Biodegradable and Biocompatible Shape Memory Polymers Cross Reference to Related Applications
This application claims the benefit of U.S. Provisional Patent Application Serial No. 61/315,300 entitled
"Fast Response Biodegradable and Biocompatible Shape Memory Polymer" filed on March 18, 2010,

which is incorporated h@f@&bgk@ﬁi@%iBf&%ﬁmgﬁf}blgigmﬁgimwggﬁg%lﬂ% to biodegradable and

biocompatible shape memory polymers. In particular, the invention relat lodegradable and
biocompatible shape memory blggk copgolymers havi hort recqvery times; compositions, polymer
blends and articles comprising th r88§ 5?§‘,°§n%?t?§%lstﬁ1%lé%ﬁ¥?% Sif&dical applications. Background

This application claims the benefit of U.S. Provisional Patent Application Serial

No. 61/315,300 entitled “Fast Response Biodegradable and Biocompatible Shape

Memory Polymer” filed on March 18, 2010, which is incorporated herein by

reference in its entirety.
Field

This invention relates to biodegradable and biocompatible shape memory
polymers. In particular, the invention relates to biodegradable and biocompatible
shape memory block copolymers having short recovery times; compositions,
polymer blends and articles comprising the copolymers; and uses thereof in

biomedical applications.
Background

Materials that ‘remember’ their history have attracted a lot of attention in research,
particularly biomedical applications. Shape memory alloys, such as NiTi, have
been studied. These materials have limited shape memory deformation

capabilities and do not degrade in the body.

In order to improve the shape memory deformation capabilities, shape memory
polymers (SMPs) were developed. SMPs belong to a group of polymers which
show dual shape properties. As illustrated in FIG. 1, the polymer can be molded in
a particular shape A. This polymer can then be deformed to another shape B.
‘Memory’ or recovery of shape A can be elicited by a change in the thermal
conditions. Such polymers have been proposed for many applications particularly

in bio-applications.

Conventional SMPs utilize a combination of 2 crystallizable or rigid segments, one
of which is switchable between hard and soft properties at a certain transition
temperature (Tyans). When the material is heated above Tians, Only one of the
crystalline domains will remain. The polymer shape can then be ‘fixed’ by using
the appropriate mold into a shape A. The fixture will be cooled below Tians and
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Materials that 'remember’ their history have attracted a lot of attention in research, particularly
biomedical applications. Shape memory alloys, such as NiTi, have been studied. These materials have
limited shape memory deformation capabilities and do not degrade in the body. In order to improve the
shape memory deformation capabilities, shape memory polymers (SMPs) were developed. SMPs
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when the fpfttHe S\NPated, the lower melting crystalline segment melts and the fixture returns to shape
A. Many SMPs rely on crosslinked polymers which give slow response as the slow relaxation process

of the recqvery gives rise to a lowet.elasticity_entro op.recovery, This presence of chemical
b e R A
body as an implant. Upon exposure to body heat, the polymer can form its original
shape and secure itself in the targeted area. The time of response for the recovery
of the shape for conventional SMPs takes between 10 seconds to hours. This time

scale is too long for applications that require an almost instantaneous response.

Furthermore, the materials used for the development of shape memory polymers
include materials such as polyurethanes, crosslinked hydrogels, polynorbornene,
poly(styrene-block-butadiene) which are not biodegradable. Such materials may
not be biocompatible if the use is desired in humans. SMPs for biomedical

applications which undergo good recovery after high strain changes are desired.

Summary

In an embodiment, there is provided a shape memory block copolymer
comprising: at least one switching segment having a Tyans from 10 to 70 °C; and at
least one soft segment, wherein at least one of the switching segments is linked to
at least one of the soft segments by at least one linkage, and wherein the
copolymer transforms from a first shape to a second shape by application of a first
stimulus and the copolymer transforms back to the first shape from the second
shape by application of a second stimulus. In a further embodiment, there is
provided a shape memory block copolymer comprising: at least one switching
segment having a Tyans from 10 to 70 °C; and at least one soft segment, wherein
the copolymer has a molecular weight, My, of about 50,000 g/mol to about
1,000,000 g/mol, wherein the switching segments and soft segments are
randomly arranged in the copolymer, wherein at least one of the switching
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Using these polymers, different shapes can be fashioned and inserted into the body as an implant.
Upon exposure to body heat, the polymer can form its original shape and secure itself in the targeted
area. The time of response for the recovery of the shape for conventional SMPs takes between 10
seconds to hours. This time scale is too long for applications that require an almost instantaneous

response. FRHRBMTIRIMkETQ:8lilnasieerof the §8{lasgments ¥ eankAs HidRers include
materials syeEram IR BEpbRnes: Beasstoriredifmragris, silpecibarsessnd shape by

poly(styrene-block-butadiene) which are not biodegrzladable. Such materials may not be biocompatible
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a shape mgnes yshheekicenalysoaisuyhipisign plithag tbae spolghieg segrestridey ingreid trans from 10
to 70 C; and at least one soft segment, wherein the co olyrﬁer.has a molecular weight, Mw, of about
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least one of the soft segments t least one linkage, wherein the copolymer transfaorms from a first
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first shapedgemt tioe segeuttingtobythprishtiosil akshendsibodingranthetecie préviedpolymer has

a response time. of less than 10 ?*%conds, wherein tae resgﬁgéqjae time is the .timeigr the copolymer to
S56"

transform BAK 8'%8%%139& R THROSHAN AL %Eﬁlea%ﬂ%ff%m@ Eond stimulus. In

another erobpdiymest,dhdre ibgrapaded agempositignostiopiend, theioliaott ageeseibed herein
and a coating, wherein the oatir(lg alters a degradation rate of the copolymer. In a further

embodime® ; tﬁgr«@quFW 8% omposition comprising the copolymer as described herein and a
therapewtig agen & dagnosticagsnk.a RoRvIacic.agsntyar B combatian ereal, g stil another
embodiment, there’is provided an’articlé comprising the c¥)mp05| i0h a2 dBSaribed herein comprising
the copolyoopodyrder tie cgseuified dentia. diagriostieagertipdipreph yrerticiageovidecay combination
thereof. composition comprising the polymer blend as described herein and a therapeutic
agent, a diagnostic agent, a prophylactic agent, or any combination thereof. In still
another embodiment, there is provided an article comprising the composition as
described herein comprising the polymer blend and a therapeutic agent, a

diagnostic agent, a prophylactic agent, or any combination thereof.

Brief Description Of The Drawings
FIG. 1 depicts a schematic outline of how a shape memory polymer functions.

FIG. 2 depicts GPC diagrams of poly(PDMS/PCL urethane)s, DC1 to DC4 and its
PCL and PDMS precursors.

FIG. 3 depicts 'H NMR of poly(PDMS/PCL urethane), DC1 in CDCls.

FIG. 4 depicts DSC curves of poly(PDMS/PCL urethane)s in the second heating

run.



In another embodiment, there is provided a polymer blend comprising at least one copolymer as
described herein. In a further embodiment, there is provided a composition comprising the polymer
blend as described herein and a therapeutic agent, a diagnostic agent, a prophylactic agent, or any
combination thereof. In still another embodiment, there is provided an article comprising the
compositidi s AgeRiBs JeRsisSLRIR MRS SRR PRIk e /R HetdsthiAR&8ent, a diagnostic
agent, a prophylactic agent, or any combination thereof. Brief Description Of The Drawings FIG. 1
depicts a fei@réadiepicttitiecos ape argmpey ttemaocpally itfecyoted)dos . 0K0G. 2 depicts GPC diagrams
of poly(PDMS/PCL urethane)s, DC1 to DC4 and its PCL and PDMS precursors. FIG. 3 depicts 1H

MR Of PRGBS HEHAANG InBicbl SHRE Inbifor) BERIRP S pHSIREAPYDOMSIPCL

urethane)s inthe s eating’run.
urethane), DC1.

FIG. 8 depicts cell viability incubated with known concentrations of the aqueous-
based extracts from poly(PDMS/PCL urethane) films.

Fig. 9 depicts mass loss profiles of poly(PDMS/PCL urethane) films following
hydrolytic degradation in the presence of lipase.
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FIG. 5 depicts tensile storage modulus of the poly(PDMS/PCL urethane)s. FIG. 6 depicts the shape
memory thermocycle (5 cycles) for DC1. FIG. 7 depicts thermally induced shape memory behavior of
poly(PDMS/PCL urethane), DC1. FIG. 8 depicts cell viability incubated with known concentrations of the
aqueous-baseg 4XliagtDEOiREMHPDMS/PCL urethane) films. Fig. 9 depicts mass loss profiles of
poly(PDMS/PCL urethane) films following hydrolytic degradation in the presence of lipase. Detailed

Description . . , . ,
P In various embodiments, the invention provides shape memory block copolymers

which may comprise: at least one switching segment having a Tyans from 10 to 70
°C; and at least one soft segment, wherein at least one of the switching segments
may be linked to at least one of the soft segments by at least one linkage, and
wherein the copolymer may transform from a first shape to a second shape by
application of a first stimulus and the copolymer may transform back to the first

shape from the second shape by application of a second stimulus.

As used herein, the expression “block copolymer” is used as it is normally
understood to a person of skill in the art and often refers to a copolymer wherein
in the constituent macromolecules of the copolymer, adjacent blocks are
constitutionally different, i.e. adjacent blocks comprise constitutional units derived
from different species of monomer or from the same species of monomer but with

a different composition or sequence distribution of constitutional units.

As used herein, the expression “segment” is used as it is normally understood to a
person of skill in the art and often refers to a block or sequence of polymer

forming a part of the shape memory copolymer.

As used herein, the expression “soft segment” is used as it is normally understood
to a person of skill in the art and is a relative term and often refers to a segment

having a Tyans that is lower than Tyang 0f the switching segment.

In an embodiment, at least one of the switchable segments and/or at least one of
the soft segments may comprise, for example, at least one biodegradable region
and/or at least one of the switchable segments may be, for example, linked to at
least one of the soft segments through at least one biodegradable linkage. In an
embodiment, at least one of the switchable segments and at least one of the soft
segments may comprise, for example, at least one biodegradable region and at
least one of the switchable segments may be, for example, linked to at least one
of the soft segments through at least one biodegradable linkage. In an
embodiment, at least one of the switchable segments and/or at least one of the
soft segments may comprise, for example, at least one biodegradable region. In

an embodiment, at least one of the switchable segments and at least one of the



In various embodiments, the invention provides shape memory block copolymers which may comprise: at
least one switching segment having a Tirms from 10 to 70 "C; and at least one soft segment, wherein at
least one of the switching segments may be linked to at least one of the soft segments by at least one
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soft segments Thay COmpriSg, for example, at least one biodegradabte Tegion an east one of the
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the soft segments may comprise, for example, at least orie biodegradable region. In an embodiment, at
least one of thEOBRIERRILTRAY RIS AP IBIRSIEFRO8PIRe/N an embodiment, the copolymer

may be, for example, substantially or completely biodegradable. In an
embodiment, the copolymer may lose, for example, at least about 95% of its mass
over a period of time. In an embodiment, the copolymer may lose, for example, at
least about 75% of its mass over a period of time, or at least about 80% of its
mass over a period of time, or at least about 85% of its mass over a period of

time, or at least about 90% of its mass over a period of time.

As used herein, the expression “biodegradable” is used as it is normally
understood to a person of skill in the art and often refers to copolymers and
coatings that are capable of being completely or substantially completely
degraded, dissolved and/or eroded over time when exposed to physiological
conditions and can be gradually resorbed, absorbed and/or eliminated by the
body, or that can be degraded into fragments having sufficiently small molecular
weight (for example, 40 kDa or less) to pass through a kidney membrane of an
animal. The process giving rise to break down of the copolymer may be caused
by, for example, and without limitation, hydrolysis, metabolic processes, oxidation,

enzymatic processes, bulk erosion or surface erosion.

The ordering the segments within the copolymer is not particularly limited and any
order of the segments within the copolymer may be contemplated. Segments
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soft segments may comprise, for example, at least one biodegradable region. In an embodiment, at least
one of the switchable segments may comprise, for example, at least one biodegradable region. In an
embodiment, at least one of the soft segments may comprise, for example, at least one biodegradable

region. In an eqAgenLeRl R Aap o e SushaPle sEmenMBIRe B8 B nked ( at leas
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can be degraded into fragments having sufticiently small molecular weight (for example, 40 kDa or less)
to pass through'5388R &Y MBRBAIKROSE AN AN R D BRLBESHAAG FI BRI E 4k 'HAY of the copolymer
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embodiment, the eppolyimentyayidist ioneatmplewactang ooy crprdyaneraileasedaricostihary skill in the art
will appreciate that segments of the copalymer may be linked together, for example, by any chemical
linkage or funcﬁ%?ﬂ%l?%roeur%p,s irr?&%é%éi“%%%’rp°&%%%@? atﬁ %he'?nai%%tlila%ggsg'imoa%e polymer backbone in
order to link thensegpiteams, togetins ofiketicei b dnkagrfe ayagsekint incorporpteatifraof a monomer
containing the GBREARLILEaRFHYCUAEAROB HOHERIR AAURRSANkRARS K qulhe dhackbone. I an

n lin

embodiment, the monomer involved i king the segments may be, for example, biocompatible and/or
biodegradable!a3e2 odFRARKRBn BhaR P RRABVERLIKINAIAT BR SEYIRBRIETRIRP B&Yor example,
biocompatible bniasogsakadinpnédthgjaaenoroer ipusivekioflinkisgitbeisggewnésmay die, for example,
biodegradable, In an embgdiment, the monpmer involved in linking the s ents may be, for example,
piocompatible S DAL R b0 IR LU LA S RS i B e CuThal oments and a least

one of the softadiegenergsou@aynbg hiakéxt, dxaregEnmie; 68 aétyiane §rigges.diCaCealkgdmaent, creation of
the urethane linkages may result in incorporation of a monomer containing ttclfe fasppropriate reactive
oré

functional grod5e4B: i e mKEYERGHRIPHR: BaRKioHe AlkYANE SR nTL At PHHISRE alkylene groups
may be incorpgraifed olined adiagrbi YrirRsir e Bl RYILHRIRICSRIBIENES, aF BhlgAashene of the soft
segments by urethane linkages. In an embodiment, the alkylene group may be, for example, a C1-C10
alkylene groupgroup, G1.aCY dlsydtsytene group, or a C; alkylene group, or a C, alkylene group,

or a C; alkylene group, or a C4 alkylene group, or a Cs alkylene group, or a cg

alkylene group, or a C; alkylene group, or a Cg alkylene group, or a Cg alkylene

group, or a Gy alkylene group. In an embodiment, the alkylene groups may be,



group, or a C1-C8 alkylene group, or a C1-C7 alkylene group, or a C1-C6 alkylene group, or a C1-05
alkylene group, or a C1-C4 alkylene group, or a C1-C3 alkylene group, or a C1-C2 alkylene group, or a
C1 alkylene group, or a C2 alkylene group, or a C3 alkylene group, or a C4 alkylene group, or a C5

alkylene groug,,p Qﬁﬁ%ﬂk}ﬁmw%ng ré IIﬂ4 Og g@kgﬁha{ml qoup, or a C9 alkylene

group, oraClOa ent, the aIk ene groups may or example,
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melting point (W@F@a@%ﬁ@aﬁ&'ﬁ@?ﬁtémﬁéﬁﬂgwr@@'@? linkagesoeast @I‘T@@Wﬁ(‘ﬁﬂh@%gments In an

embodiment, theyrHats i BRoles xamMRley BaMaKEY ReiBkikpkobpleast anaobihagwitching
segments. In an embodiment, th Tlrans may be, for examlple a gc1§I‘{sl%s§?transmon tempgergture (Tg) of at

least one of thi"ERifcHRYNElR AR ¥§r'ﬁ1eaﬂrﬁ'rq1%889ﬁgﬂ?%? dgkp ARG G Lelients may have,
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about 70C, or 5 (0] fro to about 70C,
or from about égﬁpolg &ugt Ct? t r%ﬁrtr% %ﬁ% g to ab((?)}fj%% éq %%nzg%out 58°o out C, or from
about 55 to abXapIE, @Jmﬂﬂ'ﬁQaB@l@E 6&@&66%0@%@?@@1%&%%&%&%&6 7'0@”0r from about 10 to
about 65C, or Hﬁﬁbépﬁéﬁtl%m&%%@% %fr%rﬁﬁ%u d&%@i&tﬁﬁﬁeﬁfﬁé%@ ‘}%5 to about 65C,

or from about 30 to about 65C, or from about 35 to about 5C, or from about 40 to about 65C, or from

about 45 to abdUEBSCNS T SHEGPBS SSABENBHe 2B EMARABET 54 RASHUE 858Cor from about 60 to

about 65C, or Bwlmmb@@b@&mabﬁay ﬁ@@e ber@rarabreutarﬁr;g abaukbOE 10rtieioabrot20 to about 60C,
or from about 25 to ab %(ﬁ"}%ﬁgom to ahout 60C, or fronzgtg 5 5 to about 60C, or from

about 40 to ab‘a)"uftr%r@él Bty B aBB PBLROY #310 2084 {68 Lgr2l‘7’om about 55 to
about 60C, or fmahcnal"@odﬁf&hﬁtﬁ&ﬁﬁsmdr@mabmfmmwam&ﬁ@mo faibnmamm 26} to about 55C,

about 40 5 abAT SR b AL @ Ao SE e BAFRUbLOKS & JEGLEB8 Bt Hom about 10 0
about 50C, or &es0tHOt, &mwbbuuﬁwtooaﬁwweboubmﬂmmutmn@ about 30rabout 50C, or from
o e AR RS Bt oA £ P R ag g oG or o
about from ababbaﬁweboutraﬁwamwt 260 ebtfmmam)uirfmm about 25 o aa0iBBEC20rto about 50C, or
45,30 to about PSCARS O G L8t 50 A HSLARHG 55 AbSHE A about C. or
from about 35 ab@h@w@dr&rmmbbwtwpcub‘wmab@ubﬁrm faoouabotd aﬁdmmec:t 3b 15 to about
280Cl,1t015fr0m 8rl#1ta out gg to aBoHtt &g &O ongb%%ttgoa E) eLlJbout%B%frgrnf]rgr?loat t%from about 10 to

about 60°C, or from about 15 to about 60°C, or from about 20 to about 60°C, or

from about 25 to about 60°C, or from about 30 to about 60°C, or from about 35 to

about 60°C, or from about 40 to about 60°C, or from about 45 to about 60°C, or

from about 50 to about 60°C, or from about 55 to about 60°C, or from about 10 to

about 55°C, or from about 15 to about 55°C, or from about 20 to about 55°C, or

from about 25 to about 55°C, or from about 30 to about 55°C, or from about 35 to

about 55°C, or from about 40 to about 55°C, or from about 45 to about 55°C, or

from about 50 to about 55°C, or from about 10 to about 50°C, or from about 15 to

7



25 to about 50C, or C, or from about 40 to 10 to about 45C, or C, or from about 25 to 35 to about 45C, or
C, or from about 15 to 25 to about 40C, or C, or from about 10 to 20 to about 35C, or C, or from about 10
to 20 to about 30C, or C, or from about 15 to 10 to about 20C, or C. As used herein, the expression

‘glass transitio B‘%J?‘@@Jé%?fr&%"aiﬁhc@?%ﬁé 8 pesee! Pﬁ%rﬁb‘?‘lﬁ » ?opaedéi{%f’ék‘gri“ the art and

often refers to the temperature at w e amorphous’domains of a polymer change from a brittle,
glassy, vitreoukataadoota38dtichbettP0aG]grdiatlaauiudhtryalbeatcbf Gtraokphesiooutedstoe. The Tg may

be dependent %mesaq?}]ti lrgﬁg aa&)qncgg tlaealggh{%%d nym% tggémallﬁ;j%tﬁé%&f &geé:;z(gymer. As used

herein, the expression "nielting temperature, Tm" is used as It is norma erstood fo a person of skill
in the art and dftem abfers1p tthelienh ger&ture faowliebuth20dny stadlihé Zfémairieat abooly2ddplose their

short- and '0”%’68[11”4% o Fmﬁéﬁ’d%%eﬁrﬁ% io %F&&&%Pﬁo%’ ‘éf?%ﬁ%%f t%hﬁ%&%fﬁg gp that of a

disordered structure. [n ane t, the copolymer may rely, for example, on physical interactions
between crystéitimealeeibAs tsalrosshhkihgptivsatmde thie aystib i Cieitnsabavicli@th the crosslinks

are removed ag e, RO MSEISEANESD 10 A5LEIRREITIEHY A UERS! 983, Le SHlenin segments may

be, for example, a crystallisable segment. [n an embodiment, at least one of the switching segments may
be, for examplipa sdeiit 3 tallate gedfieneriicm apabbadniebheutid8sC oneftsthabowitthiily segments

may have, for %&W%@o&%?%iﬂ‘%l?&!% E%b%t'ﬁsa&, or from about 20 to about 35°C, or
from about 25 to about 35°C, or from about 30 to about 35°C, or from about 10 to
about 30°C, or from about 15 to about 30°C, or from about 20 to about 30°C, or
from about 25 to about 30°C, or from about 10 to about 25°C, or from about 15 to
about 25°C, or from about 20 to about 25°C, or from about 10 to about 20°C, or
from about 15 to about 20°C, or from about 10 to about 15°C.

As used herein, the expression “glass transition temperature, Ty” is used as it is
normally understood to a person of skill in the art and often refers to the
temperature at which the amorphous domains of a polymer change from a brittle,
glassy, vitreous state to a solid deformable, ductile or rubbery state at
atmospheric pressure. The Tqg may be dependent on the heating rate and can be
influenced by the thermal history of the polymer. As used herein, the expression
“melting temperature, Ty,” is used as it is normally understood to a person of skill
in the art and often refers to the temperature at which the crystalline domains of a
polymer lose their short- and long-term order, changing from a regular, ordered

structure of chain packing to that of a disordered structure.

In an embodiment, the copolymer may rely, for example, on physical interactions
between crystalline regions as crosslinking points. Once the crystalline regions
are melted, the crosslinks are removed and the copolymer recovers. In an
embodiment, at least one of the switching segments may be, for example, a
crystallisable segment. In an embodiment, at least one of the switching segments
may be, for example, a semicrystalline segment. In an embodiment, at least one

of the switching segments may have, for example, crystallinity below Tians. In an



embodiment, at least one of the switching segments about 1 wt% crystallinity to about 90 wt% crystallinity
wt% crystallinity to about 90 wt% crystallinity below T crystallinity to about 90 wt% crystallinity below
Ttrans, crystallinity to about 90 wt% crystallinity below Ttrans, crystallinity to about 90 wt% crystallinity

below Ttrans, crysiallnibiapout 0P Ereaialinly belw Fuans, FaEallntydnaRolban wos

crystallinity below Ttrans, crystallinity to about 90 wt% crysta low Ttrans, crystallinity to about 90

init
Wt% crystallini%PBé\d\AWW?é?ﬁZ\?téﬂ%iltdl%i@b%t&%MWW%lﬁwgmmBeWW@ﬁsébﬁ% llinity to about
98 WtO/S grysot/awmyck%@@mLﬁtyaess}rwsmﬂmi% ?ﬁ%%i@ﬁd@'ﬂg gr%%gaﬁwmﬁgswg 1?m,$fl,{ocrystallinity tﬁ. _
about 90 wt% crystallinity below Ttrans, crystalljnity to about 90 wt% crystallin glow Ttrans, crystallinity
0 about 50 wioB SR AR A S RRVAIRG G Bt 6 15 SRSaIRA Below Ttrans,
crystallinity to atystdal@dtywieabostabintyeisialitinbetowstallinity fooababid 9028 W% rystallinity below
Ttrans, crystallipi t t%6 crystalling S, Cr lipi 5 wt% crystallinity
below Ttrans, %&%%fnlm 5} ?o%%g\lfj?/ Wmﬁﬁ&%@t@ﬁﬁ%@%@ﬁ’rgﬁiﬁéﬁyﬁéﬁ%ﬁ%%t%bout 85 wt%
crystallinity beRsystRifaRY tergeeatiAfyMSc«tystatiminaetaystatinis) Hermvaaerdsd) Wistallinity to about 85

wi% crystallinigaghniwitl g b oeRyStalBl i emi AW orerysialiri helaw J8rgps, crystallinity to about
85 wt% crystallinit tf,el,ow Ttrans, crystallir&% Etﬁ(ﬂ,a,bo t 85 wt% crystallinity below Ttrans, crystallinity to

about 85 wt% EYSRIIHIK/ B AR THENE Iy 5?5’%%385 tHOINRIHIHTS, WEfow Ttrans, crystallinity
to about 85 wtebystysitaitiridyabeltvad trerss; rgsysialitpibetovabout, 85 b abmstbdbibybelow Ttrans,
crystallinity to %, crystallinity, b tran allini bout 0% crystallinity below
-Inns, or from & gﬁ%@gt% A)a(?r?/@tgl w?YtEy/otgq' \{\élil-{ﬁé% %&%3?@%@8 kr?léfi((:dvélﬂ r?rgy;%{ofrom about 80 wt%
crystallinity to ab6tagBtwiRos: AMlntyNsialinitg bsiomomab it wehew SNty to about 80 wit%

crystallinity belgysriiny Qb EOBLADO WS Wi eIt baikiioraho W 3R Mt sty @ity below -Inns, or from
about 10 wt% crystallinity to about 80 wt% crystallinity below -Inns, or from about 15 wt% crystallinity to

about 80 wt%% SR ERYL MY G RETHREBEY ESPWidsaery SETRATHARS W MES wtos crystallinity
below -Inns, ocfystallaiyub2budd/BCnystabnyyatinith el B0 Tyike, aystatiatbpltetowitans, or from about 30

wit% crystallini 0 Wi% linj low - from t 9% crystallinity to about 80
Wit% crystallini%g)}é%e?e:])ﬁ)/vl‘#f%,‘?l oéL#rogrEr)]/ a %Str%\‘ﬁvltaﬁc%&yﬁéﬁ{}stg raa*l?ogﬁt \L/J\V}Itg//og (grlyt)/‘é%tallinity below Tfra,, or
from about 45 GuyStadipiy-inrabot D aGteor veiaisiysksalavity bedodr framsabedidid wiout 50 wit% crystallinity
to about 80 wigheRymiatingy-Belawo s, Ay SamaPedice WL GysEIiBEY e w80 wt% crystallinity

below -Inns, or from about 60 wt% crystallinity to about 80 wt% crystallinity below -Inns, or from about 65
wit% crystallinif§ XS &bt SoARR @R/gﬁgﬂiﬁfbﬂ?é(glﬂ ReIY JrsreR B0 ARG Wb stallinity to about 80
wt% crystallinityysedtinityriosuiresvebeoiystallitity tiyeialliiiy torahon B widmerystallinity below -Inns,
or from about 1 wt%,crystallinity tq.aboyt 75 wt% crystallinity below -Inns, or.f out 5 wt% crystallinit
(o about 75w LR BRASE RS SysiBInERESRE Lo oyt SIREETs wiok cryatalinity
below -Inns, ocfystallitiyoEpont8enytativaiattnidb belaws Tvise, aykamiakpWeldwtihns, or from about 20
wit% crystallinig()}ggmw PR @@’Wﬂ@i%féﬂﬁ%ﬂéﬂﬁm %Lﬁgrﬂr%mHta%%NYt% @igstallinity to about 75

wt% crystallinity’below -Inns, or from about 30 wt% crystallinity to about 75 wt% crystallinity below -Inns,

or from about S& SRR 8 #bGUETY SR RN AL TP TN rdrofi "about 40 wid
crystallinity to alyetd|Htwideerstalinitydasiaatinig beldiom ahatidmdbo grgstaltmnity to about 75 wt%
crystallinity below -Inns, qQr from ut.50 wt% crystallinit about. 75 wt% crystallipity below -Inns, or
fom about 55 O DAM AR o7 Yo VLA o8, TR0 el KB 60 wioe crystalinity
to about 75 wtetystghititlriieyabeld\vBsIwif, qvﬁfamﬂﬁb@@ﬂ% Tvthee, @yﬁt&ﬂiﬁwlub‘k(bwt&’oﬁ wt% crystallinity
below Inns, oyeraAfgub MbuIPAsXSIUNIRBPAMILRSTI. SrYRSAlliiBLpspWoinns. or from about 1

wt% crystallinity'to about 70 wt% crystallinity below -Inns, or ffom about 5 wit% crystallinity to about 70

wt% crystalliniﬁ?ﬁéﬁ‘ﬁwitmﬁé,ttﬂuﬁé%v%/bﬁfyf@aw{“}y Q5 Tty 18 IR W98 ¥stallinity below -Inns,

or frorﬂ about &Eb/w&%rmwﬁdad&@itw% ab%éérlz&m%wlb@t?ﬂimimi;domdfmmrs‘sqnlmbout 22 wt%
crystallinity to about 70 wi% crystallinity below -lnns, or from about 25 wt% crystallipity to about 70 wt%
crystallinity befoWw %‘ ”'rﬁ‘ét,\VAgPﬁ%%@%%ﬂ%b%%aﬁ'r%ﬁfa? iﬁf')vl ?&ﬂﬁé’&{%ﬂﬁ%’ %@t%l%}?ﬁ’ity below -Inns, or
from about 35 etystatipiyaitirabous hedterorystdliotystalovity beloor frnnsabotdtdd wiéut 40 wt% crystallinity
to about 70 wixh epyRANINKYBE|As RIS, OF JamRAP ¥ e W% YRR, P APRKY,70 wiv crystallinity
below Tfra,, or ffom about 50 wt% crystallinity to about 70 widb crystallinity below Tfra,, or from about 55
wit% crystallinity to about 70 wt% crystallinity below -Inns, or from about 60 wt% crystallinity to about 70
wt% crystallinity below -Inns, or from about 65 wt% c?ystallinity to about 70 wt% crystallinity below -Inns,
or from about 1 wt% crystallinity to about 65 wt% crystallinity below -Inns, or from about 5 wt% crystallinity
to about 65 wt% crystallinity below -Inns, or from about 10 wt% crystallinity to about 65 wt% crystallinity
below -Inns, or from about 15 wt% crystallinity to about 65 wt% crystallinity below -Inns, or from about 20
wit% crystallinity to about 65 wt% crystallinity below -Inns, or from about 25 wt% crystallinity to about 65



crystallinity to about 45 wt% crystallinity below -Inns, or from about 30 wt% crystallinity to about 45 wt%
crystallinity below -Inns, or from about 35 wt% crystallinity to about 45 wt% crystallinity below -Inns, or
from about 40 wt% crystallinity to about 45 wt% crystallinity below -Inns, or from about 1 wt% crystallinity

fo about 40 wioh R RGIW RRS, OF BaADR A6 copstRlini; aaRouta0 we cystalinit

below -Inns, or from about 10 wt% crystallinity to about 40 wﬁ%’crysta nity below -Inns, or from about 15

W% crystallinifftei2lioit WoaRess 8/ wiHiAREEEIBIY Pl drinorAr dBBTELO WBA Wh/stallinity to about 40

wit% crystballiniankeeéqurmsﬁwuiremv%b)p@tﬁ@wm@cmiﬁlHm;t;gg@lramﬁta%uvt?/wzxskt)alIinity below -Inns,
or from about 30 wt% crystallinit about 40 wt% crystallinity below Tfra,, or from about 35 wt%
Tocenan Ay BN Fratmoth 1o

crystallinity to SRS MYSA HY%%W ﬂ@,’, POmamot TS 81’9 é'mcr){‘i'ty to about 35 wt%
crystallinity bebyystafimitydo faboubB0 wit%wtystatsits ey O ahgutr S mtebauy @ity below -Inns, or from

about 10 wt% crysta Hﬂgt%oaﬁggpggwo/ rzgy%@!){gi%é&aﬁyaﬁBﬂ@”@g&&b@%@ wit% crystallinity to

about 35 wt% c staﬂlnl elow -Inns, or from o crystallinity to abou wit% crystallinity

below -Inns, offY8iAllEBYLOZD LB Ny BRI SSIBB Tutde @ /ERMiARY Wed8Withns, or from about 30
wt% crystallinignierahauf @ansth so/aallibistalamy barsw at fromrakantabavifesysiallinity to about 30

wt% crystallinity below -Inns, or from about 5 w‘%, cre)giallinity to about 30 wt% crystallinity below -Inns, or

from about 10 S¥SAHLYARARPHS BB 8tY-3e Ve BRI a0 TRAL2BP IR WhBut 15 wtv crystallinity
to about 30 wtebystykitaitridyabelaveolmt, ayftalinél hel R0 Twide, anbtatlinivy wo Fowti30 wt% crystallinity
below -Inns, or %, Cr ini t% inity he -nns, or from about 1
wWit% crystallini%ﬁ%@@ﬁ&@%&@r@%gwﬁﬁgw%%LO??(-)W r??f)’rﬁii%t wt /falacvr%{/ts{o]allinity to about 25

wt% crystallinigfseadinityiasaksutr8thvitio atystellitity gk iy terdrunEaow8s wijstallinity below -Inns,
or from about &34kt ssallbelly 40 ARaUIBRMFBEEiNly, belovorinase ardoameabout 20 wt%

crystallinity to about 25 wt% cr stallinitg below -Inns, or from about 1 wt% cr}/stallinoity to about 20 wt%
crystallinity befSWIHIRLYJP 76 hﬁgmté’\ﬁf%té#%'ﬁéﬂh‘ﬁ'e%r o 20 NI 2RMHEY below -Inns, or from
about 10 wt% crystliitijytdcadbatiBRwEI6rgsysitallinibe lbeloly.Lnos fronfraibo @teiwis wt% crystallinity to
about 20 wt% linit Tirans, or fram. t 1 witd crystallinit wt% crystallinity
below Ttrans, &gﬁ%%ﬁ Qégl% l\J/\t/t%o cryétém??l%}“ oﬁgégut% W{?f/(?({?{/é%ééﬁﬁ %ﬁjo\k’w Ttrans, or from about
10 wt% crystafiiysiatindpdaepsuteR vitystenyisiainkicee Pwahsyw Pfrisamadienut ¥ AWk erystallinity to about

10 wt% crystaligiyaRpigytd 1565 s@hiERmr-RaauhR B ISAliRiY ErpRoi LS Wik crystallinity below

Ttrans, or from about 1 wt% crystallinity to about 5 wt% crystallinity below Ttrans, In an embodiment, at

least one of thE"SHAERINGIREGMHERE Wiy HESRITRRARERY drerRidnTsaRPBIYNER In an embodiment, at
least one of thergsvithinotsepmans may hgsfallisxabydey T hioconmoatiatsopol/mies. In an embodiment, at

least one of the va'tﬁ%p]ilpygtge r@(ﬁ”}g may iQdS%gmengt%}(o\pveTfor exs ro‘r)rhe%t%) BPW?CWPXV acid, a poly(ether
S),

|
ester), a polyocr:{l){(sieas er; a poly(amino acids), a synthetic pofi{amino aci a polyanhydride, a

polycarbonateceygielljiity deoxtyeukaivouts) cayplaliitapetstacions) cofrany aubirdatith thereof. In an
embodiment, - |eadh AREIO LG B4 SREMPRIPEERW RTEPesIdrsY-BEu{S0sk@MPle, a polyhydroxy

acid. In an embodiment;, at least one of)the switching segments may independentl obe, for example, a
poly(ether est&)Sha RA¥ifRoRHerr, W eI BRIy fenn g dEmaRRVheWhkependently be, for
example, a potypstanesieto kibantemplhadingitatinieastone Ok ih o siiehibe $egmmets may independently
be, for example, a poly(amino acids). lg,an embodiment, at least one of the switching segments may
independently%é‘?t o@%&aﬁ%&%‘?‘ﬁ zénvtvfaé‘[i%r %t@/ Qﬁ}/rirnbc? Ig\év?olli-é)a.”fhoa{r?rgmﬁt(? ilﬁi\grgtybg 9east one of the
switching segraeystallindy tnddesihdentyberyiialéniyripesva hahyaphlydndedantad evithodiment, at least one

of the SWitChin&?&gﬁ%ﬁ%’@@ﬂ&@%WEWQ{Q%WB@W@& ,aopql(maégggpg%. Wiean embodiment, at
least one of the switching segments may independently be for example, a poly(hydroxyalkanoate). In an
Ptk i layich 50

embodiment, &YSHRHUHe!D ¢ osipiEisha depdEryABaUta0e¥Emple, a
poly(s-caprolagtgsta)lith: tb)abo@7erwprdinenriliatjassbae, of toe ot spomeRwmay have, for example,

a melting tempeg%u e 'B/ . In an empbadiment, at least pne_of the spft se mené may have, for example, a
Tm from abouf™ Q(ﬁ)'r%{ 0 t%&@?@r 30&05)6%6?'@ EoeP Woﬁfa?}f) 8,?6?% C4b Et\'\f% to about 30 C, or
from about -15ctgséddhnity3® @bautfdnwt% crystallinity below Tyans, or from about 65 wt%

crystallinity to about 75 wt% crystallinity below Tians, or from about 70 wt%
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about -10 to about 30 C, or from about -5 to about 30 C, or from about O to about 30C, or from about 5 to
about 30 C, or from about 10 to about 30C, or from about 15 to about 30 C, or from about 20 to about 30
C, or from about 25 to about 30 C, or from about -30 to about 25 C, or from about -25 to about 25 C, or

from about Zocfﬁsggﬁ)éﬁ% Qb&ﬁtf gy s'ljalﬁillﬁtggg}gv@i%g 0 rffpcm1 %%HE 1 JVQ%) about 25 C, or from

about -5 to abo or from about O to about 2 or from about 5 to about 25 C, or from about 10 to

about 25 C, ordisiadpbrto 8herAn8 s ey Batiaii aeleut Derto abisemzabeutsy Wim about -30 to about 20

C, or from abog,sRAiliRi329 WbaRG OOk BN BRIt BRADRE28:GroPh HsuERIWL7+L5 to about 20C, or
from about -10 to akv)ut 20C, or fr%n about -5 t]? abaout 20 C, or from about 0 to about 20 C, or from about

b
5 to about 20 ér,yéﬁ‘ BB SRS ﬁ’ﬁé’bﬁ%ﬁté,'BWr fioRb e 8 r%@o?ﬁ%é?avtf/r‘bm about -30 to about
15 C, or from abyatiaHRfiydcahioout TR Gidr drpstalindytod Oviolabeulrifto®, aivdub@0atdtit -15 to about 15C, or

from about -10&23 ﬁ’r‘d[ylgn%b%%{ 9H@%F%§émor %lc}@Cﬁror f%moqp%%togttgggwt 15C, or from about

r fr
5 to about 15C, or from about 10 to abou rom abolit>30 to about 10 , or from about -25 to

about 10C, or fyEicdbttooaPRHABBWIToCTYsiefieHy Sstw -iente AIHERM BRCUbLBOr¥hYeabout -10 to about
10C, or from aggutaifrity a8 woliO 7o WidhUFysamWit) BRIBROAE 106k AbHUPAeEtRtég about 10C, or from

about -30 to about 5 C, or from ahout -25 to about 5 C, or from about -20 to about 5 C, or from about -15

to about 5 C, ST AHGIR 2P8YH ZhytieSty S EMPLRN 15re0 YHRM 580U AP M about 0 to about 5 C,
or from about €3(stallidityutoCabowir 7domaloystalmity bblowt U6, aorfiam about 450wtyabout O C, or from

about -15 to a?r Eglﬁnngr%g%ﬂ%{%%)é@%?%w 5%' &k from ,a&q%rhS%S)&?}ng%o%, or from about -30 to

about -5 C, or from about out -20'to about - or from about -15 to about -5

C, or from abo@ﬂysiw't'ﬁﬁaiB@lﬂb@ltZQ)M%rﬁf’bﬁéWﬂ@(bﬁi%&ﬂnsELgrdI,Om Bt &PoWt %25 to about -10 C, or
from about -2Csigcaly 10 4baflt FOMEPOYS AR A 0, HEANEBBA0TRS0 about -15 C, o from

about -25 to about -15 .C, or from abou(t) -20 to abqut -15 CTor from about -30 to ab9ut -20 C, or from
about -25 to abHREIAEY 18AP8H ABSire SHVRIUBBY RO ThiananPEHFUB AR 2MEASt one of the soft
segments mayhgtddineyaongideuancawtosnpstal Beignaiw T an. conhatinaeottat \east one of the soft
segments may.in . t r ex | th lastic polymer. podiment, at least one
of the soft seg%é%t%s'ﬁ%nﬂ ﬁ Eé% o@régavrﬁp@g &%?@cnétﬁggmimrﬁgﬁoﬁgﬁogrgfgvgi/rcgent, at least one of the

soft segmentsGfi@jeiritiéptnaeeilO5aVidr eryaiatimtybely (Ahascdidrgipcaipot 80psydimethylsiloxane)

(PDMS). In anceyabarlimentagblaas aes efybainat eaents, may tedeassdensiypg, for example, a
poly(alkylene glycol). In"'an embodiment, the poly(alkyleneglycol) may be, for example, a poly(ethylene

glycol), a poly(& %tﬁﬁd%QPHtﬁé%%ﬁmlT,'ﬂ@?M, el IS ER8 S48V Enolypropylene
1,3-glycol, or anystalfinitynatiabdiiessattdn apsearibigdibeol the,ndy(ekylereupbsaiomay be, for example,
a poly(ethylene glycpl)..In an . embadiment, the poly(alkylene glycol) may be. for e ple, a poly(ethylene
oxide). In an e%%%{aﬁﬁ%gﬂo tﬁgoﬁgly aYYE%e%Té(SgFfi/'Pc”c‘J r%éy)é\ggﬁ?ﬁ?’ &irr%}ébg L|J:)to 9pvy)é%g1lene 1,2-glycol. In an
embodiment, tbygialyiidikigerio giyasoyythhaoy isdalfonty eetopld ranp iy raspaenet $aadn an embodiment,

the poly(alkylege Ghirat, BAWRE B MATBRISAHRYMRAVIENS lo3rksabdtiamspodiment, at least one

of the soft segments may independently be, for example, a poly(dimethylsiloxane) (PDMS). In an
embodiment, Y BiBIDHIB AR Ba b SruriallinitsiBelOW ke H R 8RN drEHe the copolymer may
not comprise, tpysxAin{yleo aWUBRES BosIpsstsiniphaerem, fhcophiaaediocsmpaible” is used as it is

normally understood,to.a person kill in the art and often refers tp a pgl hat js non-toxic and does
riot, or does rot %?S‘%Wi‘c':t nr%yalrﬂ’fjégf’ﬁ\évéﬁ’ecr r%%j{rﬁg'ey ane(i%wgrrﬁ?ﬁa%rﬁ%ﬁ%%ﬁgéér\éﬁséonse within the body.

