may include fluorocarbon chains. Suitably, the fluorocarbon
chain includes at least eight fluorocarbon groups, -(CF2)8-. A spacer may also be incorporated in the chain. In some
embodiments the spacer includes three or less methylene, -CH2- groups.
[0013] The B block may be formed of any suitable repeating unit which does not include mesogenic groups, i.e. the
B block is a non-liquid crystal hard polymer block.
[0014] The B block may be aromatic. In some embodiments, the B block is formed of styrenic units.
[0015] The polymers may be formed using conventional reaction techniques such as condensation reactions, chemical
modification of precursor polymers such as through addition reactions, sequential addition of a first block to a second
block, anionic or cationic polymerization, free radical polymerization, coupling end-functionalized prepolymers, ring
opening metathesis polymerization, group transfer polymerization, etc., as will be described in more detail below.
[0016] These polymers may be employed alone, or in combination with other polymers.
[0017] The polymers find particular utility in the formation of medical devices such as catheter assemblies and com-
ponents thereof, including, for example, shafts, tips, manifolds and balloons.
[0018] These and other aspects, embodiments and advantages of the present invention will become immediately
apparent to those of ordinary skill in the art upon review of the Detailed Description and Claims to follow.
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DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention relates to polymer compositions useful in the formation of medical devices or at least a
portion of a medical device. The polymer compositions include at least one liquid crystal block copolymer having at least
one A block and at least one B block which is a hard polymer block.
[0020] The A block is formed of mesogenic (liquid crystal) repeating units. As used herein, the term "mesogen" shall
be used to refer to those structural groups which impart liquid crystal properties, such as stiffness and restriction to
rotation, to the polymer. The term "mesogenic unit" as employed herein, shall be used to refer to any polymer repeating
units having a mesogen. Mesogenic groups may include other structure groups, as well as spacers such as methylene
groups, and linking groups.
[0021] Polymer repeating units include backbone portions which including linking groups and typically an intermediate
linear or cyclic structure therebetween. Repeating units often include one or more groups pendent to the backbone
polymer chains.
[0022] The mesogenic repeating unit of the present application may be said to include both a mesogenic portion and
a spacer. Spacers are typically flexible and often  include methylene (-CH2-) groups. Flexible spacers have been found
to be advantageous when inserted between the polymer backbone and the mesogenic side group, for example, to
separate the motion of the polymer backbone. See, for example, X. Han et al., "Synthesis and Characterization of Side-
Chain Liquid Crystalline Poly[1-({[4-cyano-4’-diphenyl)oxy]alkyl}oxy)2,3-epoxypropane]", Macromolecular Chemistry
and Physics, Vol. 205, pp. 743-751 (2004). The mesogenic repeating units of the A block can be attached together in
such a way that the mesogen portion of the mesogenic repeating unit forms a part of the backbone (main chain liquid
crystal polymer structure), or they may be attached together in such a way that the mesogen is attached to the polymer
backbone as a pendant group (side chain liquid polymer structure). Examples of mesogenic repeating units employed
in main chain liquid crystal polymers wherein the mesogen portion of the mesogenic repeating unit forms a part of the
backbone is hydroxynaphthoic acid, and poly(p-phenyleneterephthalate).
[0023] Liquid crystals exhibit a phase of matter which exists between a crystalline (solid) and an isotropic (liquid)
phase, that has properties between those of a conventional liquid, and those of a solid crystal. For instance, a liquid
crystal (LC) may flow like a liquid, but have the molecules in the liquid arranged and oriented in a crystalline way. It is
the mesogen of the mesogenic repeating unit which induces the structural order, rigidity and necessary restriction on
movement that allows the polymer to display these liquid crystal properties. The mesogen is typically made up of one
or more aromatic rings. Suitably, each mesogenic repeating unit has at least one aromatic group per each repeating
unit, and more suitably each mesogenic repeating unit has at least two aromatic groups per each repeating unit.
[0024] The B block is a hard block, providing that it is not formed of mesogenic repeating units. The block copolymer
may also be of a multiblock variety including C blocks, D blocks, etc. The C block and the D block may be either be non-
liquid crystal blocks or liquid crystal blocks. For example, in the case of an ABC block copolymer, the A block may be
formed of a first mesogenic repeating unit, the B block may be formed of a non-mesogenic repeating unit, and the C
block may be formed of a second mesogenic repeating unit different that the first mesogenic repeating unit. In some
embodiments, the B block is immiscible with the A block.
[0025] The block copolymers may be of the general formula A-B diblock, A-B-A triblock and B-A-B triblock, polyblock
copolymers of the formula (A-B)n where n is 1 to 20, A(B-A)n and B(A-B)n where n is 2 to 20, A-B-A-B-A pentablock,
multiblock  polymers such as A-B-C, A-C-B or BAC triblock copolymers, B-(A-B-C)n wherein n is 3 to 20, A-B-C-D
multibock copolymers, random block copolymers and alternating random block copolymers, etc.
[0026] Furthermore, branched architecture block copolymers including H-type, T-type, stars (including symmetric and
heterobranched stars), combs, brushes, dendrons/hyperbranched, etc. may be employed herein.
[0027] Individual polymer blocks of a block copolymer are often referred to in the art as being either a "hard block" or
a "soft block", and may be defined in terms of its Tg, the hard block having a relatively high glass transition temperature
(Tg) and the soft block having a relatively low Tg. A hard block, for example, may be considered as having a high Tg of
greater than room temperature or greater than about 25°C, for example, while a soft block may be considered as having
a Tg of less than room temperature or less than about 25°C. However, this is intended for illustrative purposes only. For
example, see U.S. Patent No. 6,790,908, wherein the stiff block is defined as having a glass transition temperature of
greater than about 50° C, and preferably greater than 100° C.
[0028] The A block, which may also be referred to herein as the mesogenic block, may include any suitable mesogenic
repeating unit. In some embodiments, he mesogenic repeating unit has at least one aromatic group per unit, and more
suitably the mesogenic repeating unit has at least two aromatic groups per unit. The A block of the liquid crystal block
copolymer is characterized by mesogenic repeating units which can provide the liquid crystal block copolymer with
stiffness resulting from restriction on rotation caused by steric hindrance and resonance. For example, aromatic ring(s)
can provide both steric hindrance and resonance. Some mesogenic repeating units may include both aromatic and
aliphatic rings.
[0029] The A block may contain any number of repeating units up to about 50.
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[0030] Suitably, the mesogenic block has an axial ratio, defined by the length of the molecule divided by the diameter
(x = L/d), of at least three. This axial ratio provides the mesogenic block with rod-like characteristics.