In an embodinegystetindyoBpost Htayibe clustaliampielenHesraoweiting aadted wt%
crystallinity to about 65 wt% crystallinity below Tyans, or from about 1 wt%
crystallinity to about 60 wt% crystallinity below Tians, OF from about 5 wt%
crystallinity to about 60 wt% crystallinity below Tians, Or from about 10 wt%
crystallinity to about 60 wt% crystallinity below Tians, or from about 15 wt%
crystallinity to about 60 wt% crystallinity below Tians, or from about 20 wt%

crystallinity to about 60 wt% crystallinity below Tians, Or from about 25 wt%
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In an embodiment, the at least one switching segment may be, for example, present in the copolymer
based on a total weight of the copolymer in an amount from about 10 wt% to about 99 wt%, or from about
15 wit% to about 99 wt%, or from about 20 wt% to about 99 wt%, or from about 25 wt% to about 99 wt%,

or from about 30y, 9D A 26 1M AREMDIGS 10 ARSI o abolr 40 e o

about 99 wt%, or from about 45 wt% to ab , or from about 50 wt% to about 99 wt%, or from

about 55 wt% EYSEFMNRIYI N0 U BRI BBt BNtYRaE Wlvats00 WO 8PakdPoalbat 65 wit% to about 99

W%, or from alguiaTIinyt¥6 EbalResS AN sRIIfFAICRRATTT 5 WEKriena BeBLOfONR, or from about 80
wt% to about 99 wt%, or from abo 85)/\/(% to %k;).ou 99 wt%, or fr%m a%h?%wt% to about 99 wt%, or
0, O

from about 95%(5%6\] .’rﬁ%&ﬂt%% o,%ofrfiﬂﬁsé% Uiz e\lﬁf% sy 9% WP about 15 Wt to
about 95 wt%,ocoydrallimigbtmuaRELnG0ovits/alborst & bnitytb e lomf i, 2 loo tro2d abtdet to0altsat 95 wt%, or from

?Z:{géfa\ﬁqout 9§rWﬁ1 %g[%rgﬂp%t 40 wt% to about 95

4
om about 58Wi% to about 95 wt%: or from about 55

about 30 wt% - 00, Qr -
wt%, or from a%)?g%% %\%ﬁfy téog %&%@@@?&é tt(é%rﬁ‘?
Wt% to about PHYRIBHNEY troabaldRl BtaevsS@EBEUPORWbknerdf diemaBBaLEh Wik to about 95 wit%, or

from about 70 ¥ nrakay B WY EE. WIirersalIMkiE /BMROTIO, RbSU &% WiE¥ut frem about 80 wt% to
about 95 wt%, or from about 85 wt% to about 95 wt%, or from about 90 wt% to about 95 wt%, or from

about 10 wt% BYSEBITYIOL PR I¥ 2 SH(H A S RKIS Wnlwers 0B R BPHS At 20 wivs to about 90
wit%, or from abrgstaBimiiytio thalidii APMtdssiatindynbebowu (T30,wtYof tonalbot® 05w, or from about 35

wt% to about 0 ro 0 %, Or %) to about 90 wt%, or
from about 50%\/?%%3% (Eat%)(@\s/*v?a%, éé%%ﬁs%@%%@v%& ttbanébéﬁ@ﬁ\%%igroﬁﬁo about 60 wt% to
about 90 wt% coYStainiibeudiem kS wha s st & initydse o rbrmal96 (HonD abeist td5altsat 90 wt%, or from
about 75 Wi% {,3RaRH§RNYo A B ALAK AR Y64 ADOUL 96, Wik S56REOAREYt 85 Wi% to about 90

wt%, or from about 10 wt% to about 850\/\/t%, or from about_15 wt% to about 85 Wto/oo, or from about 20
Wt% to about SEYSIRANBY fHAPAHo ¥E76/e8% T ABEIPES W thenerdt S BBAFEEAW to about 85 i, or
from about 35 ewy¥baitirdlyaotBowuytss, it orpsadilinityibentd/oTio Aboutr &5 witkatarofietv about 45 wt% to

about 85 wt%, or f abpu 0% t t%. or from a %, to_abput 85 wt%, or from
about 60 wt% gyg{)%ﬁ@& W}E‘Q)g,)uc\)[\;é éoo“r&/ggﬁéﬁéﬁnw °o%fc?))va\{b6rﬁ?8%?\f/}t%§)‘? %r%%r%szﬁ%t 70 wt% to about 85
wt%, or from asgsitaitBivtte abeuiceh BE%evssetifdmbanitiaoweyd tenaebatBS0W% or from about 10

Wt% to about 80vaidfiinfy EEPEbARCSE WEMEWJRMRRYDERW P, OTdFaBnRaBBLRP Wi to about 80 wt%, or
from about 25 wt% to about 80 wt%, or from about 30 wt%_to about 80 wt%, or from about 35 wt% to

about 80 wt% OYFIINIR6IA AR ved: Wh 2 B B HYR e oM rbrnsalR6 (OA 3P0 B WhBut 80 wt%%, or from
about 50 wt% toystalifi§Govibouwsbonr/abot @ bnivbdwiRut 0 irdm avdterntabut 60 wt% to about 80
wt%, or from abogtt IEﬁintOo g%g&% 890 COrA) {%r”frﬂm abou 70 vv(t)orA)fétgnqbggt f?’? WVI[IOQ or from about 75
Wt% to about SOWis. Of TS about | sy e, YASor from abotlt 15 Wig% to about 75 Wt%, or
from about 20 eySbainityd ot witse, wisroryisidl bnity2selows eaboulr % wewst 0wk about 30 wt% to
about 75 Wt%1dP§§f51ﬁ‘P1i?@é@&%%v@@‘@@%i%W&%eﬁwrﬂmnsa%?%ﬁpé%’/&ttQS"’WP)‘o‘t 75 wt%, or from

about 45 wt% to about 75 wt%, or fromoabout 50 Wit% to about 75 wt%, or from abg)ut 55 wt% to about 75
wi%, or from B¥RIEEH VR RPAHRA YiE/ee8% S BN T8 s Wl TABBAL 78AME% or from about 70

wt% to about Epystdlinty teoabalicsd MPuEYgdrRIahiopbERW PR, Ordr drvnaabulil®snitto about 70 wt%, or
from about 20 wt% ﬁ? atb ut 25 th°/ (6) abouft 70 wi%..o frotrg) about 30 wt% to
allin N Oe OW,

ut 70 wta, or from
about 70 wt%, oFIrom 'a}é{é)u?é%um% %B%c‘? at/jg \'/%XO S or ¢ BRrab b IRt kG 70 wt%, or from
about 45 wt% evyatsdlinityomabsud S ont/abyst 8 ity wiowts 7Onins apdrbmbalutiat 55 wt% to about 70
wt%, or from a&%‘ﬁaﬁ@]i‘%% o Ao %ﬁsl’)é"éor/ sféﬁlfﬂéﬁ?“b%%ﬁ?g%%tt&ﬁ%%? 0 Y&, or from about 10

wt% to about 65 wt%, or from about 15 wt% to about 65 Wto/, or from about 20 wt% to about 65 wt%, or

from about 25 YSLAHNNJAEES \WeR, W /e SHSIINIYSRRIYs tombdL 8% fROHIa WM about 35 wit% to
about 65 wt%,cpysranmiaprRuadeLNA% s east A inioe WM, albe tiohd awdat tooahpyt 65 wt%, or from

about 50 wt% to apout.65 wt%, or from abou t% to about 65 wt%, or fr baut 60 wt% to about 65
wt%, or from a%gﬁfa%@'wgo ?06%%?0%% %%%?@%W&&%?@@W%% 88 %%@W% or from about 20
wt% to about GDy&tEhindy froatalioth 2EAtvgialibitybeldwile.erdrdenabbatBROmY%Hto about 60 wt%, or
from about 35 o6 IRARQULRR Y8, el BRRARMEADLRETO, aDGH 69 Wiy sl about 45 wtd% to
about 60 wt%, or from about 50 wt% to about 60 w¥%, or from about 55 wt% to about 60 wt%, or from
about 10 wt% to about 55 wt%, or from about 15 wt% to about 55 wt%, or from about 20 wt% to about 55
Wt%, or from about 25 wt% to about 55 wt%, or from!about 30 wt% to about 55 wt%, or from about 35
wt% to about 55 wt%, or from about 40 wt% to about 55 wt%, or from about 45 wt% to about 55 wt%, or
from about 50 wt% to about 55 wt%, or from about 10 wt% to about 50 wt%, or from about 15 wt% to
about 50 wt%, or from about 20 wt% to about 50 wt%, or from about 25 wt% to about 50 wt%, or from
about 30 wt% to about 50 wt%, or from about 35 wt% to about 50 wt%, or from about 40 wt% to about 50



from about 25 wt% to about 45 wt%, or from about 30 wt% to about 45 wt%, or from about 35 wt% to
about 45 wt%, or from about 40 wt% to about 45 wt%, or from about 40 wt% to about 45 wt%, or from
about 10 wt% to about 40 wt%, or from about 15 wt% to about 40 wt%, or from about 20 wt% to about 40

%, or rom agut %6 IRNOHS IR OF APLARRYI0 WY ig AL AQgfo, o from about 35

wt% to about 40" wt%, out to about t%, or from about 15 Wt% to about 35 wt%, or
from about 20 GYSEAErAIA AR W98, Wi krEFrSERbNIT2BRRY, erab@iLir 3 @ess!icHofiYe about 30 wt% to

about 35 Wt%,py<almaPRUIABELNA% R e)& AR e R 2P HoRD ASGt AR 30 Wt%, or from

about 20 wt% to about. 30 wt%, or f om, bout 25 wt% to ahout 30 wt%, or from aQ ut 10 wt% to about 25
ot o o AU ETE RS EoA R T Rt T Dt 2 e AL R Wt o rom atbout 20

wt% to about 20ysiitindy troabaliotl M54vidydialabioybaidwPe.grdrdrmnabbatitld witk to about 15 wt%. In

an embodiment, e 1535 SRGISRI\ASIDSELITAN B 3 SXampS.Jiessy A fipaopolymer based on a

total weight of the copolymer in an amount from about 1 wt% 10 about 60 wt%, or from about 5 wt% to

about 60 wt% ChYStaIniibLRReL A WE a BBt B niYdse O rbrm=al96 (oMb abeist thoamSat 60 wt%, or from

about 20 wt% ¢t aRMHifRWVAKb R4 RAE AR R RDIOUL, 66 WSk bdamoaReyt 30 wt% to about 60
wt%, or from about 35 wt% %)?about 60 wt%, or from about 40 wt% to about 60 wt%, or from about 45

Wt% to about EBBANBY HOAPAHTH BEa Y TG AR PRE Wibrrertr AR BBAYESAWS to about 60 wt%%s, or
from about 1 vetSfstallatigubd Zhovtt4d0oxtVe onyahelinify Wilowo TabheubSbomt haut fBonwvisbout 10 wt% to about

55 wt%, or fro , 0 t, %.,.0f fr, ut 2 0n t t%, or from about 25
wt% to about %ﬁv\?ﬁjﬁ g}; %rg\égrlr? 2 O%Bt%él% o%@g@g{l{g é@%}é%”ar% ﬁ%ﬁ%/ﬁégﬁ%ﬁ%to about 55 wt%, or
from about 40 Gty dtER w48, Wikrervsialinityiseloms herab@Ulr &% wesltdr Wm about 50 wt% to

about 55 wt%, @y diamaPRHAdont 45t Bb erisea i peloliom ab et &R, 50 W%, or from about
10 wt% to about 50 wt%, or from about 15 wt% to, about 50 wt%, or from about 20 wt% to about 50 wt%,

or from about S& S/ 4B ARC8h 30t 7o FRYSHUEN R Y8 Wit AHERM5PRHY CoVifom about 35 wt% to
about 50 wt%,opystaitimiabtaubBELNEBovie/alborst & nity e i D alo todd altSot toalotyat 50 wt%, or from

about 1 wt% tqQ 45 wit%. or.frem g on t 45 wt% 0 out,10 wt% to about 45
wt%, or from a%%%?alﬂk“ t& ?o % tou% %)\%&s 3%#@& eej:é)\oﬁsllt tfﬁs\/v\égtg)(? ?ﬁ{ a rocgt?? v\,\‘j’t{0 5, or from about 25
Wt% to about ABY&EHNGY troabetiolh B nevssalinitbaswibemmordf dionaebatBBowiikto about 45 wt%, or

from about 40 ¥ ¥eRrl Ay b W56, WiofrerpaiMMt Lowidk 1, 2R 0ut AoVEKs RrdBameabout 5 wt% to about
40 wt%, or from about 10 wt% to about 40 wt%, or from about 15 wt% to about 40 wt%, or from about 20

Wt% to about ZRIRNNEY AP AR %VW)&%@'HB%P%W%@r%rm”éaeavéb Wités to about 40 wi%, or
from about 35 awy%betitiratyautAd w30, wiodrormsadimnitylbatdw tT, aRooit Bomvifiso wrsev about S wt% to about

35 wt%, or from abaut .10 wt% t out 35 wt%,.or from about 15 wt% to about 35 wt%, or from about 20
wt% to about %Vﬁéﬁ” § %Po?n %Oto%q %E\h/?(%st@g%%? é%"(/vvt oe}”?jr%virr%négga %Lgow\q%o about 35 wt%, or
from about 1 vatystallitiyuo I euds0orifroafystallinity wele o laheudBlom B @it ftdrividbout 10 wt% to about
30 wt%, or frogy ARG AR BB RYRAiAR)BELAPPLL 2B WY AERR WAL, or from about 25

wt% to about 30 wt%, or from about 1 \évt% to about 25 wt%, or from about 5 wt% to about 25 wt%, or
from about 10 SYSEAENHI0ERE W38, Wi a EHSIINILBERY: terabBL 9B KR9SI SOMHe about 20 wt% to
about 25 wt%,cpydraiimiabrusBont Botataberis?al wiobelokon).aboutawidbdat ab@tsl. 20 wt%, or from about

10 wt% to about 20 wt%, or fro out 15 wt% to.about 20 wt%, or from ab l#l t% to about 15 wt%, or
fom about 5 DS 8 LSS FERbE o o UL SO o8 sl (8 W B8t about 1 v to abour

10 wit%, or fromsab@l_jlﬂiB(M%bt@uaBéuvtmw%albnifmhelaboﬁtaasm%rwmts W86In an embodiment, a
molar ratio of I&?ﬁ&ﬂ?ﬁﬁ%@ ﬁﬁgm%t%‘%t@&&%fﬁrﬁﬁgwﬂr‘;g}%ﬁ:ﬁ@m%@ﬁﬁQX/J?% for example 1:1.

crystallinity to about 25 wt% crystallinity below Tians, Or from about 20 wt%
crystallinity to about 25 wt% crystallinity below Tians, Or from about 1 wt%
crystallinity to about 20 wt% crystallinity below Tians, Or from about 5 wt%
crystallinity to about 20 wt% crystallinity below Tians, or from about 10 wit%

crystallinity to about 20 wt% crystallinity below Tians, or from about 15 wt%
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In an embodiment, the copolymer may be, for example, a high molecular weight, M. In an embodiment,
the copolymer may have a molecular weight, Mw, for example, of from about 50,000 g/mol to about
1,000,000 g/mol, or from about 100,000 g/mol to about 1,000,000 g/mol, or from about 150,000 g/mol to
about 1,000,000 g/mieli@t o5 a2 QLM &&yqut 1,000,900,8 ggp , Qiefrom about 250,000
g/mol to about gygoo Ob g/mol, (??:om gb%g 3 0090%t R a%oﬂut 1,000,000 g/mol, or from about
350,000 g/molqrdﬁiétﬂﬂﬂntecﬁpg@b@/m% @’Nﬁ@tﬂ”ﬁb&ﬁ'%ﬁ 060 Qiﬁfémcﬁﬁbw ¥60,000 g/mol, or from

about 450,000cegialitnpRoHba.RA8, AR ekl Byt 506 GRR-uBlitecaRent 1,000,000 g/mol, or
from about 550,000 /moI to aboui# ,000,000 mol, or fro about 600, OOO@g}ﬁol o0 about 1,000,000

g/mol, or from %{bﬁﬁ Bb%b&ﬂt bSUt WH‘OB%I (‘iF”erIrrgf?{'aBBB ; 360 g/mol to about
1,000,000 g/marysialoity aba;bmmS‘ﬂn(vﬁ%girymtlathdnﬂtdmomomgrmnlabor[ltcﬁwmbout 800,000 g/mol to

about 1,000,0 g\y 0, rom about 900,000
g/mol to about%fygg% /mo bR?-rlom a 88 g{rﬁg g% m&Ft %oﬂgtql %O‘%%mol or from about
50,000 g/mol & ﬁbéU’ﬂ@E@@@@V@M%ﬁfb(ﬁﬁ@'&b'@bb&@@ld'@@wg/mol to about 950,000 g/mol, or from about
150,000 g/mol to about 950,000 g/mol, or from about 200,000 g/mol to about 950,000 g/mol, or from

about 250,000lg4smad ridbathioudr@ 581 04 pome bfah & amitabimgt SRROGsgapbie &dyaxaaild)@0 g/mol, or

or from about T2 00 A s LD S AT A A B e S 050 000
g/mol, or from rﬁ@btﬁ%w 638gPiRoRtBiEINPBEYDROINAGI afrembastn e BD@i0esy/PneIeb about

950,000 g/mokiy iRBARPSEGHRAON SRR SRRLHEHIL ORR BkaIabIer &aBNAPEHXIARRA0Q g/mol to
about 950,000 g/mol, or from %ﬁout 75%%?00 %%mol to gbout 950 OO(# /moelgoyﬁ rom Zbout 800,000 g/mol

to about 950,000 RIS B5RENA RN BIRSTED 8/RRY RTBBGCHSH @otYﬁWﬁEtF BPEREB0ut 900,000
g/mol to aboumpwmhmﬁm&mﬁy&é}@mmIWt@bmﬁﬂ&ﬂ@Q@mqiom(érom about 100,000

/mol to about 900 | f b 000.g/mol to t 90 |, or.f bout
00,000 e EPIBEaE0 Bb A S Al TR b e i BB T ol o from
about 300,000sy/itabIrt mmnegrs()morgzlmmndemttyrb@,tfouemmeowbhydrawmﬁmm@ g/mol, or
rom about 400 688 ol 50 S0, PR L ASAARG it oy 500000 gl

or from about 500,000 g/mol to about 900,000 g/mol; or from about 550 bout 900,000
g/mol, or from %HC%UE"GOQ POy @mﬂﬁl%t%o'@t%érbb@dﬂjnﬁbt 8t leash ansoot %@@W@Or@'ﬁﬂtol to about

900,000 g/molg ﬁr@;ﬁtsahawtﬂd&&%bgfm@btqa%ﬁ&@ QDBoy/BrloestERH @lpout 750,000 g/mol to
about 900, OOO %é{ or from about 800 0,[86 &‘j | to about 900,000 CS%lmol or from about 850,000 g/mol

to about 900,0 B AbAShLE b PSSR EE 0G T GRRENS WS RCak¥ut 100,000 g/mol
to about 850,08(g/pe| aqrdiyyamabo actis), 0O argéambioidi rab ol a8 & Si0thg/nidheos itz out 200,000
g/mol to about W2 oLt f about
300,000 g/mol %Ea 8oﬂlﬁ% gAS (;%%éé% ﬂh? frtgm?%bgo%%n%% 050%/?1?%{ ?Qﬁ%mﬂ%‘&@g Ir[?)g}cgl or from
about 400 OOW@)M'E@%&R'S@@ 000 githeI Sb’ﬂt%ﬁgeﬂ?@m%@ voy @ﬁ‘ﬁ@ﬁ@ﬁb@)‘up%@boo g/mol, or

from about 50@»@9%&4 EalRARRD, QOQrgélPﬁﬁbd?mféﬂma@matm QP the/sugidepout 850,000 g/mol,
or from about 600,000 /moI to about 850, /mol, or from apout 650,000 g/mol to about 850,000

g/mol, or from saec%ﬂ? cﬁ e&ﬂb 8 66%”&9#1'0? B? %%?-FPSBS[?: 8'?)00 g/mol to about
850,000 g/molembtrdmeahoat 8@@’;@@@ ofrtrad Bw&dmug%@m@ﬁtgﬁnm inddépEmozindytte) f000 g/mol to about

800,000 g/mol 50,000 g/mol to
about 800,000 é’#ﬁ{oﬁ‘ or #’%ﬁ gout%%g% /mﬁ-f% ?@%%%@o%ﬁ%%ﬁ rgme;bout 250,000 g/mol
to about 800,090ighingl S@gmmt%tmytIBd@p@odqmydmofabemoo@ooo@ima@rqmmgbut 350,000
g/mol to about8@Q,000 g/mol, or from about 400,000 g/mol to about 800,000 g/mol, or from about
450,000 g/mol to about 800,000 g/mol or from about 500,000 g/mol to about 800,000 g/mol, or from
about 550,000, g/mol t (?out OO /moI %fro about 600,000 g/mol to about OO 000 g/mol, or
from about 65 O%b g/m Lt ’ouft §86 066 8 els8 f?gﬁt SB00 u{“ft‘yo%tf‘é g?m%t( BR56 800 000 g/mol,
or from about TEOLOQ0eyeatiol @b bt 18C0) @DTogLiNoE Ny dtdeasiizmet @altmoo@/mmatsona%o 000 g/mol,
or ffom about 190000 GHel e abou'70.900 09l AT 0LULL RS AR BYakIfaligh 750,000

g/mol, or from about 200,00 /mol to about 750,000 g/mol, or from about 250,000 g/mol to about
750,000 g/mol3®r frofh %%‘Lﬂ‘%é @U@ﬁﬁ@ﬁ@%@up‘?%rﬁ(ﬁpﬁ%&f’ & ﬁ%‘PHta:iﬁ)Lﬁ;@d 900 g/mol to
about 750,000 g/mol, or from about 400,000 g/mol to about 750,000 g/mol, or from about 450,000 g/mol
to about 750,000 g/mol, or from about 500,000 g/moHo about 750,000 g/mol, or from about 550,000
g/mol to about 750,000 g/mol, or from about 600,000 g/mol to about 750,000 g/mol, or from about
650,000 g/mol to about 750,000 g/mol, or from about 700,000 g/mol to about 750,000 g/mol, or from
about 50,000 g/mol to about 700,000 g/mol, or from about 100,000 g/mol to about 700,000 g/mol, or from
about 150,000 g/mol to about 700,000 g/mol, or from about 200,000 g/mol to about 700,000 g/mol, or



about 500,000 g/mol, or from about 300,000 g/mol to about 500,000 g/mol, or from about 350,000 g/mol
to about 500,000 g/mol, or from about 400,000 g/mol to about 500,000 g/mol, or from about 450,000
g/mol to about 500,000 g/mol, or from about 50,000 g/mol to about 450,000 g/mol, or from about 100,000

g/mol to about 430,008 g @8&83%806‘ %P%Hégg%?u%%%égt%,ﬁq BRPa%ng fy from about

200,000 g/mol to about0450, g/mol, or from . to about 450,000 g/mol, or from
about 300,00029RHbBE S 695D AW kPrid BRAUSMH Kb &l 950 TR &P @PasbaP 450 @00 g/mol, or

Fom ot sl oS 0 e S st 0003 o
rom abou nal to abou , mol, or from abou : mol to apoy ,000 g/mol,
or from about 356860 il IPALRHR A0 DB b e EHELAESHh GA HARGY G okt 400,000
g/mol, or from atfoun30®002 Q) fmabtubPeAC400{A00 ghmdl; th fooab@abid@h ¥50000rg/aboluio- about
400,000 g/mol r 650 i gl r /mol to about
350,000 g/mol?@ﬁrgk?n&%t(?!s%?g%%%oﬁoggg%h? gg ,000 Sm? : o%ﬁ‘%gj}maggﬁ gg%%gg/mol to
about 350,00006/e6M, GHsH tarau 89, 58 0y fiesn @Papbid 3s@wd §imeh o frsmaiissti! 300,000 g/mol

to about 350,0Q0:86005507dr TR dbheti R0 e/ eliiesheuLRHR AL SN & Hesutaipet 100,000 g/mol
to about 300,000 g/mol, or from about 150,000 8{mo| to about 300,000 g{zr)rgdqﬂl or from about 200,000

g/mol to aboutXsdBBRPGHNAP P RBRVESG LT 28D BB FpRdI 4B ARCE66 D hiaMaRaRst about 50,000
g/mol to about1260,860uy/2051Cobfrivamadimadt 100 ,00gbglrm A0 tiCalbo fro2b a0 ¢/ madboufizin about

about 50,000 offnd] B0 IS BODSR A G B s HoiR 27, B RN ol o from
about 150,0001§/tacR6HEIR0D, Tom gleest, tr feorhab % ¥b, 000 mesae abdir 286 g/mol, or from

about 100,000°g/rgphishiReslL28 QDKM oF framrakoa R 2 e 4BeLita 8oeubLABR00 g/mol, or from
about 90,000 g/mol to about 300,000 g/mol, or from about 100,000 g/mol to about 300,000 g/mol, or from

about 110,000°07HbI 13 19,30 4otP0be YN BPAYM' S8R B MAAE 2584 2000 g/mol, o
from about 13a/40 A0 @ &bautiBOM, 0G0 ghual,16r Doy &voutbd( G000 gbual 16 48oput 300,000 g/mol,

or from about 0 (0] 00, f out, 160,Q0 I 300,000
g/mol, or from %%%u%%%%%tggégﬁsngcﬁk L:t%t‘%&nggﬂg‘gbg5&%@8%%%@&%8{%%8@8%6 o about
300,000 g/moltcoaiasint@béutor S®uoabgihdAdaaeit3td 000 gheml abe Hortbab@ortd ®00. g/mol to

about 300,000g/%Rh Q5JTRUI @RYHESH100C bMebER AbAL-3Q0.990.9490k 05 MHasmafk 320,000 g/mol
to about 300,00%§/mol, oy from about 230 OO%’g)lmol to about 300,000 g/mol, or from about 240,000

g/mol to about'3G6YH0 glrﬁoP,rJWFBrﬁb&%éttQ R¥i0! §/riro ool ALY, BB AR érgﬁoﬁf about
260,000 g/molfioraladot8Eh @0 Qighoid, °Q, o froababid & 72O @000 btdG ap dtc30QeKIA gf61l, or from
about 280,000_g/mol-te~about 300,00 ol, or from,aboug 290,000.g/mol to a 00,000 g/mol, or
from about 90 S50 TG: & TBA RS0 0 AP S SOt AUI500 S AT L et 290,000 imol, or
from about 116:0DREAWD e abeut 290,000GrgMmabsit ffhicedaent IR0 00 pmaAtewibadt®90,000 g/mol,
or from about 130,0P6/MBPhisRREYIRI AOAHIE P! Hom AL 49:080,66m0h tepaput 290,000

g/mol, or from about 150,000 g/mol to about 290,000 g/mol, or from about 160,000 g/mol to about
290,000 g/mol"BFFRRAUEERTA 2BHE gfmBT {EPahabRYad, 50BRSHE!, Gr HoPRRRRU B8O g/mol to

about 290,000a500!50C T 0RTrakoebdN0.L0 el td 48yt A8 R @/ ol ieabsum-85a6200,000 g/mol
to about 290,000 g/mol,.or from about ,000 g/mol to about 290,00 mol. or fram abgut 220,000
ool to about B0 BT PR g oD, IO BNt 15 B8R Pbe o S Abareath oout
240,000 g/moltecakibotit U000 fsgmaibotifrémtatsheu? S0 gy ionalddu2090 @oauy/il, or from

about 260,000-g/mpkig2RBHERSS KM APICT IR0 Wb P: 88 9uaiBinl 10 3pul2 43,400 g/mol, or
from about 280,000 %/mol to about 290,000 g/mol, or from about 90,000 g/mol to about 280,000 g/mol, or

from about 10808 Fi9 BUsiP 280 Y0EPHIABP Y 2 aBek 180608 FirmARRHbHR 980,000 g/mol,
or from about 386.80200\@rter@hcio28026Q0 ghve -20 Ao Blemt 5300 ehrapbta st 280,000
g/mol, or from Iabout l%O,é)OO %m% to about %%(1) OO(it%/gmol, or from %bo t 150,00? g/mol to about
280,000 g/mol! of remCSBELE 16668761 ¥ Ab St 258 BB G Mo 35t A8 RIE 190,000 g/mol to
about 280,000agieroharsfisepnadautn 80,000 agimeinto atieastZ8 e @0 thg/sudl seoframiabmyt 190,000 g/mol
to about 280,00 6ehole 901 8PSV ABR 0GB ARALIEALNA RO RO/ B g, gout 210,000
g/mol to about 280,000 g/mol, or from about 220,000 g/mol to ‘about 280,000 g/mol, or from about
230,000 g/mol to about 280,000 g/mol, or from about 240,000 g/mol to about 280,000 g/mol, or from
about 250,000 g/mol to about 280,000 g/mol, or fronabout 260,000 g/mol to about 280,000 g/mol, or
from about 270,000 g/mol to about 280,000 g/mol, or from about 90,000 g/mol to about 270,000 g/mol, or
from about 100,000 g/mol to about 270,000 g/mol, or from about 110,000 g/mol to about 270,000 g/mol,
or from about 120,000 g/mol to about 270,000 g/mol, or from about 130,000 g/mol to about 270,000
g/mol, or from about 140,000 g/mol to about 270,000 g/mol, or from about 150,000 g/mol to about



from about 220,000 g/mol to about 250,000 g/mol, or from about 230,000 g/mol to about 250,000 g/mol,
or from about 240,000 g/mol to about 250,000 g/mol, or from about 90,000 g/mol to about 240,000 g/mol,
or from about 100,000 g/mol to about 240,000 g/mol, or from about 110,000 g/mol to about 240,000
gimol, or from @t 28400 gmelin aRRLLAS%A0R Alpah, e TPR,ABAI-AER 4R oo about
240,000 g/mol, or from a[)out 140,O(§((R)ng/mol toy(ah)dut 240,00[% g m_c;?, or from 1c%b(?c))u 150,000 g/mol to
about 240,0008/ /BRI MER, Mbrast 000bIEmsefttseamrits A0ayd0dgRreaDIY de: &8fout 170,000 g/mol

to about 240,084khe{pNe)] aqs R (BIRRAEHE LRBEDErHPehiRiraH}2ASERE) PRI fRadR about 190,000
g/mol to about 240,000e%/moI or from a(?out 200,000 g/mol to about 240,000 g/mol, or from about

210,000 g/mole[@%%%m &@b}f@ﬂ/ﬂﬂﬂ,o #tﬁl%ﬁ?fé%g ,dﬁédeHSP?@ %Q)tm 000 g/mol, or from
about 230,000eganmd| &0 @boly( 24000 gycud), br droeméiooirh 861006 goty¢hity lebeld! 230) 008yg/mol, or from

fom about 12500 I st A Oh St B o CE e 20 00 graaVE 2ot 230,000 g/mol,
or from about 14)I0EP /A P HIRYIRTEIOXBED @ RABIPEIPYSREabSd 151, Sn @Ry reeM AN 230,000

g/mol, or from @pRsHT1 HOPHH FNEnRRAE TR MABEL N FRRY BROI k4@ARR g4dmol to about
230,000 g/mol, or from aboﬁyi}% ,000 g/mal to . about 230,000 g/mol, or from abohtel 0,000 g/mol to
a

about 230,000°9MBINYERS ul80 HBE YNNG Yo BE R VEHVBBLANEP b FY ut 210,000 g/mol
to about 230,08k giphe)] aqudiyetrafend 22id€00 gimettcodboen 2 8@y (dikgkbrar figoolabaayt 90,000 g/mol

il to about 22 DB E! PR 1o B8 S hen i st oute SRR RS, oot
130,000 g/moldyeshotiey 2@,000 eHATOR!©r el BRI enfoats gl emisslinged, ieo g/mol, or from
about 150,0004i0alAcHYY 230AR0 GGk SLAsT AL EAHRN &/MaligcahH!aF20,000 glmol, or

from about 170,000 g/mol to about 2 mol to about 220,000 g/mol,

0,000 g/mol, or from about 180,000
or from about £8% Wﬁﬂjn(ﬂtﬂ&%&%d&ﬂ)@&/ﬁ?&%ﬁ)%ﬂ%?%&ﬁ%&%(5?50 about 220,000

g/mol, or from atzonipi21 8,00 (dimelrgsibgain@2@ DOMSY/mol, or from about 90,000 g/mol to about 210,000
g/mol, or from about 100,000 g/mol to about 210,000 g/mol, or from about 110,000 g/mol to about

210,000 g/mol0i TefBRHE A2 80D GAMAISA-ARPE 2P LRGN GLASEBIO U B#0.000 g/mol to
about 210,000 g/mol, or from about 140,000 g/mol to about 210,000 ?/mo , or from about 150,000 g/mol

to about 210,088RFHBCH; f%ﬁ%ﬂ?‘%ﬁ]%@?}/ﬁ%ﬁ‘%i%ﬁﬁaf AT GRS HBHPELBBIL 170,000
g/mol to aboutud$a, A6 @Nted, shrfresrtisiboorin pEHNS0DisE b adde uo?h@) §0hgérsboar tisem about

190,000 g/mol fo about Z%Hio(i%g/m% ﬁ)ro %)rr]nr hout 200,000 g/mal to about 210 Oé)(%%mol, or from
about 90,000 &amo? {o'apout 2 8&) g/mol, or from abouit y(%é(% g)mo?to a 03%1 ) 00 g/mol, or from
about 110,000ngtnsl doesbioeit IQVBEO Iy Midiaier tise e atvcat'$2 @000 gmuiryaboin 200000 g/mol, or
from about 130,00 mekieake 0,000 g/mol, or from about 140,000 g/mol to about 200,000 g/mol,

or from about 150,000 g/mol to about 200,000 g/mol, or from about 160,000 g/mol to about 200,000

g/mol, or from about %1%% | to about 2%) 0 out 180,000 g/mol to about

InNane X |%O %rggl) | T Qoo gg)nol, o fr|%m a%Re maosetin g
200,000 g/mol, of Trom about ,8(%’%9%%\ 0 APout 2 6,%né?m’o?, Or from apout’ B’Bﬁé‘ g/mol to about
190,000 g/mol, or from about 100,000 g/mol to about 190,000 g/mol, or from about 110,000 g/mol to
about 190,000'yAAGMROFERE b HIR 2DIGTR®BERHIEHISBRABENDMRRY/RfellbEABMP0Ut 130,000 g/mol

T b A e G

mol to about 1 , Oorroma t , mol to 0 Oorromaout
0,000 TS B B 1 L S o TR o8 St ARV S e S o from
about 90,000 dronokbtooaba0twt3010ED iR, wit”/éranf airo @00 DG te#toatm al@RiniB0 @00 g/mol, or from
about 10000 e, e B0 SRl . 19T HOAZA0R AR AINIASR000 Il o

from about 130,000 to about 180,000 ol, or from about 140,000 g/mol to about 180,000 g/mol,
or from about ISOGRY ¢/ HOMTal9RROLEFD A%/ Aol BR RBAY b U 1619, 600 /AfMGeaBbut 180,000

a/mol.or rom abottt 100,000 o/mol o abaat 470,000 c/mel. of o abact 110000 gl 1o abot
g/mol, or from about : mol to apqut : mol, or from abou mol to about
70,000 gimol AR AB T AR i T TR0 B b PO BB 2000 gmol to
about 170,000 igyirm ek art fronwigh et bd 0t B30nd i alr tvab abb L7 35080/g timabout 88widkaut 150,000 g/mol
to about 170,000 g/mol, or from about 160,000 g/mol to about 170,000 g/mol, or from about 90,000 g/mol
to about 160,000 g/mol, or from about 100,000 g/mol to about 160,000 g/mol, or from about 110,000
g/mol to about 160,000 g/mol, or from about 120,00(3@/mo| to about 160,000 g/mol, or from about
130,000 g/mol to about 160,000 g/mol, or from about 140,000 g/mol to about 160,000 g/mol, or from
about 150,000 g/mol to about 160,000 g/mol, or from about 90,000 g/mol to about 150,000 g/mol, or from

about 100,000 g/mol to about 150,000 g/mol, or from about 110,000 g/mol to about 150,000 g/mol, or
from about 120,000 g/mol to about 150,000 g/mol, or from about 130,000 g/mol to about 150,000 g/mol,



In an embodiment, at least one of the switching segments may comprise, for example, cross-linking. In an
embodiment, at least one of the switching segments may comprise, for example, physical cross-linking. In
an embodiment, at least one of the switching segments may comprise, for example, cross-linking in the

absence of Ch%ﬂ?%ﬁ'ﬁﬁ%ﬁ)'m@“%ou té?gr} @@W'rﬁ?%ﬁ‘i‘ﬁb‘%"’&t%@'Qﬁ°§‘?8'é\§5l‘itr§§36v%9m&“se for example,

cross-linking in an amount from T wit% to about 30 wt%, or from about 0.5 Wt to about 30 wt

")/0, or from abE® @FBHROWE a kAP R Wiloorriiam Akt PR NGFertp RS 98 WE7/@T or from about 2

wt% to about 3y MitatSlitoroein abaubdt Wty ato.abpiibR0ab LY 95 AtHoD aknutds Wik terabout 30 wt 7)/0,
or from about ?r wt% to a%%ut 3 ar_from about 10 Wt%é about 30 wt ég or from about 12 wt%

to about 30 wt' /Y, MR AP &Hﬁ%ﬁf‘%gt%‘ﬁ 18LP3B a)%u[) rSir e8RS out 30 w /0, or
from about 18 fintfb dbab @@ BYantd "3 udrdbomoaaitr @O \amn‘sﬁlvd% ﬁoatvbu)/%(wtﬁ‘@mrabout 22 wt% to

about 30 wt )/ r 3 ggq &9 Qyt 30 wt )/0, or
from about 28&& %g%g%g@ﬁg%%o\%q %e%g\&#}ab%% /0 toa quggbv%q[ o orkar%?n about 0.5 wt% to
about 28 wt “)10BrFeSH 2BV tP5RAYt 85 bButcrdram ?RIM@@OM‘%\%@?QHN% Y6%beut 28 wt *)/0, or

from about 2 vidpriasR WolRtvsto Bo it 9 mtabwtrbiidedataxoniR80MdEAutISTRR,aBP Ut 6 W% to
about 28 wt %, or f??{?[] about 8 wt% to about 28 wt %, or from about 10 wt% to_about 28 wt %, or from

about 12 wit% 1RV QP87 1 ARH M 2453 o005 38¥e 98, U DI S A6 wide to about
28 wt %, or frdmratunﬁulswwctmoeémut%wt% arffoomaaboti8 2 Wit tabaind 9626334t 86, or from about

22 wt% to abo 9( t th to about 28 wt
%, or from abo{.tgt% W A) to a taggé\/{\}/%?fs f? or%@%ta%%yy M{ch;/oa ?%zkgg Zg&}»(l)r rom about 0.75
wt% to about Z@Wtaﬁf?léirﬁﬁdﬁ’%ﬁ@@tbﬂ?%@@ M%zb@[lf@m\@bw,’f @ovém Hb@h@lﬂ Wt a®out 26 wt %, or

from about 4 wigpta VSR 96 fF OB RRRUS B MC-soaPabtio. W ¥b i Bomaht 8 wt% to about
26 wt %, or from about 10 wt% to about 26 wt % or from about 12 wt% to about 26 wt %, or from about

14 Wt% to aboliPBEARPYh 3B driCa Bt 1%)W%’tBrJBHUt%%t%WHWFBrﬂbQHB@pi’g Bt to about 26 wt
%, or from abdrdrdQivdlb 46 alaio26vdaia) ondeo o &oaubBauved wab@abaatwo%t%r &om about 24 wt%

to about 26 wt r mn gut baut 24 wt %, or
from about O g% mté totc)ﬂJ a%%%\{fg4 w?} %rg\an/ggﬁ? %@%Lf @%b{oﬁ Qr&y ?ﬁg out 2 wt% to
about 24 wt %{remfairauaieouV el WISLWVEA.\f dnroratpor B oitctosaad QBdMIf/Q,éDWt %, or from
about 8 wt% tgrghostiast Y4 YreRtd a8 AR ER Wik dmakridt 88 Wic¥aosdsrmoahaut 1 W% to about 24

wt %, or from about 14 wt% to about 24 wt %, or from about 16 wt% to about 24 wt % or from about 18
Wt% to about 2P TR0 E&ror 45830981 I A2 86 TPBUARPY, 18r"1’|tc{?ﬁ°a6591‘t't2%5v\’)fb/o°t8 about 24 wt %, or
from about O. HwtﬁftamoabwwsR%wﬂ%b@ntfmabput mmm%aoabwmza A S, 88 fwovs) about 0.75 wt% to

about 22 wt %, or from 1, Wt% to ég o or fro out 2, wt%o t t, 2Wt% or from
about 4 wt% tgrg 03?%@5% t/VY r%%)ug% o't 8%&?&” /Zt ré)rlzI g YUt 8 W% to about 22 wt

%, or from abdaM@bagh 6 %%JDLBZJM’I%’S ot Hoor ﬁDUUﬁQQuNﬂ% \l\tb°/at§©@b22t\ﬁ5%t°ér fiom about 14 wt%
to about 22 w05 iR4aReMEL 16 XWEaH8ARMIL S2MhYaRLiremMARo A8 ¥stR B8R 22 wt %, or from

about 20 wt% to about 22 wt %, or from about 0.1 Wt% to about 20 wt%, or from about 0.5 wt% to about

20 wt %, or frofBRRAY %Wt@t?oagﬂélh?éd"&\/f’%r BPRARU AR iR R AdR 6%, or from about 2
wt% to about Zﬁbmte%omre‘mm%b@@béw% m%beutraﬂ]wbefmt qofrarm ababidé 8w iw adrout 20 wt %, or
from about 8 t% to ab t % orf utrl Wth ? tg i % /g q],/about 12 wt% to
about 20 wt ) or rom a outt }lovét% out 28 wPT/& rom a oSt t63 {8 4Bout 20 wt /0, or
from about 18 Wb abau Gt @anp’ Wﬁptdr&@om JaboiUir 011 aosttbSaltsatta Slpags Srvitmaibout 0.5 wt% to
about 18 wt *)/00ar {ERITh 2BQMER BB 10 MO Yh U AI5AMREROULUMER fRADEH 18 wt )/0, or

from about 2 wt% to about 18 wt )/0, or from about 4 wt% to about 18 wt )/0, or from about 6 wt% to

about 18 wt *)Ai0Br3Rok 2B0NE3 (R9REt A90I%ek o0 Pk MLICTRPRHYBIM R 18 wt *)/0, or
from about 12 téfp é@@hqmw&/y\tb%bmra‘mnmb@mM \a@%tmamw foBalbuy 8o athridrabout 16 wt% to
about 18 wt °)/0, or f 1 wt°/ t 16 fro ut 0.5 wt% fupout 16 wt )/0, or
from about O. 7@06\7/}‘9 %@)L\fl‘fjt%t ?b)%] %ﬁw z%% L?tni %tt a %&utt %)t ofh about 2 wt% to
about 16 wt )Kbolrdhmmt abovit/4 il aot Gowtot6ontrone abofrosh ab%imw & a&ytar6 wt °)/0, or from
about 8 wt% tq 8hOMIE Y W9 & ST ARONIA OB HPBRANY A, W QITEAABD Wy L2 Wt to about
16 wt 7)/0, or from about 14 wt% to about 16 wt )/0, or from about 0.1 wt% to about 14 wt%, or from
about 0.5 wt% to about 14 wt ")/0, or from about O 75 wt% to about 14 wt °)/0, or from about 1 wt% to
about 14 wt ")/0, or from about 2 wt% to about 14 Wt13/0 or from about 4 wt% to about 14 wt ")/0, or from
about 6 wt% to about 14 wt ")/0, or from about 8 wt% to about 14 wt )/0, or from about 10 wt% to about
14 wt ")/0, or from about 12 wt% to about 14 wt )/0, or from about 0.1 wt% to about 12 wt%, or from
about 0.5 wt% to about 12 wt *)/0, or from about 0.75 wt% to about 12 wt ")/0, or from about 1 wt% to
about 12 wt ")/0, or from about 2 wt% to about 12 wt ")/0, or from about 4 wt% to about 12 wt ")/0, or from



about 6 wt ")/0, or from about 0.1 wt% to about 4 wt%, or from about 0.5 wt% to about 4 wt ")/0, or from
about 0.75 wt% to about 4 wt °)/0, or from about 1 wt% to about 4 wt ")/0, or from about 2 wt% to about 4
wt )/0, or from about 0.1 wt% to about 2 wt%, or from about 0.5 wt% to about 2 wt ")/0, or from about

0.75 W% (0 i 28,0 EOSTAERKY3 WY 19 ABAHAGIE X0t o o fd s to about 1 s

or from about 0.5 wt% to about 1 out 0.75 wt% to about 1 wt ° /0, or' from about 0.1 wt%
to about 0.75 \T\V@Y@, WIS PGt FPRKLY Boviboardres \ﬁPoﬂb?ér"\fF%ﬁoaMth Wit R about 0.5 wt%.

In an embodiniesh 466 ATPWIRIBBIITBRNISE, o iPee, 5ok kb rgasmbodimen, the
COpO ymer may comprise, 10r %Xam e, Sng Cross-iinkKing. ano mpodaime ,t oe cO Oymer may
pochgiity (e e A ORI A ot
copolymer majranrapase5 ok aongabeut s sAtiakord romaakamiobm ivitdnoadimult 03 with to about 30 wt%,

o rom about §5uip ARRH 30 WholPren et 017 BB ARoU AN 98 WO, o rom about

wt% to about rom about 2 wt% to about 30 wt about 4 wt% 'to about 30 wt *)/0,

or from about §QU0aREUAFENS6 iRt IibMTe adiR™ Akostd AMEY RoaReUY/B0 ¥rtfe®r about 10 wt% to

about 30 wt *)/Qofr S aBamb/ Tovuide o 7R, 36 WonY @pelifraimvaiot kbt 7o iRted @it 30 wt 7)/0, or
from about 16 wt% to about 30 wt *)/0, or_from about 18 wt% to about 30 wt (;d{o or from about 20 wt% to

about 30 wt “)A'Br RS 2B 2 PR b hsLie o8y WP EO8H kI AtsdG 2% DBt 30 wt ")/0, or
from about 26 frdfb dbah @5 \8Oatd My uirfdontcapouir @8 aibtutalalvdts f0alvbuy/B0 avtfigrorabout 0.1 wt% to

about 28 wi%¢gy rSHaEbﬁé%i:é‘Z@V/a tvég%ﬁéﬂta}%f’M@So"é’gém 63%[[9@% l?ﬁg%‘fﬁa%zr}g{/% \‘z&%ngt 28 wt )/0, or

from about 1 wt% to o or from about 2 wt% to a t , or from’about 4 wt% to

about 28 wt “)A0BrFReE BB R i8eBt A5t 7280 {rOND 2BPHIOPA MbELHORRY 1 AB&utP8 wt °)/0, or from

about 10 wt% fR,Abast A& ¥ ivtVOi PABRM 7APR1, 18r Wik 19ra0P Wb 2R ko) bt BOWMeD it 14 Wi% to about
28 wt ")/0, or from about 16 wt% to about 28 wt ")/0, or from about 18 wt% to about 28 wt ")/0, or from

about 20 wt% HETHIRRWE Ry HRARRI R8P 29" W @PeHb AP Y8 R L) PO RIMIEL A 24 wi% to about
28 wt ")/0, or ffegmadhout 26 W% o stlmutcZBmts, )6 franiraboaleiinvdd wikbdota@sowt260nt%, or from

about 0.5 wt% t D r from.abouyt Q. %t 2 N fram about 1 wt% to
about 26 wt )}3 @%@c?r[ﬁ?g ovt\ﬁtt/iq\?v%}g%%ﬁ%tsovzﬁ 3\%,61085 V%%%%é&%\%& %g é{@oﬁfb 26 wt °)/0, or from
about 6 wt% tdrafoaiR @8 $h 96 /otfrapa EIEuNVEwon ftorabou 6w, terdkent 8bovif/a.oWt% to about 26

wt %, or from ghaybddES RARe a0 XM B APBE B IVEAARREsS WIS, & from about 16
wit% to about 26 wt %, or from about 18 wt% to about 26 wt %, or from about 20 wt% to about 26 wt %, or

from about 22 {79 IBUBI X WEWPAL AR EB0RE BATNERCH ABNIT2 8 \RPoKt 8P Mout 0.1 wt% to

about 24 wt%,f@nfraboal@uings WwidbdataoowtB4ontidm eibsot2alaes (b dbavuleaamazoot 24 wt %, or from

about 1 wt% tQ about 2 %, 0r from t 2 wt%.to about t %, or fro out.4 wt% to about 24 wt
(?r th)ﬁ % ({A)F&PW(%L?%JW Yo, OF roer Q%OH,%%QNW 2; tct) 5&?@ g);’ M v/

%, or from abou(%rg 9v o tO about Yo, Or from abo Wt% 10 abou or f‘?’o(r)][l about 10 wt% to
about 24 wt %fremfairauadourit? intebeotasbwt 24aKfesn @bpoirt awé taRe @anut @4 wt %, or from

about 16 wt% {0, Abab d4Wiies &3 HIRN1ARPUIASH AP RIS ES Y 16, TP BHARAKI S0 W% to about

24 wt %, or from about 22 wt% to about 24 wt %, or from about 0.1 wt% to about 22 wt%, or from about

0.5 wt% to abdAP 2R HWivee A6Ht B7%HroB EUABGARCHS 9t Wh/drRPABS W an®s to about 22 wt
%, or from abatsra WB0toRROUL 13216 H5B iAo 4butioa® aiveub 2Bt %6 wtdsosn about 6 wt% to

about 22 wt %, or from ut 8 wit% to t 22 wt %, or fro oyt 10 wi% bout 22 wt %, or from
ot 12 woo (SIAR IR B ST BB 25 e B S s waos o abous
22 wt %, or fronerakaiaaut 3 Qwis/4doationut B wit %, arffeomelbotid 2 Qviktde tabaidb 66221t 96, or from about
0.1 wt% to abqyR QNP sBNHAMARMIEE WL 9 ErBHP&@QuYVi Gk EPERERCE Q165 Wit to about 20 wi

%, or from about 1 wt% to about 20 wt %, or from about 2 wt% to about 20 wt %, or from about 4 wt% to

about 20 wt %{TeFfRRAU LUV BaRARS ULV E6-Rf P BraeH! BBt @R aBIVi20Pit %, or from
about 10 wt% @ aband RQB/WYe &F ss0tEToWteL 2ok ortn=aia0t BB, Yo, AdueBDMAOLE d4 W% to about
20 wt %, or from abqut 9% to about 20 wt %, or from about 18 w1% to about 20 wt %, or from about
0.1 Wi 1 a D EP AR /605 BB B0SNor ED P30 3 o B B0 et S5kiss o about 16
wt %, or from &looutbontUStavish databd wblhwiicfronfiramoah @it Povit/atabd@ wh ¥t %6r drom about 4 wt%
to about 18 wt;G, oLt alipiet GVABA (P ARG, 18 LY. ofiesd JROMPWENR B3Rkt g8 wt %, or from
about 10 wt% to about 18 wt %, or from about 12 wt% to about 18 wt %, or from about 14 wt% to about
18 wt %, or from about 16 wt% to about 18 wt %, or from about 0.1 wrYO to about 16 wt%, or from about
0.5 wt% to about 16 wt %, or from about 0.75 wt% tb8about 16 wt /0, or from about 1 wt% to about 16
wt )/0, or from about 2 wt% to about 16 wt ")/0, or from about 4 wt% to about 16 wt ")/0, or from about 6
wt% to about 16 wt ")/0, or from about 8 wt% to about 16 wt ")/0, or from about 10 wt% to about 16 wt *)/0,
or from about 12 wt% to about 16 wt *)/0, or from about 14 wt% to about 16 wt *)/0, or from about 0.1 wt%
to about 14 wt%, or from about 0.5 wrYO to about 14 wt ")/0, or from about 0.75 wt% to about 14 wt °)/0,



In an embodiment, the copolymer may have solution processability. As used herein, the phrase "solution
processability” is used as it is normally understood to a person of skill in the art and often refers to the
ability of a copolymer to dissolve in a solvent, leading to the formation of a homogeneous solution. In an

embodiment, (e, GARANFBRI R DL PRI IBR SHRAL ILAR FIBRTE, the solven:

may be, for example, an organic solvent. In an em ent, the solvent may be, for example, a polar

solvent. In an ERTBEARYE RO MEsIARNULTER) W 6F ér%ﬂrﬂﬂé%ﬂ%wférm,%@#&iﬁéﬂﬁ%r&ﬁ,
N,Ndimethylfofrpamisieut 4 §-dioxanasyuaag cambiratsm Hwiaofo wenigabesinentothesolvent may be,

for example, chloroform. In an embodiment, the solvent may be, for example, tetrahydrofuran. In an
embodiment, (ATSEHE My He raPah A1 e R HRRLARHE ARAHEIALS PaHt R et the solvent
may be, for exaomplebdyti 2fiox@séo hbant @t batinee ito thaod@Pmevoiagbaiefortexample, a response

time. A d [ . e 1 It I t f skill
i the art andl ORE o R Lo B R 28 om e

orm back to irst shape from the

second shape f&afBraeplid vl ofadedcdhwstntilliemmbaus bvdimentogtd 8epydRmer may have, for

example, a shedreapaRIBStRG; 16 AbEMHBOMMEHE (B cRRRIYSIKINAW RBYet iy Ramle, a response
time of less than about 10 s. In an embodiment, the copolymer m%/ have, for example, a response time of

less than aboUf¥"53RPUn! MG RPRUIRY Mo mabHee Wreteaihon 3P wthoREe time of from

about 0.1 s to fbousddus 20 vittscadionit(BQ wits advdrdrh Gisoalr 2Eowtaliouitdd S@ondtiowr 10 s, or from

about 0.4 s to u rf . out 10 s, or from
about 0.7 s to ‘EE@‘U%%‘%@‘ gr ggﬁi%%%ﬂ[t%g @t%’a gﬁ% é?gt: {%ﬁgﬁg%&@ gégl\g‘goé&% 10 s, or from
about 1.0 s to HPBLRLAE28MEnicadienit B3 Wite.15d(aM@_06r T Ao @PPIis?@ Mi5e @110 s, or from
about 1.3s to aRpHES S 0 fremiaReulil 2b $i9.28PHbAPb Rt TOMBYRYEBeRSIE@egut 10 s, or from

about 1.6 s to about 10 s, or from about 1.7 s to about 10 s, or from about 1.8 s to about 10 s, or from
about 1.9 s to ab, b 0 about t t 0 s, or from
about 2.2 s to Eb%ﬁttegl%gfj@Tﬁ%‘g‘rnrqhgb%ﬂ%%gOi%’o%@oélﬁg}’ge@?g‘ﬁ @%3@%? . zetg)%ggm % s, or from
about 2.5 s to Hisotaplys)esrdeserasvatP® weighbeUtherepely e mpo@opr foababedd s, or from
about 2.8 s to akaui )t BEOWBID Ui 2R @EPHELAS «Bb IR0 ARAULLGSmoAdERIMabout 3.1 s to

about 10 s, or frgm about 3.2 s tg from about 3.3 s to fgbout 10 s, or frgm about 3.4 sto about 10 s, or f
3.4 s to about Y95 10 RRUH EhYes Y Lo ARyt 18 Wid R AR 8T o5 PBhALRMAS 7 s to about 10
s, or from abowit®, §osaicoabe0twliabortrdf sdoualkeuitto 1, asduesoakieut ¢.f-entaabbousd O s, or from
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ou

from about O. SSS(% S, or from a out OSBOtro a(ab S, or rom a ’8 S trc())rgbout 1s, or from

about 1.0 s to a%ﬂt&%%tmbmtwabeu@afr@@ t@oabbBt01S5& abpfitdhy shoenfrord ababio®il 1S5 s, or from
about 0.1 s to phowis 4 8,08 FiRMERWLB DD RPAEL 4 7 0bHPINARAMIG 3 S 18 8BBYE d.# S or from

about 0.6 to about 1.4 s, or from about 0.8 s to about 1 s, or from about 1.0 s to about 1.4 s, or from about

1.2 s to about .8 r?ﬁ”f?&?l“é@cﬁﬁ 1o2RPULBS:. Qrng@Qﬁ’r‘bB&ﬁ 2Rt So68t A S"BP from about 0.4 s
to about 1.3 s,apolipgnead b BBitold ab@rumﬁ shautfoonsabeiolt Ote Qbﬂtﬁdrrﬁefbcﬁﬁ ing about 0.9 s to

about 1 s, or from ab %t&ts(]j- :[:Proabo t3b53 or froqg)b?teé)gt 0.1 ?r %%ut}t S tor f{)o;q g&out 0.2 to about

1.2 s, or from a%ou% 0 S or from a ou to a o S or from sto 1.7 s, or from
about 0.3 s .7 8, or fiamakisst 0% saakdd .8 § abbatrodbeuidlahedie akyost Brimrar from

about 0.7 s to about 9.6 s, or from about 0.8 s to about 9.6 s, or from about 0.9 s
to about 9.6 s, or from about 1.0 s to about 9.6 s, or from about 1.1 s to about 9.6
s, or from about 1.2 s to about 9.6 s, or from about 1.3 s to about 9.6 s, or from

about 1.4 s to about 9.6 s, or from about 1.5 s to about 9.6 s, or from about 1.6 s
to about 9.6 s, or from about 1.7 s to about 9.6 s, or from about 1.8 s to about 9.6

s, or from about 1.9 s to about 9.6 s, or from about 2.0 s to about 9.6 s, or from

40



sto about 1.7 s, or from about 1.0 s .7 s, or from about 1.2 s to about 1.7 about 1.4 s to about 1.7 s, or
from s to about 1.7 s, or from about 0.1 s .6 s, or from about 0.3 s to about 1.6 about 0.5 s to about 1.6 s,
or from s to about 1.6 s, or from about 0.8 s .6 s, or from about 1.0 s to about 1.6 about 1.2 s to about 1.6

5. 01 from s (0 gy 08 A fIPRAPOU % 551,05 BUNPLGYGAS 0 ARG ABONLO-4 o to about

1.5 s, or from s to about 1.5 s, or from about 0.7 s .5 s, or from about 0.9 s to about 1.5 about 1.1 s to
about 1.5 s, ort®rah?4ttd 6500t Tosabeytant S8 RPU 9.6 WrfrepnPRRBLR .8 V1B 8t8.4 about 0.4 s

to about 1.4 s,06fRB about 2.6 s to about 9.6 s, or from about 2.7 s to about 9.6 s, or from
about 2.8 s to about 9.6 s, or from about 2.9 s to about 9.6 s, or from about 3.0 s
to about 9.6 s, or from about 3.1 s to about 9.6 s, or from about 3.2 s to about 9.6
s, or from about 3.3 s to about 9.6 s, or from about 3.4 s to about 9.6 s, or from
about 3.4 s to about 9.6 s, or from about 3.5 s to about 9.6 s, or from about 3.6 s
to about 9.6 s, or from about 3.7 s to about 9.6 s, or from about 3.8 s to about 9.6
s, or from about 3.9 s to about 9.6 s, or from about 4.0 s to about 9.6 s, or from
about 4.1 s to about 9.6 s, or from about 4.2 s to about 9.6 s, or from about 4.3 s
to about 9.6 s, or from about 4.4 s to about 9.6 s, or from about 4.5 s to about 9.6
s, or from about 4.6 s to about 9.6 s, or from about 4.7 s to about 9.6 s, or from
about 4.8 s to about 9.6 s, or from about 4.9 s to about 9.6 s, or from about 5.0 s
to about 9.6 s, or from about 5.1 s to about 9.6 s, or from about 5.2 s to about 9.6
s, or from about 5.3 s to about 9.6 s, or from about 5.4 s to about 9.6 s, or from
about 5.5 s to about 9.6 s, or from about 5.6 s to about 9.6 s, or from about 5.7 s
to about 9.6 s, or from about 5.8 s to about 9.6 s, or from about 5.9 s to about 9.6
s, or from about 6.0 s to about 9.6 s, or from about 6.1 s to about 9.6 s, or from
about 6.2 s to about 9.6 s, or from about 6.3 s to about 9.6 s, or from about 6.4 s
to about 9.6 s, or from about 6.5 s to about 9.6 s, or from about 6.6 s to about 9.6
s, or from about 6.7 s to about 9.6 s, or from about 6.8 s to about 9.6 s, or from
about 6.9 s to about 9.6 s, or from about 7.0 s to about 9.6 s, or from about 7.1 s
to about 9.6 s, or from about 7.2 s to about 9.6 s, or from about 7.3 s to about 9.6
s, or from about 7.4 s to about 9.6 s, or from about 7.5 s to about 9.6 s, or from
about 7.6 s to about 9.6 s, or from about 7.7 s to about 9.6 s, or from about 7.8 s
to about 9.6 s, or from about 7.9 s to about 9.6 s, or from about 8.0 s to about 9.6
s, or from about 8.1 s to about 9.6 s, or from about 8.2 s to about 9.6 s, or from
about 8.3 s to about 9.6 s, or from about 8.4 s to about 9.6 s, or from about 8.5 s
to about 9.6 s, or from about 8.6 s to about 9.6 s, or from about 8.7 s to about 9.6
s, or from about 8.8 s to about 9.6 s, or from about 8.9 s to about 9.6 s, or from
about 9.0 s to about 9.6 s, or from about 9.1 s to about 9.6 s, or from about 9.2 s
to about 9.6 s, or from about 9.3 s to about 9.6 s, or from about 9.4 s to about 9.6

s, or from about 9.5 s to about 9.6 s, or from about 0.1 s to about 9.5 s, or from

41



s to about 1.4 s, or from about 0.7 s .4 s, or from about 0.9 s to about 1.4 about 1.1 sto about 1.4 s, or
from s to about 1.4 s, or from about 0.1 s .3 s, or from about 0.3 s to about 1.3 about 0.5 s to about 1.3 s,
or from s to about 1.3 s, or from about 0.8 s .3 s, or from about 1.0 s to about 1.3 about 1.2 s to about 1.3

5. o from s to gyl 2SN IR0 2:5,,PbEANFLGYGS S (9 ARG ARONLO-T s to about

1.2 s or from about 0.8 s to about 1.2 s, or from about out 1.2 s, or from about 1.0 s to about

1.2s, or from #»80eYt P-S b AbBAMAP AR REriP RO 62 & tor AEuRRAEO G $rh?R®HR-B.2 s to about
1.1s, or from abepir8m aoeRbons lolabott .61, ot s ip@Beublbout @ srensafat 0.5 s to about

1.1 s, or from abou 1 s, oy from abouyt about 1.1 s, or from about 0.8 s to about

t 0.6 s to about 7St
T o o from 200U 6.9 S RN T SO L P B AR D18 DD £108 "G B bbdcD 1 & (6 about
1.0 s, or from &babbt®.$ ® abatlabe,tot. Aeroatbout 0.3 s, tor dlmoniabdus | & $rinaladnaf.6.4 s to about

L.0s, or from @bBPFrgng SHORRAS 108a%r>8¥ %%’E,%‘?gtq%g%o?%ggg%%]a o?n‘?f.%rg’,”&ra#?&’r‘ﬁt 0.7s to about

1.0 s, or from about S to about s, or from'ab out 1.0 s, or from about 0.1 s to about
0.9 s, or from abeut 1.2 S aesliCPRP sobireBrAkME It O Bte EPRUP 3908 fierabewlbbdt.4 s to about

0.9 s, or from gbagb(9 $ ) abRYFaPSutor erbalkRut 9.6 §, terakNRLE2Y frRashaw.§. 7 s to about
0.9 s, or from abou[ 0.8 s to about 0.9 E’ or from abgut 0.1 s to about 0.8 s, or from apout 0.2 s to about

0.8 s, or from SbBUIB™ AARUEBCYE 0PLOBE 3 BHND 2O ZAGULFBUI 5 8= 0.5 s to about
0.8 s, or from about 2.8 s ttwaloottolhs soofrimmmnaho @ 0 s/te dbaltddit (. Sos flamirabvai@6td).1 s to about

075, orfrom ghayth3310 BORNE DL S BTN & 18 IALAL o0 [AMAliR 8.4 0 abou

0.7 s, or from about S to about 0. om a S to about s, or from .1 s to about
0.6 s, or from &beutron aueuhBals 106808t B8, AHNAND F§UbABSUERBA!I & Froneralsenit 0.4 s to about

0.6 s, or from aBgyt 9.5 $ 10 MRNIDHE SePHFIARRRAY Pslts HARWER S0P fRINrapb@eptd.2 s to about

0.5 s, or from about 0.3 s to about 0.5 s, or from about 0.4 s to about 0.5 530r from about 0.1 s to about
0.4 s, or from #b8APE 29 B IbBAMHAR Vs ASHP AN §-3 &3 ARMAERE 3 $rihARY¥EH0.1 s to about
0.3 s, or from aboufror2 stouaBous Goabpat &6, aditnd dosdoRbeUbGRB@It 9.5 s, or from

about 3.6 s to about 9.5 s, or from about 3.7 s to about 9.5 s, or from about 3.8 s
to about 9.5 s, or from about 3.9 s to about 9.5 s, or from about 4.0 s to about 9.5
s, or from about 4.1 s to about 9.5 s, or from about 4.2 s to about 9.5 s, or from

about 4.3 s to about 9.5 s, or from about 4.4 s to about 9.5 s, or from about 4.5 s
to about 9.5 s, or from about 4.6 s to about 9.5 s, or from about 4.7 s to about 9.5
s, or from about 4.8 s to about 9.5 s, or from about 4.9 s to about 9.5 s, or from

about 5.0 s to about 9.5 s, or from about 5.1 s to about 9.5 s, or from about 5.2 s
to about 9.5 s, or from about 5.3 s to about 9.5 s, or from about 5.4 s to about 9.5
s, or from about 5.5 s to about 9.5 s, or from about 5.6 s to about 9.5 s, or from

about 5.7 s to about 9.5 s, or from about 5.8 s to about 9.5 s, or from about 5.9 s
to about 9.5 s, or from about 6.0 s to about 9.5 s, or from about 6.1 s to about 9.5
s, or from about 6.2 s to about 9.5 s, or from about 6.3 s to about 9.5 s, or from

about 6.4 s to about 9.5 s, or from about 6.5 s to about 9.5 s, or from about 6.6 s
to about 9.5 s, or from about 6.7 s to about 9.5 s, or from about 6.8 s to about 9.5
s, or from about 6.9 s to about 9.5 s, or from about 7.0 s to about 9.5 s, or from

about 7.1 s to about 9.5 s, or from about 7.2 s to about 9.5 s, or from about 7.3 s
to about 9.5 s, or from about 7.4 s to about 9.5 s, or from about 7.5 s to about 9.5

s, or from about 7.6 s to about 9.5 s, or from about 7.7 s to about 9.5 s, or from
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In an embodiment, the copolymer may have, for example, an Rf value of 50 % or greater. In an
embodiment, the copolymer may have, for example, an ft value of from 50 % to 100 %, or from about 55
% to 100 %, or from about 60 % to 100 %, or from about 65 % to 100 %, or from about 70 % to 100 %, or

fom abou 75 9 gy 0% ok foRabout BRXi %o o abals 853 100G, fram about 0% to

100%, or from about 95% to 100%, or from about 98% to 100%, or from about to 100%, or from

50% to 99%, JPRERHABALSSHHAE ahout - Tre e aB8ut B I/@tdrom bt Behs 4H8LPBESH0 to 99 %, or

oot o it S5 0. B S e o
(0] %, or from apou ) %, or from aho ) 0 %, or from abo ) (0] %, or
Hom 50 /6 (UB L Sn S LB S8 00 TBSTRL L Ao K Ho e K DB M bout 65 )/0 t0

98 %, or from ahalob 1t 8,torIBofrb abp troBrBathimudh Ut 90bte, @8 Fono abrouh & B cuto8fboud 2698 %, or from

bout 85 )/0 t Y 90 ~ 829 . % 50 7)/0 to 95
0a/o,o(;Jr from)abogd?)gé(%gtgggg%?%r rzcg))orrci) @bé%%aé(e §/'% tg&?é&@gﬁ%?ﬁé&%ﬁ%é ‘)oofr[g rg%, (3r fr(?m

about 70 )/0 t8BIL8, 26 fAPAWCAETS O/Tem g ou! 8rFoia abeki B S)/0"HWB 8808k R4 about 85 *)/0 to

95 %, or from g 3D 39 terIri 8ot 200 AbEuEE 46, & Hem abouw G I8 Eb&R Yqor from about
60 7)/0 to 90 %, or from about 65 ")/0 to 90 %, or from about 70 ")/0 to 90 %, or from ta;bout 75 7)/0 to 90

%, or from abcuP8H oA &5 BIHBM WnhtiSe8™ 11888 We0 o FHARY S &% Y8™r from about 55
7)/0 to 85 %, oalfimurnabaeubadodact 85 ehfronfraoaliosisad aounBs Soooirtronahn@ 76 *)/0 to 85 %, or

from about 75.)/ %, or.f ) %, 0r f N % r bout 55 7)/0 to
80 %, or from E’;l %%?%{303368,tér&ﬂ&%@?wﬁh%a%%ﬁ%@t) 04té’é§8 rﬂjoo?‘rgra r%l%%a%)osuftb?%[)%%@tb%o %, or from
about 75 ")/0 6,30 rendaRewh 50 5)10 abTe 94 & RbIFPELRAWBS! 1/8 1 oUW, bt Fod BeBUt 60 *)/0 to 75

%, or from abQip 1)80s!e Eb b 9 419BraRAH 3L P. 50548 dbolt AN, 2 mdntandis. 45 from about 55
1)/0 to 70 %, or from about 60 ")/0 to 70 %, or from about 65 ")/0 to 70 %, or from 50 ")/0 to 65 %, or from

about 55 *)/0 tPEPH S B A AIRNEEEU/H 2548 3808F frdr 56 "TBRRYbA. &5 IRAPAHRESS5 )10 to 60
%, or from 50 g)/0rtérdrh &bolrt ary emdatdouedl g copolyabeutmay havabbot 0xasplefram 1:1, value of 50

% or greater. I, an iment..t 0 r.may bave, for, ex le, an . 1: from 50 % to 100
%, or from abo%bt%égwgq%g%ﬁ%{t gf%r%’n@%ﬁoﬁ%%%? Oté @)roo g?%]grr% ‘a rofl&?ﬂgg ﬁ)o;ff%% 5 %, or from
about 70 % to 1eGoos!t Srdrdrardsyntas Y BoQoabewtiEfnsabbiio80eeut 8% I @ahwhBhout 85% to

100%, or fromARW AN ULEREQ% 1S HOM RRUIIHUHQBINE. D5 FOEDSRLIBU IRohPO%, Of from
about 99% to 100%, or from 50% to 99%, or from about 55% to 99%, or from about 60 % to 99 %, or from

about 65 % to 3P 2% FEHPRBBLL AP SRV Ront BRPYEDA fo Y AMARRYLbB UL 80 % to 99
%, or from abaotaBo g 39 Shiromfoalzovs0 Sbdatd04%s, or from aluaod Sdalsule.or from about

s, or from about 3.1 s to about 9.4 s, or from about 3.2 s to about 9.4 s, or from
about 3.3 s to about 9.4 s, or from about 3.4 s to about 9.4 s, or from about 3.4 s
to about 9.4 s, or from about 3.5 s to about 9.4 s, or from about 3.6 s to about 9.4
s, or from about 3.7 s to about 9.4 s, or from about 3.8 s to about 9.4 s, or from
about 3.9 s to about 9.4 s, or from about 4.0 s to about 9.4 s, or from about 4.1 s
to about 9.4 s, or from about 4.2 s to about 9.4 s, or from about 4.3 s to about 9.4
s, or from about 4.4 s to about 9.4 s, or from about 4.5 s to about 9.4 s, or from
about 4.6 s to about 9.4 s, or from about 4.7 s to about 9.4 s, or from about 4.8 s
to about 9.4 s, or from about 4.9 s to about 9.4 s, or from about 5.0 s to about 9.4
s, or from about 5.1 s to about 9.4 s, or from about 5.2 s to about 9.4 s, or from
about 5.3 s to about 9.4 s, or from about 5.4 s to about 9.4 s, or from about 5.5 s
to about 9.4 s, or from about 5.6 s to about 9.4 s, or from about 5.7 s to about 9.4

s, or from about 5.8 s to about 9.4 s, or from about 5.9 s to about 9.4 s, or from
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98 ")/0 to 99 ")/0, or from 50 7)/0 to 98 ")/0, or from about 55 °)/0 to 98 *)/0, or from about 60 *)/0 to 98 )/0,
or from about 65 ")/0 to 98 ")/0, or from about 70 ")/0 to 98 *)/0, or from about 75 ")/0 to 98 ")/0, or from
about 80 ")/0 to 98 *)/0, or from about 85 ")/0 to 98 ")/0, or from about 90 ")/0 to 98 ")/0, or from about 95

o to 38 )10, QEIRE G WAdBnt 4G, of #&Wﬁa&%ﬂ%ﬁ?g YO 8ot é)@s,oarfgﬂg&%%{ 62401095 )0, or

from about 65 )/0 to 95 r from about 70 /0, or from about to 95 %O, or from about
80 “)/0 to 95 ")IP 28PHOP Qi P Bkt 653 §/¢0 8Pag-45eGf HOM/ARHHE.- 4 tualRihSH *)/0 to 90 *)/0,
or from about g50)ota 880 MU®.9'sfteraRReYLHE, ofdrtmP8d(R.6% Bernabatd @, ) @0 )/0, or from
0 10 60 )0, BF3H 55 SIRBAS 5, O i HIBMECE oA e S B8l B0 t0 85 )0,
)/0 to 90 H)/0, ) / ")/0; or )/0}°or f /0 to 85 )/0, or
from about 65 t9/8tkou8S.4) 4, arrffoomabbou? . D0 HCatmB69 ¥ G, @r from abouwit 7% )0 &b@& 9/@, or from about
80 7)/0 to 85 7)[0 Ot 80_ )/ r t 55 ° ) f 60 7)/0 to 80 7)/0,
or from about éSQ?)%Hﬁ){%gﬁgﬁoéogrg f%r%ggqug)%{t‘{?%r%ﬁ g)%%%%? b?ﬁ%%mgé%g%%fﬁgg)%qﬁ) 0 ")/0, or from 50
*)/0 to 75 )/0, 8P9kEm-4ls3atabRuy/B.fos7 8 omadrstn b e (e 80oW0%kd 50N foomraeHt Aot 65 *)/0 to 75

))/0, or from ahgubatt YA & EPrHfA. MO DS to/deUT 9.9/9). SrfeRmaBBaLl 8% 160akb 9 MO, or from
about 60 ")/0 to 70 ))/0, or from about 65 ")/Q to 70 ‘}/O, or from 50 7)/0 to%?‘go%m’ or from about 55 7)/0 to