[0031] The mesogenic block can be formed using a variety of techniques including, but not limited to, polymerization
of mesogenic monomeric repeating units, addition of mesogenic side chain groups to otherwise non-mesogenic blocks
followed by sequential addition of the mesogenic block to a non-mesogenic block, chemical  modification of a non-
mesogenic block copolymer by addition of mesogenic side chain groups, etc.
[0032] A variety of methods can be employed in the formation of the LCP block copolymers discussed herein and
some of which are discussed in more detail below. Conventional condensation reactions are commonly employed, as
well as chemical modification of a precursor polymers such as through addition reactions, anionic and cationic polym-
erization, free radical polymerization, ring opening metathesis polymerization, coupling end-functionalized pre-polymers,
group transfer polymerization, sequential sequential addition of a first block to a second block. See, for example, P.
Gopalan et al., "Rod-Coil Block Copolymers: An Iterative Synthetic Approach via Living Free-Radical Procedures,"
Journal of Polymer Science: Part A: Polymer Chemistry, Vol. 41, pp. 3640-3656 (2003), Hakemi, H., "On the miscibility
of liquid crystalline polymers," Polymer, Vol. 41, pp. 6145-6150 (2000).
[0033] Condensation reactions are very common in the preparation of LCP copolymers. Condensation often involves
first synthesizing the end-blocks and midblocks and subsequently coupling of the end-functionalized prepolymers.
[0034] Alternating and random block copolymers have been prepared using condensation reactions. See U.S. Patent
Nos. 3,778,410 and 3,804,805.
[0035] ABA triblocks may also be prepared using condensation techniques. See, for example, B.L. Rivas et al., "Syn-
thesis and Characterization of Block Copolymers from Poly(p-benzamide) and Poly(propylene glycol)," Macromolecular
Chemistry and Physics, Vol. 202, pp. 1053-1059 (2001).
[0036] However, it should be noted that for LC block copolymers formed using condensation mechanisms, some
prepolymers may be more suitable for use as end blocks than others due to reactive non-equivalency of the end groups.
Suitably, for a prepolymer to act as an effective end-block, one end of the polymer chain should be non-reactive, while
the other end should be readily reactive to the endgroups of the other chain. For example, poly(1,-4-phenylene tereph-
thalate) may be less suitable for use as compared to poly(4-benzoate) in formation of LC block copolymers. An example
of a condensation polymerization which produces an AB-type condensation polymer and involves a single monomer
with two types of reactive end-groups, i.e. 4-hydroxybenzoic acid, or 4-aminobenzoic acid, which yields a condensation
product that has endgroups  which have non-equivalent reactivity is described by B.L: Rivas et al., "Synthesis and
Characterization of Block Copolymers from Poly(p-benzamide) and Poly(propylene glycol)," Macromolecular Chemistry
and Physics, Vol. 202, pp. 1053-1059 (2001).
[0037] Another technique which also may be employed in the formation of condensation block copolymers includes
the use of two or more 2,2’,6’,2"-terpyridine-substutitued prepolymers coordinating to a single transition metal center to
form block copolymers.
[0038] A variety of suitable mesogenic repeating units find utility in the formation of the A block of the liquid crystal
block copolymer.
[0039] Classes of aromatic structural groups useful in the formation of main chain mesogenic repeating units include,
but are not limited to, aromatic dicarboxylic acids, aromatic hydroxycarboxylic acids, aromatic aminocarboxylic acids,
diphenols, and aminophenols, for example.
[0040] Examples of useful aromatic dicarboxylic acids include, but are not limited to, 1,4-naphthalenedicarboxylic acid,
1,5-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, diphenyl-4,4’-dicarboxylic acid, diphenyl-3,3’-dicar-
boxylic acid, diphenoxyethane-4,4’-dicarboxylic acid, diphenyl ether-4,4’-dicarboxylic acid, methylterephthalic acid,
methoxyterephthalic acid, chloroterephthalic acid, 4-chloronaphthalene-2,7-dicarboxylic acid, 1,3-naphthalenedicarbo-
xylic acid, 1,6-naphthalenedicarboxylic acid, 1,7-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, diphe-
nyl-3,4’-dicarboxylic acid, diphenyl ether-3,4’-dicarboxylic-acid, 4-methylisophthalic acid, 5-methylisophthalic acid,
diphenyl ether-4,4’-dichloro-3,3’-dicarboxylic acid and iso- and terephthalic acid.
[0041] Examples of useful aromatic hydroxycarboxylic acids include, but are not limited to, 4-hydroxy-3-methylbenzoic
acid, 4-hydroxy-3-phenyl-benzoic acid, 4-hydroxy-2-ethylbenzoic acid, 3-chloro-4-hydroxy-benzoic acid, 4-hydroxy-3-
methoxybenzoic acid, hydroxyl benzoic acid including 4-hydroxybenzoic acid and 3-hydroxybenzoic acid, hydroxynaph-
thoic acid including 6-hydroxy-2-naphthoic acid, etc.
[0042] Examples of useful diphenols include, but are not limited to, hydroquinone, t-butylhydroquinone, bromohydro-
quinone, chlorohydroquinone, methylhydroquinone, ethylhydroquinone, phenylhydroquinone, 4,4’-dihydroxybiphenyl,
4,4’-dihydroxydiphenyl ether, 4,4’-dihydroxydiphenylethane, 4,4’-dihydroxydiphenoxyethane, 3,5’-dihydroxybiphenyl, 4-
hydroxy-4’-carboxybiphenyl, 3,5’-dihydroxydiphenyl ether, naphthalene, dihydroxynaphthalene including 1,4-, 1,5-and
2,6-dihydroxynaphthalene, for example, 4-methoxy-2,6-dihydroxynaphthalene, 1,3-dihydroxynaphthalene, 1,6-dihy-
droxynaphthalene, 1,7-dihydroxynaphthalene, 2,7-dihydroxynaphthalene, 2,5-dichloro-1,6-dihydroxynaphthalene, 4-
methoxy-2,7-dihydroxynaphthalene, 2,2’-dimethyl-4,4’-dihydroxybiphenyl, 3,3’,5,5’-tetramethyl-4,4’-dihydroxybiphenyl,
3,5’-dimethoxy-4,4’-dihydroxydiphenyl ether, 1,2-(2-chloro-4-hydroxyphenoxy)-ethane resorcinol, 3,4’-dihydroxybiphe-
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nyl, 3,4’-dihydroxydiphenyl ether, 3,4’-dihydroxydiphenoxyethane, 4-chlororesorcinol, 4-bromoresorcinol, 4-methylre-
sorcinol, 4-phenylresorcinol, 4-ethoxyresorcinol, etc.
[0043] Examples of aromatic aminocarboxylic acids include, but are not limited to, 2-aminobenzoic acid, 3-aminoben-
zoic acid, 4-aminobenzoic acid, 4-chloroanthranilic acid, 5-chloroanthranilic acid, 3-amino-4-chlorobenzoic acid, 4-ami-
no-3-phenyl-benzoic acid, 4-amino-3-methoxybenzoic acid, 4-amino-3-phenoxybenzoic acid, 6-amino-5-chloro-2-naph-
thoic acid, 6-amino-5-methyl-2-naphthoic acid and 6-amino-5-methoxy-2-naphthoic acid, etc.
[0044] Examples of aminophenols include, but are not limited to, 3-aminophenol, 5-amino-2-chlorophenol, 4-ami-
nophenol, 3-amino-2-methylphenol, 3-amino-4-methylphenol, 5-amino-1-naphthol, 6-amino-1-naphthol, 8-amino-2-
naphthol, 6-amino-2-naphthol and 4-amino-1-hydroxy-biphenyl, etc.
[0045] Other mesogenic repeat units not specifically recited herein can be employed. For example, other dihydroxy
biphenyls, dicarboxy biphenyls and diamino biphenyls, not specifically recited herein may also find utility in the formation
of the LC block copolymers disclosed herein.
[0046] Other groups which may be included in a main chain mesogenic repeating unit include paraphenylene (-Ar-)
wherein Ar represents an aromatic ring, as well as substituted paraphenylenes such as para-diacetoxyphenylene (-
CH2COOCH2-Ar-CH2COOCH2-). Meta-phenylene may also be employed in the mesogenic repeating unit as well.
[0047] Other combinations of such groups which may produce mesogenic repeating units may also be incorporated
into the repeating unit in the LC block of the LC block copolymer. For a discussion of these structural groups, see for
example, U.S. Patent Nos., 4,663,422, 5,017,304 and 5,030,703 for a discussion of such structural units. See also U.S.
Patent Nos. 4,238,599, 4,801,677, 5,173,562, for further examples of suitable mesogenic units.
[0048] Other suitable mesogenic repeating units include those of the following general formula:

[-A-Y-X-Z-]m

wherein X can be (CH2)n wherein n is an integer from about 2 to about 10, m can range from about 2 to about 50, Y and
Z can each independently be -COO or -CONH or can be a single bond between two carbon atoms, and A can be p-
phenylene, 1,4-naphthylene, 2,6-naphthylene or 1,5- naphthylene, monosubstituted phenylene with methyl, chloro or
phenyl substitution, -ArCH=CHAr- wherein AR is a phenyl ring, -Ar-COOAr-, -Ar-CONHAr-, or -Ar-OOC-Ar-COO-AR-,
etc. For a discussion of such mesogenic repeating units, see U.S. Patent No. 4,952,334.
[0049] Another specific example of a suitable aromatic mesogenic repeating unit has the structure -Ar-CO-NH-Ar-NH-
CO-Ar-.
[0050] Other suitable mesogenic repeating units which can be employed herein are described by Ober et al. in "Liquid
Crystal Polymers. V. Thermotropic Polyesters with Either Dyad or Triad Aromatic Ester Mesogenic Units and Flexible
Polymethylene Spacers in the Main Chain," Polymer Journal, Vol. 14, No. 1, pp. 9-17 (1982) and have the following
structure:

-[-OArCOO(CH2)nOCOArOCOArCO-]-x

wherein Ar represents phenyl with para- bond sites, n may range from 2 to 10, and x can range from 2 to 50. These
mesogenic units can be characterized as aromatic ester mesogenic units comprising three linearly-aligned aromatic rings.
[0051] The type of mesogenic repeating unit represented by the formula above, wherein Ar represents phenyl with
para-bond sites, n is an integer of from about 2 to about 10, and x is an integer of from 5 to 15, is described in U.S.
Patent No. 5,508,338.
[0052] Other specific examples of suitable mesogenic repeating units include poly(hydroxynaphthoic acid) (-O-ArAr-
CO-, wherein ArAr is two fused benzene rings) and poly(p-phenyleneterephthlate) (-O-Ar-OOC-Ar-CO-).
[0053] Another specific example of a suitable LC block employs a combination of hydroxybenzoic and hydroxynaphthoic
acid and has repeating units of the formula - [-O-AR-CO--]x-[-O-ArAr-CO-]y- wherein x and y are positive numbers of 1
or more, for instance, x and y may vary independently from about 1 to about 50, and suitably 1 to 25. In some embodiments
x = y = 1 and in other embodiments x ≠ y. See, for example, U.S. Patent Nos. 6,552,127,6,054,537, 5,869,574, 5,767,198
and 5,750,626.
[0054] Another example of a mesogenic unit formed using a combination includes that shown in U.S. Patent No.
4,912,193, employing a combination of p-hydroxy benzoic acid, 4,4’-dihydroxy biphenyl, terephthalic acid, and isophthalic
acid. The above lists are intended for illustrative purposes only and not as a limitation on the scope of the present invention.
[0055] Mesogen substituted (meth)acrylates, isocyanates, styrenic monomers, and diene monomers such as isoprene
and butadiene, can also be employed in the formation of LCP block copolymers as disclosed herein.
[0056] Liquid crystal polymers having mesogenic acrylate repeating units find utility herein. One example of an acrylate
mesogenic repeating unit which results in a side chain liquid crystal polymer structure is an acrylate repeating unit having
the following structure: 



EP 2 068 959 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0057] Another example of a suitable (meth)acrylate based mesogenic repeating unit which results in a side chain
liquid crystal polymer structure is the following: 

[0058] Another example of a mesogenic (meth)acrylate based monomer is 6-(4-methoxy-azobenzene-4’-oxy) hexyl
methacylate. This monomer is used in the formation of diblock and triblock copolymers as described in He et al., "Synthesis
of side-chain liquid-crystalline homopolymers and triblock copolymers with p-methoxyazobenzene moieties and poly
(ethylene glycol) as coil segments by atom transfer radical polymerization (ATRP) and their thermotropic behavior,"
Journal of Polymer Science Part A: Polymer Chemistry, Vol. 41, Issue 18, pages 2854-2864 (2003).
[0059] A specific example of an LCP block copolymer formed using a (meth)acrylate monomer modified with mesogenic
side chains is disclosed in Gomes et al., "Synthesis of block and graft copolymers containing liquid-crystalline segments,"
Polymer International, Vol. 48, pages 713-722 (1999. In this example, non-LCP block or B block is polystyrene. The
LCP block, having a Tg of well below 25°C forms the soft block of the block copolymer while the polystyrene forms the
hard block. The LCP block copolymer can be formed using any of a variety of methods including, for example, chemical
modification of poly[styrene-co-tert-butyl acrylate]. In a specific example, poly[styrene-block-(tert-butyl acrylate] copol-
ymer may be synthesized by a living anionic block copolymerization technique, followed by acid-base neutralization of
the acrylate with metal alkoxides or metal hydroxides, and subsequent esterification of the ionomer with a hydroxy-
terminated mesogen source such as HO(CH2)4OArAr.
[0060] LCP block copolymers which find utility herein may be formed with (meth)acrylate based monomer repeating
units using controlled free radical polymerization, specifically ATRP techniques, to form LCP block copolymers. See P.
Ravi et al., "New water soluble azobenzene-containing diblock copolymer: synthesis and aggregation behavior," Polymer,
Vol. 46, pp. 137-146 (2005): 
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[0061] A triblock copolymer formed of rubber midblocks of poly(n-butyl acrylate) and LCP endblocks formed of azoben-
zene modified (meth)acrylate repeating units in another example of an LCP block copolymer having utility herein. Such
polymers are described in Cui et al., "Photoactive Thermoplastic Elastomers of Azobenzene-Containing Triblock Copol-
ymers Prepared through Atom Transfer Radical Polymerization," Macromolecules, Vol. 37, pp. 7097-7104 (2004). Par-
ticular polymers have the following general structure: 

where m and n are positive numbers indicative of the starting ratios of the respective monomers employed in the synthesis
of the polymer. An alternative structure which may be employed in the present invention is formed using ATRP techniques
and may be found in Han et al., "Synthesis and Characterization of New Liquid-Crystalline Block Copolymers with p-
Cyanoazobenzene Moieties and poly(n-butyl acrylate) segments Using Atom-Transfer Radical Polymerization," Macro-
molecules, Vol. 37, pp. 9355-9365 (2004): 
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where m and n are positive numbers indicative of the nominal number of repeating units per polymer chain.
[0062] Block copolymers having non-LCP polystyrene blocks and mesogen-substituted (meth)acrylate blocks find
utility herein and may be prepared by any of a variety of methods including cationic polymerization of styrene, followed
by sequential living ionic polymerization of the polyacrylate block. Structure I shown below is described in Yamada et
al., "Synthesis of Side-Chain Liquid Crystalline Homopolymers  and Block Copolymers with Well-Defined Structures by
Living Anionic Polymerization and Their Thermotropic Phase Behavior," Macromolecules, Vol. 28, pp. 50-58 (1995).
Structure II shown below is a diblock polymer having a non-LCP polystyrene block (B) and a methyl (meth)acrylate LCP
block (A) modified with a mesogenic side-chain goup. This polymer is described in Yamada et al., "Side-Chain LC Block
Copolymers with Well Defined Structures Prepared by Living Anionic Polymerization. 2: Effect of the Glass Transition
Temperature of Amorphous Segments on the Phase Behaviour and Structure of the LC Segment," High Performance
Polymers, Vol. 10(1), pp. 131-138 (1998) and may be prepared using living ionic polymerization techniques. 