65 *)/0, or frons aHJRBFYE B85 IPELHAM BEH O 2PH8: BF HAPAotf S5 S/5860 )0, or from
50 ")/0 to 55 OI/(alehemtme.tdeabpeIrStAre, of fkmcapo@yrﬁ@ sshatmut-has, tbrdmmlawlarmion.o.f the
segment IS mi ’5%8 JRE4ICTSaR5 SB%EJ‘E 8&&%?5"&’%85{@4%%?%&4%%{%@ TS%%H?ng rigid network
points which holds the copolymer together. en the temperature of the copolymer Is above -Inns, the

rigid network pointsrepiiaboahé e oo Arecenbrsirbeaighal Skapeouh SA entbd@ment, the stimuli

may be, for exaiapies 8RPlication: of £18craraREAEYG IFadiatiaboint anaMhoslReslothe giguli may be, for
example, chan mg te{]nﬁzperaturzr of the copolymer. In an embodiment, the first stimulus may be, for

example, charlgif§¥EhToe i d IPABLE Foly QAR UrPehh QHil PR ARAE < SEARRAYIAY be, for
example, decreasirigtemaipauntuBesab thisoto 9alysner floraatesobodimentdbet st stomédors may be, for

example, deC“S@Sb’ﬂ%fg‘ﬁ’?ﬁé@t&JWE t(ggﬁ?@%&%%ﬁ%%.’%fﬁgﬁg’%@%? 3,30 GHROLUTGY, Ahe first stimulus

may be, for example, app on of eléctromagnetic irradiation to the copolymer.Tn an embodiment, the

second stimuli@ akaytdk 3fer exaenproBHahg v trteRnt ARk o fleencisliyMers ta aboeiibadiment, the
second stimulys,raynbapiRl @ATRIGHPGI RS KILISFBREERBIEPS DR CARRIYEISS IBrargmbodiment, the

second stimulus maﬁ be, for examsﬂi, increasing temperature of the copolymer to above Tfrans. In an
embodiment, RR°E0hd QiRRAUESH S Béfrﬁpé%%ﬁ‘deq SOPIRRAIEY S BIQEHFSM AR ifrdiation to the
copolymer. In anspmiiaidre; floeneieouipmagretibistadiatioronfeyrbabbut exaeaabdy, IR, or nearlR. In

er;tm‘q’gime%t’ % GIeslomacRels EB%%‘%i.%]”sf“ﬂ% Bfi & foﬁg%@%%o %B’%dPgaQ §%P%%iﬁ"e.”tz the
gneti¢ irradiation may be, for examplé, IR. In an embodiment, the electromagnetic irradiation
may be, for exapmplel -AeaiclRoout 9.3 s, or from about 1.7 s to about 9.3 s, or from about 1.8 s

to about 9.3 s, or from about 1.9 s to about 9.3 s, or from about 2.0 s to about 9.3

s, or from about 2.1 s to about 9.3 s, or from about 2.2 s to about 9.3 s, or from

about 2.3 s to about 9.3 s, or from about 2.4 s to about 9.3 s, or from about 2.5 s

to about 9.3 s, or from about 2.6 s to about 9.3 s, or from about 2.7 s to about 9.3

s, or from about 2.8 s to about 9.3 s, or from about 2.9 s to about 9.3 s, or from

about 3.0 s to about 9.3 s, or from about 3.1 s to about 9.3 s, or from about 3.2 s

to about 9.3 s, or from about 3.3 s to about 9.3 s, or from about 3.4 s to about 9.3

s, or from about 3.4 s to about 9.3 s, or from about 3.5 s to about 9.3 s, or from

about 3.6 s to about 9.3 s, or from about 3.7 s to about 9.3 s, or from about 3.8 s

to about 9.3 s, or from about 3.9 s to about 9.3 s, or from about 4.0 s to about 9.3

s, or from about 4.1 s to about 9.3 s, or from about 4.2 s to about 9.3 s, or from
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In an embodiment, the copolymer may be, for example, a linear copolymer, a graft copolymer or a
dendrimer copolymer. In an embodiment, the copolymer may be, for example, a linear copolymer. In an
embodiment, the copolymer may be, for example, a graft copolymer. In an embodiment, the copolymer

may be, for exgguples 3 dSHARIAEOROI TR RN EAPOAIIERLIBS COBMIIEIRY i used. for

example, to form a part of a polymer blend. In-an embodiment, there'is provi a polymer blend

comprising at leRRVAE copdiyifemabaestibeiPriei I8 ancstietmeRiit4he FoRPAEE Bidnd may
comprise, for exampien ableast BuOteRRINNESSSasdaser i neeintd rssuembadisnedinthe polymer

blend furth ise, le, ' lJine h I : icrystalli I :
thermopiastc BOIb AR S & I et LR et Bt LOE Ao & doncrite
struc_tural elenterabeubMbched fcqpaimﬁr5msatwatmmb&ﬁ&onﬂhemmib@gﬁvbsrﬂoc&bnﬂrﬁﬁthere is also
provided a PO'X”&‘?I#?J%BBFH%%’IQ %#ﬁ?@???%ﬁ%@ﬂg@oﬁ?g’B%Wfo*%"dﬂgé‘sﬂfaﬁsfrgﬂm 101070 CC;

and at least oné soft segment, wherein the polyme ransforms from a first shape to a second

shape by appl@idrPof & trabstitfuiis. Adreie pleuineBifdp ke FermPblerRt8RE & Shape from the

second shapeg),8ppligasienphscass sltnidyadouen sebadimenioaliensioreebiiesoft segments
may be, for examEIe, a thermoplastic%%ymer. In an em%g)diment, at Ie?%s,t one_of the switching segments

may be, for ex&rpiEoR R SHaSIR PAVIEP $n U @MBEEHIER, THS FAVEP SN HEy be, for
example, selecisnlifrémh $he gboup LBrsistihgrafgiivygsiedd miatabestd.palyondrsbétods @bBmolymers

comprising swilehjng ssaruenjs i diferent Tans and ot sogments having fhesame Jurans) blends

of block copolymers wherein at least one of the segments of a first copolymer is miscible with at least one
of the segmen$s of 5058 eyt D P& yelposh8. Blerpisnaskest bAs tarkplddkT6pelyiet and at least one

homo- or copolyigr7 !N SEbepBeLYREN iR APRENMELY RABBR RIS bafsesashiad egein may have,

for example, at least one shape in memary. In an embodiment, the copolymer or polymer blend as
described herdfh3PAY Rays: FoIQARMAYL 236 PR ERabe ﬂ#ﬁ%@@’ﬁ LS PRPE fist shape and

the second shapesfrbor b@mple sitoabe migosisnentréheatepolymartoratheupolgracstiend may transform

from a Ist shap h licatio I imul r rmto a 3 y application of
a2nd stimulusaegé t?ﬁgférﬁg tf?ggé%%&g?}?{q s%él%ie%y%%% éégt’?gr?%?;é B?BEEé%éﬁrsgxample, in an
embodiment, tifeabObdBHher o fleeFgrid: bieiiabeyt PahsfemirdrorakeEiSRgde apauwfbshape by

application of g I} SlmLkssrBnsoRME & ¥ Shaprd apRlication el andsiimucfransform to a

4111 shape by application of a 3rd stimulus and transform back to the Ist shape by apglication ofa4111
stimulus. about 8.5 s to about 9.3 s, or from about 8.6 s to about 9.3 s, or from about 8.7 s

to about 9.3 s, or from about 8.8 s to about 9.3 s, or from about 8.9 s to about 9.3
s, or from about 9.0 s to about 9.3 s, or from about 9.1 s to about 9.3 s, or from
about 9.2 s to about 9.3 s, or from about 0.1 s to about 9.2 s, or from about 0.2 s
to about 9.2 s, or from about 0.3 s to about 9.2 s, or from about 0.4 s to about 9.2
s, or from about 0.5 s to about 9.2 s, or from about 0.6 s to about 9.2 s, or from
about 0.7 s to about 9.2 s, or from about 0.8 s to about 9.2 s, or from about 0.9 s
to about 9.2 s, or from about 1.0 s to about 9.2 s, or from about 1.1 s to about 9.2
s, or from about 1.2 s to about 9.2 s, or from about 1.3 s to about 9.2 s, or from
about 1.4 s to about 9.2 s, or from about 1.5 s to about 9.2 s, or from about 1.6 s
to about 9.2 s, or from about 1.7 s to about 9.2 s, or from about 1.8 s to about 9.2
s, or from about 1.9 s to about 9.2 s, or from about 2.0 s to about 9.2 s, or from
about 2.1 s to about 9.2 s, or from about 2.2 s to about 9.2 s, or from about 2.3 s
to about 9.2 s, or from about 2.4 s to about 9.2 s, or from about 2.5 s to about 9.2

s, or from about 2.6 s to about 9.2 s, or from about 2.7 s to about 9.2 s, or from
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Those of ordinary skill in the art will appreciate that different methods may be used for processing the
copolymer or polymer blend. In an embodiment, a solution of the copolymer may be solution casted to
form a copolymer film of any shape, depending on the casting mold used. The copolymer or polymer

blend as descreheieln i eaise. EAATIAN B3R/ SiLIslesaformapIaciing packaging

materials. The copolymer or polymer escri ed herein may be use or example, as a

biomaterial. Aé%*é@!»‘h@r&ﬁ hE @%pﬁ@@ﬁ d’n*'l&éﬁrﬁé@%ﬁ’ 3s5uSBH B ﬂb@ﬁ&rﬁéﬂ&? @RQettaod to a person

of skill in the ag éﬂﬂ&ﬁ%éﬁf%%t@té BRIer@bvNishis b glmgi@agﬁn(blznglemqmmstances where
it comes into contact with cells anrg?/g]r bOdéPéﬂUI S ofg)iub ect. n embo |me t, the co olymer or

polymer blendaé)é)ﬂte Srb AR §y°r5 gba,%’ TpIE; fBth n%épgﬁ i PHPS’Q@ nd/or
biologically actvelzmert® $na@rfremabdinh&rit, she rbsup So2ideok &raonapositi®d sampbisin@.at least one

copalymer as despiiRFIGIAT 83 e ¢ Velepipall aiva ens goa comungigphereot. n an

embodiment, there Is provi a composition comprising the polymer b escribed herein and a

drug, a blologléaﬂyta‘bﬂ\/éta@é%ﬁé’@@ﬁiﬁﬁ%‘ﬁl@ﬁ@ﬁbf’e%ﬁ i alkosirih8dinehtommakRu?aha/or biologically

active agent masebsuﬂ‘@rzeéammsnﬁav@amwwfbia%@ oPaheRabRT ABBRaEReiepd: ydissolving the
copolymer or the and/or bIO| icall actlvg%agent in a suitable solvent and

mer blend and the dru
preparing a soT\/é?EEJ gﬁgﬂtﬂﬂﬁ‘%tﬁ $He ahoy. ??3/67%38@\ RPLEHS YRR Yigres&l FiRin the copolymer
or the polymerablemdidatitix a0dhed i2athwdsoat abcaps9atilogativel0eLg) sarad /oo foialogic 8L sictive agent in

the copolymer,gr-{i pghyes g aauickhecydassinary fiapsolpidingy sl iart The

composmon as escrlbe erein may urther comprise one Or more carriers, excip |ents or diluents

acceptable forher ﬁﬁ@@@bﬁdﬁ%ﬁs@a&hﬂﬂb@tﬁé c%ﬁf@ﬁkﬂhﬁvtﬁﬁtéﬁféa’%w@@ éx@fﬁr@ms or diluents are
those known ingagtasisfary s au sy ehsmadrsmPhBoininisEataboatiiable sempReiEensITey be formulated

by means known in the art and their mode of administration and dose determined by the skilled

practitioner. to about 9.2 s, or from about 5.8 s to about 9.2 s, or from about 5.9 s to about 9.2
s, or from about 6.0 s to about 9.2 s, or from about 6.1 s to about 9.2 s, or from
about 6.2 s to about 9.2 s, or from about 6.3 s to about 9.2 s, or from about 6.4 s
to about 9.2 s, or from about 6.5 s to about 9.2 s, or from about 6.6 s to about 9.2
s, or from about 6.7 s to about 9.2 s, or from about 6.8 s to about 9.2 s, or from
about 6.9 s to about 9.2 s, or from about 7.0 s to about 9.2 s, or from about 7.1 s
to about 9.2 s, or from about 7.2 s to about 9.2 s, or from about 7.3 s to about 9.2
s, or from about 7.4 s to about 9.2 s, or from about 7.5 s to about 9.2 s, or from
about 7.6 s to about 9.2 s, or from about 7.7 s to about 9.2 s, or from about 7.8 s
to about 9.2 s, or from about 7.9 s to about 9.2 s, or from about 8.0 s to about 9.2
s, or from about 8.1 s to about 9.2 s, or from about 8.2 s to about 9.2 s, or from
about 8.3 s to about 9.2 s, or from about 8.4 s to about 9.2 s, or from about 8.5 s
to about 9.2 s, or from about 8.6 s to about 9.2 s, or from about 8.7 s to about 9.2
s, or from about 8.8 s to about 9.2 s, or from about 8.9 s to about 9.2 s, or from
about 9.0 s to about 9.2 s, or from about 9.1 s to about 9.2 s, or from about 0.1 s
to about 9.1 s, or from about 0.2 s to about 9.1 s, or from about 0.3 s to about 9.1
s, or from about 0.4 s to about 9.1 s, or from about 0.5 s to about 9.1 s, or from
about 0.6 s to about 9.1 s, or from about 0.7 s to about 9.1 s, or from about 0.8 s
to about 9.1 s, or from about 0.9 s to about 9.1 s, or from about 1.0 s to about 9.1

s, or from about 1.1 s to about 9.1 s, or from about 1.2 s to about 9.1 s, or from
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In an embodiment, the drug may be, for example, a therapeutic agent, a diagnostic agent, or a
prophylactic agent. In an embodiment, the biologically active agent may be, for example, a therapeutic
agent, a diagnostic agent, or a prophylactic agent. In an embodiment, the drug or biologically active agent

may be, for exgpple) an 3upAlferalve, Agent-BANHLI ARG AYSY. ananiaNalicagent an

anti-inflammatory agent, an antiplatelet agent, an antlcoaé;ulant agent, an antitibrin agent, an antithrombin

agent, an antibf@eoahdahfafefipeRnt &P aria@aadh? dgerftrdroam e Bid &ihabrRyEdf! In an
embodiment, tgegfshPERICHIS !k a6 Q9eNiNRYHaCRIEXa MRk RLAO-BfBMBIAtory agent. In an

embodiment, the drug may be, for example, a nonsterojdal anti-inflammatoyy drug (NSAID). In an
embodiment, PR LY AR elaniIGOR ARG ARG barhS1Eh AP AN BaBLmetone.
ketorolac, sulindabautd®didpéeriarn labantehihedtinmenttthd druy ey aleodbl exatombopat ®ytirophobic drug.

In an embodimeg. 3, diyg My 06, (B AMPLePABHAKEH (16 SlTaCl,AEPUNE, Gfghe composition
described herein includes a therapeutically effective amount or a prophylactically effective amount. A
'‘therapeuticalledfdctivesdmabpit Petessablimaabeuht e eivdoat dsagesian 3PBedidds of time

necessary, to gehiya te sesiteshitaiapesicresiostgh asdnasmsashlitsspanoidbatensed life
expectancy. A therapeutically effective amount of a \chiéu or biologically active agent ﬂr:??%vary according

to factors suctta@"tHeRi2BAUES o ARPUL k' Sn"IQHRRSIhE SGHREPUR T the AilfY/ Bt the drug or
biologically actibe@dgeatsttoalimiua 2lesred frespabsetif.ths isudiject. Aitiseapeuticidyuefdctive amount is
also one in whj ico ' I C u ' ically-aetiv; re outweighed
by the therap?&%@ﬁg{gg?éfié{gﬁé%‘?s&%ﬁg%gﬁ)%é%iﬁﬁy%f%tﬁ@fgﬁ%%%r??fr%%r%gtg{}gr? zfmount
effective, at ddsajdeahabktpehicds ePamd etadiskipy fPadhdes titeabedir8d sropHieattic result, such

as increased lifgspanoiscseassst e expertananeiiuevsapslitbe rearpssicsbefithexisease state.
Typically, a pr%g)%lactic dose is used in sutgects Erior to or at an earlier stage of disease, so that a

prophylacticalllf &Poive ainBUIPRAP Y fesSihARLherd S Al BRtuGE SHARPUY %s'to be noted that
dosa_g_e valuessnmy_rwr)abdth‘t the swelﬁ)two@tme,ognnldiinratbommaﬂIe\ltat_aﬂdx_ulfeﬁaawpaﬁmular subject,
specific dosage jegimens maychpadiusied oveLime Ascording in the gyl g1G aaunt of the drug
or biologically active agent'in the composition may vary according to fattors such as the disease state,
age, sex, and Weiatb9the sutijest. 2o uised Bdecanoat Subie st freay dut Ruiriate, AeeuhBrhan primate,

rat, mouse, cow.di9sf ABLEBELER 19aBbAEDT SabaterinBhL B BAdIFSRLEE COPaIYFBRY. Polymer blend,
or composition as described herein may be used, for example, for biomedical applications. In an

embodiment, RSBty R8I M rHIRNIO B ARHpBS O 4 Ydstribe PHEPSARRY} BE Ssed, for
example, in theorabowfactus copfiiamadbiole. F-Disesabple Ahescophtymaboudly@eridlaneliidd. composition as

described herein ay be UscLig Manulaciy's & Roen alihs aridle.on il wiiole griglg tseff In an
embodiment, {hiere Is provided a method o man’u?acturing an article comprlsmgsthe copolymer, polymer
blend, or com@bsitib. &s tesbabkl. herainframabenidbaimenbiig 8dpalpmneenpelentpidéend or

composition ag,AasaHeq HESRIMALBE 68 Y IPEESATAPIS, 37 AGAHEHMIIE 8 R tplut'9.an embodiment,

the method may comprise, for example, depositing or disposm%over at least a portion of the article a
coating compriSiRGTRE'GRMVAES BbRRALE BILAIOLIRBHIREYIHoR 8daRRerbRd RePEilioT™ an embodiment,

there is providggoaceatin g cpprsing tbefeanelpnercs siesasbeddersior irpanatbet zmigodiment, there
s provided a caaling, cerrrisg e Bolymer blend a5, deseribed hergin, In Ay furher smioriiment, there is
provided a coating compriSing the composition as desciibed herein. Man ErboNMEN , thie coating may
be for an article. ¥draseddeatel3 thie abotd<siba, wokitmyaboulsad adatabaubPnbly anfderstood to a person
of skill in the agfane-piensefssnta & LygrR{iBLPY BaRsiabdePestedAarivasindivestly over at least

a portion of the surface of the article. Deposited directly means that the coating is aEined directly to the

exposed surfalRaFMOat I8 B9 depBsttiiahaietly SddrMARAHE B &tiRRCEbBIkd to an
intervening laygradhebis depasdieddieebups indirectiyovgsdltieass sopditionof Blestidace of the article.
Methods for directly gr.indirectl ositing the copalymer, polymer, hlend, or composigign as described
herein over at ?e%%/ g 'Eosr %ﬁ%‘?{{ﬁg-i&rfgrc%%?‘tﬁc%‘%% %\}80&1‘ Oouf ého‘sl\’/ﬁ t[gr %rrnuz?*nbgﬁ))éJ séodc')a by those of
ordinary skill inaléeut.9r1 anaritbodabeut Sthexréoisiprot/Rid s aor fnaivlalkouh Brsity wigoobpolymer as
described herein, I notRer esPodimeRt,taers is PRvidashanAick cemRrising WeRpymer blend as
described herein. In a further embodiment, there is provided an article comprising the composition as
described herein. In an embodiment, the body of the article may comprise, for example, a drug, a
biologically active agent, or a combination thereof. I&n embodiment, the article may be, for example,
implantable. In an embodiment, the article may be, for example, a medical device. In an embodiment, the

article may be, for example, a medical device selected from the group consisting of stents, catheters,
prosthetics, grafts, screws, pins, pumps, sutures and meshes.



In an embodiment, there is provided a method for preventing or treating a disorder using the copolymer,
polymer blend, or composition as described herein. In an embodiment, for example, the copolymer or
polymer blend as described herein may be used as a drug delivery vehicle to deliver the drug or

biologically ac%&ﬂ%egtst?% B9 Gell gF f?ﬁ?g’?ﬂ&ﬁ §‘bbé%ta\6b?r[‘9ei“?cl§?mﬁ dslfa%r LpYample, the

composition as described herein may be used for preventing or treating a er. In an embodiment, for

example, the dRieROEEHR ScAhEQRARMINIS DE PR S Hoe0b HANY B Ath§ ¥ 3RBHHEO In an

embodiment, for xashplbdlieoesis tBV%&E@ 8 @WQrﬁ%ﬁEﬁM@Q%&@éﬁ&ﬁ@g 8 @'ﬁﬂfﬁ'ﬁr the method
comprising m% ntlrr}[% a subject tge article as described herein. For exa ﬁge co mer or polymer
ke Be

blend as desc HEYE heS 88?18% o%?%ﬁb(%ﬁ\?e?fo?'i target site in
the subject, afterateadorsher taogetbiiet the s&o:abd&tﬁ@hmnﬁmnbebapphdﬁismdlae@ﬁm)(}/mer or

polymer blendst e oquwthapléE%gbeoﬂ@t&@agcﬁl%tsggﬁianéggﬁl%&ﬁ%e%%t Syw%%second stimulus

would be known to and understood by those of or ent, for example,

where the stinfilaytid -theimabaneSAmuiidramapbreublodisdel #3046 P &arapleoa R Uifr&sonic wave,

high frequencyd/\éb&tigfﬁaéegrrﬁ&iﬁ%%uh@t@yt%tm o418t ¥ratsn Ebaltenmbo sl e stimulus may
be provided by, for example, a catheter. In an embodiment, the disorder maé be, for example,

atherosclerosis; HriAB AoV d BehifsOUH \9u(l)n%r3rbi[e°mft99é‘t hh ©ABBHIRSHE; HdQMcle as described
herein may beabsed 2f0rseboaabplﬁ dar sepairorg damageugmmtm sxanfiae dbewtrfic@des may comprise

the copolymer,gr-palyruss blepd a5 deseriber gt R0 ifiggnatary agect Pagapsylgted within the

copolymer or polymer [end matrix. For examp e inflammatory agent may be an such as,

ibuprofen, napPoRERORLBRANERDAES, 1erdRILE; %ﬁhﬂﬁﬁ@rﬁra@@mféﬁaﬁ:tmﬁb%ﬁ@@dmﬁéﬁlfnthe copolymer or

polymer blend g, geseribes Jsyain mayderbaeeiaeeoss Basciasit 40opthermabslipp® iecovery material
in biomedical a ﬁ)pllcatlons For example, in an embodiment, the article as described herein may be a vena

cava filter. In 4R BRALENEN RV LR fi ferahay 80%1%6(%3 Lihlet B FYEP blend as
described herainpmainohmeyobedigedofabexadpke,onfane abtine DBtetdhabouciFairyensfiontrap blood clots.

Blood clots m H06E 333 %t%q% {f qow Pf%&{%‘{: faebsaruad | '?fé%?f?%“&%%%”é%%em In an

embodiment, t e vena cava ftilter traps’t ese sma clots reven hém from entering the pulmonary
system and ca@sihgy Blﬂmdi’faifpférﬁbgutsmfilﬁ t@rﬁbﬁmﬁ@dﬁﬁeﬁt fth@\?&@&ﬂéﬁqasﬁnm;ﬂkﬁe introduced in

a compact cyligdsicgbfeuBol 818 STPALHMEND Q“%PNBWHS@MQT@ $Meub6uld EXasRigmabout 2.0- 2.5mm

in diameter and when released it forms an umbrella shape. In an embodiment, the vena cava filter may
comprise a wirkPRHE<hAside Ghouhe S rRidiy ahoui folui aBrut A4S QBB ARRKE the topolymer or
polymer blendtasidescailoes] befeim misyuibé.83etd adsup@kinsiidrandiboiiiterhal tohair @overy materials

for Orthocmm'Cslgrsfrom about 4.5 s to about 9.0 s, or from about 4.6 s to about 9.0 s, or from
about 4.7 s to about 9.0 s, or from about 4.8 s to about 9.0 s, or from about 4.9 s
to about 9.0 s, or from about 5.0 s to about 9.0 s, or from about 5.1 s to about 9.0
s, or from about 5.2 s to about 9.0 s, or from about 5.3 s to about 9.0 s, or from
about 5.4 s to about 9.0 s, or from about 5.5 s to about 9.0 s, or from about 5.6 s
to about 9.0 s, or from about 5.7 s to about 9.0 s, or from about 5.8 s to about 9.0
s, or from about 5.9 s to about 9.0 s, or from about 6.0 s to about 9.0 s, or from
about 6.1 s to about 9.0 s, or from about 6.2 s to about 9.0 s, or from about 6.3 s
to about 9.0 s, or from about 6.4 s to about 9.0 s, or from about 6.5 s to about 9.0
s, or from about 6.6 s to about 9.0 s, or from about 6.7 s to about 9.0 s, or from
about 6.8 s to about 9.0 s, or from about 6.9 s to about 9.0 s, or from about 7.0 s
to about 9.0 s, or from about 7.1 s to about 9.0 s, or from about 7.2 s to about 9.0

s, or from about 7.3 s to about 9.0 s, or from about 7.4 s to about 9.0 s, or from
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applications. In an embodiment, the copolymer or polymer blend as described herein may be used, for
example, as an archwire. In an embodiment, for example, there is provided an archwire comprising the
copolymer or polymer blend as described herein. Archwires made of conventional materials have been

employed a5 a,ggljerbe B1GASHS L TPAMERdTE BT VS, MR IQubR imied "stetch and

tensile properties of these wires, considerable forces are a to teeth, which can cause a great deal of

discomfort. Wi@ARREBEE RideemBRethé B 6rie ARRMFSEes apiiretaleeivird hiasabast $ltensioned.
Visits may be gegarerobsuai0osianish fRre-SeariRaInaIYArs. thias thépunwesks ioihe initial stages of

treatment. The present invention includes jsomers such as geometrical isomers, optical isomers based on
acymmetic cBE SRS 0t OO o A D PR HECARR Bt T formu
illustrated for tteeatmke B0 roreémenaboMaBidisstalbdmatBe enlbdaim abtsubAd examnplag 8fGhe invention

are described Qe ?H]or;q Q%%gﬁeén})gqg’%%ﬁ Y Selé?gpgl\}ﬁé%gﬂ%gqu%@go?ﬁggﬁ% Examples

Example 1: Synthesis an aracterization of po urethan CL urethane)s

were prepareceB9¥hBdoniRy RSIhE ROL 5 PPk it BIb8IE LShE eReabeLl Artage,

1,6-hexamethlyeagodisns waoateoth MU with Sibuiybin ditayraisamtbssaialys +J BB Bhesis of the

poly(PDMS/PCL urethane)s is presented in Scheme 1.
s, or from about 0.5 s to about 8.9 s, or from about 0.6 s to about 8.9 s, or from

about 0.7 s to about 8.9 s, or from about 0.8 s to about 8.9 s, or from about 0.9 s
to about 8.9 s, or from about 1.0 s to about 8.9 s, or from about 1.1 s to about 8.9
s, or from about 1.2 s to about 8.9 s, or from about 1.3 s to about 8.9 s, or from
about 1.4 s to about 8.9 s, or from about 1.5 s to about 8.9 s, or from about 1.6 s
to about 8.9 s, or from about 1.7 s to about 8.9 s, or from about 1.8 s to about 8.9
s, or from about 1.9 s to about 8.9 s, or from about 2.0 s to about 8.9 s, or from
about 2.1 s to about 8.9 s, or from about 2.2 s to about 8.9 s, or from about 2.3 s
to about 8.9 s, or from about 2.4 s to about 8.9 s, or from about 2.5 s to about 8.9
s, or from about 2.6 s to about 8.9 s, or from about 2.7 s to about 8.9 s, or from
about 2.8 s to about 8.9 s, or from about 2.9 s to about 8.9 s, or from about 3.0 s
to about 8.9 s, or from about 3.1 s to about 8.9 s, or from about 3.2 s to about 8.9
s, or from about 3.3 s to about 8.9 s, or from about 3.4 s to about 8.9 s, or from
about 3.4 s to about 8.9 s, or from about 3.5 s to about 8.9 s, or from about 3.6 s
to about 8.9 s, or from about 3.7 s to about 8.9 s, or from about 3.8 s to about 8.9
s, or from about 3.9 s to about 8.9 s, or from about 4.0 s to about 8.9 s, or from
about 4.1 s to about 8.9 s, or from about 4.2 s to about 8.9 s, or from about 4.3 s
to about 8.9 s, or from about 4.4 s to about 8.9 s, or from about 4.5 s to about 8.9
s, or from about 4.6 s to about 8.9 s, or from about 4.7 s to about 8.9 s, or from
about 4.8 s to about 8.9 s, or from about 4.9 s to about 8.9 s, or from about 5.0 s
to about 8.9 s, or from about 5.1 s to about 8.9 s, or from about 5.2 s to about 8.9
s, or from about 5.3 s to about 8.9 s, or from about 5.4 s to about 8.9 s, or from
about 5.5 s to about 8.9 s, or from about 5.6 s to about 8.9 s, or from about 5.7 s
to about 8.9 s, or from about 5.8 s to about 8.9 s, or from about 5.9 s to about 8.9

s, or from about 6.0 s to about 8.9 s, or from about 6.1 s to about 8.9 s, or from
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75 C, 24 hrs 1,2-dichloroethane / tetrahydrofuran Dibutyltin-dilaurate OCNW™ NCO TH, oksk4

about 6.2 s to about 8.9 s, or from about 6.3 s to about 8.9 s, or from about 6.4 s
to about 8.9 s, or from about 6.5 s to about 8.9 s, or from about 6.6 s to about 8.9
s, or from about 6.7 s to about 8.9 s, or from about 6.8 s to about 8.9 s, or from
about 6.9 s to about 8.9 s, or from about 7.0 s to about 8.9 s, or from about 7.1 s
to about 8.9 s, or from about 7.2 s to about 8.9 s, or from about 7.3 s to about 8.9
s, or from about 7.4 s to about 8.9 s, or from about 7.5 s to about 8.9 s, or from
about 7.6 s to about 8.9 s, or from about 7.7 s to about 8.9 s, or from about 7.8 s
to about 8.9 s, or from about 7.9 s to about 8.9 s, or from about 8.0 s to about 8.9
s, or from about 8.1 s to about 8.9 s, or from about 8.2 s to about 8.9 s, or from
about 8.3 s to about 8.9 s, or from about 8.4 s to about 8.9 s, or from about 8.5 s
to about 8.9 s, or from about 8.6 s to about 8.9 s, or from about 8.7 s to about 8.9
s, or from about 8.8 s to about 8.9 s, or from about 0.1 s to about 8.8 s, or from
about 0.2 s to about 8.8 s, or from about 0.3 s to about 8.8 s, or from about 0.4 s
to about 8.8 s, or from about 0.5 s to about 8.8 s, or from about 0.6 s to about 8.8
s, or from about 0.7 s to about 8.8 s, or from about 0.8 s to about 8.8 s, or from
about 0.9 s to about 8.8 s, or from about 1.0 s to about 8.8 s, or from about 1.1 s
to about 8.8 s, or from about 1.2 s to about 8.8 s, or from about 1.3 s to about 8.8
s, or from about 1.4 s to about 8.8 s, or from about 1.5 s to about 8.8 s, or from
about 1.6 s to about 8.8 s, or from about 1.7 s to about 8.8 s, or from about 1.8 s
to about 8.8 s, or from about 1.9 s to about 8.8 s, or from about 2.0 s to about 8.8
s, or from about 2.1 s to about 8.8 s, or from about 2.2 s to about 8.8 s, or from
about 2.3 s to about 8.8 s, or from about 2.4 s to about 8.8 s, or from about 2.5 s
to about 8.8 s, or from about 2.6 s to about 8.8 s, or from about 2.7 s to about 8.8
s, or from about 2.8 s to about 8.8 s, or from about 2.9 s to about 8.8 s, or from
about 3.0 s to about 8.8 s, or from about 3.1 s to about 8.8 s, or from about 3.2 s
to about 8.8 s, or from about 3.3 s to about 8.8 s, or from about 3.4 s to about 8.8
s, or from about 3.4 s to about 8.8 s, or from about 3.5 s to about 8.8 s, or from
about 3.6 s to about 8.8 s, or from about 3.7 s to about 8.8 s, or from about 3.8 s
to about 8.8 s, or from about 3.9 s to about 8.8 s, or from about 4.0 s to about 8.8
s, or from about 4.1 s to about 8.8 s, or from about 4.2 s to about 8.8 s, or from
about 4.3 s to about 8.8 s, or from about 4.4 s to about 8.8 s, or from about 4.5 s
to about 8.8 s, or from about 4.6 s to about 8.8 s, or from about 4.7 s to about 8.8

s, or from about 4.8 s to about 8.8 s, or from about 4.9 s to about 8.8 s, or from
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about 5.0 s to about 8.8 s, or from about 5.1 s to about 8.8 s, or from about 5.2 s
to about 8.8 s, or from about 5.3 s to about 8.8 s, or from about 5.4 s to about 8.8
s, or from about 5.5 s to about 8.8 s, or from about 5.6 s to about 8.8 s, or from
about 5.7 s to about 8.8 s, or from about 5.8 s to about 8.8 s, or from about 5.9 s
to about 8.8 s, or from about 6.0 s to about 8.8 s, or from about 6.1 s to about 8.8
s, or from about 6.2 s to about 8.8 s, or from about 6.3 s to about 8.8 s, or from
about 6.4 s to about 8.8 s, or from about 6.5 s to about 8.8 s, or from about 6.6 s
to about 8.8 s, or from about 6.7 s to about 8.8 s, or from about 6.8 s to about 8.8
s, or from about 6.9 s to about 8.8 s, or from about 7.0 s to about 8.8 s, or from
about 7.1 s to about 8.8 s, or from about 7.2 s to about 8.8 s, or from about 7.3 s
to about 8.8 s, or from about 7.4 s to about 8.8 s, or from about 7.5 s to about 8.8
s, or from about 7.6 s to about 8.8 s, or from about 7.7 s to about 8.8 s, or from
about 7.8 s to about 8.8 s, or from about 7.9 s to about 8.8 s, or from about 8.0 s
to about 8.8 s, or from about 8.1 s to about 8.8 s, or from about 8.2 s to about 8.8
s, or from about 8.3 s to about 8.8 s, or from about 8.4 s to about 8.8 s, or from
about 8.5 s to about 8.8 s, or from about 8.6 s to about 8.8 s, or from about 8.7 s
to about 8.8 s, or from about 0.1 s to about 8.7 s, or from about 0.2 s to about 8.7
s, or from about 0.3 s to about 8.7 s, or from about 0.4 s to about 8.7 s, or from
about 0.5 s to about 8.7 s, or from about 0.6 s to about 8.7 s, or from about 0.7 s
to about 8.7 s, or from about 0.8 s to about 8.7 s, or from about 0.9 s to about 8.7
s, or from about 1.0 s to about 8.7 s, or from about 1.1 s to about 8.7 s, or from
about 1.2 s to about 8.7 s, or from about 1.3 s to about 8.7 s, or from about 1.4 s
to about 8.7 s, or from about 1.5 s to about 8.7 s, or from about 1.6 s to about 8.7
s, or from about 1.7 s to about 8.7 s, or from about 1.8 s to about 8.7 s, or from
about 1.9 s to about 8.7 s, or from about 2.0 s to about 8.7 s, or from about 2.1 s
to about 8.7 s, or from about 2.2 s to about 8.7 s, or from about 2.3 s to about 8.7
s, or from about 2.4 s to about 8.7 s, or from about 2.5 s to about 8.7 s, or from
about 2.6 s to about 8.7 s, or from about 2.7 s to about 8.7 s, or from about 2.8 s
to about 8.7 s, or from about 2.9 s to about 8.7 s, or from about 3.0 s to about 8.7
s, or from about 3.1 s to about 8.7 s, or from about 3.2 s to about 8.7 s, or from
about 3.3 s to about 8.7 s, or from about 3.4 s to about 8.7 s, or from about 3.4 s
to about 8.7 s, or from about 3.5 s to about 8.7 s, or from about 3.6 s to about 8.7

s, or from about 3.7 s to about 8.7 s, or from about 3.8 s to about 8.7 s, or from
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Scheme 1 depicts a synthesis of poly(PDMS/PCL urethane)s. Materials Poly(c-caprolactone)-diol
(PCL-diol) with Mr, of ca. 2000 g.moll and dihydroxylterminated poly(dimethylsiloxane) (PDMS) was
purchased from Aldrich. The Mr, and Mw of PCL-diol were found to be 1040 and 2320 g.mo1-1,

respectively. ThgWIs 88l ADMS Yiois R0 b, 990 Ak 20000 et e spraivel. Dibutytin

dilaurate (95%), exame ||30(2/anate (HMDI) (98%), anhydrous tetrahydrofuran, hexane and

1,2-dichloroethafequbsts). We oM ABRHBAR Fomakeiich 7 520 AR RaHEAS Wae dhoMidiTover CaH2
before use. Syd1thesisn®hBelY PP YD/ BSdutgetiang Fedmn asypicabry eparsinm. B )t febaf

dihyd -terminat ly(dimethylsjl PDMS-digl) and 12.2 f djhyd -terminated

Doty (c-captol BB BE BRI Bt 08 SR SaErr Bk S BRERH HBd a 80 C
overnight. On tb@bmxlt&lé;s,theftenmpbmmwvsas et s ,68) Coamdtibet RBFswashmuiged with nitrogen
ana kept undet WY RRRnAIRRENe s A (ils of S eI gluIgn (R HFL AP S (o the Mmolten

polymers to disSolve the sam issolution, 1.44 o@%examethyﬁane diisocyanate (HMDI) and 4
drops of dibut@ghaWifagrate pR@ kY wePe frbabamdbies solabion RdsSaMbWem @ostt %6 C. After 1

hour, the solutigryis 9seryetdm thsdiarn e amRItEINsINeeH aBbales 1o tahkkufBthis juncture, 10

mL of anhydrous dichloroethane (DCE) was added %o the mixture and the solution was allowed to stir. It
was observed 3hF ffpm about 5.8 s to about 8.7's, or from about 5.9 s to about 8.7's, or from

about 6.0 s to about 8.7 s, or from about 6.1 s to about 8.7 s, or from about 6.2 s
to about 8.7 s, or from about 6.3 s to about 8.7 s, or from about 6.4 s to about 8.7
s, or from about 6.5 s to about 8.7 s, or from about 6.6 s to about 8.7 s, or from
about 6.7 s to about 8.7 s, or from about 6.8 s to about 8.7 s, or from about 6.9 s
to about 8.7 s, or from about 7.0 s to about 8.7 s, or from about 7.1 s to about 8.7
s, or from about 7.2 s to about 8.7 s, or from about 7.3 s to about 8.7 s, or from
about 7.4 s to about 8.7 s, or from about 7.5 s to about 8.7 s, or from about 7.6 s
to about 8.7 s, or from about 7.7 s to about 8.7 s, or from about 7.8 s to about 8.7
s, or from about 7.9 s to about 8.7 s, or from about 8.0 s to about 8.7 s, or from
about 8.1 s to about 8.7 s, or from about 8.2 s to about 8.7 s, or from about 8.3 s
to about 8.7 s, or from about 8.4 s to about 8.7 s, or from about 8.5 s to about 8.7
s, or from about 8.6 s to about 8.7 s, or from about 0.1 s to about 8.6 s, or from
about 0.2 s to about 8.6 s, or from about 0.3 s to about 8.6 s, or from about 0.4 s
to about 8.6 s, or from about 0.5 s to about 8.6 s, or from about 0.6 s to about 8.6
s, or from about 0.7 s to about 8.6 s, or from about 0.8 s to about 8.6 s, or from
about 0.9 s to about 8.6 s, or from about 1.0 s to about 8.6 s, or from about 1.1 s
to about 8.6 s, or from about 1.2 s to about 8.6 s, or from about 1.3 s to about 8.6
s, or from about 1.4 s to about 8.6 s, or from about 1.5 s to about 8.6 s, or from
about 1.6 s to about 8.6 s, or from about 1.7 s to about 8.6 s, or from about 1.8 s
to about 8.6 s, or from about 1.9 s to about 8.6 s, or from about 2.0 s to about 8.6
s, or from about 2.1 s to about 8.6 s, or from about 2.2 s to about 8.6 s, or from
about 2.3 s to about 8.6 s, or from about 2.4 s to about 8.6 s, or from about 2.5 s
to about 8.6 s, or from about 2.6 s to about 8.6 s, or from about 2.7 s to about 8.6

s, or from about 2.8 s to about 8.6 s, or from about 2.9 s to about 8.6 s, or from
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solution became clearer upon addition of DCE. After a further 3.5 hours, 20 mL of anhydrous DCE was
added and the temperature was raised to 75 C. This reaction was allowed to proceed for a further 24 h.
Chloroform (200 mL) was added and the polymer was solution cast to form a polymer film. The film was

dried overnioht ) gk, COpIBIRRSEALLE oG sheL e s washedhindigyans or 2 hours and

then dried overnig at 45 C. Molecular characterization Gel permeation chromatography (GPC)

analysis was derARALG Gt PASHheREEY SE8 ecbaBlacs s & AfAheiraRed Bienogel in
series and a S§igaesm Bbecl 84 eftrsbivet idex detrstPabbiFavsassasbasedieiratenflow rate of 1.0

I/min at 45 C. M [ I t d Mr, bet 1.36 x 103 and 1,29 x 106 d
1 obtain  calP AN C a2 DBy IS (450 W B s 15 RARS 0 195 CRLARALE Secorded on
Bruker AV-4(_)O_q\HME_USﬁ@:momné1@naibmﬁrﬁ.ﬁegrgoezhﬂMeB.ElsedrHrMMﬁbmﬂaetsﬁ)matuaM@ carried out
with an acquisftion M of 3¢ £+ as&’b‘&&o[ﬁ%@f%%@#%‘?n%rfgﬂt% 3 Shdfms b widly, 5208 Hz

spectral width, and 32K data points. Chemical shift was referred to the solvent peaks (PPM= 7.3 for

CHCI3). A serieost fah@dmaneitiifiéek solyorparsub & sietrRAL) S Rith diffya@rBMS $nd PCL

contents weregysiBasE.6%, dnd dnehspalecs aryvaighissass, molksHlapyveight distebytipgs were
determined by GP Tableézszﬁ\:gical GPC chromarﬁo raphs of the poly(PDMS/PCL urethane)s show a
r

unimodal pealSiPHHEEBE {9FRBH AP ARWrY W 498 IbACSYERS IR F¥ire of the plot
with those of cai.umyﬁo@dingah@mlﬁsﬁ)es androatesbthatbal cotoEbtar 8 parthok hacet Withsno unreacted

R0ty e mdiont theno unreacte
hre buited Tl § o A B e B R ccocting anc

they are solubfe i O ABALORYASHACSIRRNIEE. & ScRI-HE0Eh RIPETHEIPH folpamiyelbRiban or from
N,N-dimethylfeypaantdesaachbsdsoxansr tMpiemdar Saesastarnsation s, or from about 5.9 s

to about 8.6 s, or from about 6.0 s to about 8.6 s, or from about 6.1 s to about 8.6
s, or from about 6.2 s to about 8.6 s, or from about 6.3 s to about 8.6 s, or from
about 6.4 s to about 8.6 s, or from about 6.5 s to about 8.6 s, or from about 6.6 s
to about 8.6 s, or from about 6.7 s to about 8.6 s, or from about 6.8 s to about 8.6
s, or from about 6.9 s to about 8.6 s, or from about 7.0 s to about 8.6 s, or from
about 7.1 s to about 8.6 s, or from about 7.2 s to about 8.6 s, or from about 7.3 s
to about 8.6 s, or from about 7.4 s to about 8.6 s, or from about 7.5 s to about 8.6
s, or from about 7.6 s to about 8.6 s, or from about 7.7 s to about 8.6 s, or from
about 7.8 s to about 8.6 s, or from about 7.9 s to about 8.6 s, or from about 8.0 s
to about 8.6 s, or from about 8.1 s to about 8.6 s, or from about 8.2 s to about 8.6
s, or from about 8.3 s to about 8.6 s, or from about 8.4 s to about 8.6 s, or from
about 8.5 s to about 8.6 s, or from about 0.1 s to about 8.5 s, or from about 0.2 s
to about 8.5 s, or from about 0.3 s to about 8.5 s, or from about 0.4 s to about 8.5
s, or from about 0.5 s to about 8.5 s, or from about 0.6 s to about 8.5 s, or from
about 0.7 s to about 8.5 s, or from about 0.8 s to about 8.5 s, or from about 0.9 s
to about 8.5 s, or from about 1.0 s to about 8.5 s, or from about 1.1 s to about 8.5
s, or from about 1.2 s to about 8.5 s, or from about 1.3 s to about 8.5 s, or from
about 1.4 s to about 8.5 s, or from about 1.5 s to about 8.5 s, or from about 1.6 s
to about 8.5 s, or from about 1.7 s to about 8.5 s, or from about 1.8 s to about 8.5

s, or from about 1.9 s to about 8.5 s, or from about 2.0 s to about 8.5 s, or from
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Table 1. Molecular Characteristics of Poly(PDMS/PCL urethane)s Sample ID Mw (X 104)a/ g.mol1-1
mrimwa Content (wr/o)b

about 2.1 s to about 8.5 s, or from about 2.2 s to about 8.5 s, or from about 2.3 s
to about 8.5 s, or from about 2.4 s to about 8.5 s, or from about 2.5 s to about 8.5
s, or from about 2.6 s to about 8.5 s, or from about 2.7 s to about 8.5 s, or from
about 2.8 s to about 8.5 s, or from about 2.9 s to about 8.5 s, or from about 3.0 s
to about 8.5 s, or from about 3.1 s to about 8.5 s, or from about 3.2 s to about 8.5
s, or from about 3.3 s to about 8.5 s, or from about 3.4 s to about 8.5 s, or from
about 3.4 s to about 8.5 s, or from about 3.5 s to about 8.5 s, or from about 3.6 s
to about 8.5 s, or from about 3.7 s to about 8.5 s, or from about 3.8 s to about 8.5
s, or from about 3.9 s to about 8.5 s, or from about 4.0 s to about 8.5 s, or from
about 4.1 s to about 8.5 s, or from about 4.2 s to about 8.5 s, or from about 4.3 s
to about 8.5 s, or from about 4.4 s to about 8.5 s, or from about 4.5 s to about 8.5
s, or from about 4.6 s to about 8.5 s, or from about 4.7 s to about 8.5 s, or from
about 4.8 s to about 8.5 s, or from about 4.9 s to about 8.5 s, or from about 5.0 s
to about 8.5 s, or from about 5.1 s to about 8.5 s, or from about 5.2 s to about 8.5
s, or from about 5.3 s to about 8.5 s, or from about 5.4 s to about 8.5 s, or from
about 5.5 s to about 8.5 s, or from about 5.6 s to about 8.5 s, or from about 5.7 s
to about 8.5 s, or from about 5.8 s to about 8.5 s, or from about 5.9 s to about 8.5
s, or from about 6.0 s to about 8.5 s, or from about 6.1 s to about 8.5 s, or from
about 6.2 s to about 8.5 s, or from about 6.3 s to about 8.5 s, or from about 6.4 s
to about 8.5 s, or from about 6.5 s to about 8.5 s, or from about 6.6 s to about 8.5
s, or from about 6.7 s to about 8.5 s, or from about 6.8 s to about 8.5 s, or from
about 6.9 s to about 8.5 s, or from about 7.0 s to about 8.5 s, or from about 7.1 s
to about 8.5 s, or from about 7.2 s to about 8.5 s, or from about 7.3 s to about 8.5
s, or from about 7.4 s to about 8.5 s, or from about 7.5 s to about 8.5 s, or from
about 7.6 s to about 8.5 s, or from about 7.7 s to about 8.5 s, or from about 7.8 s
to about 8.5 s, or from about 7.9 s to about 8.5 s, or from about 8.0 s to about 8.5
s, or from about 8.1 s to about 8.5 s, or from about 8.2 s to about 8.5 s, or from
about 8.3 s to about 8.5 s, or from about 8.4 s to about 8.5 s, or from about 0.1 s
to about 8.4 s, or from about 0.2 s to about 8.4 s, or from about 0.3 s to about 8.4
s, or from about 0.4 s to about 8.4 s, or from about 0.5 s to about 8.4 s, or from
about 0.6 s to about 8.4 s, or from about 0.7 s to about 8.4 s, or from about 0.8 s
to about 8.4 s, or from about 0.9 s to about 8.4 s, or from about 1.0 s to about 8.4

s, or from about 1.1 s to about 8.4 s, or from about 1.2 s to about 8.4 s, or from
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about 1.3 s to about 8.4 s, or from about 1.4 s to about 8.4 s, or from about 1.5 s
to about 8.4 s, or from about 1.6 s to about 8.4 s, or from about 1.7 s to about 8.4
s, or from about 1.8 s to about 8.4 s, or from about 1.9 s to about 8.4 s, or from
about 2.0 s to about 8.4 s, or from about 2.1 s to about 8.4 s, or from about 2.2 s
to about 8.4 s, or from about 2.3 s to about 8.4 s, or from about 2.4 s to about 8.4
s, or from about 2.5 s to about 8.4 s, or from about 2.6 s to about 8.4 s, or from
about 2.7 s to about 8.4 s, or from about 2.8 s to about 8.4 s, or from about 2.9 s
to about 8.4 s, or from about 3.0 s to about 8.4 s, or from about 3.1 s to about 8.4
s, or from about 3.2 s to about 8.4 s, or from about 3.3 s to about 8.4 s, or from
about 3.4 s to about 8.4 s, or from about 3.4 s to about 8.4 s, or from about 3.5 s
to about 8.4 s, or from about 3.6 s to about 8.4 s, or from about 3.7 s to about 8.4
s, or from about 3.8 s to about 8.4 s, or from about 3.9 s to about 8.4 s, or from
about 4.0 s to about 8.4 s, or from about 4.1 s to about 8.4 s, or from about 4.2 s
to about 8.4 s, or from about 4.3 s to about 8.4 s, or from about 4.4 s to about 8.4
s, or from about 4.5 s to about 8.4 s, or from about 4.6 s to about 8.4 s, or from
about 4.7 s to about 8.4 s, or from about 4.8 s to about 8.4 s, or from about 4.9 s
to about 8.4 s, or from about 5.0 s to about 8.4 s, or from about 5.1 s to about 8.4
s, or from about 5.2 s to about 8.4 s, or from about 5.3 s to about 8.4 s, or from
about 5.4 s to about 8.4 s, or from about 5.5 s to about 8.4 s, or from about 5.6 s
to about 8.4 s, or from about 5.7 s to about 8.4 s, or from about 5.8 s to about 8.4
s, or from about 5.9 s to about 8.4 s, or from about 6.0 s to about 8.4 s, or from
about 6.1 s to about 8.4 s, or from about 6.2 s to about 8.4 s, or from about 6.3 s
to about 8.4 s, or from about 6.4 s to about 8.4 s, or from about 6.5 s to about 8.4
s, or from about 6.6 s to about 8.4 s, or from about 6.7 s to about 8.4 s, or from
about 6.8 s to about 8.4 s, or from about 6.9 s to about 8.4 s, or from about 7.0 s
to about 8.4 s, or from about 7.1 s to about 8.4 s, or from about 7.2 s to about 8.4
s, or from about 7.3 s to about 8.4 s, or from about 7.4 s to about 8.4 s, or from
about 7.5 s to about 8.4 s, or from about 7.6 s to about 8.4 s, or from about 7.7 s
to about 8.4 s, or from about 7.8 s to about 8.4 s, or from about 7.9 s to about 8.4
s, or from about 8.0 s to about 8.4 s, or from about 8.1 s to about 8.4 s, or from
about 8.2 s to about 8.4 s, or from about 8.3 s to about 8.4 s, or from about 0.1 s
to about 8.3 s, or from about 0.2 s to about 8.3 s, or from about 0.3 s to about 8.3

s, or from about 0.4 s to about 8.3 s, or from about 0.5 s to about 8.3 s, or from
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about 0.6 s to about 8.3 s, or from about 0.7 s to about 8.3 s, or from about 0.8 s
to about 8.3 s, or from about 0.9 s to about 8.3 s, or from about 1.0 s to about 8.3
s, or from about 1.1 s to about 8.3 s, or from about 1.2 s to about 8.3 s, or from
about 1.3 s to about 8.3 s, or from about 1.4 s to about 8.3 s, or from about 1.5 s
to about 8.3 s, or from about 1.6 s to about 8.3 s, or from about 1.7 s to about 8.3
s, or from about 1.8 s to about 8.3 s, or from about 1.9 s to about 8.3 s, or from
about 2.0 s to about 8.3 s, or from about 2.1 s to about 8.3 s, or from about 2.2 s
to about 8.3 s, or from about 2.3 s to about 8.3 s, or from about 2.4 s to about 8.3
s, or from about 2.5 s to about 8.3 s, or from about 2.6 s to about 8.3 s, or from
about 2.7 s to about 8.3 s, or from about 2.8 s to about 8.3 s, or from about 2.9 s
to about 8.3 s, or from about 3.0 s to about 8.3 s, or from about 3.1 s to about 8.3
s, or from about 3.2 s to about 8.3 s, or from about 3.3 s to about 8.3 s, or from
about 3.4 s to about 8.3 s, or from about 3.4 s to about 8.3 s, or from about 3.5 s
to about 8.3 s, or from about 3.6 s to about 8.3 s, or from about 3.7 s to about 8.3
s, or from about 3.8 s to about 8.3 s, or from about 3.9 s to about 8.3 s, or from
about 4.0 s to about 8.3 s, or from about 4.1 s to about 8.3 s, or from about 4.2 s
to about 8.3 s, or from about 4.3 s to about 8.3 s, or from about 4.4 s to about 8.3
s, or from about 4.5 s to about 8.3 s, or from about 4.6 s to about 8.3 s, or from
about 4.7 s to about 8.3 s, or from about 4.8 s to about 8.3 s, or from about 4.9 s
to about 8.3 s, or from about 5.0 s to about 8.3 s, or from about 5.1 s to about 8.3
s, or from about 5.2 s to about 8.3 s, or from about 5.3 s to about 8.3 s, or from
about 5.4 s to about 8.3 s, or from about 5.5 s to about 8.3 s, or from about 5.6 s
to about 8.3 s, or from about 5.7 s to about 8.3 s, or from about 5.8 s to about 8.3
s, or from about 5.9 s to about 8.3 s, or from about 6.0 s to about 8.3 s, or from
about 6.1 s to about 8.3 s, or from about 6.2 s to about 8.3 s, or from about 6.3 s
to about 8.3 s, or from about 6.4 s to about 8.3 s, or from about 6.5 s to about 8.3
s, or from about 6.6 s to about 8.3 s, or from about 6.7 s to about 8.3 s, or from
about 6.8 s to about 8.3 s, or from about 6.9 s to about 8.3 s, or from about 7.0 s
to about 8.3 s, or from about 7.1 s to about 8.3 s, or from about 7.2 s to about 8.3
s, or from about 7.3 s to about 8.3 s, or from about 7.4 s to about 8.3 s, or from
about 7.5 s to about 8.3 s, or from about 7.6 s to about 8.3 s, or from about 7.7 s
to about 8.3 s, or from about 7.8 s to about 8.3 s, or from about 7.9 s to about 8.3

s, or from about 8.0 s to about 8.3 s, or from about 8.1 s to about 8.3 s, or from
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about 8.2 s to about 8.3 s, or from about 0.1 s to about 8.2 s, or from about 0.2 s
to about 8.2 s, or from about 0.3 s to about 8.2 s, or from about 0.4 s to about 8.2
s, or from about 0.5 s to about 8.2 s, or from about 0.6 s to about 8.2 s, or from
about 0.7 s to about 8.2 s, or from about 0.8 s to about 8.2 s, or from about 0.9 s
to about 8.2 s, or from about 1.0 s to about 8.2 s, or from about 1.1 s to about 8.2
s, or from about 1.2 s to about 8.2 s, or from about 1.3 s to about 8.2 s, or from
about 1.4 s to about 8.2 s, or from about 1.5 s to about 8.2 s, or from about 1.6 s
to about 8.2 s, or from about 1.7 s to about 8.2 s, or from about 1.8 s to about 8.2
s, or from about 1.9 s to about 8.2 s, or from about 2.0 s to about 8.2 s, or from
about 2.1 s to about 8.2 s, or from about 2.2 s to about 8.2 s, or from about 2.3 s
to about 8.2 s, or from about 2.4 s to about 8.2 s, or from about 2.5 s to about 8.2
s, or from about 2.6 s to about 8.2 s, or from about 2.7 s to about 8.2 s, or from
about 2.8 s to about 8.2 s, or from about 2.9 s to about 8.2 s, or from about 3.0 s
to about 8.2 s, or from about 3.1 s to about 8.2 s, or from about 3.2 s to about 8.2
s, or from about 3.3 s to about 8.2 s, or from about 3.4 s to about 8.2 s, or from
about 3.4 s to about 8.2 s, or from about 3.5 s to about 8.2 s, or from about 3.6 s
to about 8.2 s, or from about 3.7 s to about 8.2 s, or from about 3.8 s to about 8.2
s, or from about 3.9 s to about 8.2 s, or from about 4.0 s to about 8.2 s, or from
about 4.1 s to about 8.2 s, or from about 4.2 s to about 8.2 s, or from about 4.3 s
to about 8.2 s, or from about 4.4 s to about 8.2 s, or from about 4.5 s to about 8.2
s, or from about 4.6 s to about 8.2 s, or from about 4.7 s to about 8.2 s, or from
about 4.8 s to about 8.2 s, or from about 4.9 s to about 8.2 s, or from about 5.0 s
to about 8.2 s, or from about 5.1 s to about 8.2 s, or from about 5.2 s to about 8.2
s, or from about 5.3 s to about 8.2 s, or from about 5.4 s to about 8.2 s, or from
about 5.5 s to about 8.2 s, or from about 5.6 s to about 8.2 s, or from about 5.7 s
to about 8.2 s, or from about 5.8 s to about 8.2 s, or from about 5.9 s to about 8.2
s, or from about 6.0 s to about 8.2 s, or from about 6.1 s to about 8.2 s, or from
about 6.2 s to about 8.2 s, or from about 6.3 s to about 8.2 s, or from about 6.4 s
to about 8.2 s, or from about 6.5 s to about 8.2 s, or from about 6.6 s to about 8.2
s, or from about 6.7 s to about 8.2 s, or from about 6.8 s to about 8.2 s, or from
about 6.9 s to about 8.2 s, or from about 7.0 s to about 8.2 s, or from about 7.1 s
to about 8.2 s, or from about 7.2 s to about 8.2 s, or from about 7.3 s to about 8.2

s, or from about 7.4 s to about 8.2 s, or from about 7.5 s to about 8.2 s, or from
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about 7.6 s to about 8.2 s, or from about 7.7 s to about 8.2 s, or from about 7.8 s
to about 8.2 s, or from about 7.9 s to about 8.2 s, or from about 8.0 s to about 8.2
s, or from about 8.1 s to about 8.2 s, or from about 0.1 s to about 8.1 s, or from
about 0.2 s to about 8.1 s, or from about 0.3 s to about 8.1 s, or from about 0.4 s
to about 8.1 s, or from about 0.5 s to about 8.1 s, or from about 0.6 s to about 8.1
s, or from about 0.7 s to about 8.1 s, or from about 0.8 s to about 8.1 s, or from
about 0.9 s to about 8.1 s, or from about 1.0 s to about 8.1 s, or from about 1.1 s
to about 8.1 s, or from about 1.2 s to about 8.1 s, or from about 1.3 s to about 8.1
s, or from about 1.4 s to about 8.1 s, or from about 1.5 s to about 8.1 s, or from
about 1.6 s to about 8.1 s, or from about 1.7 s to about 8.1 s, or from about 1.8 s
to about 8.1 s, or from about 1.9 s to about 8.1 s, or from about 2.0 s to about 8.1
s, or from about 2.1 s to about 8.1 s, or from about 2.2 s to about 8.1 s, or from
about 2.3 s to about 8.1 s, or from about 2.4 s to about 8.1 s, or from about 2.5 s
to about 8.1 s, or from about 2.6 s to about 8.1 s, or from about 2.7 s to about 8.1
s, or from about 2.8 s to about 8.1 s, or from about 2.9 s to about 8.1 s, or from
about 3.0 s to about 8.1 s, or from about 3.1 s to about 8.1 s, or from about 3.2 s
to about 8.1 s, or from about 3.3 s to about 8.1 s, or from about 3.4 s to about 8.1
s, or from about 3.4 s to about 8.1 s, or from about 3.5 s to about 8.1 s, or from
about 3.6 s to about 8.1 s, or from about 3.7 s to about 8.1 s, or from about 3.8 s
to about 8.1 s, or from about 3.9 s to about 8.1 s, or from about 4.0 s to about 8.1
s, or from about 4.1 s to about 8.1 s, or from about 4.2 s to about 8.1 s, or from
about 4.3 s to about 8.1 s, or from about 4.4 s to about 8.1 s, or from about 4.5 s
to about 8.1 s, or from about 4.6 s to about 8.1 s, or from about 4.7 s to about 8.1
s, or from about 4.8 s to about 8.1 s, or from about 4.9 s to about 8.1 s, or from
about 5.0 s to about 8.1 s, or from about 5.1 s to about 8.1 s, or from about 5.2 s
to about 8.1 s, or from about 5.3 s to about 8.1 s, or from about 5.4 s to about 8.1
s, or from about 5.5 s to about 8.1 s, or from about 5.6 s to about 8.1 s, or from
about 5.7 s to about 8.1 s, or from about 5.8 s to about 8.1 s, or from about 5.9 s
to about 8.1 s, or from about 6.0 s to about 8.1 s, or from about 6.1 s to about 8.1
s, or from about 6.2 s to about 8.1 s, or from about 6.3 s to about 8.1 s, or from
about 6.4 s to about 8.1 s, or from about 6.5 s to about 8.1 s, or from about 6.6 s
to about 8.1 s, or from about 6.7 s to about 8.1 s, or from about 6.8 s to about 8.1

s, or from about 6.9 s to about 8.1 s, or from about 7.0 s to about 8.1 s, or from
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about 7.1 s to about 8.1 s, or from about 7.2 s to about 8.1 s, or from about 7.3 s
to about 8.1 s, or from about 7.4 s to about 8.1 s, or from about 7.5 s to about 8.1
s, or from about 7.6 s to about 8.1 s, or from about 7.7 s to about 8.1 s, or from
about 7.8 s to about 8.1 s, or from about 7.9 s to about 8.1 s, or from about 8.0 s
to about 8.1 s, or from about 0.1 s to about 8.0 s, or from about 0.2 s to about 8.0
s, or from about 0.3 s to about 8.0 s, or from about 0.4 s to about 8.0 s, or from
about 0.5 s to about 8.0 s, or from about 0.6 s to about 8.0 s, or from about 0.7 s
to about 8.0 s, or from about 0.8 s to about 8.0 s, or from about 0.9 s to about 8.0
s, or from about 1.0 s to about 8.0 s, or from about 1.1 s to about 8.0 s, or from
about 1.2 s to about 8.0 s, or from about 1.3 s to about 8.0 s, or from about 1.4 s
to about 8.0 s, or from about 1.5 s to about 8.0 s, or from about 1.6 s to about 8.0
s, or from about 1.7 s to about 8.0 s, or from about 1.8 s to about 8.0 s, or from
about 1.9 s to about 8.0 s, or from about 2.0 s to about 8.0 s, or from about 2.1 s
to about 8.0 s, or from about 2.2 s to about 8.0 s, or from about 2.3 s to about 8.0
s, or from about 2.4 s to about 8.0 s, or from about 2.5 s to about 8.0 s, or from
about 2.6 s to about 8.0 s, or from about 2.7 s to about 8.0 s, or from about 2.8 s
to about 8.0 s, or from about 2.9 s to about 8.0 s, or from about 3.0 s to about 8.0
s, or from about 3.1 s to about 8.0 s, or from about 3.2 s to about 8.0 s, or from
about 3.3 s to about 8.0 s, or from about 3.4 s to about 8.0 s, or from about 3.4 s
to about 8.0 s, or from about 3.5 s to about 8.0 s, or from about 3.6 s to about 8.0
s, or from about 3.7 s to about 8.0 s, or from about 3.8 s to about 8.0 s, or from
about 3.9 s to about 8.0 s, or from about 4.0 s to about 8.0 s, or from about 4.1 s
to about 8.0 s, or from about 4.2 s to about 8.0 s, or from about 4.3 s to about 8.0
s, or from about 4.4 s to about 8.0 s, or from about 4.5 s to about 8.0 s, or from
about 4.6 s to about 8.0 s, or from about 4.7 s to about 8.0 s, or from about 4.8 s
to about 8.0 s, or from about 4.9 s to about 8.0 s, or from about 5.0 s to about 8.0
s, or from about 5.1 s to about 8.0 s, or from about 5.2 s to about 8.0 s, or from
about 5.3 s to about 8.0 s, or from about 5.4 s to about 8.0 s, or from about 5.5 s
to about 8.0 s, or from about 5.6 s to about 8.0 s, or from about 5.7 s to about 8.0
s, or from about 5.8 s to about 8.0 s, or from about 5.9 s to about 8.0 s, or from
about 6.0 s to about 8.0 s, or from about 6.1 s to about 8.0 s, or from about 6.2 s
to about 8.0 s, or from about 6.3 s to about 8.0 s, or from about 6.4 s to about 8.0

s, or from about 6.5 s to about 8.0 s, or from about 6.6 s to about 8.0 s, or from
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a Determined by GPC, b Determined by 1H NMR The chemical structure of poly(PDMS/PCL urethane)s
was verified by 1H NMR spectroscopy as shown in FIG. 3. FIG. 3 shows the 1H NMR spectrum of DC1 in
CDCI3, in which all proton signals belonging to PCL and PDMS segments are confirmed. Signals

corresponding o mesfylene P APh %8&?%*9%0%6%%5%%@9%%% B Aseryed at 4.04 ppm

and the signals at 0.66 ppm are assigned to the methyl protons of PDMS. As the content of HMDI among
the starting maecresiS Bedo®r IronabaE POM 2RQuE10 SoRtdRE ARRAEt folysHORPSME 810 urethane)s

could be d_et_ermme«aofmbm Mfémm{i}gﬂ)%f wIesANERsuAY & 8GREEHAR (PBNd M the limits of 1H
e e LA a7 et 5 PO R/ s vetmane
(OOCNHCH2Ctd 2B bi2GHPE IdP e IbiDO00)7 5. 61 eb6Gid GICH 2CHHZC HRTIH2 B4 26 AhoR12B&. 37
e A R4 RO SRR LI 2 e
(00CNHCH2CaproH2E s dapu H2R B0 donERBew & 2 s T ehakl &%y S5fEIPEYERDMEIPCL urethane)s

to about 7.9 s, or from about 0.5 s to about 7.9 s, or from about 0.6 s to about 7.9

s, or from about 0.7 s to about 7.9 s, or from about 0.8 s to about 7.9 s, or from

about 0.9 s to about 7.9 s, or from about 1.0 s to about 7.9 s, or from about 1.1 s

to about 7.9 s, or from about 1.2 s to about 7.9 s, or from about 1.3 s to about 7.9

s, or from about 1.4 s to about 7.9 s, or from about 1.5 s to about 7.9 s, or from

about 1.6 s to about 7.9 s, or from about 1.7 s to about 7.9 s, or from about 1.8 s

to about 7.9 s, or from about 1.9 s to about 7.9 s, or from about 2.0 s to about 7.9

s, or from about 2.1 s to about 7.9 s, or from about 2.2 s to about 7.9 s, or from

about 2.3 s to about 7.9 s, or from about 2.4 s to about 7.9 s, or from about 2.5 s

to about 7.9 s, or from about 2.6 s to about 7.9 s, or from about 2.7 s to about 7.9

s, or from about 2.8 s to about 7.9 s, or from about 2.9 s to about 7.9 s, or from

about 3.0 s to about 7.9 s, or from about 3.1 s to about 7.9 s, or from about 3.2 s

to about 7.9 s, or from about 3.3 s to about 7.9 s, or from about 3.4 s to about 7.9

s, or from about 3.4 s to about 7.9 s, or from about 3.5 s to about 7.9 s, or from

about 3.6 s to about 7.9 s, or from about 3.7 s to about 7.9 s, or from about 3.8 s

to about 7.9 s, or from about 3.9 s to about 7.9 s, or from about 4.0 s to about 7.9

s, or from about 4.1 s to about 7.9 s, or from about 4.2 s to about 7.9 s, or from

about 4.3 s to about 7.9 s, or from about 4.4 s to about 7.9 s, or from about 4.5 s

to about 7.9 s, or from about 4.6 s to about 7.9 s, or from about 4.7 s to about 7.9

s, or from about 4.8 s to about 7.9 s, or from about 4.9 s to about 7.9 s, or from

about 5.0 s to about 7.9 s, or from about 5.1 s to about 7.9 s, or from about 5.2 s

to about 7.9 s, or from about 5.3 s to about 7.9 s, or from about 5.4 s to about 7.9

s, or from about 5.5 s to about 7.9 s, or from about 5.6 s to about 7.9 s, or from

about 5.7 s to about 7.9 s, or from about 5.8 s to about 7.9 s, or from about 5.9 s

to about 7.9 s, or from about 6.0 s to about 7.9 s, or from about 6.1 s to about 7.9

s, or from about 6.2 s to about 7.9 s, or from about 6.3 s to about 7.9 s, or from
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Thermogravimetric analyses (TGA) were carried out on a TA Instruments SDT 2960. Samples were
heated at 20 CC min -l from room temperature to 800 gC in a dynamic nitrogen atmosphere (flow rate =
70 ml min-1). Differential scanning calorimetry (DSC) measurements were performed using a TA

instruments 2940 gifierertialssanniog Salpimelss aiPosd i en sutaraplAcRRAQNsand calibrated

using indium. The following protocol was used for each sample: the first heating run started from 25 C to

150 C at 5 C rifraPaitif-dis isothemmiaibp. hol@irg et 1568 & 6 rmabankbsd soRdRkeslindrun started
from 150 to -3Q, Gratén{C4bantslo With apoisOBENG! &R dpRidinmal teKeder D Mikr adehfinally the second

heati took pl f -30°t 0 C at5 C min-I_Dat llected the first and d
neating runs, A0RHBI A5 4B EaRHEE SN A0 Ao ABHIder e AREH BBk maima.
CrystalIizationtbeihmzjbif'ﬁfd?ﬁll_fﬁafgmmsTrntbeqoaﬂw(tli_tMS_[I%@tranembaueYsa{mabmihed.esing DSC. FIG.
4 shows the Dégrtﬂ%m%a% y&ht% @888{3’%9&? &Hﬁ%'rﬂeéjoﬁh{hﬁfé‘v‘%'aﬂ&ﬁ%ﬂé‘%,rHPf?JH?f the removal of

thermal history. PCL is a semi-crystalline polymér that has a melting temperature at about 40 C. The

crystalline congé®ethrddthéoeiRblply s rREfied abmé Bdlynieabard (Zbalaetiam raeld 9.2rable 2.
Transition Temparsuess SBFeaRABOG brlkapiaso ftrystallbrtoAnsbbecemBasitieput graperatures for

Pon(PDMS/PCSZ,LOl#rf%rrlnagg%%t%%n;ptlgélgomn 76.18(cs:,)or from about 0.6 s to about 7.8 s, or from
about 0.7 s to about 7.8 s, or from about 0.8 s to about 7.8 s, or from about 0.9 s
to about 7.8 s, or from about 1.0 s to about 7.8 s, or from about 1.1 s to about 7.8
s, or from about 1.2 s to about 7.8 s, or from about 1.3 s to about 7.8 s, or from
about 1.4 s to about 7.8 s, or from about 1.5 s to about 7.8 s, or from about 1.6 s
to about 7.8 s, or from about 1.7 s to about 7.8 s, or from about 1.8 s to about 7.8
s, or from about 1.9 s to about 7.8 s, or from about 2.0 s to about 7.8 s, or from
about 2.1 s to about 7.8 s, or from about 2.2 s to about 7.8 s, or from about 2.3 s
to about 7.8 s, or from about 2.4 s to about 7.8 s, or from about 2.5 s to about 7.8
s, or from about 2.6 s to about 7.8 s, or from about 2.7 s to about 7.8 s, or from
about 2.8 s to about 7.8 s, or from about 2.9 s to about 7.8 s, or from about 3.0 s
to about 7.8 s, or from about 3.1 s to about 7.8 s, or from about 3.2 s to about 7.8
s, or from about 3.3 s to about 7.8 s, or from about 3.4 s to about 7.8 s, or from
about 3.4 s to about 7.8 s, or from about 3.5 s to about 7.8 s, or from about 3.6 s
to about 7.8 s, or from about 3.7 s to about 7.8 s, or from about 3.8 s to about 7.8
s, or from about 3.9 s to about 7.8 s, or from about 4.0 s to about 7.8 s, or from
about 4.1 s to about 7.8 s, or from about 4.2 s to about 7.8 s, or from about 4.3 s
to about 7.8 s, or from about 4.4 s to about 7.8 s, or from about 4.5 s to about 7.8
s, or from about 4.6 s to about 7.8 s, or from about 4.7 s to about 7.8 s, or from
about 4.8 s to about 7.8 s, or from about 4.9 s to about 7.8 s, or from about 5.0 s
to about 7.8 s, or from about 5.1 s to about 7.8 s, or from about 5.2 s to about 7.8
s, or from about 5.3 s to about 7.8 s, or from about 5.4 s to about 7.8 s, or from
about 5.5 s to about 7.8 s, or from about 5.6 s to about 7.8 s, or from about 5.7 s
to about 7.8 s, or from about 5.8 s to about 7.8 s, or from about 5.9 s to about 7.8

s, or from about 6.0 s to about 7.8 s, or from about 6.1 s to about 7.8 s, or from
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about 6.2 s to about 7.8 s, or from about 6.3 s to about 7.8 s, or from about 6.4 s
to about 7.8 s, or from about 6.5 s to about 7.8 s, or from about 6.6 s to about 7.8
s, or from about 6.7 s to about 7.8 s, or from about 6.8 s to about 7.8 s, or from
about 6.9 s to about 7.8 s, or from about 7.0 s to about 7.8 s, or from about 7.1 s
to about 7.8 s, or from about 7.2 s to about 7.8 s, or from about 7.3 s to about 7.8
s, or from about 7.4 s to about 7.8 s, or from about 7.5 s to about 7.8 s, or from
about 7.6 s to about 7.8 s, or from about 7.7 s to about 7.8 s, or from about 0.1 s
to about 7.7 s, or from about 0.2 s to about 7.7 s, or from about 0.3 s to about 7.7
s, or from about 0.4 s to about 7.7 s, or from about 0.5 s to about 7.7 s, or from
about 0.6 s to about 7.7 s, or from about 0.7 s to about 7.7 s, or from about 0.8 s
to about 7.7 s, or from about 0.9 s to about 7.7 s, or from about 1.0 s to about 7.7
s, or from about 1.1 s to about 7.7 s, or from about 1.2 s to about 7.7 s, or from
about 1.3 s to about 7.7 s, or from about 1.4 s to about 7.7 s, or from about 1.5 s
to about 7.7 s, or from about 1.6 s to about 7.7 s, or from about 1.7 s to about 7.7
s, or from about 1.8 s to about 7.7 s, or from about 1.9 s to about 7.7 s, or from
about 2.0 s to about 7.7 s, or from about 2.1 s to about 7.7 s, or from about 2.2 s
to about 7.7 s, or from about 2.3 s to about 7.7 s, or from about 2.4 s to about 7.7
s, or from about 2.5 s to about 7.7 s, or from about 2.6 s to about 7.7 s, or from
about 2.7 s to about 7.7 s, or from about 2.8 s to about 7.7 s, or from about 2.9 s
to about 7.7 s, or from about 3.0 s to about 7.7 s, or from about 3.1 s to about 7.7
s, or from about 3.2 s to about 7.7 s, or from about 3.3 s to about 7.7 s, or from
about 3.4 s to about 7.7 s, or from about 3.4 s to about 7.7 s, or from about 3.5 s
to about 7.7 s, or from about 3.6 s to about 7.7 s, or from about 3.7 s to about 7.7
s, or from about 3.8 s to about 7.7 s, or from about 3.9 s to about 7.7 s, or from
about 4.0 s to about 7.7 s, or from about 4.1 s to about 7.7 s, or from about 4.2 s
to about 7.7 s, or from about 4.3 s to about 7.7 s, or from about 4.4 s to about 7.7
s, or from about 4.5 s to about 7.7 s, or from about 4.6 s to about 7.7 s, or from
about 4.7 s to about 7.7 s, or from about 4.8 s to about 7.7 s, or from about 4.9 s
to about 7.7 s, or from about 5.0 s to about 7.7 s, or from about 5.1 s to about 7.7
s, or from about 5.2 s to about 7.7 s, or from about 5.3 s to about 7.7 s, or from
about 5.4 s to about 7.7 s, or from about 5.5 s to about 7.7 s, or from about 5.6 s
to about 7.7 s, or from about 5.7 s to about 7.7 s, or from about 5.8 s to about 7.7

s, or from about 5.9 s to about 7.7 s, or from about 6.0 s to about 7.7 s, or from
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about 6.1 s to about 7.7 s, or from about 6.2 s to about 7.7 s, or from about 6.3 s
to about 7.7 s, or from about 6.4 s to about 7.7 s, or from about 6.5 s to about 7.7
s, or from about 6.6 s to about 7.7 s, or from about 6.7 s to about 7.7 s, or from
about 6.8 s to about 7.7 s, or from about 6.9 s to about 7.7 s, or from about 7.0 s
to about 7.7 s, or from about 7.1 s to about 7.7 s, or from about 7.2 s to about 7.7
s, or from about 7.3 s to about 7.7 s, or from about 7.4 s to about 7.7 s, or from
about 7.5 s to about 7.7 s, or from about 7.6 s to about 7.7 s, or from about 0.1 s
to about 7.6 s, or from about 0.2 s to about 7.6 s, or from about 0.3 s to about 7.6
s, or from about 0.4 s to about 7.6 s, or from about 0.5 s to about 7.6 s, or from
about 0.6 s to about 7.6 s, or from about 0.7 s to about 7.6 s, or from about 0.8 s
to about 7.6 s, or from about 0.9 s to about 7.6 s, or from about 1.0 s to about 7.6
s, or from about 1.1 s to about 7.6 s, or from about 1.2 s to about 7.6 s, or from
about 1.3 s to about 7.6 s, or from about 1.4 s to about 7.6 s, or from about 1.5 s
to about 7.6 s, or from about 1.6 s to about 7.6 s, or from about 1.7 s to about 7.6
s, or from about 1.8 s to about 7.6 s, or from about 1.9 s to about 7.6 s, or from
about 2.0 s to about 7.6 s, or from about 2.1 s to about 7.6 s, or from about 2.2 s
to about 7.6 s, or from about 2.3 s to about 7.6 s, or from about 2.4 s to about 7.6
s, or from about 2.5 s to about 7.6 s, or from about 2.6 s to about 7.6 s, or from
about 2.7 s to about 7.6 s, or from about 2.8 s to about 7.6 s, or from about 2.9 s
to about 7.6 s, or from about 3.0 s to about 7.6 s, or from about 3.1 s to about 7.6
s, or from about 3.2 s to about 7.6 s, or from about 3.3 s to about 7.6 s, or from
about 3.4 s to about 7.6 s, or from about 3.4 s to about 7.6 s, or from about 3.5 s
to about 7.6 s, or from about 3.6 s to about 7.6 s, or from about 3.7 s to about 7.6
s, or from about 3.8 s to about 7.6 s, or from about 3.9 s to about 7.6 s, or from
about 4.0 s to about 7.6 s, or from about 4.1 s to about 7.6 s, or from about 4.2 s
to about 7.6 s, or from about 4.3 s to about 7.6 s, or from about 4.4 s to about 7.6
s, or from about 4.5 s to about 7.6 s, or from about 4.6 s to about 7.6 s, or from
about 4.7 s to about 7.6 s, or from about 4.8 s to about 7.6 s, or from about 4.9 s
to about 7.6 s, or from about 5.0 s to about 7.6 s, or from about 5.1 s to about 7.6
s, or from about 5.2 s to about 7.6 s, or from about 5.3 s to about 7.6 s, or from
about 5.4 s to about 7.6 s, or from about 5.5 s to about 7.6 s, or from about 5.6 s
to about 7.6 s, or from about 5.7 s to about 7.6 s, or from about 5.8 s to about 7.6