[0063] Polystyrene-mesogen-substituted acrylate block copolymers can also be prepared using controlled radical
reaction schemes such as ATRP, nitroxide-mediated polymerization (NMP) and reverse-addition fragment transfer
(RAFT). These reactions schemes can involve sequential building of each polymer block or building the end blocks
simultaneously onto a mid-block. Using the first approach, one end of the polymer remains reactive while using the latter
approach involved addition polymerization of the LCP end-blocks onto a telechelic mid-block which acts as a difunctional
macroinitiator. For example, a chloride-terminated polyisobutylene mid-block prepared by cationic polymerization, can
be used as a macroinitiator for mesogen-susbstituted styrene or acrylate monomers.
[0064] Structures III and IV find utility herein and have been prepared using controlled free radical polymerization
techniques. Structure III is described in Barbosa et al., "Living tandem free radical polymerization of a liquid crystalline
monomer,"  Polymer Bulletin, Vol. 41, pp. 15-20 (1998) and was prepared using NMP techniques. Structure IV shown
below is a diblock polymer having a non-LCP polystyrene block (B) and an LCP block (A) of poly(methyl methacrylate)
bearing a chiral diphenyl ester mesogenic unit lined in to the backbone by a dodecyloxy spacer. This molecule can be
formed by ATRP as described in Hamley et al., "Interplay between Smectic Ordering and Microphase Separation in a
Series of Side-Group Liquid-Crystal Block Copolymers," Macromolecules, Vol. 37, pp. 4798-4807 (2004). 
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where m and n are positive numbers indicative of the starting of the respective monomers employed in the synthesis of
the polymer.
[0065] Another example of a block copolymer having non-LCP polystyrene midblocks and LCP endblocks formed with
(meth)acrylate monomers modified with mesogens of a similar structure to that shown above and also formed by ATRP
techniques is the following structure V and is described in Tian et al., "Photocrosslinkable Liquid-Crystalline Block
Copolymers with Coumarin Units Synthesized with Atom Transfer Radical Polymerization," Journal of Polymer Science:
Part A: Polymer Chemistry, Vol. 41, pp. 2197-2206 (2003): 
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Where m and n are positive numbers indicative of the nominal number of repeating units per polymer chain.
[0066] Other examples of LC block copolymers having LCP blocks formed with (meth)acrylate repeating units are
disclosed in Hao et al., "Molecular composite materials formed from block copolymers containing a side-chain liquid
crystalline segment and an amorphous styrene-alt-maleic anhydride segment," Polymer, Vol. 45, pp. 7401-7415 (2004).
An example given by Hao et al. is an LC block copolymer formed with a poly[6-[4-4’-methoxyphenyl)phenoxy]hexyl
methacrylate] segment (PMM-LC) and a styrene-co-maleic anhydride segment (alternating structure) and may be pre-
pared using RAFT techniques. The reaction to produce PMM-LC is shown below: 

This polymer can then be used to re-initiate styrene/maleic anhydride alternating copolymerization.
[0067] Block copolymers having non-LCP polystyrene blocks with the B blocks formed from repeating units other than
(meth)acrylate monomers may also be employed herein. For example, see Wan et al., "Nitroxide-mediated ’living’ free
radical synthesis of novel rod-coil diblock copolymers with polystyrene and mesogen-jacketed liquid crystal polymer
segments," Polymer International, Vol. 49, pp. 243-247 (2000) wherein an example of a block copolymer having a non-
LCP polystyrene block is polystyrene-block-poly{2,5-bis[4-methoxyphenyl)oxycarbonyl]styrene} These polymers are
formed using NMP techniques.
[0068] LCP blocks having non-LCP polystyrene blocks with a LCP block formed with siloxane repeating units may be
employed herein. One example is cyclic trimethyltrivinyltrisiloxane which is modified with mesogenic side groups. For
example, in Moment et al., "Synthesis of polystyrene-polysiloxane side-chain liquid crystalline block copolymers," Mac-
romolecular Rapid Communications, Vol. 19, pages 573-579 (1998), mesogens are attached to the siloxane backbone
of a polystyrene-polysiloxane side-chain liquid crystal block copolymer following synthesis of the block copolymer. The
mesogens may have the following structures: 
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[0069] The following polydimethylsiloxane LCP block copolymer also finds utility herein and can be formed using ATRP
techniques: 

where m and n are positive numbers indicative of the starting ratios of the respective monomers employed in the synthesis
of the polymer. See Huan et al., "Synthesis and Properties of Polydimethylsiloxane-Containing Block Copolymers via
Living Radical Polymerization," Journal of Polymer Science: Part A: Polymer Chemistry, Vol. 39, pp. 1833-1842 (2001).
[0070] Polymers formed of repeating units of epichlorohydrin wherein the epichlorohydrin is modified with a mesogenic
group may be employed in the formation of the LCP block copolymers disclosed herein. Epichlorohydrin polymers are
formed using a ring opening polymerization of epichlorohydrin, followed by subsequent substitution of the chloride with
a mesogenic group, for example, -CH2O(CH2)nOArAr≡N. Epichlorohydrin monomers can then be added using living
ionic polymerization techniques to obtain the LCP block copolymer. See X.Han et al. at 743 for the formation of side-
chain liquid crystal poly[1-({[4-cyano-4’-diphenyl)oxy]alkyl}oxy)2,3-epoxypropane] which may be employed as the me-
sogenic  A block in an embodiment of the present invention. Such a polymer may be represented by the formula: 

where X and Y are integers. X. Han et al., "Synthesis and Characterization of Side-Chain Liquid Crystalline Poly[1-({[4-
cyano-4’-diphenyl)oxy]alkyl}oxy)2,3-epoxypropane]," Macromolecular Chemistry and Physics at 743-751. See also M.C.
Bignozzi et al., "Liquid Crystal Poly(glycidyl ether)s by Anionic Polymerization and Polymer-Analogous Reaction," Pol-
ymer Journal, Vol. 31, No. 11-1, pp. 913-919 (1999) wherein the mesogenic group has the structure -OArN=NAXO
(CH2)mCH3. Such polymers can also be prepared by a sequential ring-opening anionic polymerization of different epox-
ides one of which has a mesogneic side chain group.
[0071] LCP block copolymers having substituted non-LCP polyamide blocks and blocks formed with mesogen-sub-
stituted amide repeating units with the following structure can also be prepared via ring opening anionic polymerization: 
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See C. Guillermain et al., "Homopolymer and copolymers of Nε-4-phenylbenzamido-L-lysine and Nε-trifluroracetyl-L-
lysine: Synthesis and liquid-crystalline properties," Macromolecular Chemistry and Physics, Vol. 203, Issue 10-22, pp.
1346-1356 (2002).
[0072] Ionic polymerization techniques lend themselves to the addition of a variety of different monomers to living ionic
polymerizations as well. LCP monomer units can be added sequentially to living ionic polymerizations reactions, thereby
readily building LCP blocks onto non-LCP midblock. For example, mesogen-substituted monomers such as acrylates
as discussed above, and styrenic monomers, may also be used in a sequential cationic polymerization scheme to yield
the desired LCP block copolymer.
[0073] Examples of cationically prepared LCP monomer units which can be sequentially added to living ionic polym-
erizations include, for example, cyclic structures such as 2-methyl-7-oxa-bicyclo[2,2,1] heptane, and polyoxazolines
such as those having the following general structure: 

See Rodriguez-Parada et al., "Synthesis and Characterization of Liquid Crystalline Poly(N-acelyethyleneimine)s," Journal
of polymer Science: Part A. Polymer Chemistry, Vol. 25, 2269-2279 (1987).
[0074] Mesogen substituted isocyanates having the following general structure can be polymerized cationically and
subsequently added to a non-LCP block of polyisoprene via sequential ionomeric addition: 

See Jun-Hwan Ahn et al., "Synthesis of well-defined block copolymers of n-hexyl isocyanate with isoprene by living
anionic polymerization," Polymer 44, pp. 3847-3854 (2003).
[0075] Mesogen substituted styrene monomers having the following general structure can be employed to prepare
an LCP A block via cationic polymerization techniques which can then be subsequently added to a non-LCP block via
sequential ionomeric addition: 
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[0076] In the block copolymers employed in the invention, the hard B block may be aliphatic or aromatic. The B block
may be formed with any of a variety of suitable repeating units including, but not limited to, olefins, esters, ethers, amides,
and siloxane repeating units, for example.
[0077] The B block is aromatic. See for example, Gomes et al. at 713 wherein the B or mid block is polystyrene.
[0078] Styrenic block copolymers having styrene end-blocks and diene midblocks such as isoprene or butadiene, can
be modified with mesogenic side chains to form a liquid crystal block copolymer wherein polystyrene is the non-LCP B
block. The styrene-diene block polymers can be synthesized using any known method followed by addition of the
mesogenic side chain. Examples are found in Mao et al., "Molecular Design, Synthesis, and Characterization of Liquid
Crystal-Coil Diblock copolymers with Azobenzene Side Groups, Macromolecules," Volume 30, pages 2556-2567 (1997),
carboxylic acid functionalized azobenzene mesogenic side chains were attached to the isoprene block. One example
has the structure HOOC(CH5)OArN=NArC≡N. The mesogen was attached via acid chloride coupling by converting the
carboxylic acid to the acid chloride, oxalyl chloride prior to addition to the isoprene block in order to improve reaction
times. Hydroboration was used to convert pendent double bonds of an isoprene block to hydroxyl groups to which the
mesogenic groups were attached via acid chloride coupling.
[0079] Modified styrene monomers may be employed for both the formation of the non-LCP block (B) and the LCP
block (A). For example, an acetoxystyrene polymer forms the basis for the following LCP block copolymer formed by
living free radical polymerization: 

where M and N are integers. See Bignozzi et al., "Liquid crystalline side chain-coil diblock copolymers by living free
radical polymerization," Macromolecular Rapid Communications Vol. 20, pp. 622-627 (1999).
[0080] Another example of a block copolymer of styrene and isoprene modified with mesogen side-chain groups is
described in J. Wang et al., "Liquid Crystalline, Semifluorinated Side Group Block Copolymers with Stable Low energy
Surfaces: Synthesis, Liquid Crystalline Structure, and Critical Surface Tension," Macromolecules, Vol. 30, pp. 1906-1914
(1997). Poly(styrene-b-1,2/3,4-isoprene is first synthesized by anionic polymerization techniques. The base block polymer
was hydroborated followed by attachment of semi-fluorinated side groups by formation of ester linkages between the
hydroxy groups and the semifluorinated acid chloride. The block copolymer has the following structure: 
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The length of the fluorocarbon side chain determines the ability of the polymer to form a micellular structure. More than
six -(CF2)- groups were found to produce micelle structures. Suitably ten fluorocarbon groups are present in the mesogenic
side chain for substantially all of the molecules to form a micellular structure. The length of the methylene spacer group
was also found to affect micelle formation. With three methylene groups in the spacer, about 80% of the molecules
formed micelles. With - (CH2)5- about 30% of the molecules formed micelles and with -(CH2)9- only 20% of the molecules.
A sufficiently long spacer group improves the solubility of such molecules in solvent. See Wang et al. at page 1909-1910.
[0081] (Meth)acrylate block copolymers modified with fluorocarbon side-chain mesogenic groups find utility herein
and may be formed using ATRP as described in Al-Hussein et al., "Nanoordering of Fluorinated Side-Chain Liquid
Crystalline/Amorphous Diblock Copolymers, Macromolecules," Vol. 38, pp. 9610-9618 (2005). These polymers have
the following structure: 

These types of LCP block copolymers also provide a surface having a low surface energy or low coefficient of friction
and therefore find utility in also providing lubricity to the medical device. They may be used in the matrix material which
forms at least a portion of the block copolymer, or they may also find utility as a coating on the surface(s) of a device.
[0082] Multiarm star rod-coil block copolymers may be employed herein. For example, see Chen et al., "Synthesis
and Characterization of Novel Mesogen-Jacketed Liquid Crystalline Miktoarm Star Rod-Coil Block Copolymer," Macro-
molecular Rapid Communications, Vol. 27, pp. 51-56 (2006). These multiarm star block copolymers were produced by
ATRP of styrene monomers and {2,5-bis[(4-methoxyphenyl)oxycarbonyl]styrene} rigid rod segments. Both three arm
rigid rod block copolymers (Chen et al. at 51-56) and four arm rigid rod block copolymers of this type may be employed.
See Wang et al., "Synthesis and characterization of four-armed star mesogen-jacketed liquid crystal polymer," Journal
of Polymer Science: Part A: Polymer Chemistry, Vol. 43, pp. 733-741 (2005) for a four armed structure. Also reproduced
in Polymer, Vol. 45, pp. 3637-3642 (2004).
[0083] Another example of a multiarm star block copolymer is a tri-armed star poly(ε-caprolactone)-b-poly{2,5-bis[(4-
methoxyphenyl) oxycarbonyl] styrene} [S-(PCL-b-PMPCS)3]. Shi et al., "Synthesis and Characterization of a novel star
shaped Rod-Coil Block Copolymer," Polymer Bulletin, Vol. 52, pp. 401-408 (2004). Different initiators may be employed
such as 1,3,5-(2’-bromo-2’-methylpropionato)benzene and 1,1,1-tris(2-bormo-isobutyryloxymethyl)propane. See Wang
et al., "Synthesis of a novel star liquid crystal polymer using trifunctional initiator via atom transfer radical polymerization,"
European Polymer Journal, Vol. 41, pp. 933-940 (2005). Other  examples of star block copolymers which may be
employed herein are described in He et al., "Synthesis of novel multi-arm star azobenzene side-chain liquid crystalline
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copolymers with a hyperbranched core," European Polymer Journal, Vol. 40, pp. 1759-1765 (2004) and He et al.
"Branched Azobenzene Side-Chain Liquid-Crystalline Copolymers Obtained by Self-Condensing ATR Copolymeriza-
tion," Macromolecular Rapid Communications, Vol. 25, pp. 949-953 (2004). The multi-arm block copolymers can be
synthesized using ATRP techniques using a multi-functional hyperbranched polyether prepared from poly(3-ethyl-3-(hy-
droxymethyl)oxetane)(PEHO) and 2-bromo-2-methylproponyl bromide. The liquid crystalline arms were poly[6-(4-meth-
oxy-4"-oxy-azobenzene)hexyl methacrylate].
[0084] Multiarm block copolymers may be formed living free radical polymerizations as discussed above, as well as
anionic and cationic polymerizations, end-coupling of prepolymers or a combination of strategies.
[0085] The B block may also be formed with hydrophilic monomer units. Examples of suitably hydrophilic monomers
include, but are not limited to, short chain aliphatic ethers such as polyethylene oxide or polyethylene glycol, polytetram-
ethylene oxide or polytetramethylene glycol diols or dicarboxylic acids containing a metal sulfonate group, oligomers
such as polyalkylene glycol copolymerized with other monomers such as aliphatic dicarboxylic acids, hydrophilic acrylates
available from Sartomer such as polyethylene glycol diacrylate, acrylamides and N,N-dimethylacrylamide, N-vinylpyr-
rolidone, etc.
[0086] An example of an LCP block copolymer having a hydrophilic B block is described in He et al., "Synthesis of
side-chain liquid-crystalline homopolymers and triblock copolymers with p-methoxyazobenzene moieties and poly(eth-
ylene glycol) as coil segments by atom transfer radical polymerization and their thermotropic behavior," Journal of
Polymer Science Part A: Polymer Chemistry, Vol. 41, Issue 18, pages 2854-2864 (2003). Triblock copolymers, A-B-A,
wherein the A block is formed of repeating units of an azobenzene monomer, 6-(4-methoxy-azobenzene-4’oxy) hexyl
methacrylate and the B block is formed of repeating units of polyethylene glycol were synthesized using atom transfer
radial polymerization (ATRP). See also He et al., "Synthesis of Side Chain Liquid Crystal-Coil Diblock Copolymers with
p-Methoxyazobenzene Side Groups by Atom-Transfer Radical Polymerization (structure V)", Polymer Chemistry, Vol.
41, 2854-2864 (2003) and Tian et al., "Synthesis, Nanostructures, and Functionality  of Amphiphilic Liquid Crystalline
Block Copolymers with Azobenzene Moieties," Macromolecules, Vol. 35, pp. 3739-3747 (2002) (structure VI) below: 