s, or from about 5.9 s to about 7.6 s, or from about 6.0 s to about 7.6 s, or from
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about 6.1 s to about 7.6 s, or from about 6.2 s to about 7.6 s, or from about 6.3 s
to about 7.6 s, or from about 6.4 s to about 7.6 s, or from about 6.5 s to about 7.6
s, or from about 6.6 s to about 7.6 s, or from about 6.7 s to about 7.6 s, or from
about 6.8 s to about 7.6 s, or from about 6.9 s to about 7.6 s, or from about 7.0 s
to about 7.6 s, or from about 7.1 s to about 7.6 s, or from about 7.2 s to about 7.6
s, or from about 7.3 s to about 7.6 s, or from about 7.4 s to about 7.6 s, or from
about 7.5 s to about 7.6 s, or from about 0.1 s to about 7.5 s, or from about 0.2 s
to about 7.5 s, or from about 0.3 s to about 7.5 s, or from about 0.4 s to about 7.5
s, or from about 0.5 s to about 7.5 s, or from about 0.6 s to about 7.5 s, or from
about 0.7 s to about 7.5 s, or from about 0.8 s to about 7.5 s, or from about 0.9 s
to about 7.5 s, or from about 1.0 s to about 7.5 s, or from about 1.1 s to about 7.5
s, or from about 1.2 s to about 7.5 s, or from about 1.3 s to about 7.5 s, or from
about 1.4 s to about 7.5 s, or from about 1.5 s to about 7.5 s, or from about 1.6 s
to about 7.5 s, or from about 1.7 s to about 7.5 s, or from about 1.8 s to about 7.5
s, or from about 1.9 s to about 7.5 s, or from about 2.0 s to about 7.5 s, or from
about 2.1 s to about 7.5 s, or from about 2.2 s to about 7.5 s, or from about 2.3 s
to about 7.5 s, or from about 2.4 s to about 7.5 s, or from about 2.5 s to about 7.5
s, or from about 2.6 s to about 7.5 s, or from about 2.7 s to about 7.5 s, or from
about 2.8 s to about 7.5 s, or from about 2.9 s to about 7.5 s, or from about 3.0 s
to about 7.5 s, or from about 3.1 s to about 7.5 s, or from about 3.2 s to about 7.5
s, or from about 3.3 s to about 7.5 s, or from about 3.4 s to about 7.5 s, or from
about 3.4 s to about 7.5 s, or from about 3.5 s to about 7.5 s, or from about 3.6 s
to about 7.5 s, or from about 3.7 s to about 7.5 s, or from about 3.8 s to about 7.5
s, or from about 3.9 s to about 7.5 s, or from about 4.0 s to about 7.5 s, or from
about 4.1 s to about 7.5 s, or from about 4.2 s to about 7.5 s, or from about 4.3 s
to about 7.5 s, or from about 4.4 s to about 7.5 s, or from about 4.5 s to about 7.5
s, or from about 4.6 s to about 7.5 s, or from about 4.7 s to about 7.5 s, or from
about 4.8 s to about 7.5 s, or from about 4.9 s to about 7.5 s, or from about 5.0 s
to about 7.5 s, or from about 5.1 s to about 7.5 s, or from about 5.2 s to about 7.5
s, or from about 5.3 s to about 7.5 s, or from about 5.4 s to about 7.5 s, or from
about 5.5 s to about 7.5 s, or from about 5.6 s to about 7.5 s, or from about 5.7 s
to about 7.5 s, or from about 5.8 s to about 7.5 s, or from about 5.9 s to about 7.5

s, or from about 6.0 s to about 7.5 s, or from about 6.1 s to about 7.5 s, or from
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about 6.2 s to about 7.5 s, or from about 6.3 s to about 7.5 s, or from about 6.4 s
to about 7.5 s, or from about 6.5 s to about 7.5 s, or from about 6.6 s to about 7.5
s, or from about 6.7 s to about 7.5 s, or from about 6.8 s to about 7.5 s, or from
about 6.9 s to about 7.5 s, or from about 7.0 s to about 7.5 s, or from about 7.1 s
to about 7.5 s, or from about 7.2 s to about 7.5 s, or from about 7.3 s to about 7.5
s, or from about 7.4 s to about 7.5 s, or from about 0.1 s to about 7.4 s, or from
about 0.2 s to about 7.4 s, or from about 0.3 s to about 7.4 s, or from about 0.4 s
to about 7.4 s, or from about 0.5 s to about 7.4 s, or from about 0.6 s to about 7.4
s, or from about 0.7 s to about 7.4 s, or from about 0.8 s to about 7.4 s, or from
about 0.9 s to about 7.4 s, or from about 1.0 s to about 7.4 s, or from about 1.1 s
to about 7.4 s, or from about 1.2 s to about 7.4 s, or from about 1.3 s to about 7.4
s, or from about 1.4 s to about 7.4 s, or from about 1.5 s to about 7.4 s, or from
about 1.6 s to about 7.4 s, or from about 1.7 s to about 7.4 s, or from about 1.8 s
to about 7.4 s, or from about 1.9 s to about 7.4 s, or from about 2.0 s to about 7.4
s, or from about 2.1 s to about 7.4 s, or from about 2.2 s to about 7.4 s, or from
about 2.3 s to about 7.4 s, or from about 2.4 s to about 7.4 s, or from about 2.5 s
to about 7.4 s, or from about 2.6 s to about 7.4 s, or from about 2.7 s to about 7.4
s, or from about 2.8 s to about 7.4 s, or from about 2.9 s to about 7.4 s, or from
about 3.0 s to about 7.4 s, or from about 3.1 s to about 7.4 s, or from about 3.2 s
to about 7.4 s, or from about 3.3 s to about 7.4 s, or from about 3.4 s to about 7.4
s, or from about 3.4 s to about 7.4 s, or from about 3.5 s to about 7.4 s, or from
about 3.6 s to about 7.4 s, or from about 3.7 s to about 7.4 s, or from about 3.8 s
to about 7.4 s, or from about 3.9 s to about 7.4 s, or from about 4.0 s to about 7.4
s, or from about 4.1 s to about 7.4 s, or from about 4.2 s to about 7.4 s, or from
about 4.3 s to about 7.4 s, or from about 4.4 s to about 7.4 s, or from about 4.5 s
to about 7.4 s, or from about 4.6 s to about 7.4 s, or from about 4.7 s to about 7.4
s, or from about 4.8 s to about 7.4 s, or from about 4.9 s to about 7.4 s, or from
about 5.0 s to about 7.4 s, or from about 5.1 s to about 7.4 s, or from about 5.2 s
to about 7.4 s, or from about 5.3 s to about 7.4 s, or from about 5.4 s to about 7.4
s, or from about 5.5 s to about 7.4 s, or from about 5.6 s to about 7.4 s, or from
about 5.7 s to about 7.4 s, or from about 5.8 s to about 7.4 s, or from about 5.9 s
to about 7.4 s, or from about 6.0 s to about 7.4 s, or from about 6.1 s to about 7.4

s, or from about 6.2 s to about 7.4 s, or from about 6.3 s to about 7.4 s, or from
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DC431.025.417.9332.0 a Melting point determined in the DSC second heating run. b Enthalpy change
during melting determined in the DSC second heating run. AHm = AH,/W" where AH, is the area of the
endothermic peak for the PCL segment read from the DSC curves and W, is the weight fraction of the

corresponding j%%@&?ﬁv'ﬂ”é’ WHH%UP@HE%'Q%&JW%‘B‘G& RTELBRGaEe/gle of 142.0 Jig
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content also increases_the storage modulus of the
to about 7.3 s, or from about 2.2 s to about 7.3 s, or from about 2.3 s to about 7.3
s, or from about 2.4 s to about 7.3 s, or from about 2.5 s to about 7.3 s, or from
about 2.6 s to about 7.3 s, or from about 2.7 s to about 7.3 s, or from about 2.8 s
to about 7.3 s, or from about 2.9 s to about 7.3 s, or from about 3.0 s to about 7.3
s, or from about 3.1 s to about 7.3 s, or from about 3.2 s to about 7.3 s, or from
about 3.3 s to about 7.3 s, or from about 3.4 s to about 7.3 s, or from about 3.4 s
to about 7.3 s, or from about 3.5 s to about 7.3 s, or from about 3.6 s to about 7.3
s, or from about 3.7 s to about 7.3 s, or from about 3.8 s to about 7.3 s, or from
about 3.9 s to about 7.3 s, or from about 4.0 s to about 7.3 s, or from about 4.1 s
to about 7.3 s, or from about 4.2 s to about 7.3 s, or from about 4.3 s to about 7.3
s, or from about 4.4 s to about 7.3 s, or from about 4.5 s to about 7.3 s, or from
about 4.6 s to about 7.3 s, or from about 4.7 s to about 7.3 s, or from about 4.8 s
to about 7.3 s, or from about 4.9 s to about 7.3 s, or from about 5.0 s to about 7.3
s, or from about 5.1 s to about 7.3 s, or from about 5.2 s to about 7.3 s, or from
about 5.3 s to about 7.3 s, or from about 5.4 s to about 7.3 s, or from about 5.5 s
to about 7.3 s, or from about 5.6 s to about 7.3 s, or from about 5.7 s to about 7.3
s, or from about 5.8 s to about 7.3 s, or from about 5.9 s to about 7.3 s, or from
about 6.0 s to about 7.3 s, or from about 6.1 s to about 7.3 s, or from about 6.2 s
to about 7.3 s, or from about 6.3 s to about 7.3 s, or from about 6.4 s to about 7.3

s, or from about 6.5 s to about 7.3 s, or from about 6.6 s to about 7.3 s, or from

66



polymer. This modulus drops by a further two decades when the temperature is raised to about 40 C.
Without being bound by theory, it is believed that this change is attributed to the melting of the PCL
crystallites which further softens the polymer. When raised to a higher temperature up to 100 C, the

polymer did ”%%%‘E%”?esffg'&ﬂﬂﬁ{t?% VRGP t@é%ﬁt@&%ﬁ?% g '%rbﬁB ﬁc{%;hlaé Yis is due to the

presence of the hexamethylene groﬁgﬂpresent in the urethane linking grou olds the polymer

chains togetheP 3Rk 33 S15JrPrARSHN TR MigcrBAe’ T8 & H@Ek%hﬂute 1a$1EP§f6PHbE %odulus at 25
C for Poly(PDM YRtdmlastiamedss fasnble 3 kdanffdm about 0.1 s to about 7.2 s, or from

about 0.2 s to about 7.2 s, or from about 0.3 s to about 7.2 s, or from about 0.4 s
to about 7.2 s, or from about 0.5 s to about 7.2 s, or from about 0.6 s to about 7.2
s, or from about 0.7 s to about 7.2 s, or from about 0.8 s to about 7.2 s, or from
about 0.9 s to about 7.2 s, or from about 1.0 s to about 7.2 s, or from about 1.1 s
to about 7.2 s, or from about 1.2 s to about 7.2 s, or from about 1.3 s to about 7.2
s, or from about 1.4 s to about 7.2 s, or from about 1.5 s to about 7.2 s, or from
about 1.6 s to about 7.2 s, or from about 1.7 s to about 7.2 s, or from about 1.8 s
to about 7.2 s, or from about 1.9 s to about 7.2 s, or from about 2.0 s to about 7.2
s, or from about 2.1 s to about 7.2 s, or from about 2.2 s to about 7.2 s, or from
about 2.3 s to about 7.2 s, or from about 2.4 s to about 7.2 s, or from about 2.5 s
to about 7.2 s, or from about 2.6 s to about 7.2 s, or from about 2.7 s to about 7.2
s, or from about 2.8 s to about 7.2 s, or from about 2.9 s to about 7.2 s, or from
about 3.0 s to about 7.2 s, or from about 3.1 s to about 7.2 s, or from about 3.2 s
to about 7.2 s, or from about 3.3 s to about 7.2 s, or from about 3.4 s to about 7.2
s, or from about 3.4 s to about 7.2 s, or from about 3.5 s to about 7.2 s, or from
about 3.6 s to about 7.2 s, or from about 3.7 s to about 7.2 s, or from about 3.8 s
to about 7.2 s, or from about 3.9 s to about 7.2 s, or from about 4.0 s to about 7.2
s, or from about 4.1 s to about 7.2 s, or from about 4.2 s to about 7.2 s, or from
about 4.3 s to about 7.2 s, or from about 4.4 s to about 7.2 s, or from about 4.5 s
to about 7.2 s, or from about 4.6 s to about 7.2 s, or from about 4.7 s to about 7.2
s, or from about 4.8 s to about 7.2 s, or from about 4.9 s to about 7.2 s, or from
about 5.0 s to about 7.2 s, or from about 5.1 s to about 7.2 s, or from about 5.2 s
to about 7.2 s, or from about 5.3 s to about 7.2 s, or from about 5.4 s to about 7.2
s, or from about 5.5 s to about 7.2 s, or from about 5.6 s to about 7.2 s, or from
about 5.7 s to about 7.2 s, or from about 5.8 s to about 7.2 s, or from about 5.9 s
to about 7.2 s, or from about 6.0 s to about 7.2 s, or from about 6.1 s to about 7.2
s, or from about 6.2 s to about 7.2 s, or from about 6.3 s to about 7.2 s, or from
about 6.4 s to about 7.2 s, or from about 6.5 s to about 7.2 s, or from about 6.6 s
to about 7.2 s, or from about 6.7 s to about 7.2 s, or from about 6.8 s to about 7.2

s, or from about 6.9 s to about 7.2 s, or from about 7.0 s to about 7.2 s, or from
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about 7.1 s to about 7.2 s, or from about 0.1 s to about 7.1 s, or from about 0.2 s
to about 7.1 s, or from about 0.3 s to about 7.1 s, or from about 0.4 s to about 7.1
s, or from about 0.5 s to about 7.1 s, or from about 0.6 s to about 7.1 s, or from
about 0.7 s to about 7.1 s, or from about 0.8 s to about 7.1 s, or from about 0.9 s
to about 7.1 s, or from about 1.0 s to about 7.1 s, or from about 1.1 s to about 7.1
s, or from about 1.2 s to about 7.1 s, or from about 1.3 s to about 7.1 s, or from
about 1.4 s to about 7.1 s, or from about 1.5 s to about 7.1 s, or from about 1.6 s
to about 7.1 s, or from about 1.7 s to about 7.1 s, or from about 1.8 s to about 7.1
s, or from about 1.9 s to about 7.1 s, or from about 2.0 s to about 7.1 s, or from
about 2.1 s to about 7.1 s, or from about 2.2 s to about 7.1 s, or from about 2.3 s
to about 7.1 s, or from about 2.4 s to about 7.1 s, or from about 2.5 s to about 7.1
s, or from about 2.6 s to about 7.1 s, or from about 2.7 s to about 7.1 s, or from
about 2.8 s to about 7.1 s, or from about 2.9 s to about 7.1 s, or from about 3.0 s
to about 7.1 s, or from about 3.1 s to about 7.1 s, or from about 3.2 s to about 7.1
s, or from about 3.3 s to about 7.1 s, or from about 3.4 s to about 7.1 s, or from
about 3.4 s to about 7.1 s, or from about 3.5 s to about 7.1 s, or from about 3.6 s
to about 7.1 s, or from about 3.7 s to about 7.1 s, or from about 3.8 s to about 7.1
s, or from about 3.9 s to about 7.1 s, or from about 4.0 s to about 7.1 s, or from
about 4.1 s to about 7.1 s, or from about 4.2 s to about 7.1 s, or from about 4.3 s
to about 7.1 s, or from about 4.4 s to about 7.1 s, or from about 4.5 s to about 7.1
s, or from about 4.6 s to about 7.1 s, or from about 4.7 s to about 7.1 s, or from
about 4.8 s to about 7.1 s, or from about 4.9 s to about 7.1 s, or from about 5.0 s
to about 7.1 s, or from about 5.1 s to about 7.1 s, or from about 5.2 s to about 7.1
s, or from about 5.3 s to about 7.1 s, or from about 5.4 s to about 7.1 s, or from
about 5.5 s to about 7.1 s, or from about 5.6 s to about 7.1 s, or from about 5.7 s
to about 7.1 s, or from about 5.8 s to about 7.1 s, or from about 5.9 s to about 7.1
s, or from about 6.0 s to about 7.1 s, or from about 6.1 s to about 7.1 s, or from
about 6.2 s to about 7.1 s, or from about 6.3 s to about 7.1 s, or from about 6.4 s
to about 7.1 s, or from about 6.5 s to about 7.1 s, or from about 6.6 s to about 7.1
s, or from about 6.7 s to about 7.1 s, or from about 6.8 s to about 7.1 s, or from
about 6.9 s to about 7.1 s, or from about 7.0 s to about 7.1 s, or from about 0.1 s
to about 7.0 s, or from about 0.2 s to about 7.0 s, or from about 0.3 s to about 7.0

s, or from about 0.4 s to about 7.0 s, or from about 0.5 s to about 7.0 s, or from
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about 0.6 s to about 7.0 s, or from about 0.7 s to about 7.0 s, or from about 0.8 s
to about 7.0 s, or from about 0.9 s to about 7.0 s, or from about 1.0 s to about 7.0
s, or from about 1.1 s to about 7.0 s, or from about 1.2 s to about 7.0 s, or from
about 1.3 s to about 7.0 s, or from about 1.4 s to about 7.0 s, or from about 1.5 s
to about 7.0 s, or from about 1.6 s to about 7.0 s, or from about 1.7 s to about 7.0
s, or from about 1.8 s to about 7.0 s, or from about 1.9 s to about 7.0 s, or from
about 2.0 s to about 7.0 s, or from about 2.1 s to about 7.0 s, or from about 2.2 s
to about 7.0 s, or from about 2.3 s to about 7.0 s, or from about 2.4 s to about 7.0
s, or from about 2.5 s to about 7.0 s, or from about 2.6 s to about 7.0 s, or from
about 2.7 s to about 7.0 s, or from about 2.8 s to about 7.0 s, or from about 2.9 s
to about 7.0 s, or from about 3.0 s to about 7.0 s, or from about 3.1 s to about 7.0
s, or from about 3.2 s to about 7.0 s, or from about 3.3 s to about 7.0 s, or from
about 3.4 s to about 7.0 s, or from about 3.4 s to about 7.0 s, or from about 3.5 s
to about 7.0 s, or from about 3.6 s to about 7.0 s, or from about 3.7 s to about 7.0
s, or from about 3.8 s to about 7.0 s, or from about 3.9 s to about 7.0 s, or from
about 4.0 s to about 7.0 s, or from about 4.1 s to about 7.0 s, or from about 4.2 s
to about 7.0 s, or from about 4.3 s to about 7.0 s, or from about 4.4 s to about 7.0
s, or from about 4.5 s to about 7.0 s, or from about 4.6 s to about 7.0 s, or from
about 4.7 s to about 7.0 s, or from about 4.8 s to about 7.0 s, or from about 4.9 s
to about 7.0 s, or from about 5.0 s to about 7.0 s, or from about 5.1 s to about 7.0
s, or from about 5.2 s to about 7.0 s, or from about 5.3 s to about 7.0 s, or from
about 5.4 s to about 7.0 s, or from about 5.5 s to about 7.0 s, or from about 5.6 s
to about 7.0 s, or from about 5.7 s to about 7.0 s, or from about 5.8 s to about 7.0
s, or from about 5.9 s to about 7.0 s, or from about 6.0 s to about 7.0 s, or from
about 6.1 s to about 7.0 s, or from about 6.2 s to about 7.0 s, or from about 6.3 s
to about 7.0 s, or from about 6.4 s to about 7.0 s, or from about 6.5 s to about 7.0
s, or from about 6.6 s to about 7.0 s, or from about 6.7 s to about 7.0 s, or from
about 6.8 s to about 7.0 s, or from about 6.9 s to about 7.0 s, or from about 0.1 s
to about 6.9 s, or from about 0.2 s to about 6.9 s, or from about 0.3 s to about 6.9
s, or from about 0.4 s to about 6.9 s, or from about 0.5 s to about 6.9 s, or from
about 0.6 s to about 6.9 s, or from about 0.7 s to about 6.9 s, or from about 0.8 s
to about 6.9 s, or from about 0.9 s to about 6.9 s, or from about 1.0 s to about 6.9

s, or from about 1.1 s to about 6.9 s, or from about 1.2 s to about 6.9 s, or from
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about 1.3 s to about 6.9 s, or from about 1.4 s to about 6.9 s, or from about 1.5 s
to about 6.9 s, or from about 1.6 s to about 6.9 s, or from about 1.7 s to about 6.9
s, or from about 1.8 s to about 6.9 s, or from about 1.9 s to about 6.9 s, or from
about 2.0 s to about 6.9 s, or from about 2.1 s to about 6.9 s, or from about 2.2 s
to about 6.9 s, or from about 2.3 s to about 6.9 s, or from about 2.4 s to about 6.9
s, or from about 2.5 s to about 6.9 s, or from about 2.6 s to about 6.9 s, or from
about 2.7 s to about 6.9 s, or from about 2.8 s to about 6.9 s, or from about 2.9 s
to about 6.9 s, or from about 3.0 s to about 6.9 s, or from about 3.1 s to about 6.9
s, or from about 3.2 s to about 6.9 s, or from about 3.3 s to about 6.9 s, or from
about 3.4 s to about 6.9 s, or from about 3.4 s to about 6.9 s, or from about 3.5 s
to about 6.9 s, or from about 3.6 s to about 6.9 s, or from about 3.7 s to about 6.9
s, or from about 3.8 s to about 6.9 s, or from about 3.9 s to about 6.9 s, or from
about 4.0 s to about 6.9 s, or from about 4.1 s to about 6.9 s, or from about 4.2 s
to about 6.9 s, or from about 4.3 s to about 6.9 s, or from about 4.4 s to about 6.9
s, or from about 4.5 s to about 6.9 s, or from about 4.6 s to about 6.9 s, or from
about 4.7 s to about 6.9 s, or from about 4.8 s to about 6.9 s, or from about 4.9 s
to about 6.9 s, or from about 5.0 s to about 6.9 s, or from about 5.1 s to about 6.9
s, or from about 5.2 s to about 6.9 s, or from about 5.3 s to about 6.9 s, or from
about 5.4 s to about 6.9 s, or from about 5.5 s to about 6.9 s, or from about 5.6 s
to about 6.9 s, or from about 5.7 s to about 6.9 s, or from about 5.8 s to about 6.9
s, or from about 5.9 s to about 6.9 s, or from about 6.0 s to about 6.9 s, or from
about 6.1 s to about 6.9 s, or from about 6.2 s to about 6.9 s, or from about 6.3 s
to about 6.9 s, or from about 6.4 s to about 6.9 s, or from about 6.5 s to about 6.9
s, or from about 6.6 s to about 6.9 s, or from about 6.7 s to about 6.9 s, or from
about 6.8 s to about 6.9 s, or from about 0.1 s to about 6.8 s, or from about 0.2 s
to about 6.8 s, or from about 0.3 s to about 6.8 s, or from about 0.4 s to about 6.8
s, or from about 0.5 s to about 6.8 s, or from about 0.6 s to about 6.8 s, or from
about 0.7 s to about 6.8 s, or from about 0.8 s to about 6.8 s, or from about 0.9 s
to about 6.8 s, or from about 1.0 s to about 6.8 s, or from about 1.1 s to about 6.8
s, or from about 1.2 s to about 6.8 s, or from about 1.3 s to about 6.8 s, or from
about 1.4 s to about 6.8 s, or from about 1.5 s to about 6.8 s, or from about 1.6 s
to about 6.8 s, or from about 1.7 s to about 6.8 s, or from about 1.8 s to about 6.8

s, or from about 1.9 s to about 6.8 s, or from about 2.0 s to about 6.8 s, or from
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DC4 -58.7 -29.1 22.5 Tg was determined from the onset of the Tan S peak. Peak value of Tan S.
Storage modulus determined from DMA results.

about 2.1 s to about 6.8 s, or from about 2.2 s to about 6.8 s, or from about 2.3 s
to about 6.8 s, or from about 2.4 s to about 6.8 s, or from about 2.5 s to about 6.8
s, or from about 2.6 s to about 6.8 s, or from about 2.7 s to about 6.8 s, or from
about 2.8 s to about 6.8 s, or from about 2.9 s to about 6.8 s, or from about 3.0 s
to about 6.8 s, or from about 3.1 s to about 6.8 s, or from about 3.2 s to about 6.8
s, or from about 3.3 s to about 6.8 s, or from about 3.4 s to about 6.8 s, or from
about 3.4 s to about 6.8 s, or from about 3.5 s to about 6.8 s, or from about 3.6 s
to about 6.8 s, or from about 3.7 s to about 6.8 s, or from about 3.8 s to about 6.8
s, or from about 3.9 s to about 6.8 s, or from about 4.0 s to about 6.8 s, or from
about 4.1 s to about 6.8 s, or from about 4.2 s to about 6.8 s, or from about 4.3 s
to about 6.8 s, or from about 4.4 s to about 6.8 s, or from about 4.5 s to about 6.8
s, or from about 4.6 s to about 6.8 s, or from about 4.7 s to about 6.8 s, or from
about 4.8 s to about 6.8 s, or from about 4.9 s to about 6.8 s, or from about 5.0 s
to about 6.8 s, or from about 5.1 s to about 6.8 s, or from about 5.2 s to about 6.8
s, or from about 5.3 s to about 6.8 s, or from about 5.4 s to about 6.8 s, or from
about 5.5 s to about 6.8 s, or from about 5.6 s to about 6.8 s, or from about 5.7 s
to about 6.8 s, or from about 5.8 s to about 6.8 s, or from about 5.9 s to about 6.8
s, or from about 6.0 s to about 6.8 s, or from about 6.1 s to about 6.8 s, or from
about 6.2 s to about 6.8 s, or from about 6.3 s to about 6.8 s, or from about 6.4 s
to about 6.8 s, or from about 6.5 s to about 6.8 s, or from about 6.6 s to about 6.8
s, or from about 6.7 s to about 6.8 s, or from about 0.1 s to about 6.7 s, or from
about 0.2 s to about 6.7 s, or from about 0.3 s to about 6.7 s, or from about 0.4 s
to about 6.7 s, or from about 0.5 s to about 6.7 s, or from about 0.6 s to about 6.7
s, or from about 0.7 s to about 6.7 s, or from about 0.8 s to about 6.7 s, or from
about 0.9 s to about 6.7 s, or from about 1.0 s to about 6.7 s, or from about 1.1 s
to about 6.7 s, or from about 1.2 s to about 6.7 s, or from about 1.3 s to about 6.7
s, or from about 1.4 s to about 6.7 s, or from about 1.5 s to about 6.7 s, or from
about 1.6 s to about 6.7 s, or from about 1.7 s to about 6.7 s, or from about 1.8 s
to about 6.7 s, or from about 1.9 s to about 6.7 s, or from about 2.0 s to about 6.7
s, or from about 2.1 s to about 6.7 s, or from about 2.2 s to about 6.7 s, or from
about 2.3 s to about 6.7 s, or from about 2.4 s to about 6.7 s, or from about 2.5 s
to about 6.7 s, or from about 2.6 s to about 6.7 s, or from about 2.7 s to about 6.7

s, or from about 2.8 s to about 6.7 s, or from about 2.9 s to about 6.7 s, or from
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Example 4: Dynamic Mechanical Analysis and Shape Memory Characterization of poly(PDMS/PCL
urethane)s Shape memory properties of the materials were determined using dynamic mechanical
analysis (DMA). A TA Instruments DMA 2980 apparatus was employed in controlled force mode with a

preload force of BB aBlekon.aainlilcal 20 e Slat s chaaNe Atges arplde rat

(“force tracking 150%, and an oscillation frequency of 1 Hz. Samplés were cut from the cast films in

dimensions of tPGRRA Geh§tior L8N 2RAHIRidLH X AAUYW/(thiekHess RhAWY dypiedP aRkife! for shape
memory charagterizainasd R el Sampes: E1ensiarmam e bk eebaltd Ls elprgated to a force of

0.6 N at a rate of 0,03 N/min (the tr7ain Wf:;l,S recorde Cm), cooled to 5 ? at a rate of 2.5 "C/min,
Unloacied 10,0 SPALALEG & IRELBH LB Aafi e S oS BB Aol THENPHEMIER5 60 -C at a ramp
rate of 2.5 C/maaiooobsers théroetabeny ilesstraibonts. vexoyddraain)t FHs pocaess Was then
s e ST SSANED D oriEp g T Hire e e
= Srn - a(N) erdog4-319 to about 6.7 s, or from about 4.4 s to about 6.7 s, or from about 4.5 s

to about 6.7 s, or from about 4.6 s to about 6.7 s, or from about 4.7 s to about 6.7

s, or from about 4.8 s to about 6.7 s, or from about 4.9 s to about 6.7 s, or from

about 5.0 s to about 6.7 s, or from about 5.1 s to about 6.7 s, or from about 5.2 s

to about 6.7 s, or from about 5.3 s to about 6.7 s, or from about 5.4 s to about 6.7

s, or from about 5.5 s to about 6.7 s, or from about 5.6 s to about 6.7 s, or from

about 5.7 s to about 6.7 s, or from about 5.8 s to about 6.7 s, or from about 5.9 s

to about 6.7 s, or from about 6.0 s to about 6.7 s, or from about 6.1 s to about 6.7

s, or from about 6.2 s to about 6.7 s, or from about 6.3 s to about 6.7 s, or from

about 6.4 s to about 6.7 s, or from about 6.5 s to about 6.7 s, or from about 6.6 s

to about 6.7 s, or from about 0.1 s to about 6.6 s, or from about 0.2 s to about 6.6

s, or from about 0.3 s to about 6.6 s, or from about 0.4 s to about 6.6 s, or from

about 0.5 s to about 6.6 s, or from about 0.6 s to about 6.6 s, or from about 0.7 s

to about 6.6 s, or from about 0.8 s to about 6.6 s, or from about 0.9 s to about 6.6

s, or from about 1.0 s to about 6.6 s, or from about 1.1 s to about 6.6 s, or from

about 1.2 s to about 6.6 s, or from about 1.3 s to about 6.6 s, or from about 1.4 s

to about 6.6 s, or from about 1.5 s to about 6.6 s, or from about 1.6 s to about 6.6

s, or from about 1.7 s to about 6.6 s, or from about 1.8 s to about 6.6 s, or from

about 1.9 s to about 6.6 s, or from about 2.0 s to about 6.6 s, or from about 2.1 s

to about 6.6 s, or from about 2.2 s to about 6.6 s, or from about 2.3 s to about 6.6

s, or from about 2.4 s to about 6.6 s, or from about 2.5 s to about 6.6 s, or from

about 2.6 s to about 6.6 s, or from about 2.7 s to about 6.6 s, or from about 2.8 s

to about 6.6 s, or from about 2.9 s to about 6.6 s, or from about 3.0 s to about 6.6

s, or from about 3.1 s to about 6.6 s, or from about 3.2 s to about 6.6 s, or from

about 3.3 s to about 6.6 s, or from about 3.4 s to about 6.6 s, or from about 3.4 s

to about 6.6 s, or from about 3.5 s to about 6.6 s, or from about 3.6 s to about 6.6

s, or from about 3.7 s to about 6.6 s, or from about 3.8 s to about 6.6 s, or from
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X 100%

a(N)

about 3.9 s to about 6.6 s, or from about 4.0 s to about 6.6 s, or from about 4.1 s
to about 6.6 s, or from about 4.2 s to about 6.6 s, or from about 4.3 s to about 6.6
s, or from about 4.4 s to about 6.6 s, or from about 4.5 s to about 6.6 s, or from
about 4.6 s to about 6.6 s, or from about 4.7 s to about 6.6 s, or from about 4.8 s
to about 6.6 s, or from about 4.9 s to about 6.6 s, or from about 5.0 s to about 6.6
s, or from about 5.1 s to about 6.6 s, or from about 5.2 s to about 6.6 s, or from
about 5.3 s to about 6.6 s, or from about 5.4 s to about 6.6 s, or from about 5.5 s
to about 6.6 s, or from about 5.6 s to about 6.6 s, or from about 5.7 s to about 6.6
s, or from about 5.8 s to about 6.6 s, or from about 5.9 s to about 6.6 s, or from
about 6.0 s to about 6.6 s, or from about 6.1 s to about 6.6 s, or from about 6.2 s
to about 6.6 s, or from about 6.3 s to about 6.6 s, or from about 6.4 s to about 6.6
s, or from about 6.5 s to about 6.6 s, or from about 0.1 s to about 6.5 s, or from
about 0.2 s to about 6.5 s, or from about 0.3 s to about 6.5 s, or from about 0.4 s
to about 6.5 s, or from about 0.5 s to about 6.5 s, or from about 0.6 s to about 6.5
s, or from about 0.7 s to about 6.5 s, or from about 0.8 s to about 6.5 s, or from
about 0.9 s to about 6.5 s, or from about 1.0 s to about 6.5 s, or from about 1.1 s
to about 6.5 s, or from about 1.2 s to about 6.5 s, or from about 1.3 s to about 6.5
s, or from about 1.4 s to about 6.5 s, or from about 1.5 s to about 6.5 s, or from
about 1.6 s to about 6.5 s, or from about 1.7 s to about 6.5 s, or from about 1.8 s
to about 6.5 s, or from about 1.9 s to about 6.5 s, or from about 2.0 s to about 6.5
s, or from about 2.1 s to about 6.5 s, or from about 2.2 s to about 6.5 s, or from
about 2.3 s to about 6.5 s, or from about 2.4 s to about 6.5 s, or from about 2.5 s
to about 6.5 s, or from about 2.6 s to about 6.5 s, or from about 2.7 s to about 6.5
s, or from about 2.8 s to about 6.5 s, or from about 2.9 s to about 6.5 s, or from
about 3.0 s to about 6.5 s, or from about 3.1 s to about 6.5 s, or from about 3.2 s
to about 6.5 s, or from about 3.3 s to about 6.5 s, or from about 3.4 s to about 6.5
s, or from about 3.4 s to about 6.5 s, or from about 3.5 s to about 6.5 s, or from
about 3.6 s to about 6.5 s, or from about 3.7 s to about 6.5 s, or from about 3.8 s
to about 6.5 s, or from about 3.9 s to about 6.5 s, or from about 4.0 s to about 6.5
s, or from about 4.1 s to about 6.5 s, or from about 4.2 s to about 6.5 s, or from
about 4.3 s to about 6.5 s, or from about 4.4 s to about 6.5 s, or from about 4.5 s
to about 6.5 s, or from about 4.6 s to about 6.5 s, or from about 4.7 s to about 6.5

s, or from about 4.8 s to about 6.5 s, or from about 4.9 s to about 6.5 s, or from
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Shape fixity ratio, Rf = - 8m - x 100% Measuring the speed of shape memory recovery Samples were cut
from the cast films in dimensions of 10 mm (length) x 3.0 mm (width) x 0.4 mm (thickness). All samples
were prestretched to 200 A, strain before experiments. A Nikon camera was used to record the recovery

of the polymer By § WAJSUMSESed A UAIBIIREY & 45 Go Hecobiaest s was converted

into a .wmv file an ame analysis of the recovery process was done using Windows Movie Maker

software. In alfofRROSARMPIEsAERM BRRLARD A ECRRIHEB P AidFPIrABANES e RERIUT Rdtmocyclic
shape memory; exprsimaptVE BsCRHBER ¢ 501, therRplyapsufibe &nph VIS5 Gr Grehows the

sequence of five one-way shape ory ¢ycle for DC1. The asterisk marks the beginning of the cycle
and the arrow& gﬁg tﬁé%ﬁ%ﬁ%%ﬁ%ﬁﬁé’%%w%. ‘()é'} glgﬁggﬁ(@ﬁ g't%?a?%,r?t%]%hape fixation
with cooling, (¢9 ablmadirigsiooeWamatbaiiahe sixdyboa @ seatimyrio GO @ & lirdocbretd@/ery. In

particular, the polymehs Yielg %%‘%%%%8&68%,%‘?9}’%4%%5@&?@?opéﬂxweé.édsetﬂ fgied by DSC

experiments). The shape was then allowed to fix at 5 ow for crystallization to take place. Finally,
the load was réhfsiddhs ibabpw B st AxaRPEhel tecip/abpdffifesoRyitiamsabpd 8f31fe polymer was
carried out by J@¥ing We, lEMrARAHERL0 8% o AR ShAn&iNAG BIRRETIASWeEDSRSE Y/ ed
s, or from about 0.5 s to about 6.4 s, or from about 0.6 s to about 6.4 s, or from
about 0.7 s to about 6.4 s, or from about 0.8 s to about 6.4 s, or from about 0.9 s
to about 6.4 s, or from about 1.0 s to about 6.4 s, or from about 1.1 s to about 6.4
s, or from about 1.2 s to about 6.4 s, or from about 1.3 s to about 6.4 s, or from
about 1.4 s to about 6.4 s, or from about 1.5 s to about 6.4 s, or from about 1.6 s
to about 6.4 s, or from about 1.7 s to about 6.4 s, or from about 1.8 s to about 6.4
s, or from about 1.9 s to about 6.4 s, or from about 2.0 s to about 6.4 s, or from
about 2.1 s to about 6.4 s, or from about 2.2 s to about 6.4 s, or from about 2.3 s
to about 6.4 s, or from about 2.4 s to about 6.4 s, or from about 2.5 s to about 6.4
s, or from about 2.6 s to about 6.4 s, or from about 2.7 s to about 6.4 s, or from
about 2.8 s to about 6.4 s, or from about 2.9 s to about 6.4 s, or from about 3.0 s
to about 6.4 s, or from about 3.1 s to about 6.4 s, or from about 3.2 s to about 6.4
s, or from about 3.3 s to about 6.4 s, or from about 3.4 s to about 6.4 s, or from
about 3.4 s to about 6.4 s, or from about 3.5 s to about 6.4 s, or from about 3.6 s
to about 6.4 s, or from about 3.7 s to about 6.4 s, or from about 3.8 s to about 6.4
s, or from about 3.9 s to about 6.4 s, or from about 4.0 s to about 6.4 s, or from
about 4.1 s to about 6.4 s, or from about 4.2 s to about 6.4 s, or from about 4.3 s
to about 6.4 s, or from about 4.4 s to about 6.4 s, or from about 4.5 s to about 6.4
s, or from about 4.6 s to about 6.4 s, or from about 4.7 s to about 6.4 s, or from
about 4.8 s to about 6.4 s, or from about 4.9 s to about 6.4 s, or from about 5.0 s
to about 6.4 s, or from about 5.1 s to about 6.4 s, or from about 5.2 s to about 6.4
s, or from about 5.3 s to about 6.4 s, or from about 5.4 s to about 6.4 s, or from
about 5.5 s to about 6.4 s, or from about 5.6 s to about 6.4 s, or from about 5.7 s
to about 6.4 s, or from about 5.8 s to about 6.4 s, or from about 5.9 s to about 6.4

s, or from about 6.0 s to about 6.4 s, or from about 6.1 s to about 6.4 s, or from
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for the polymers as evidenced by the non-retraction of the polymer films upon the removal of the external
applied force at the shape fixing temperature of 5 C. Recovery was also generally very good for the 5
cycles (>90%)), after an initial conditioning cycle of the polymers (Table 4). The photographs of the shape

memory polymis bgfare deiBmason, aftaf s aimmpton anslalter IeRQ/EAIR shgia E1C. 7: (@ The

permanent spiral shape was obtained by molding at 60 C, followed by fixation a (b) The temporary

elongated shafahasdtBade af PSso ahaud - Zirdoalaid d shapBaradkttbthed abad Patnersion in

water at 45 C. gl lae pealabaitin kl&o/a8800623 3, 6rtrdikiBdht Bipeeordstutasd Sharpriecovery Ratio for