[0087] Another example is poly(11-(4’-cyanophenyl -4"-phenoxy)undecyl methacrylate) with polyethylene glycol seg-
ments. See He et al., "Synthesis of side group liquid crystal-coil triblock copolymers with cyanodiphenyl moieties and
PEG as coil segments by atom-transfer radical polymerization and their thermotropic phase behavior," Polymer Bulletin,
Vol. 48, pp. 337-344 (2002).
[0088] The above are intended for illustrative purposes only, and not as a limitation on the scope of the present invention.
[0089] The A block may have anywhere from 2 to 50 repeating units, and more suitably 2 to 25 repeating units, and
the B block may have anywhere from 2 to 25 repeating units, and suitably 2 to 10 repeating units.
[0090] In some embodiments the block copolymer further has a C block, the C block is a mesogenic block different
than the mesogenic A block. The mesogenic units of the C block may be selected from those mesogenic repeating units
discussed as useful in forming the A block. However, in a liquid crystal polymer having both an A block and a C block,
the C block is formed from different mesogenic repeating units than those of the A block. For example, in one embodiment,
the A block of the liquid crystal block copolymer is a polyamide segment and the C block is a polyester segment formed
using aromatic hydroxycarboxylic acids, for example. Examples of suitable mesogenic units for formation of the polyamide
A block structure include, for example, 
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[0091] This portion of the liquid crystal block copolymer can be made by the condensation reaction between HOOC-
AR-COOH (benzene-1,4-dicarboxylic acid) and H2N-AR-NH2 (1,4-diaminobenzene) to form the following structure: 

[0092] In this embodiment, suitable B blocks may be formed by condensation of hexanedioic acid and hexamethyl-
enediamine (nylon 6,6), ring opening polymerization of caprolactam (nylon 6) or ring opening polymerization of laurol-
actam (nylon 12), for example.
[0093] Nylon 6 (polycaprolactam) is not a condensation polymer, but rather is formed by the ring opening polymerization
of caprolactam monomers. 

[0094] Nylon 6,6, on the other hand, is formed by condensation between hexanedioic acid (adipic acid) and 1,6-
diaminohexane (hexamethylenediamine): repeating unit:

H2N(CH2)6NH2 + HOOC(CH2)4COOH → [-NH-(CH2)6-NH-CO(CH2)4-CO-]n + H2O

[0095] Hexanedioyl dichloride may be used in place of hexanedioic acid.
[0096] The above list is intended for illustrative purposes only, and not as a limitation on the scope of the present
invention.
[0097] The liquid crystal polyester A block, the nylon B block and the liquid crystal polyamide C block can be connected
via conventional condensation reactions.
[0098] The C block may also have anywhere from 2 to 50 repeating units, and more suitably anywhere from 2 to 25
repeating units.
[0099] In some embodiments, the A block is from 30% to 95%, more suitably 50% to 95%, and even more suitably
70% to 90%, by weight of the block copolymer and the B block is 5% to 70% by weight of the block copolymer, and more
suitably from 5% to 50% by weight of the block copolymer, more suitably, the B block is 10% to 30% by weight of the
block copolymer. In some embodiments, the B block or soft segment is about 10% or less by weight of the LC block
copolymer.
[0100] Any suitable method of polymerization may be employed depending on the monomers, oligomers, or polymers
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which are employed. Most commonly, the polymerization can be accomplished via condensation reactions which are
achieved through reacting molecules incorporating alcohol, amine or carboxylic acid (or other derivative) functional
groups. An ether, amide, or ester linkage is formed and a small molecule, commonly water, is released. Thus, only a
part of the monomer becomes part of the polymer.