Poly(PDMS/PCL urethane)s Sample ID 0 ->1
Y about 6 st aES)out 8% s, or from about 0.7 s to about 6.3 s, or from about 0.8 s

to about 6.3 s, or from about 0.9 s to about 6.3 s, or from about 1.0 s to about 6.3
s, or from about 1.1 s to about 6.3 s, or from about 1.2 s to about 6.3 s, or from
about 1.3 s to about 6.3 s, or from about 1.4 s to about 6.3 s, or from about 1.5 s
to about 6.3 s, or from about 1.6 s to about 6.3 s, or from about 1.7 s to about 6.3
s, or from about 1.8 s to about 6.3 s, or from about 1.9 s to about 6.3 s, or from
about 2.0 s to about 6.3 s, or from about 2.1 s to about 6.3 s, or from about 2.2 s
to about 6.3 s, or from about 2.3 s to about 6.3 s, or from about 2.4 s to about 6.3
s, or from about 2.5 s to about 6.3 s, or from about 2.6 s to about 6.3 s, or from
about 2.7 s to about 6.3 s, or from about 2.8 s to about 6.3 s, or from about 2.9 s
to about 6.3 s, or from about 3.0 s to about 6.3 s, or from about 3.1 s to about 6.3
s, or from about 3.2 s to about 6.3 s, or from about 3.3 s to about 6.3 s, or from
about 3.4 s to about 6.3 s, or from about 3.4 s to about 6.3 s, or from about 3.5 s
to about 6.3 s, or from about 3.6 s to about 6.3 s, or from about 3.7 s to about 6.3
s, or from about 3.8 s to about 6.3 s, or from about 3.9 s to about 6.3 s, or from
about 4.0 s to about 6.3 s, or from about 4.1 s to about 6.3 s, or from about 4.2 s
to about 6.3 s, or from about 4.3 s to about 6.3 s, or from about 4.4 s to about 6.3
s, or from about 4.5 s to about 6.3 s, or from about 4.6 s to about 6.3 s, or from
about 4.7 s to about 6.3 s, or from about 4.8 s to about 6.3 s, or from about 4.9 s
to about 6.3 s, or from about 5.0 s to about 6.3 s, or from about 5.1 s to about 6.3
s, or from about 5.2 s to about 6.3 s, or from about 5.3 s to about 6.3 s, or from
about 5.4 s to about 6.3 s, or from about 5.5 s to about 6.3 s, or from about 5.6 s
to about 6.3 s, or from about 5.7 s to about 6.3 s, or from about 5.8 s to about 6.3
s, or from about 5.9 s to about 6.3 s, or from about 6.0 s to about 6.3 s, or from
about 6.1 s to about 6.3 s, or from about 6.2 s to about 6.3 s, or from about 0.1 s
to about 6.2 s, or from about 0.2 s to about 6.2 s, or from about 0.3 s to about 6.2
s, or from about 0.4 s to about 6.2 s, or from about 0.5 s to about 6.2 s, or from
about 0.6 s to about 6.2 s, or from about 0.7 s to about 6.2 s, or from about 0.8 s
to about 6.2 s, or from about 0.9 s to about 6.2 s, or from about 1.0 s to about 6.2

s, or from about 1.1 s to about 6.2 s, or from about 1.2 s to about 6.2 s, or from
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1->22->33->44->5Recovery Speed (s)

about 1.3 s to about 6.2 s, or from about 1.4 s to about 6.2 s, or from about 1.5 s
to about 6.2 s, or from about 1.6 s to about 6.2 s, or from about 1.7 s to about 6.2
s, or from about 1.8 s to about 6.2 s, or from about 1.9 s to about 6.2 s, or from
about 2.0 s to about 6.2 s, or from about 2.1 s to about 6.2 s, or from about 2.2 s
to about 6.2 s, or from about 2.3 s to about 6.2 s, or from about 2.4 s to about 6.2
s, or from about 2.5 s to about 6.2 s, or from about 2.6 s to about 6.2 s, or from
about 2.7 s to about 6.2 s, or from about 2.8 s to about 6.2 s, or from about 2.9 s
to about 6.2 s, or from about 3.0 s to about 6.2 s, or from about 3.1 s to about 6.2
s, or from about 3.2 s to about 6.2 s, or from about 3.3 s to about 6.2 s, or from
about 3.4 s to about 6.2 s, or from about 3.4 s to about 6.2 s, or from about 3.5 s
to about 6.2 s, or from about 3.6 s to about 6.2 s, or from about 3.7 s to about 6.2
s, or from about 3.8 s to about 6.2 s, or from about 3.9 s to about 6.2 s, or from
about 4.0 s to about 6.2 s, or from about 4.1 s to about 6.2 s, or from about 4.2 s
to about 6.2 s, or from about 4.3 s to about 6.2 s, or from about 4.4 s to about 6.2
s, or from about 4.5 s to about 6.2 s, or from about 4.6 s to about 6.2 s, or from
about 4.7 s to about 6.2 s, or from about 4.8 s to about 6.2 s, or from about 4.9 s
to about 6.2 s, or from about 5.0 s to about 6.2 s, or from about 5.1 s to about 6.2
s, or from about 5.2 s to about 6.2 s, or from about 5.3 s to about 6.2 s, or from
about 5.4 s to about 6.2 s, or from about 5.5 s to about 6.2 s, or from about 5.6 s
to about 6.2 s, or from about 5.7 s to about 6.2 s, or from about 5.8 s to about 6.2
s, or from about 5.9 s to about 6.2 s, or from about 6.0 s to about 6.2 s, or from
about 6.1 s to about 6.2 s, or from about 0.1 s to about 6.1 s, or from about 0.2 s
to about 6.1 s, or from about 0.3 s to about 6.1 s, or from about 0.4 s to about 6.1
s, or from about 0.5 s to about 6.1 s, or from about 0.6 s to about 6.1 s, or from
about 0.7 s to about 6.1 s, or from about 0.8 s to about 6.1 s, or from about 0.9 s
to about 6.1 s, or from about 1.0 s to about 6.1 s, or from about 1.1 s to about 6.1
s, or from about 1.2 s to about 6.1 s, or from about 1.3 s to about 6.1 s, or from
about 1.4 s to about 6.1 s, or from about 1.5 s to about 6.1 s, or from about 1.6 s
to about 6.1 s, or from about 1.7 s to about 6.1 s, or from about 1.8 s to about 6.1
s, or from about 1.9 s to about 6.1 s, or from about 2.0 s to about 6.1 s, or from
about 2.1 s to about 6.1 s, or from about 2.2 s to about 6.1 s, or from about 2.3 s
to about 6.1 s, or from about 2.4 s to about 6.1 s, or from about 2.5 s to about 6.1

s, or from about 2.6 s to about 6.1 s, or from about 2.7 s to about 6.1 s, or from
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about 2.8 s to about 6.1 s, or from about 2.9 s to about 6.1 s, or from about 3.0 s
to about 6.1 s, or from about 3.1 s to about 6.1 s, or from about 3.2 s to about 6.1
s, or from about 3.3 s to about 6.1 s, or from about 3.4 s to about 6.1 s, or from
about 3.4 s to about 6.1 s, or from about 3.5 s to about 6.1 s, or from about 3.6 s
to about 6.1 s, or from about 3.7 s to about 6.1 s, or from about 3.8 s to about 6.1
s, or from about 3.9 s to about 6.1 s, or from about 4.0 s to about 6.1 s, or from
about 4.1 s to about 6.1 s, or from about 4.2 s to about 6.1 s, or from about 4.3 s
to about 6.1 s, or from about 4.4 s to about 6.1 s, or from about 4.5 s to about 6.1
s, or from about 4.6 s to about 6.1 s, or from about 4.7 s to about 6.1 s, or from
about 4.8 s to about 6.1 s, or from about 4.9 s to about 6.1 s, or from about 5.0 s
to about 6.1 s, or from about 5.1 s to about 6.1 s, or from about 5.2 s to about 6.1
s, or from about 5.3 s to about 6.1 s, or from about 5.4 s to about 6.1 s, or from
about 5.5 s to about 6.1 s, or from about 5.6 s to about 6.1 s, or from about 5.7 s
to about 6.1 s, or from about 5.8 s to about 6.1 s, or from about 5.9 s to about 6.1
s, or from about 6.0 s to about 6.1 s, or from about 0.1 s to about 6.0 s, or from
about 0.2 s to about 6.0 s, or from about 0.3 s to about 6.0 s, or from about 0.4 s
to about 6.0 s, or from about 0.5 s to about 6.0 s, or from about 0.6 s to about 6.0
s, or from about 0.7 s to about 6.0 s, or from about 0.8 s to about 6.0 s, or from
about 0.9 s to about 6.0 s, or from about 1.0 s to about 6.0 s, or from about 1.1 s
to about 6.0 s, or from about 1.2 s to about 6.0 s, or from about 1.3 s to about 6.0
s, or from about 1.4 s to about 6.0 s, or from about 1.5 s to about 6.0 s, or from
about 1.6 s to about 6.0 s, or from about 1.7 s to about 6.0 s, or from about 1.8 s
to about 6.0 s, or from about 1.9 s to about 6.0 s, or from about 2.0 s to about 6.0
s, or from about 2.1 s to about 6.0 s, or from about 2.2 s to about 6.0 s, or from
about 2.3 s to about 6.0 s, or from about 2.4 s to about 6.0 s, or from about 2.5 s
to about 6.0 s, or from about 2.6 s to about 6.0 s, or from about 2.7 s to about 6.0
s, or from about 2.8 s to about 6.0 s, or from about 2.9 s to about 6.0 s, or from
about 3.0 s to about 6.0 s, or from about 3.1 s to about 6.0 s, or from about 3.2 s
to about 6.0 s, or from about 3.3 s to about 6.0 s, or from about 3.4 s to about 6.0
s, or from about 3.4 s to about 6.0 s, or from about 3.5 s to about 6.0 s, or from
about 3.6 s to about 6.0 s, or from about 3.7 s to about 6.0 s, or from about 3.8 s
to about 6.0 s, or from about 3.9 s to about 6.0 s, or from about 4.0 s to about 6.0

s, or from about 4.1 s to about 6.0 s, or from about 4.2 s to about 6.0 s, or from

77



99.3%

about 4.3 s to about 6.0 s, or from about 4.4 s to about 6.0 s, or from about 4.5 s
to about 6.0 s, or from about 4.6 s to about 6.0 s, or from about 4.7 s to about 6.0
s, or from about 4.8 s to about 6.0 s, or from about 4.9 s to about 6.0 s, or from
about 5.0 s to about 6.0 s, or from about 5.1 s to about 6.0 s, or from about 5.2 s
to about 6.0 s, or from about 5.3 s to about 6.0 s, or from about 5.4 s to about 6.0
s, or from about 5.5 s to about 6.0 s, or from about 5.6 s to about 6.0 s, or from
about 5.7 s to about 6.0 s, or from about 5.8 s to about 6.0 s, or from about 5.9 s
to about 6.0 s, or from about 0.1 s to about 5.9 s, or from about 0.2 s to about 5.9
s, or from about 0.3 s to about 5.9 s, or from about 0.4 s to about 5.9 s, or from
about 0.5 s to about 5.9 s, or from about 0.6 s to about 5.9 s, or from about 0.7 s
to about 5.9 s, or from about 0.8 s to about 5.9 s, or from about 0.9 s to about 5.9
s, or from about 1.0 s to about 5.9 s, or from about 1.1 s to about 5.9 s, or from
about 1.2 s to about 5.9 s, or from about 1.3 s to about 5.9 s, or from about 1.4 s
to about 5.9 s, or from about 1.5 s to about 5.9 s, or from about 1.6 s to about 5.9
s, or from about 1.7 s to about 5.9 s, or from about 1.8 s to about 5.9 s, or from
about 1.9 s to about 5.9 s, or from about 2.0 s to about 5.9 s, or from about 2.1 s
to about 5.9 s, or from about 2.2 s to about 5.9 s, or from about 2.3 s to about 5.9
s, or from about 2.4 s to about 5.9 s, or from about 2.5 s to about 5.9 s, or from
about 2.6 s to about 5.9 s, or from about 2.7 s to about 5.9 s, or from about 2.8 s
to about 5.9 s, or from about 2.9 s to about 5.9 s, or from about 3.0 s to about 5.9
s, or from about 3.1 s to about 5.9 s, or from about 3.2 s to about 5.9 s, or from
about 3.3 s to about 5.9 s, or from about 3.4 s to about 5.9 s, or from about 3.4 s
to about 5.9 s, or from about 3.5 s to about 5.9 s, or from about 3.6 s to about 5.9
s, or from about 3.7 s to about 5.9 s, or from about 3.8 s to about 5.9 s, or from
about 3.9 s to about 5.9 s, or from about 4.0 s to about 5.9 s, or from about 4.1 s
to about 5.9 s, or from about 4.2 s to about 5.9 s, or from about 4.3 s to about 5.9
s, or from about 4.4 s to about 5.9 s, or from about 4.5 s to about 5.9 s, or from
about 4.6 s to about 5.9 s, or from about 4.7 s to about 5.9 s, or from about 4.8 s
to about 5.9 s, or from about 4.9 s to about 5.9 s, or from about 5.0 s to about 5.9
s, or from about 5.1 s to about 5.9 s, or from about 5.2 s to about 5.9 s, or from
about 5.3 s to about 5.9 s, or from about 5.4 s to about 5.9 s, or from about 5.5 s
to about 5.9 s, or from about 5.6 s to about 5.9 s, or from about 5.7 s to about 5.9

s, or from about 5.8 s to about 5.9 s, or from about 0.1 s to about 5.8 s, or from
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about 0.2 s to about 5.8 s, or from about 0.3 s to about 5.8 s, or from about 0.4 s
to about 5.8 s, or from about 0.5 s to about 5.8 s, or from about 0.6 s to about 5.8
s, or from about 0.7 s to about 5.8 s, or from about 0.8 s to about 5.8 s, or from
about 0.9 s to about 5.8 s, or from about 1.0 s to about 5.8 s, or from about 1.1 s
to about 5.8 s, or from about 1.2 s to about 5.8 s, or from about 1.3 s to about 5.8
s, or from about 1.4 s to about 5.8 s, or from about 1.5 s to about 5.8 s, or from
about 1.6 s to about 5.8 s, or from about 1.7 s to about 5.8 s, or from about 1.8 s
to about 5.8 s, or from about 1.9 s to about 5.8 s, or from about 2.0 s to about 5.8
s, or from about 2.1 s to about 5.8 s, or from about 2.2 s to about 5.8 s, or from
about 2.3 s to about 5.8 s, or from about 2.4 s to about 5.8 s, or from about 2.5 s
to about 5.8 s, or from about 2.6 s to about 5.8 s, or from about 2.7 s to about 5.8
s, or from about 2.8 s to about 5.8 s, or from about 2.9 s to about 5.8 s, or from
about 3.0 s to about 5.8 s, or from about 3.1 s to about 5.8 s, or from about 3.2 s
to about 5.8 s, or from about 3.3 s to about 5.8 s, or from about 3.4 s to about 5.8
s, or from about 3.4 s to about 5.8 s, or from about 3.5 s to about 5.8 s, or from
about 3.6 s to about 5.8 s, or from about 3.7 s to about 5.8 s, or from about 3.8 s
to about 5.8 s, or from about 3.9 s to about 5.8 s, or from about 4.0 s to about 5.8
s, or from about 4.1 s to about 5.8 s, or from about 4.2 s to about 5.8 s, or from
about 4.3 s to about 5.8 s, or from about 4.4 s to about 5.8 s, or from about 4.5 s
to about 5.8 s, or from about 4.6 s to about 5.8 s, or from about 4.7 s to about 5.8
s, or from about 4.8 s to about 5.8 s, or from about 4.9 s to about 5.8 s, or from
about 5.0 s to about 5.8 s, or from about 5.1 s to about 5.8 s, or from about 5.2 s
to about 5.8 s, or from about 5.3 s to about 5.8 s, or from about 5.4 s to about 5.8
s, or from about 5.5 s to about 5.8 s, or from about 5.6 s to about 5.8 s, or from
about 5.7 s to about 5.8 s, or from about 0.1 s to about 5.7 s, or from about 0.2 s
to about 5.7 s, or from about 0.3 s to about 5.7 s, or from about 0.4 s to about 5.7
s, or from about 0.5 s to about 5.7 s, or from about 0.6 s to about 5.7 s, or from
about 0.7 s to about 5.7 s, or from about 0.8 s to about 5.7 s, or from about 0.9 s
to about 5.7 s, or from about 1.0 s to about 5.7 s, or from about 1.1 s to about 5.7
s, or from about 1.2 s to about 5.7 s, or from about 1.3 s to about 5.7 s, or from
about 1.4 s to about 5.7 s, or from about 1.5 s to about 5.7 s, or from about 1.6 s
to about 5.7 s, or from about 1.7 s to about 5.7 s, or from about 1.8 s to about 5.7

s, or from about 1.9 s to about 5.7 s, or from about 2.0 s to about 5.7 s, or from
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about 2.1 s to about 5.7 s, or from about 2.2 s to about 5.7 s, or from about 2.3 s
to about 5.7 s, or from about 2.4 s to about 5.7 s, or from about 2.5 s to about 5.7
s, or from about 2.6 s to about 5.7 s, or from about 2.7 s to about 5.7 s, or from
about 2.8 s to about 5.7 s, or from about 2.9 s to about 5.7 s, or from about 3.0 s
to about 5.7 s, or from about 3.1 s to about 5.7 s, or from about 3.2 s to about 5.7
s, or from about 3.3 s to about 5.7 s, or from about 3.4 s to about 5.7 s, or from
about 3.4 s to about 5.7 s, or from about 3.5 s to about 5.7 s, or from about 3.6 s
to about 5.7 s, or from about 3.7 s to about 5.7 s, or from about 3.8 s to about 5.7
s, or from about 3.9 s to about 5.7 s, or from about 4.0 s to about 5.7 s, or from
about 4.1 s to about 5.7 s, or from about 4.2 s to about 5.7 s, or from about 4.3 s
to about 5.7 s, or from about 4.4 s to about 5.7 s, or from about 4.5 s to about 5.7
s, or from about 4.6 s to about 5.7 s, or from about 4.7 s to about 5.7 s, or from
about 4.8 s to about 5.7 s, or from about 4.9 s to about 5.7 s, or from about 5.0 s
to about 5.7 s, or from about 5.1 s to about 5.7 s, or from about 5.2 s to about 5.7
s, or from about 5.3 s to about 5.7 s, or from about 5.4 s to about 5.7 s, or from
about 5.5 s to about 5.7 s, or from about 5.6 s to about 5.7 s, or from about 0.1 s
to about 5.6 s, or from about 0.2 s to about 5.6 s, or from about 0.3 s to about 5.6
s, or from about 0.4 s to about 5.6 s, or from about 0.5 s to about 5.6 s, or from
about 0.6 s to about 5.6 s, or from about 0.7 s to about 5.6 s, or from about 0.8 s
to about 5.6 s, or from about 0.9 s to about 5.6 s, or from about 1.0 s to about 5.6
s, or from about 1.1 s to about 5.6 s, or from about 1.2 s to about 5.6 s, or from
about 1.3 s to about 5.6 s, or from about 1.4 s to about 5.6 s, or from about 1.5 s
to about 5.6 s, or from about 1.6 s to about 5.6 s, or from about 1.7 s to about 5.6
s, or from about 1.8 s to about 5.6 s, or from about 1.9 s to about 5.6 s, or from
about 2.0 s to about 5.6 s, or from about 2.1 s to about 5.6 s, or from about 2.2 s
to about 5.6 s, or from about 2.3 s to about 5.6 s, or from about 2.4 s to about 5.6
s, or from about 2.5 s to about 5.6 s, or from about 2.6 s to about 5.6 s, or from
about 2.7 s to about 5.6 s, or from about 2.8 s to about 5.6 s, or from about 2.9 s
to about 5.6 s, or from about 3.0 s to about 5.6 s, or from about 3.1 s to about 5.6
s, or from about 3.2 s to about 5.6 s, or from about 3.3 s to about 5.6 s, or from
about 3.4 s to about 5.6 s, or from about 3.4 s to about 5.6 s, or from about 3.5 s
to about 5.6 s, or from about 3.6 s to about 5.6 s, or from about 3.7 s to about 5.6

s, or from about 3.8 s to about 5.6 s, or from about 3.9 s to about 5.6 s, or from

80



R, 70.2% 85.2% 88.7% 89.5%

about 4.0 s to about 5.6 s, or from about 4.1 s to about 5.6 s, or from about 4.2 s
to about 5.6 s, or from about 4.3 s to about 5.6 s, or from about 4.4 s to about 5.6
s, or from about 4.5 s to about 5.6 s, or from about 4.6 s to about 5.6 s, or from
about 4.7 s to about 5.6 s, or from about 4.8 s to about 5.6 s, or from about 4.9 s
to about 5.6 s, or from about 5.0 s to about 5.6 s, or from about 5.1 s to about 5.6
s, or from about 5.2 s to about 5.6 s, or from about 5.3 s to about 5.6 s, or from
about 5.4 s to about 5.6 s, or from about 5.5 s to about 5.6 s, or from about 0.1 s
to about 5.5 s, or from about 0.2 s to about 5.5 s, or from about 0.3 s to about 5.5
s, or from about 0.4 s to about 5.5 s, or from about 0.5 s to about 5.5 s, or from
about 0.6 s to about 5.5 s, or from about 0.7 s to about 5.5 s, or from about 0.8 s
to about 5.5 s, or from about 0.9 s to about 5.5 s, or from about 1.0 s to about 5.5
s, or from about 1.1 s to about 5.5 s, or from about 1.2 s to about 5.5 s, or from
about 1.3 s to about 5.5 s, or from about 1.4 s to about 5.5 s, or from about 1.5 s
to about 5.5 s, or from about 1.6 s to about 5.5 s, or from about 1.7 s to about 5.5
s, or from about 1.8 s to about 5.5 s, or from about 1.9 s to about 5.5 s, or from
about 2.0 s to about 5.5 s, or from about 2.1 s to about 5.5 s, or from about 2.2 s
to about 5.5 s, or from about 2.3 s to about 5.5 s, or from about 2.4 s to about 5.5
s, or from about 2.5 s to about 5.5 s, or from about 2.6 s to about 5.5 s, or from
about 2.7 s to about 5.5 s, or from about 2.8 s to about 5.5 s, or from about 2.9 s
to about 5.5 s, or from about 3.0 s to about 5.5 s, or from about 3.1 s to about 5.5
s, or from about 3.2 s to about 5.5 s, or from about 3.3 s to about 5.5 s, or from
about 3.4 s to about 5.5 s, or from about 3.4 s to about 5.5 s, or from about 3.5 s
to about 5.5 s, or from about 3.6 s to about 5.5 s, or from about 3.7 s to about 5.5
s, or from about 3.8 s to about 5.5 s, or from about 3.9 s to about 5.5 s, or from
about 4.0 s to about 5.5 s, or from about 4.1 s to about 5.5 s, or from about 4.2 s
to about 5.5 s, or from about 4.3 s to about 5.5 s, or from about 4.4 s to about 5.5
s, or from about 4.5 s to about 5.5 s, or from about 4.6 s to about 5.5 s, or from
about 4.7 s to about 5.5 s, or from about 4.8 s to about 5.5 s, or from about 4.9 s
to about 5.5 s, or from about 5.0 s to about 5.5 s, or from about 5.1 s to about 5.5
s, or from about 5.2 s to about 5.5 s, or from about 5.3 s to about 5.5 s, or from
about 5.4 s to about 5.5 s, or from about 0.1 s to about 5.4 s, or from about 0.2 s
to about 5.4 s, or from about 0.3 s to about 5.4 s, or from about 0.4 s to about 5.4

s, or from about 0.5 s to about 5.4 s, or from about 0.6 s to about 5.4 s, or from
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about 0.7 s to about 5.4 s, or from about 0.8 s to about 5.4 s, or from about 0.9 s
to about 5.4 s, or from about 1.0 s to about 5.4 s, or from about 1.1 s to about 5.4
s, or from about 1.2 s to about 5.4 s, or from about 1.3 s to about 5.4 s, or from
about 1.4 s to about 5.4 s, or from about 1.5 s to about 5.4 s, or from about 1.6 s
to about 5.4 s, or from about 1.7 s to about 5.4 s, or from about 1.8 s to about 5.4
s, or from about 1.9 s to about 5.4 s, or from about 2.0 s to about 5.4 s, or from
about 2.1 s to about 5.4 s, or from about 2.2 s to about 5.4 s, or from about 2.3 s
to about 5.4 s, or from about 2.4 s to about 5.4 s, or from about 2.5 s to about 5.4
s, or from about 2.6 s to about 5.4 s, or from about 2.7 s to about 5.4 s, or from
about 2.8 s to about 5.4 s, or from about 2.9 s to about 5.4 s, or from about 3.0 s
to about 5.4 s, or from about 3.1 s to about 5.4 s, or from about 3.2 s to about 5.4
s, or from about 3.3 s to about 5.4 s, or from about 3.4 s to about 5.4 s, or from
about 3.4 s to about 5.4 s, or from about 3.5 s to about 5.4 s, or from about 3.6 s
to about 5.4 s, or from about 3.7 s to about 5.4 s, or from about 3.8 s to about 5.4
s, or from about 3.9 s to about 5.4 s, or from about 4.0 s to about 5.4 s, or from
about 4.1 s to about 5.4 s, or from about 4.2 s to about 5.4 s, or from about 4.3 s
to about 5.4 s, or from about 4.4 s to about 5.4 s, or from about 4.5 s to about 5.4
s, or from about 4.6 s to about 5.4 s, or from about 4.7 s to about 5.4 s, or from
about 4.8 s to about 5.4 s, or from about 4.9 s to about 5.4 s, or from about 5.0 s
to about 5.4 s, or from about 5.1 s to about 5.4 s, or from about 5.2 s to about 5.4
s, or from about 5.3 s to about 5.4 s, or from about 0.1 s to about 5.3 s, or from
about 0.2 s to about 5.3 s, or from about 0.3 s to about 5.3 s, or from about 0.4 s
to about 5.3 s, or from about 0.5 s to about 5.3 s, or from about 0.6 s to about 5.3
s, or from about 0.7 s to about 5.3 s, or from about 0.8 s to about 5.3 s, or from
about 0.9 s to about 5.3 s, or from about 1.0 s to about 5.3 s, or from about 1.1 s
to about 5.3 s, or from about 1.2 s to about 5.3 s, or from about 1.3 s to about 5.3
s, or from about 1.4 s to about 5.3 s, or from about 1.5 s to about 5.3 s, or from
about 1.6 s to about 5.3 s, or from about 1.7 s to about 5.3 s, or from about 1.8 s
to about 5.3 s, or from about 1.9 s to about 5.3 s, or from about 2.0 s to about 5.3
s, or from about 2.1 s to about 5.3 s, or from about 2.2 s to about 5.3 s, or from
about 2.3 s to about 5.3 s, or from about 2.4 s to about 5.3 s, or from about 2.5 s
to about 5.3 s, or from about 2.6 s to about 5.3 s, or from about 2.7 s to about 5.3

s, or from about 2.8 s to about 5.3 s, or from about 2.9 s to about 5.3 s, or from
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about 3.0 s to about 5.3 s, or from about 3.1 s to about 5.3 s, or from about 3.2 s
to about 5.3 s, or from about 3.3 s to about 5.3 s, or from about 3.4 s to about 5.3
s, or from about 3.4 s to about 5.3 s, or from about 3.5 s to about 5.3 s, or from
about 3.6 s to about 5.3 s, or from about 3.7 s to about 5.3 s, or from about 3.8 s
to about 5.3 s, or from about 3.9 s to about 5.3 s, or from about 4.0 s to about 5.3
s, or from about 4.1 s to about 5.3 s, or from about 4.2 s to about 5.3 s, or from
about 4.3 s to about 5.3 s, or from about 4.4 s to about 5.3 s, or from about 4.5 s
to about 5.3 s, or from about 4.6 s to about 5.3 s, or from about 4.7 s to about 5.3
s, or from about 4.8 s to about 5.3 s, or from about 4.9 s to about 5.3 s, or from
about 5.0 s to about 5.3 s, or from about 5.1 s to about 5.3 s, or from about 5.2 s
to about 5.3 s, or from about 0.1 s to about 5.2 s, or from about 0.2 s to about 5.2
s, or from about 0.3 s to about 5.2 s, or from about 0.4 s to about 5.2 s, or from
about 0.5 s to about 5.2 s, or from about 0.6 s to about 5.2 s, or from about 0.7 s
to about 5.2 s, or from about 0.8 s to about 5.2 s, or from about 0.9 s to about 5.2
s, or from about 1.0 s to about 5.2 s, or from about 1.1 s to about 5.2 s, or from
about 1.2 s to about 5.2 s, or from about 1.3 s to about 5.2 s, or from about 1.4 s
to about 5.2 s, or from about 1.5 s to about 5.2 s, or from about 1.6 s to about 5.2
s, or from about 1.7 s to about 5.2 s, or from about 1.8 s to about 5.2 s, or from
about 1.9 s to about 5.2 s, or from about 2.0 s to about 5.2 s, or from about 2.1 s
to about 5.2 s, or from about 2.2 s to about 5.2 s, or from about 2.3 s to about 5.2
s, or from about 2.4 s to about 5.2 s, or from about 2.5 s to about 5.2 s, or from
about 2.6 s to about 5.2 s, or from about 2.7 s to about 5.2 s, or from about 2.8 s
to about 5.2 s, or from about 2.9 s to about 5.2 s, or from about 3.0 s to about 5.2
s, or from about 3.1 s to about 5.2 s, or from about 3.2 s to about 5.2 s, or from
about 3.3 s to about 5.2 s, or from about 3.4 s to about 5.2 s, or from about 3.4 s
to about 5.2 s, or from about 3.5 s to about 5.2 s, or from about 3.6 s to about 5.2
s, or from about 3.7 s to about 5.2 s, or from about 3.8 s to about 5.2 s, or from
about 3.9 s to about 5.2 s, or from about 4.0 s to about 5.2 s, or from about 4.1 s
to about 5.2 s, or from about 4.2 s to about 5.2 s, or from about 4.3 s to about 5.2
s, or from about 4.4 s to about 5.2 s, or from about 4.5 s to about 5.2 s, or from
about 4.6 s to about 5.2 s, or from about 4.7 s to about 5.2 s, or from about 4.8 s
to about 5.2 s, or from about 4.9 s to about 5.2 s, or from about 5.0 s to about 5.2

s, or from about 5.1 s to about 5.2 s, or from about 0.1 s to about 5.1 s, or from
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about 0.2 s to about 5.1 s, or from about 0.3 s to about 5.1 s, or from about 0.4 s
to about 5.1 s, or from about 0.5 s to about 5.1 s, or from about 0.6 s to about 5.1
s, or from about 0.7 s to about 5.1 s, or from about 0.8 s to about 5.1 s, or from
about 0.9 s to about 5.1 s, or from about 1.0 s to about 5.1 s, or from about 1.1 s
to about 5.1 s, or from about 1.2 s to about 5.1 s, or from about 1.3 s to about 5.1
s, or from about 1.4 s to about 5.1 s, or from about 1.5 s to about 5.1 s, or from
about 1.6 s to about 5.1 s, or from about 1.7 s to about 5.1 s, or from about 1.8 s
to about 5.1 s, or from about 1.9 s to about 5.1 s, or from about 2.0 s to about 5.1
s, or from about 2.1 s to about 5.1 s, or from about 2.2 s to about 5.1 s, or from
about 2.3 s to about 5.1 s, or from about 2.4 s to about 5.1 s, or from about 2.5 s
to about 5.1 s, or from about 2.6 s to about 5.1 s, or from about 2.7 s to about 5.1
s, or from about 2.8 s to about 5.1 s, or from about 2.9 s to about 5.1 s, or from
about 3.0 s to about 5.1 s, or from about 3.1 s to about 5.1 s, or from about 3.2 s
to about 5.1 s, or from about 3.3 s to about 5.1 s, or from about 3.4 s to about 5.1
s, or from about 3.4 s to about 5.1 s, or from about 3.5 s to about 5.1 s, or from
about 3.6 s to about 5.1 s, or from about 3.7 s to about 5.1 s, or from about 3.8 s
to about 5.1 s, or from about 3.9 s to about 5.1 s, or from about 4.0 s to about 5.1
s, or from about 4.1 s to about 5.1 s, or from about 4.2 s to about 5.1 s, or from
about 4.3 s to about 5.1 s, or from about 4.4 s to about 5.1 s, or from about 4.5 s
to about 5.1 s, or from about 4.6 s to about 5.1 s, or from about 4.7 s to about 5.1
s, or from about 4.8 s to about 5.1 s, or from about 4.9 s to about 5.1 s, or from
about 5.0 s to about 5.1 s, or from about 0.1 s to about 5.0 s, or from about 0.2 s
to about 5.0 s, or from about 0.3 s to about 5.0 s, or from about 0.4 s to about 5.0
s, or from about 0.5 s to about 5.0 s, or from about 0.6 s to about 5.0 s, or from
about 0.7 s to about 5.0 s, or from about 0.8 s to about 5.0 s, or from about 0.9 s
to about 5.0 s, or from about 1.0 s to about 5.0 s, or from about 1.1 s to about 5.0
s, or from about 1.2 s to about 5.0 s, or from about 1.3 s to about 5.0 s, or from
about 1.4 s to about 5.0 s, or from about 1.5 s to about 5.0 s, or from about 1.6 s
to about 5.0 s, or from about 1.7 s to about 5.0 s, or from about 1.8 s to about 5.0
s, or from about 1.9 s to about 5.0 s, or from about 2.0 s to about 5.0 s, or from
about 2.1 s to about 5.0 s, or from about 2.2 s to about 5.0 s, or from about 2.3 s
to about 5.0 s, or from about 2.4 s to about 5.0 s, or from about 2.5 s to about 5.0

s, or from about 2.6 s to about 5.0 s, or from about 2.7 s to about 5.0 s, or from
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about 2.8 s to about 5.0 s, or from about 2.9 s to about 5.0 s, or from about 3.0 s
to about 5.0 s, or from about 3.1 s to about 5.0 s, or from about 3.2 s to about 5.0
s, or from about 3.3 s to about 5.0 s, or from about 3.4 s to about 5.0 s, or from
about 3.4 s to about 5.0 s, or from about 3.5 s to about 5.0 s, or from about 3.6 s
to about 5.0 s, or from about 3.7 s to about 5.0 s, or from about 3.8 s to about 5.0
s, or from about 3.9 s to about 5.0 s, or from about 4.0 s to about 5.0 s, or from
about 4.1 s to about 5.0 s, or from about 4.2 s to about 5.0 s, or from about 4.3 s
to about 5.0 s, or from about 4.4 s to about 5.0 s, or from about 4.5 s to about 5.0
s, or from about 4.6 s to about 5.0 s, or from about 4.7 s to about 5.0 s, or from
about 4.8 s to about 5.0 s, or from about 4.9 s to about 5.0 s, or from about 0.1 s
to about 4.9 s, or from about 0.2 s to about 4.9 s, or from about 0.3 s to about 4.9
s, or from about 0.4 s to about 4.9 s, or from about 0.5 s to about 4.9 s, or from
about 0.6 s to about 4.9 s, or from about 0.7 s to about 4.9 s, or from about 0.8 s
to about 4.9 s, or from about 0.9 s to about 4.9 s, or from about 1.0 s to about 4.9
s, or from about 1.1 s to about 4.9 s, or from about 1.2 s to about 4.9 s, or from
about 1.3 s to about 4.9 s, or from about 1.4 s to about 4.9 s, or from about 1.5 s
to about 4.9 s, or from about 1.6 s to about 4.9 s, or from about 1.7 s to about 4.9
s, or from about 1.8 s to about 4.9 s, or from about 1.9 s to about 4.9 s, or from
about 2.0 s to about 4.9 s, or from about 2.1 s to about 4.9 s, or from about 2.2 s
to about 4.9 s, or from about 2.3 s to about 4.9 s, or from about 2.4 s to about 4.9
s, or from about 2.5 s to about 4.9 s, or from about 2.6 s to about 4.9 s, or from
about 2.7 s to about 4.9 s, or from about 2.8 s to about 4.9 s, or from about 2.9 s
to about 4.9 s, or from about 3.0 s to about 4.9 s, or from about 3.1 s to about 4.9
s, or from about 3.2 s to about 4.9 s, or from about 3.3 s to about 4.9 s, or from
about 3.4 s to about 4.9 s, or from about 3.4 s to about 4.9 s, or from about 3.5 s
to about 4.9 s, or from about 3.6 s to about 4.9 s, or from about 3.7 s to about 4.9
s, or from about 3.8 s to about 4.9 s, or from about 3.9 s to about 4.9 s, or from
about 4.0 s to about 4.9 s, or from about 4.1 s to about 4.9 s, or from about 4.2 s
to about 4.9 s, or from about 4.3 s to about 4.9 s, or from about 4.4 s to about 4.9
s, or from about 4.5 s to about 4.9 s, or from about 4.6 s to about 4.9 s, or from
about 4.7 s to about 4.9 s, or from about 4.8 s to about 4.9 s, or from about 0.1 s
to about 4.8 s, or from about 0.2 s to about 4.8 s, or from about 0.3 s to about 4.8

s, or from about 0.4 s to about 4.8 s, or from about 0.5 s to about 4.8 s, or from
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about 0.6 s to about 4.8 s, or from about 0.7 s to about 4.8 s, or from about 0.8 s
to about 4.8 s, or from about 0.9 s to about 4.8 s, or from about 1.0 s to about 4.8
s, or from about 1.1 s to about 4.8 s, or from about 1.2 s to about 4.8 s, or from
about 1.3 s to about 4.8 s, or from about 1.4 s to about 4.8 s, or from about 1.5 s
to about 4.8 s, or from about 1.6 s to about 4.8 s, or from about 1.7 s to about 4.8
s, or from about 1.8 s to about 4.8 s, or from about 1.9 s to about 4.8 s, or from
about 2.0 s to about 4.8 s, or from about 2.1 s to about 4.8 s, or from about 2.2 s
to about 4.8 s, or from about 2.3 s to about 4.8 s, or from about 2.4 s to about 4.8
s, or from about 2.5 s to about 4.8 s, or from about 2.6 s to about 4.8 s, or from
about 2.7 s to about 4.8 s, or from about 2.8 s to about 4.8 s, or from about 2.9 s
to about 4.8 s, or from about 3.0 s to about 4.8 s, or from about 3.1 s to about 4.8
s, or from about 3.2 s to about 4.8 s, or from about 3.3 s to about 4.8 s, or from
about 3.4 s to about 4.8 s, or from about 3.4 s to about 4.8 s, or from about 3.5 s
to about 4.8 s, or from about 3.6 s to about 4.8 s, or from about 3.7 s to about 4.8
s, or from about 3.8 s to about 4.8 s, or from about 3.9 s to about 4.8 s, or from
about 4.0 s to about 4.8 s, or from about 4.1 s to about 4.8 s, or from about 4.2 s
to about 4.8 s, or from about 4.3 s to about 4.8 s, or from about 4.4 s to about 4.8
s, or from about 4.5 s to about 4.8 s, or from about 4.6 s to about 4.8 s, or from
about 4.7 s to about 4.8 s, or from about 0.1 s to about 4.7 s, or from about 0.2 s
to about 4.7 s, or from about 0.3 s to about 4.7 s, or from about 0.4 s to about 4.7
s, or from about 0.5 s to about 4.7 s, or from about 0.6 s to about 4.7 s, or from
about 0.7 s to about 4.7 s, or from about 0.8 s to about 4.7 s, or from about 0.9 s
to about 4.7 s, or from about 1.0 s to about 4.7 s, or from about 1.1 s to about 4.7
s, or from about 1.2 s to about 4.7 s, or from about 1.3 s to about 4.7 s, or from
about 1.4 s to about 4.7 s, or from about 1.5 s to about 4.7 s, or from about 1.6 s
to about 4.7 s, or from about 1.7 s to about 4.7 s, or from about 1.8 s to about 4.7
s, or from about 1.9 s to about 4.7 s, or from about 2.0 s to about 4.7 s, or from
about 2.1 s to about 4.7 s, or from about 2.2 s to about 4.7 s, or from about 2.3 s
to about 4.7 s, or from about 2.4 s to about 4.7 s, or from about 2.5 s to about 4.7
s, or from about 2.6 s to about 4.7 s, or from about 2.7 s to about 4.7 s, or from
about 2.8 s to about 4.7 s, or from about 2.9 s to about 4.7 s, or from about 3.0 s
to about 4.7 s, or from about 3.1 s to about 4.7 s, or from about 3.2 s to about 4.7