Example

[0101] In a specific example 4-hydroxy-2-benzoic acid (HBA) may be acetylized to 4-acetoxybenzoic acid (ABA) with
acetic anhydride as the solvent in the presence of a catalytic amount of sodium acetate in the manner of Chen et al,
"Synthesis and properties of liquid crystalline polymers with low Tm and broad mesophase temperature ranges," Polymer,
46 (2005) 8624-8633. Still following the method of Chen et al, ABA then may be reacted with 1,4-butanediol (BDO) in
a molar ratio of about 1:3 and Sb2O3 catalyst in an amount of about 300 ppm to produce the ester ABA-BDO-ABA.
[0102] Polymerization is then accomplished by adding a mixture of the ester ABA-TMG-ABA, terephthalic acid (TPA),
a nylon 6 polymer terminated on both ends with acid groups (Ny6) and 250-300 ppm of Sb2O3 or Ti(OBu)4 catalysts to
a flask with a nitrogen purge using a molar ratio of the ester to TPA to Ny6 dicarboxylic acid of 1.0:0.67:0.33. The nitrogen
outlet is equipped with a distillation column with vacuum. The mixture is heated at melt for about 5 hours at a temperature
of about 200 °C to about 250°C, depending on the temperature necessary to melt the mixture. Thermal stabilizers and
antioxidants such as Irganox® 1010 available from Ciba-Geigy are used added to inhibit decomposition. The mixture is
stirred, for instance at 200 rpm once the melt temperature has been reached. The nitrogen flow is regulated to prevent
evaporation of reactants. After about 3-5 hours the temperature is gradually increased to about 280° C and the acetic
acid produced by condensation is removed by distillation. When no more distillate is observed a vacuum of about 10
torr is applied for 2-3 hours and then the vaccuum is reduced to 1-2 torr and the mixture stirred continuously for an
additional 4 hrs, all the while maintaining the temperature at about 280°C. The product is then allowed to cool. Monomers
and oligomers may be removed by Soxhlet extraction using acetone.
[0103] The resultant polymer is an A-B-A block copolymer having a structure of [(ABA-BDO-ABA-TPA)x ABA-BDO-
ABA]- Ny6-[ABA-BDO-ABA-(TPA-ABA-BDO-ABA)y].
[0104] In modifications of the above equivalent amounts of ethylene glycol or 1,3 propane diol may be substituted for
1,4-butanediol, 6-hydroxy-2-naphthoic acid may  be substituted for 4-hydroxy benzoic acid, 2,6-naphthalene dicarboxylic
acid may be substituted for TPA, and/or other diacid terminated nylon polymers such as nylon 6,10 or nylon 9,12, may
be substituted for the nylon 6 polymer. An A-B diblock copolymer may be synthesized in a similar manner using a mono-
acid terminated nylon polymer such as nylon 12, in place of the nylon 6 diacid. Furthermore the relative ratio of short
diacid to acid terminated nylon can be varied over a very wide range for instance from 1:10 to 1:10 on an acid equivalents
basis.
[0105] The liquid crystal block copolymer of the invention may itself be employed in the formation of medical devices
or components thereof, or, the liquid crystal block copolymer may be blended with another polymer or polymers. In the
latter case, suitably, the polymer and the B block may be selected so as to be compatible with one another. Compatibility,
as used herein, refers to compatibility on both the macroscopic and microscopic, i.e. molecular, scale. Thus, compatibility
on a macroscopic scale, may refer to those polymer blends which do not exhibit gross phase separation.
[0106] In polymer mixtures, the matrix polymer may interact strongly with the LC block copolymer or one block of the
LC block copolymer, thus providing desirable polymer properties.
[0107] In mixtures wherein the LC block copolymer is blended with other polymers, at least one other polymer of the
blend, may be selected from those polymers which are non-liquid crystal polymers. Examples of suitable polymers which
may be used for blending with the LC block copolymer described herein include, but are not limited to, polyesters and
copolyesters, polyamides, polyethers, polyimides, polyolefins and silicones, for example. These polymers are intended
for illustrative purposes only, and not as a limitation on the scope of the present invention.
[0108] Specific examples of suitable polymers which may be employed in a blend include polyamide elastomers such
as those sold under the tradename of PEBAX® available from Arkema, headquarters in Paris, France, and polyester
elastomers such as those sold under the name of HYTREL® available from DuPont in Dover, DE are also suitable for use.
[0109] For example, if the liquid crystal block copolymer is blended with a poly(ether-block-amide) copolymer having
an (AB)n block copolymer structure wherein the A block is nylon and the B block is polytetramethylene oxide, a suitable
LC block copolymer B block may include amide repeating units or a polytetramethylene oxide  structure. The block may
suitably be less than about 50% by weight of the LC block copolymer, more suitably about 30% by weight or less of the
LC block copolymer and most suitably about 10% by weight or less of the LC block copolymer.
[0110] The tensile strength of a typical poly(ether-block-axnide) thermoplastic elastomer of the type described above
has tensile strength of about 10,000 psi and DSC melting point of about 174°C.
[0111] Suitably, the LC block copolymer, to act as a reinforcing material in such a polymer blend, has a tensile strength
of greater than about 10,000 psi, for example, greater than about 12,000 psi, more suitably greater than about 20,000
psi and most suitably greater than about 30,000 psi.
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[0112] Thus, it is desirable to select the LC block copolymer structure so that it has a strong interaction with the
thermoplastic elastomer to achieve mechanical strength enhancement through effective load/force transferring.
[0113] It is also desirable that the LC block copolymer have a melting point within a thermoplastic processing window
of less than the thermal degradation temperature of the thermoplastic elastomer. In the case where the thermoplastic
elastomer is poly(ether-block-amide), for example, the melting point range is suitably less than about 240°C. Extrusion/
coextrusion is an example of a suitable method to process such thermoplastic materials.
[0114] The above example is intended for illustrative purposes only, and not as a limitation on the scope of the invention.
Other polymers are known to those of skill in the art and may also be employed herein.
[0115] If a blend of polymers is employed, the amount of LC block copolymer is suitably about 75% or less and more
suitably about 50% or less. The amount of LC block copolymer employed may be from 5% to 75% and more suitably
5% to 50% and even more suitably 10% to 30%.
[0116] The at least one second polymer or blend of polymers may be employed from 25% to 95%, more suitably 50%
to 95% and even more suitably 70% to 90%.
[0117] The present compositions may be employed in the manufacture of any medical device or component thereof
which is suitably formed from polymer compositions. Examples include catheter assemblies used in diagnosing and
treating diseases such as vascular diseases.
[0118] The present invention finds utility in the manufacture of expandable medical balloons, particularly those em-
ployed in the cardiovascular system wherein the balloon size is very small.
[0119] Balloon formation is known in the art. In some processes, a tube of polymer material is extruded and then
expanded radially and axially. Balloon formation is described in U.S. Patent No. 4,490,421 and in commonly assigned
U.S. Patent Nos. 6,024,722. Of course, other processes are known and may be employed in the present invention.

Claims

1. A medical device, at least a portion of said device formed from a polymer composition comprising at least one liquid
crystal block copolymer having at least one A block and at least one B block and wherein the A block is a liquid
crystal polymer block formed from repeating units comprising mesogenic groups; and the B block is a hard block.

2. The medical device of claim 1 wherein the B block is a hard polymer block.

3. The medical device of claim 1 wherein the liquid crystal block copolymer is selected from the group consisting of
those polymers having the general formula A-B diblock, (A-B)n wherein n is 1 to 20, A(B-A)n where n is 2 to 20, B
(A-B)n where n is 2 to 20, A-B-A triblock, B-A-B triblock, A-B-A-B-A pentablock, multiblock copolymers, linear tetra-
block copolymers, random block copolymers and random alternating block copolymers, radial star block copolymers,
H-type branched block copolymers, T-type branched block copolymers, combs, brushes, dendrons and mixtures
thereof.

4. The medical device of claim 1 wherein said block copolymer further comprises a mesogenic block C different than
the A block and said block copolymer has a structure which is selected from the group consisting of B-(A-B-C)n-B
wherein n is 3 to 20, A-B- C triblock, A-C-B triblock, and A-B-C random block.

5. The medical device of claim 1 wherein said mesogenic groups comprise at least two aromatic rings.

6. The medical device of claim 1 wherein said mesogenic groups comprise fluorinated side-chain groups of at least -
(CF2)8-.

7. The medical device of claim 6 wherein said -(CF2)8- is connected to a spacer having three methylene groups or less.

8. The medical device of any of claims 1 wherein said B block is aromatic.

9. The medical device of claim 7 wherein said B block is styrene.

10. The medical device of any of claims 1 wherein said A block is formed from repeating units of a monomer comprising
side chain mesogenic groups, said monomer is selected from the group consisting of siloxanes, (meth)acrylates,
isocyanates, styrenic monomers, and diene monomers.

11. The medical device of claim 1 wherein the A block is formed from repeating units wherein the repeating units
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comprises a (meth)acrylate monomer modified with mesogenic side chain groups and the B block comprises styrene.

12. The medical device of claim 1 wherein the polymer composition further comprises at least one polymer selected
from the group consisting of polyamides, polyesters, polyethers, polyolefins, polyimides, block copolymers compris-
ing at least one polyolefin, polyester, polyether, polyamide, and/or polyimide segment, silicones, and mixtures thereof.

13. The medical device of claim 1 wherein said liquid crystal block copolymer comprises 50% to 95% by weight of said
A block and 5% to 50% by weight of said B block.

14. The medical device of claim 1 wherein said medical device is a catheter assembly comprising at least one shaft,
shaft assembly or expandable balloon, and said at least a portion of said medical device formed from said polymer
composition is said at least one shaft, shaft assembly or expandable balloon.

15. The medical device of claim 1, the polymer composition further comprising at least one polymer which is compatible
with said B block of said liquid crystal block polymer.

Patentansprüche

1. Medizinprodukt, wobei mindestens ein Abschnitt des Produkts aus einer Polymerzusammensetzung geformt ist,
die mindestens ein Flüssigkristall-Blockcopolymer umfasst, das mindestens einen A-Block und mindestens einen
B-Block aufweist und wobei der A-Block ein Flüssigkristall-Polymerblock ist, der aus sich wiederholenden Einheiten
geformt ist, die mesogene Gruppen umfassen; und der B-Block ein Hartsegment ist.

2. Medizinprodukt nach Anspruch 1, wobei der B-Block ein Hartpolymersegment ist.

3. Medizinprodukt nach Anspruch 1, wobei das Flüssigkristall-Blockcopolymer aus der Gruppe ausgewählt ist, die aus
den Polymeren mit der allgemeinen Formel A-B-Zweiblock, (A-B)n, wobei n 1 bis 20 ist, A(B-A)n, wobei n 2 bis 20
ist, B(A-B)n, wobei n 2 bis 20 ist, A-B-A-Dreiblock, B-A-B-Dreiblock, A-B-A-B-A-Fünfblock, Multiblock-Copolymeren,
linearen Vierblock-Copolymeren, statistischen Blockcopolymeren und statistischen alternierenden Blockcopolyme-
ren, radialen sternförmigen Blockcopolymeren, H-verzweigten Blockcopolymeren, T-verzweigten Blockcopolyme-
ren, Kämmen, Bürsten, Dendronen und Mischungen daraus besteht.

4. Medizinprodukt nach Anspruch 1, wobei das Blockcopolymer ferner einen mesogenen Block C umfasst, der sich
von dem A-Block unterscheidet, und das Blockcopolymer eine Struktur aufweist, die aus der Gruppe bestehend
aus B-(A-B-C)n-B, wobei n 3 bis 20 ist, A-B-C-Dreiblock, A-C-B-Dreiblock und statistischem A-B-C-Block ausgewählt
ist.

5. Medizinprodukt nach Anspruch 1, wobei die mesogenen Gruppen mindestens zwei aromatische Ringe umfassen.

6. Medizinprodukt nach Anspruch 1, wobei die mesogenen Gruppen fluorierte Seitenkettengruppen aus mindestens
-(CF2)8- umfassen.

7. Medizinprodukt nach Anspruch 6, wobei -(CF2)8- mit einem Abstandshalter verbunden ist, der drei Methylengruppen
oder weniger aufweist.

8. Medizinprodukt nach Anspruch 1, wobei der B-Block aromatisch ist.

9. Medizinprodukt nach Anspruch 7, wobei der B-Block Styrol ist.

10. Medizinprodukt nach Anspruch 1, wobei der A-Block aus sich wiederholenden Einheiten aus einem Monomer gebildet
ist, das mesogene Seitenkettengruppen umfasst, das Monomer aus der Gruppe bestehend aus Siloxanen, Me-
thacrylaten, Isocyanaten, Styrol-Monomeren und Dien-Monomeren ausgewählt ist.

11. Medizinprodukt nach Anspruch 1, wobei der A-Block aus sich wiederholenden Einheiten gebildet ist, wobei die sich
wiederholenden Einheiten ein Methacrylat-Monomer umfassen, das mit mesogenen Seitenkettengruppen modifiziert
ist, und der B-Block Styrol umfasst.
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12. Medizinprodukt nach Anspruch 1, wobei die Polymerzusammensetzung ferner mindestens ein Polymer umfasst,
das aus der Gruppe ausgewählt ist, die aus Polyamiden, Polyestern, Polyethern, Polyolefinen, Polyimiden, Block-
copolymeren, die mindestens ein Polyolefin-, Polyester-, Polyether-, Polyamid- und/oder Polyimidsegment umfas-
sen, Silikonen und Mischungen daraus besteht.

13. Medizinprodukt nach Anspruch 1, wobei das Flüssigkristall-Blockcopolymer 50 bis 95 Gewichts-% des A-Blocks
und 5 bis 50 Gewichts-% des B-Blocks umfasst.

14. Medizinprodukt nach Anspruch 1, wobei das Medizinprodukt eine Katheterbaugruppe ist, die mindestens einen
Schaft, eine Schaftbaugruppe oder einen dehnbaren Ballon umfasst, und der mindestens eine Abschnitt des Me-
dizinprodukts, der aus der Polymerzusammensetzung geformt ist, der mindestens eine Schaft, die Schaftbaugruppe
oder der dehnbare Ballon ist.

15. Medizinprodukt nach Anspruch 1, wobei die Polymerzusammensetzung ferner mindestens ein Polymer umfasst,
das mit dem B-Block des Flüssigkristall-Blockcopolymers kompatibel ist.

Revendications

1. Dispositif médical, au moins une portion dudit dispositif étant formée d’une composition de polymère comprenant
au moins un copolymère séquencé à cristaux liquides ayant au moins un bloc A et au moins un bloc B et dans
lequel le bloc A est un bloc polymère à cristaux liquides formé de fragments répétitifs comprenant des groupes
mésogéniques ; et le bloc B est un bloc dur.

2. Dispositif médical selon la revendication 1, dans lequel le bloc B est un bloc polymère dur.

3. Dispositif médical selon la revendication 1, dans lequel le copolymère séquencé à cristaux liquides est sélectionné
parmi le groupe constitué des polymères ayant la formule générale dibloc A-B, (A-B)n dans laquelle n est 1 à 20,
A(B-A)n où n est 2 à 20, B(A-B)n où n est 2 à 20, tribloc A-B-A, tribloc B-A-B, pentabloc A-B-A-B-A, copolymères
multibloc, copolymères tétrabloc linéaires, copolymères séquencés aléatoires et copolymères séquencés à variante
aléatoire, copolymères séquencés en étoile radiale, copolymères séquencés à ramification de type H, copolymères
séquencés à ramification de type T, peignes, brosses, dendrons et des mélanges de ceux-ci.

4. Dispositif médical selon la revendication 1, dans lequel ledit copolymère séquencé comprend un bloc mésogénique
C différent du bloc A et ledit  copolymère séquencé a une structure qui est sélectionnée parmi le groupe constitué
de B-(A-B-C)n-B dans laquelle n est 3 à 20, tribloc A-B-C, tribloc A-C-B et bloc aléatoire A-B-C.

5. Dispositif médical selon la revendication 1, dans lequel lesdits groupes mésogéniques comprennent au moins deux
anneaux aromatiques.

6. Dispositif médical selon la revendication 1, dans lequel lesdits groupes mésogéniques comprennent des groupes
fluorés à chaîne latérale d’au moins - (CF2)8-.

7. Dispositif médical selon la revendication 6, dans lequel ledit -(CF2)8- est connecté à un espaceur ayant trois groupes
méthylène ou moins.

8. Dispositif médical selon la revendication 1, dans lequel ledit bloc B est aromatique.

9. Dispositif médical selon la revendication 7, dans lequel ledit bloc B est styrène.

10. Dispositif médical selon la revendication 1, dans lequel ledit bloc A est formé de fragments répétitifs d’un monomère
comprenant des groupes mésogéniques à chaîne latérale, ledit monomère est sélectionné parmi le groupe constitué
de siloxanes, (méth)acrylates, isocyanates, monomères styréniques et monomères de diène.

11. Dispositif médical selon la revendication 1, dans lequel le bloc A est formé de fragments répétitifs, dans lequel les
fragments répétitifs comprennent un monomère de (méth)acrylate modifié avec des groupes mésogéniques à chaîne
latérale et le bloc B comprend du styrène.
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12. Dispositif médical selon la revendication 1, dans lequel la composition de polymère comprend en outre au moins
un polymère sélectionné parmi le groupe  constitué de polyamides, polyesters, polyéthers, polyoléfines, polyimides,
copolymères séquencés comprenant au moins un segment de polyoléfine, polyester, polyéther, polyamide et/ou
polyimide, silicones et des mélanges de ceux-ci.

13. Dispositif médical selon la revendication 1, dans lequel ledit copolymère séquencé à cristaux liquides comprend 50
% à 95 % en poids dudit bloc A et 5 % à 50 % en poids dudit bloc B.

14. Dispositif médical selon la revendication 1, dans lequel ledit dispositif médical est un ensemble de cathéter com-
prenant au moins un arbre, un ensemble d’arbre ou un ballon pouvant se dilater, et ladite au moins une portion
dudit dispositif médical formée à partir de ladite composition de polymère est ledit au moins un arbre, ensemble
d’arbre ou ballon pouvant se dilater.

15. Dispositif médical selon la revendication 1, la composition de polymère comprenant en outre au moins un polymère
qui est compatible avec ledit bloc B dudit polymère séquencé à cristaux liquides.
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