s, or from about 3.3 s to about 4.7 s, or from about 3.4 s to about 4.7 s, or from
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about 3.4 s to about 4.7 s, or from about 3.5 s to about 4.7 s, or from about 3.6 s
to about 4.7 s, or from about 3.7 s to about 4.7 s, or from about 3.8 s to about 4.7
s, or from about 3.9 s to about 4.7 s, or from about 4.0 s to about 4.7 s, or from
about 4.1 s to about 4.7 s, or from about 4.2 s to about 4.7 s, or from about 4.3 s
to about 4.7 s, or from about 4.4 s to about 4.7 s, or from about 4.5 s to about 4.7
s, or from about 4.6 s to about 4.7 s, or from about 0.1 s to about 4.6 s, or from
about 0.2 s to about 4.6 s, or from about 0.3 s to about 4.6 s, or from about 0.4 s
to about 4.6 s, or from about 0.5 s to about 4.6 s, or from about 0.6 s to about 4.6
s, or from about 0.7 s to about 4.6 s, or from about 0.8 s to about 4.6 s, or from
about 0.9 s to about 4.6 s, or from about 1.0 s to about 4.6 s, or from about 1.1 s
to about 4.6 s, or from about 1.2 s to about 4.6 s, or from about 1.3 s to about 4.6
s, or from about 1.4 s to about 4.6 s, or from about 1.5 s to about 4.6 s, or from
about 1.6 s to about 4.6 s, or from about 1.7 s to about 4.6 s, or from about 1.8 s
to about 4.6 s, or from about 1.9 s to about 4.6 s, or from about 2.0 s to about 4.6
s, or from about 2.1 s to about 4.6 s, or from about 2.2 s to about 4.6 s, or from
about 2.3 s to about 4.6 s, or from about 2.4 s to about 4.6 s, or from about 2.5 s
to about 4.6 s, or from about 2.6 s to about 4.6 s, or from about 2.7 s to about 4.6
s, or from about 2.8 s to about 4.6 s, or from about 2.9 s to about 4.6 s, or from
about 3.0 s to about 4.6 s, or from about 3.1 s to about 4.6 s, or from about 3.2 s
to about 4.6 s, or from about 3.3 s to about 4.6 s, or from about 3.4 s to about 4.6
s, or from about 3.4 s to about 4.6 s, or from about 3.5 s to about 4.6 s, or from
about 3.6 s to about 4.6 s, or from about 3.7 s to about 4.6 s, or from about 3.8 s
to about 4.6 s, or from about 3.9 s to about 4.6 s, or from about 4.0 s to about 4.6
s, or from about 4.1 s to about 4.6 s, or from about 4.2 s to about 4.6 s, or from
about 4.3 s to about 4.6 s, or from about 4.4 s to about 4.6 s, or from about 4.5 s
to about 4.6 s, or from about 0.1 s to about 4.5 s, or from about 0.2 s to about 4.5
s, or from about 0.3 s to about 4.5 s, or from about 0.4 s to about 4.5 s, or from
about 0.5 s to about 4.5 s, or from about 0.6 s to about 4.5 s, or from about 0.7 s
to about 4.5 s, or from about 0.8 s to about 4.5 s, or from about 0.9 s to about 4.5
s, or from about 1.0 s to about 4.5 s, or from about 1.1 s to about 4.5 s, or from
about 1.2 s to about 4.5 s, or from about 1.3 s to about 4.5 s, or from about 1.4 s
to about 4.5 s, or from about 1.5 s to about 4.5 s, or from about 1.6 s to about 4.5

s, or from about 1.7 s to about 4.5 s, or from about 1.8 s to about 4.5 s, or from
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about 1.9 s to about 4.5 s, or from about 2.0 s to about 4.5 s, or from about 2.1 s
to about 4.5 s, or from about 2.2 s to about 4.5 s, or from about 2.3 s to about 4.5
s, or from about 2.4 s to about 4.5 s, or from about 2.5 s to about 4.5 s, or from
about 2.6 s to about 4.5 s, or from about 2.7 s to about 4.5 s, or from about 2.8 s
to about 4.5 s, or from about 2.9 s to about 4.5 s, or from about 3.0 s to about 4.5
s, or from about 3.1 s to about 4.5 s, or from about 3.2 s to about 4.5 s, or from
about 3.3 s to about 4.5 s, or from about 3.4 s to about 4.5 s, or from about 3.4 s
to about 4.5 s, or from about 3.5 s to about 4.5 s, or from about 3.6 s to about 4.5
s, or from about 3.7 s to about 4.5 s, or from about 3.8 s to about 4.5 s, or from
about 3.9 s to about 4.5 s, or from about 4.0 s to about 4.5 s, or from about 4.1 s
to about 4.5 s, or from about 4.2 s to about 4.5 s, or from about 4.3 s to about 4.5
s, or from about 4.4 s to about 4.5 s, or from about 0.1 s to about 4.4 s, or from
about 0.2 s to about 4.4 s, or from about 0.3 s to about 4.4 s, or from about 0.4 s
to about 4.4 s, or from about 0.5 s to about 4.4 s, or from about 0.6 s to about 4.4
s, or from about 0.7 s to about 4.4 s, or from about 0.8 s to about 4.4 s, or from
about 0.9 s to about 4.4 s, or from about 1.0 s to about 4.4 s, or from about 1.1 s
to about 4.4 s, or from about 1.2 s to about 4.4 s, or from about 1.3 s to about 4.4
s, or from about 1.4 s to about 4.4 s, or from about 1.5 s to about 4.4 s, or from
about 1.6 s to about 4.4 s, or from about 1.7 s to about 4.4 s, or from about 1.8 s
to about 4.4 s, or from about 1.9 s to about 4.4 s, or from about 2.0 s to about 4.4
s, or from about 2.1 s to about 4.4 s, or from about 2.2 s to about 4.4 s, or from
about 2.3 s to about 4.4 s, or from about 2.4 s to about 4.4 s, or from about 2.5 s
to about 4.4 s, or from about 2.6 s to about 4.4 s, or from about 2.7 s to about 4.4
s, or from about 2.8 s to about 4.4 s, or from about 2.9 s to about 4.4 s, or from
about 3.0 s to about 4.4 s, or from about 3.1 s to about 4.4 s, or from about 3.2 s
to about 4.4 s, or from about 3.3 s to about 4.4 s, or from about 3.4 s to about 4.4
s, or from about 3.4 s to about 4.4 s, or from about 3.5 s to about 4.4 s, or from
about 3.6 s to about 4.4 s, or from about 3.7 s to about 4.4 s, or from about 3.8 s
to about 4.4 s, or from about 3.9 s to about 4.4 s, or from about 4.0 s to about 4.4
s, or from about 4.1 s to about 4.4 s, or from about 4.2 s to about 4.4 s, or from
about 4.3 s to about 4.4 s, or from about 0.1 s to about 4.3 s, or from about 0.2 s
to about 4.3 s, or from about 0.3 s to about 4.3 s, or from about 0.4 s to about 4.3

s, or from about 0.5 s to about 4.3 s, or from about 0.6 s to about 4.3 s, or from
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about 0.7 s to about 4.3 s, or from about 0.8 s to about 4.3 s, or from about 0.9 s
to about 4.3 s, or from about 1.0 s to about 4.3 s, or from about 1.1 s to about 4.3
s, or from about 1.2 s to about 4.3 s, or from about 1.3 s to about 4.3 s, or from
about 1.4 s to about 4.3 s, or from about 1.5 s to about 4.3 s, or from about 1.6 s
to about 4.3 s, or from about 1.7 s to about 4.3 s, or from about 1.8 s to about 4.3
s, or from about 1.9 s to about 4.3 s, or from about 2.0 s to about 4.3 s, or from
about 2.1 s to about 4.3 s, or from about 2.2 s to about 4.3 s, or from about 2.3 s
to about 4.3 s, or from about 2.4 s to about 4.3 s, or from about 2.5 s to about 4.3
s, or from about 2.6 s to about 4.3 s, or from about 2.7 s to about 4.3 s, or from
about 2.8 s to about 4.3 s, or from about 2.9 s to about 4.3 s, or from about 3.0 s
to about 4.3 s, or from about 3.1 s to about 4.3 s, or from about 3.2 s to about 4.3
s, or from about 3.3 s to about 4.3 s, or from about 3.4 s to about 4.3 s, or from
about 3.4 s to about 4.3 s, or from about 3.5 s to about 4.3 s, or from about 3.6 s
to about 4.3 s, or from about 3.7 s to about 4.3 s, or from about 3.8 s to about 4.3
s, or from about 3.9 s to about 4.3 s, or from about 4.0 s to about 4.3 s, or from
about 4.1 s to about 4.3 s, or from about 4.2 s to about 4.3 s, or from about 0.1 s
to about 4.2 s, or from about 0.2 s to about 4.2 s, or from about 0.3 s to about 4.2
s, or from about 0.4 s to about 4.2 s, or from about 0.5 s to about 4.2 s, or from
about 0.6 s to about 4.2 s, or from about 0.7 s to about 4.2 s, or from about 0.8 s
to about 4.2 s, or from about 0.9 s to about 4.2 s, or from about 1.0 s to about 4.2
s, or from about 1.1 s to about 4.2 s, or from about 1.2 s to about 4.2 s, or from
about 1.3 s to about 4.2 s, or from about 1.4 s to about 4.2 s, or from about 1.5 s
to about 4.2 s, or from about 1.6 s to about 4.2 s, or from about 1.7 s to about 4.2
s, or from about 1.8 s to about 4.2 s, or from about 1.9 s to about 4.2 s, or from
about 2.0 s to about 4.2 s, or from about 2.1 s to about 4.2 s, or from about 2.2 s
to about 4.2 s, or from about 2.3 s to about 4.2 s, or from about 2.4 s to about 4.2
s, or from about 2.5 s to about 4.2 s, or from about 2.6 s to about 4.2 s, or from
about 2.7 s to about 4.2 s, or from about 2.8 s to about 4.2 s, or from about 2.9 s
to about 4.2 s, or from about 3.0 s to about 4.2 s, or from about 3.1 s to about 4.2
s, or from about 3.2 s to about 4.2 s, or from about 3.3 s to about 4.2 s, or from
about 3.4 s to about 4.2 s, or from about 3.4 s to about 4.2 s, or from about 3.5 s
to about 4.2 s, or from about 3.6 s to about 4.2 s, or from about 3.7 s to about 4.2

s, or from about 3.8 s to about 4.2 s, or from about 3.9 s to about 4.2 s, or from
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about 4.0 s to about 4.2 s, or from about 4.1 s to about 4.2 s, or from about 0.1 s
to about 4.1 s, or from about 0.2 s to about 4.1 s, or from about 0.3 s to about 4.1
s, or from about 0.4 s to about 4.1 s, or from about 0.5 s to about 4.1 s, or from
about 0.6 s to about 4.1 s, or from about 0.7 s to about 4.1 s, or from about 0.8 s
to about 4.1 s, or from about 0.9 s to about 4.1 s, or from about 1.0 s to about 4.1
s, or from about 1.1 s to about 4.1 s, or from about 1.2 s to about 4.1 s, or from
about 1.3 s to about 4.1 s, or from about 1.4 s to about 4.1 s, or from about 1.5 s
to about 4.1 s, or from about 1.6 s to about 4.1 s, or from about 1.7 s to about 4.1
s, or from about 1.8 s to about 4.1 s, or from about 1.9 s to about 4.1 s, or from
about 2.0 s to about 4.1 s, or from about 2.1 s to about 4.1 s, or from about 2.2 s
to about 4.1 s, or from about 2.3 s to about 4.1 s, or from about 2.4 s to about 4.1
s, or from about 2.5 s to about 4.1 s, or from about 2.6 s to about 4.1 s, or from
about 2.7 s to about 4.1 s, or from about 2.8 s to about 4.1 s, or from about 2.9 s
to about 4.1 s, or from about 3.0 s to about 4.1 s, or from about 3.1 s to about 4.1
s, or from about 3.2 s to about 4.1 s, or from about 3.3 s to about 4.1 s, or from
about 3.4 s to about 4.1 s, or from about 3.4 s to about 4.1 s, or from about 3.5 s
to about 4.1 s, or from about 3.6 s to about 4.1 s, or from about 3.7 s to about 4.1
s, or from about 3.8 s to about 4.1 s, or from about 3.9 s to about 4.1 s, or from
about 4.0 s to about 4.1 s, or from about 0.1 s to about 4.0 s, or from about 0.2 s
to about 4.0 s, or from about 0.3 s to about 4.0 s, or from about 0.4 s to about 4.0
s, or from about 0.5 s to about 4.0 s, or from about 0.6 s to about 4.0 s, or from
about 0.7 s to about 4.0 s, or from about 0.8 s to about 4.0 s, or from about 0.9 s
to about 4.0 s, or from about 1.0 s to about 4.0 s, or from about 1.1 s to about 4.0
s, or from about 1.2 s to about 4.0 s, or from about 1.3 s to about 4.0 s, or from
about 1.4 s to about 4.0 s, or from about 1.5 s to about 4.0 s, or from about 1.6 s
to about 4.0 s, or from about 1.7 s to about 4.0 s, or from about 1.8 s to about 4.0
s, or from about 1.9 s to about 4.0 s, or from about 2.0 s to about 4.0 s, or from
about 2.1 s to about 4.0 s, or from about 2.2 s to about 4.0 s, or from about 2.3 s
to about 4.0 s, or from about 2.4 s to about 4.0 s, or from about 2.5 s to about 4.0
s, or from about 2.6 s to about 4.0 s, or from about 2.7 s to about 4.0 s, or from
about 2.8 s to about 4.0 s, or from about 2.9 s to about 4.0 s, or from about 3.0 s
to about 4.0 s, or from about 3.1 s to about 4.0 s, or from about 3.2 s to about 4.0

s, or from about 3.3 s to about 4.0 s, or from about 3.4 s to about 4.0 s, or from
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about 3.4 s to about 4.0 s, or from about 3.5 s to about 4.0 s, or from about 3.6 s
to about 4.0 s, or from about 3.7 s to about 4.0 s, or from about 3.8 s to about 4.0
s, or from about 3.9 s to about 4.0 s, or from about 0.1 s to about 3.9 s, or from
about 0.2 s to about 3.9 s, or from about 0.3 s to about 3.9 s, or from about 0.4 s
to about 3.9 s, or from about 0.5 s to about 3.9 s, or from about 0.6 s to about 3.9
s, or from about 0.7 s to about 3.9 s, or from about 0.8 s to about 3.9 s, or from
about 0.9 s to about 3.9 s, or from about 1.0 s to about 3.9 s, or from about 1.1 s
to about 3.9 s, or from about 1.2 s to about 3.9 s, or from about 1.3 s to about 3.9
s, or from about 1.4 s to about 3.9 s, or from about 1.5 s to about 3.9 s, or from
about 1.6 s to about 3.9 s, or from about 1.7 s to about 3.9 s, or from about 1.8 s
to about 3.9 s, or from about 1.9 s to about 3.9 s, or from about 2.0 s to about 3.9
s, or from about 2.1 s to about 3.9 s, or from about 2.2 s to about 3.9 s, or from
about 2.3 s to about 3.9 s, or from about 2.4 s to about 3.9 s, or from about 2.5 s
to about 3.9 s, or from about 2.6 s to about 3.9 s, or from about 2.7 s to about 3.9
s, or from about 2.8 s to about 3.9 s, or from about 2.9 s to about 3.9 s, or from
about 3.0 s to about 3.9 s, or from about 3.1 s to about 3.9 s, or from about 3.2 s
to about 3.9 s, or from about 3.3 s to about 3.9 s, or from about 3.4 s to about 3.9
s, or from about 3.4 s to about 3.9 s, or from about 3.5 s to about 3.9 s, or from
about 3.6 s to about 3.9 s, or from about 3.7 s to about 3.9 s, or from about 3.8 s
to about 3.9 s, or from about 0.1 s to about 3.8 s, or from about 0.2 s to about 3.8
s, or from about 0.3 s to about 3.8 s, or from about 0.4 s to about 3.8 s, or from
about 0.5 s to about 3.8 s, or from about 0.6 s to about 3.8 s, or from about 0.7 s
to about 3.8 s, or from about 0.8 s to about 3.8 s, or from about 0.9 s to about 3.8
s, or from about 1.0 s to about 3.8 s, or from about 1.1 s to about 3.8 s, or from
about 1.2 s to about 3.8 s, or from about 1.3 s to about 3.8 s, or from about 1.4 s
to about 3.8 s, or from about 1.5 s to about 3.8 s, or from about 1.6 s to about 3.8
s, or from about 1.7 s to about 3.8 s, or from about 1.8 s to about 3.8 s, or from
about 1.9 s to about 3.8 s, or from about 2.0 s to about 3.8 s, or from about 2.1 s
to about 3.8 s, or from about 2.2 s to about 3.8 s, or from about 2.3 s to about 3.8
s, or from about 2.4 s to about 3.8 s, or from about 2.5 s to about 3.8 s, or from
about 2.6 s to about 3.8 s, or from about 2.7 s to about 3.8 s, or from about 2.8 s
to about 3.8 s, or from about 2.9 s to about 3.8 s, or from about 3.0 s to about 3.8

s, or from about 3.1 s to about 3.8 s, or from about 3.2 s to about 3.8 s, or from
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about 3.3 s to about 3.8 s, or from about 3.4 s to about 3.8 s, or from about 3.4 s
to about 3.8 s, or from about 3.5 s to about 3.8 s, or from about 3.6 s to about 3.8
s, or from about 3.7 s to about 3.8 s, or from about 0.1 s to about 3.7 s, or from
about 0.2 s to about 3.7 s, or from about 0.3 s to about 3.7 s, or from about 0.4 s
to about 3.7 s, or from about 0.5 s to about 3.7 s, or from about 0.6 s to about 3.7
s, or from about 0.7 s to about 3.7 s, or from about 0.8 s to about 3.7 s, or from
about 0.9 s to about 3.7 s, or from about 1.0 s to about 3.7 s, or from about 1.1 s
to about 3.7 s, or from about 1.2 s to about 3.7 s, or from about 1.3 s to about 3.7
s, or from about 1.4 s to about 3.7 s, or from about 1.5 s to about 3.7 s, or from
about 1.6 s to about 3.7 s, or from about 1.7 s to about 3.7 s, or from about 1.8 s
to about 3.7 s, or from about 1.9 s to about 3.7 s, or from about 2.0 s to about 3.7
s, or from about 2.1 s to about 3.7 s, or from about 2.2 s to about 3.7 s, or from
about 2.3 s to about 3.7 s, or from about 2.4 s to about 3.7 s, or from about 2.5 s
to about 3.7 s, or from about 2.6 s to about 3.7 s, or from about 2.7 s to about 3.7
s, or from about 2.8 s to about 3.7 s, or from about 2.9 s to about 3.7 s, or from
about 3.0 s to about 3.7 s, or from about 3.1 s to about 3.7 s, or from about 3.2 s
to about 3.7 s, or from about 3.3 s to about 3.7 s, or from about 3.4 s to about 3.7
s, or from about 3.4 s to about 3.7 s, or from about 3.5 s to about 3.7 s, or from
about 3.6 s to about 3.7 s, or from about 0.1 s to about 3.6 s, or from about 0.2 s
to about 3.6 s, or from about 0.3 s to about 3.6 s, or from about 0.4 s to about 3.6
s, or from about 0.5 s to about 3.6 s, or from about 0.6 s to about 3.6 s, or from
about 0.7 s to about 3.6 s, or from about 0.8 s to about 3.6 s, or from about 0.9 s
to about 3.6 s, or from about 1.0 s to about 3.6 s, or from about 1.1 s to about 3.6
s, or from about 1.2 s to about 3.6 s, or from about 1.3 s to about 3.6 s, or from
about 1.4 s to about 3.6 s, or from about 1.5 s to about 3.6 s, or from about 1.6 s
to about 3.6 s, or from about 1.7 s to about 3.6 s, or from about 1.8 s to about 3.6
s, or from about 1.9 s to about 3.6 s, or from about 2.0 s to about 3.6 s, or from
about 2.1 s to about 3.6 s, or from about 2.2 s to about 3.6 s, or from about 2.3 s
to about 3.6 s, or from about 2.4 s to about 3.6 s, or from about 2.5 s to about 3.6
s, or from about 2.6 s to about 3.6 s, or from about 2.7 s to about 3.6 s, or from
about 2.8 s to about 3.6 s, or from about 2.9 s to about 3.6 s, or from about 3.0 s
to about 3.6 s, or from about 3.1 s to about 3.6 s, or from about 3.2 s to about 3.6

s, or from about 3.3 s to about 3.6 s, or from about 3.4 s to about 3.6 s, or from
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about 3.4 s to about 3.6 s, or from about 3.5 s to about 3.6 s, or from about 0.1 s
to about 3.5 s, or from about 0.2 s to about 3.5 s, or from about 0.3 s to about 3.5
s, or from about 0.4 s to about 3.5 s, or from about 0.5 s to about 3.5 s, or from
about 0.6 s to about 3.5 s, or from about 0.7 s to about 3.5 s, or from about 0.8 s
to about 3.5 s, or from about 0.9 s to about 3.5 s, or from about 1.0 s to about 3.5
s, or from about 1.1 s to about 3.5 s, or from about 1.2 s to about 3.5 s, or from
about 1.3 s to about 3.5 s, or from about 1.4 s to about 3.5 s, or from about 1.5 s
to about 3.5 s, or from about 1.6 s to about 3.5 s, or from about 1.7 s to about 3.5
s, or from about 1.8 s to about 3.5 s, or from about 1.9 s to about 3.5 s, or from
about 2.0 s to about 3.5 s, or from about 2.1 s to about 3.5 s, or from about 2.2 s
to about 3.5 s, or from about 2.3 s to about 3.5 s, or from about 2.4 s to about 3.5
s, or from about 2.5 s to about 3.5 s, or from about 2.6 s to about 3.5 s, or from
about 2.7 s to about 3.5 s, or from about 2.8 s to about 3.5 s, or from about 2.9 s
to about 3.5 s, or from about 3.0 s to about 3.5 s, or from about 3.1 s to about 3.5
s, or from about 3.2 s to about 3.5 s, or from about 3.3 s to about 3.5 s, or from
about 3.4 s to about 3.5 s, or from about 3.4 s to about 3.5 s, or from about 0.1 s
to about 3.4 s, or from about 0.2 s to about 3.4 s, or from about 0.3 s to about 3.4
s, or from about 0.4 s to about 3.4 s, or from about 0.5 s to about 3.4 s, or from
about 0.6 s to about 3.4 s, or from about 0.7 s to about 3.4 s, or from about 0.8 s
to about 3.4 s, or from about 0.9 s to about 3.4 s, or from about 1.0 s to about 3.4
s, or from about 1.1 s to about 3.4 s, or from about 1.2 s to about 3.4 s, or from
about 1.3 s to about 3.4 s, or from about 1.4 s to about 3.4 s, or from about 1.5 s
to about 3.4 s, or from about 1.6 s to about 3.4 s, or from about 1.7 s to about 3.4
s, or from about 1.8 s to about 3.4 s, or from about 1.9 s to about 3.4 s, or from
about 2.0 s to about 3.4 s, or from about 2.1 s to about 3.4 s, or from about 2.2 s
to about 3.4 s, or from about 2.3 s to about 3.4 s, or from about 2.4 s to about 3.4
s, or from about 2.5 s to about 3.4 s, or from about 2.6 s to about 3.4 s, or from
about 2.7 s to about 3.4 s, or from about 2.8 s to about 3.4 s, or from about 2.9 s
to about 3.4 s, or from about 3.0 s to about 3.4 s, or from about 3.1 s to about 3.4
s, or from about 3.2 s to about 3.4 s, or from about 3.3 s to about 3.4 s, or from
about 0.1 s to about 3.3 s, or from about 0.2 s to about 3.3 s, or from about 0.3 s
to about 3.3 s, or from about 0.4 s to about 3.3 s, or from about 0.5 s to about 3.3

s, or from about 0.6 s to about 3.3 s, or from about 0.7 s to about 3.3 s, or from
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about 0.8 s to about 3.3 s, or from about 0.9 s to about 3.3 s, or from about 1.0 s
to about 3.3 s, or from about 1.1 s to about 3.3 s, or from about 1.2 s to about 3.3
s, or from about 1.3 s to about 3.3 s, or from about 1.4 s to about 3.3 s, or from
about 1.5 s to about 3.3 s, or from about 1.6 s to about 3.3 s, or from about 1.7 s
to about 3.3 s, or from about 1.8 s to about 3.3 s, or from about 1.9 s to about 3.3
s, or from about 2.0 s to about 3.3 s, or from about 2.1 s to about 3.3 s, or from
about 2.2 s to about 3.3 s, or from about 2.3 s to about 3.3 s, or from about 2.4 s
to about 3.3 s, or from about 2.5 s to about 3.3 s, or from about 2.6 s to about 3.3
s, or from about 2.7 s to about 3.3 s, or from about 2.8 s to about 3.3 s, or from
about 2.9 s to about 3.3 s, or from about 3.0 s to about 3.3 s, or from about 3.1 s
to about 3.3 s, or from about 3.2 s to about 3.3 s, or from about 0.1 s to about 3.2
s, or from about 0.2 s to about 3.2 s, or from about 0.3 s to about 3.2 s, or from
about 0.4 s to about 3.2 s, or from about 0.5 s to about 3.2 s, or from about 0.6 s
to about 3.2 s, or from about 0.7 s to about 3.2 s, or from about 0.8 s to about 3.2
s, or from about 0.9 s to about 3.2 s, or from about 1.0 s to about 3.2 s, or from
about 1.1 s to about 3.2 s, or from about 1.2 s to about 3.2 s, or from about 1.3 s
to about 3.2 s, or from about 1.4 s to about 3.2 s, or from about 1.5 s to about 3.2
s, or from about 1.6 s to about 3.2 s, or from about 1.7 s to about 3.2 s, or from
about 1.8 s to about 3.2 s, or from about 1.9 s to about 3.2 s, or from about 2.0 s
to about 3.2 s, or from about 2.1 s to about 3.2 s, or from about 2.2 s to about 3.2
s, or from about 2.3 s to about 3.2 s, or from about 2.4 s to about 3.2 s, or from
about 2.5 s to about 3.2 s, or from about 2.6 s to about 3.2 s, or from about 2.7 s
to about 3.2 s, or from about 2.8 s to about 3.2 s, or from about 2.9 s to about 3.2
s, or from about 3.0 s to about 3.2 s, or from about 3.1 s to about 3.2 s, or from
about 0.1 s to about 3.1 s, or from about 0.2 s to about 3.1 s, or from about 0.3 s
to about 3.1 s, or from about 0.4 s to about 3.1 s, or from about 0.5 s to about 3.1
s, or from about 0.6 s to about 3.1 s, or from about 0.7 s to about 3.1 s, or from
about 0.8 s to about 3.1 s, or from about 0.9 s to about 3.1 s, or from about 1.0 s
to about 3.1 s, or from about 1.1 s to about 3.1 s, or from about 1.2 s to about 3.1
s, or from about 1.3 s to about 3.1 s, or from about 1.4 s to about 3.1 s, or from
about 1.5 s to about 3.1 s, or from about 1.6 s to about 3.1 s, or from about 1.7 s
to about 3.1 s, or from about 1.8 s to about 3.1 s, or from about 1.9 s to about 3.1

s, or from about 2.0 s to about 3.1 s, or from about 2.1 s to about 3.1 s, or from
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about 2.2 s to about 3.1 s, or from about 2.3 s to about 3.1 s, or from about 2.4 s
to about 3.1 s, or from about 2.5 s to about 3.1 s, or from about 2.6 s to about 3.1
s, or from about 2.7 s to about 3.1 s, or from about 2.8 s to about 3.1 s, or from
about 2.9 s to about 3.1 s, or from about 3.0 s to about 3.1 s, or from about 0.1 s
to about 3.0 s, or from about 0.2 s to about 3.0 s, or from about 0.3 s to about 3.0
s, or from about 0.4 s to about 3.0 s, or from about 0.5 s to about 3.0 s, or from
about 0.6 s to about 3.0 s, or from about 0.7 s to about 3.0 s, or from about 0.8 s
to about 3.0 s, or from about 0.9 s to about 3.0 s, or from about 1.0 s to about 3.0
s, or from about 1.1 s to about 3.0 s, or from about 1.2 s to about 3.0 s, or from
about 1.3 s to about 3.0 s, or from about 1.4 s to about 3.0 s, or from about 1.5 s
to about 3.0 s, or from about 1.6 s to about 3.0 s, or from about 1.7 s to about 3.0
s, or from about 1.8 s to about 3.0 s, or from about 1.9 s to about 3.0 s, or from
about 2.0 s to about 3.0 s, or from about 2.1 s to about 3.0 s, or from about 2.2 s
to about 3.0 s, or from about 2.3 s to about 3.0 s, or from about 2.4 s to about 3.0
s, or from about 2.5 s to about 3.0 s, or from about 2.6 s to about 3.0 s, or from
about 2.7 s to about 3.0 s, or from about 2.8 s to about 3.0 s, or from about 2.9 s
to about 3.0 s, or from about 0.1 s to about 2.9 s, or from about 0.2 s to about 2.9
s, or from about 0.3 s to about 2.9 s, or from about 0.4 s to about 2.9 s, or from
about 0.5 s to about 2.9 s, or from about 0.6 s to about 2.9 s, or from about 0.7 s
to about 2.9 s, or from about 0.8 s to about 2.9 s, or from about 0.9 s to about 2.9
s, or from about 1.0 s to about 2.9 s, or from about 1.1 s to about 2.9 s, or from
about 1.2 s to about 2.9 s, or from about 1.3 s to about 2.9 s, or from about 1.4 s
to about 2.9 s, or from about 1.5 s to about 2.9 s, or from about 1.6 s to about 2.9
s, or from about 1.7 s to about 2.9 s, or from about 1.8 s to about 2.9 s, or from
about 1.9 s to about 2.9 s, or from about 2.0 s to about 2.9 s, or from about 2.1 s
to about 2.9 s, or from about 2.2 s to about 2.9 s, or from about 2.3 s to about 2.9
s, or from about 2.4 s to about 2.9 s, or from about 2.5 s to about 2.9 s, or from
about 2.6 s to about 2.9 s, or from about 2.7 s to about 2.9 s, or from about 2.8 s
to about 2.9 s, or from about 0.1 s to about 2.8 s, or from about 0.2 s to about 2.8
s, or from about 0.3 s to about 2.8 s, or from about 0.4 s to about 2.8 s, or from
about 0.5 s to about 2.8 s, or from about 0.6 s to about 2.8 s, or from about 0.7 s
to about 2.8 s, or from about 0.8 s to about 2.8 s, or from about 0.9 s to about 2.8

s, or from about 1.0 s to about 2.8 s, or from about 1.1 s to about 2.8 s, or from
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about 1.2 s to about 2.8 s, or from about 1.3 s to about 2.8 s, or from about 1.4 s
to about 2.8 s, or from about 1.5 s to about 2.8 s, or from about 1.6 s to about 2.8
s, or from about 1.7 s to about 2.8 s, or from about 1.8 s to about 2.8 s, or from
about 1.9 s to about 2.8 s, or from about 2.0 s to about 2.8 s, or from about 2.1 s
to about 2.8 s, or from about 2.2 s to about 2.8 s, or from about 2.3 s to about 2.8
s, or from about 2.4 s to about 2.8 s, or from about 2.5 s to about 2.8 s, or from
about 2.6 s to about 2.8 s, or from about 2.7 s to about 2.8 s, or from about 0.1 s
to about 2.7 s, or from about 0.2 s to about 2.7 s, or from about 0.3 s to about 2.7
s, or from about 0.4 s to about 2.7 s, or from about 0.5 s to about 2.7 s, or from
about 0.6 s to about 2.7 s, or from about 0.7 s to about 2.7 s, or from about 0.8 s
to about 2.7 s, or from about 0.9 s to about 2.7 s, or from about 1.0 s to about 2.7
s, or from about 1.1 s to about 2.7 s, or from about 1.2 s to about 2.7 s, or from
about 1.3 s to about 2.7 s, or from about 1.4 s to about 2.7 s, or from about 1.5 s
to about 2.7 s, or from about 1.6 s to about 2.7 s, or from about 1.7 s to about 2.7
s, or from about 1.8 s to about 2.7 s, or from about 1.9 s to about 2.7 s, or from
about 2.0 s to about 2.7 s, or from about 2.1 s to about 2.7 s, or from about 2.2 s
to about 2.7 s, or from about 2.3 s to about 2.7 s, or from about 2.4 s to about 2.7
s, or from about 2.5 s to about 2.7 s, or from about 2.6 s to about 2.7 s, or from
about 0.1 s to about 2.6 s, or from about 0.2 s to about 2.6 s, or from about 0.3 s
to about 2.6 s, or from about 0.4 s to about 2.6 s, or from about 0.5 s to about 2.6
s, or from about 0.6 s to about 2.6 s, or from about 0.7 s to about 2.6 s, or from
about 0.8 s to about 2.6 s, or from about 0.9 s to about 2.6 s, or from about 1.0 s
to about 2.6 s, or from about 1.1 s to about 2.6 s, or from about 1.2 s to about 2.6
s, or from about 1.3 s to about 2.6 s, or from about 1.4 s to about 2.6 s, or from
about 1.5 s to about 2.6 s, or from about 1.6 s to about 2.6 s, or from about 1.7 s
to about 2.6 s, or from about 1.8 s to about 2.6 s, or from about 1.9 s to about 2.6
s, or from about 2.0 s to about 2.6 s, or from about 2.1 s to about 2.6 s, or from
about 2.2 s to about 2.6 s, or from about 2.3 s to about 2.6 s, or from about 2.4 s
to about 2.6 s, or from about 2.5 s to about 2.6 s, or from about 0.1 s to about 2.5
s, or from about 0.2 s to about 2.5 s, or from about 0.3 s to about 2.5 s, or from
about 0.4 s to about 2.5 s, or from about 0.5 s to about 2.5 s, or from about 0.6 s
to about 2.5 s, or from about 0.7 s to about 2.5 s, or from about 0.8 s to about 2.5

s, or from about 0.9 s to about 2.5 s, or from about 1.0 s to about 2.5 s, or from
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about 1.1 s to about 2.5 s, or from about 1.2 s to about 2.5 s, or from about 1.3 s
to about 2.5 s, or from about 1.4 s to about 2.5 s, or from about 1.5 s to about 2.5
s, or from about 1.6 s to about 2.5 s, or from about 1.7 s to about 2.5 s, or from
about 1.8 s to about 2.5 s, or from about 1.9 s to about 2.5 s, or from about 2.0 s
to about 2.5 s, or from about 2.1 s to about 2.5 s, or from about 2.2 s to about 2.5
s, or from about 2.3 s to about 2.5 s, or from about 2.4 s to about 2.5 s, or from
about 0.1 s to about 2.4 s, or from about 0.2 s to about 2.4 s, or from about 0.3 s
to about 2.4 s, or from about 0.4 s to about 2.4 s, or from about 0.5 s to about 2.4
s, or from about 0.6 s to about 2.4 s, or from about 0.7 s to about 2.4 s, or from
about 0.8 s to about 2.4 s, or from about 0.9 s to about 2.4 s, or from about 1.0 s
to about 2.4 s, or from about 1.1 s to about 2.4 s, or from about 1.2 s to about 2.4
s, or from about 1.3 s to about 2.4 s, or from about 1.4 s to about 2.4 s, or from
about 1.5 s to about 2.4 s, or from about 1.6 s to about 2.4 s, or from about 1.7 s
to about 2.4 s, or from about 1.8 s to about 2.4 s, or from about 1.9 s to about 2.4
s, or from about 2.0 s to about 2.4 s, or from about 2.1 s to about 2.4 s, or from
about 2.2 s to about 2.4 s, or from about 2.3 s to about 2.4 s, or from about 0.1 s
to about 2.3 s, or from about 0.2 s to about 2.3 s, or from about 0.3 s to about 2.3
s, or from about 0.4 s to about 2.3 s, or from about 0.5 s to about 2.3 s, or from
about 0.6 s to about 2.3 s, or from about 0.7 s to about 2.3 s, or from about 0.8 s
to about 2.3 s, or from about 0.9 s to about 2.3 s, or from about 1.0 s to about 2.3
s, or from about 1.1 s to about 2.3 s, or from about 1.2 s to about 2.3 s, or from
about 1.3 s to about 2.3 s, or from about 1.4 s to about 2.3 s, or from about 1.5 s
to about 2.3 s, or from about 1.6 s to about 2.3 s, or from about 1.7 s to about 2.3
s, or from about 1.8 s to about 2.3 s, or from about 1.9 s to about 2.3 s, or from
about 2.0 s to about 2.3 s, or from about 2.1 s to about 2.3 s, or from about 2.2 s
to about 2.3 s, or from about 0.1 s to about 2.2 s, or from about 0.2 s to about 2.2
s, or from about 0.3 s to about 2.2 s, or from about 0.4 s to about 2.2 s, or from
about 0.5 s to about 2.2 s, or from about 0.6 s to about 2.2 s, or from about 0.7 s
to about 2.2 s, or from about 0.8 s to about 2.2 s, or from about 0.9 s to about 2.2
s, or from about 1.0 s to about 2.2 s, or from about 1.1 s to about 2.2 s, or from
about 1.2 s to about 2.2 s, or from about 1.3 s to about 2.2 s, or from about 1.4 s
to about 2.2 s, or from about 1.5 s to about 2.2 s, or from about 1.6 s to about 2.2

s, or from about 1.7 s to about 2.2 s, or from about 1.8 s to about 2.2 s, or from
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about 1.9 s to about 2.2 s, or from about 2.0 s to about 2.2 s, or from about 2.1 s
to about 2.2 s, or from about 0.1 s to about 2.1 s, or from about 0.2 s to about 2.1
s, or from about 0.3 s to about 2.1 s, or from about 0.4 s to about 2.1 s, or from
about 0.5 s to about 2.1 s, or from about 0.6 s to about 2.1 s, or from about 0.7 s
to about 2.1 s, or from about 0.8 s to about 2.1 s, or from about 0.9 s to about 2.1
s, or from about 1.0 s to about 2.1 s, or from about 1.1 s to about 2.1 s, or from
about 1.2 s to about 2.1 s, or from about 1.3 s to about 2.1 s, or from about 1.4 s
to about 2.1 s, or from about 1.5 s to about 2.1 s, or from about 1.6 s to about 2.1
s, or from about 1.7 s to about 2.1 s, or from about 1.8 s to about 2.1 s, or from
about 1.9 s to about 2.1 s, or from about 2.0 s to about 2.1 s, or from about 0.1 s
to about 2.0 s, or from about 0.2 s to about 2.0 s, or from about 0.3 s to about 2.0
s, or from about 0.4 s to about 2.0 s, or from about 0.5 s to about 2.0 s, or from
about 0.6 s to about 2.0 s, or from about 0.7 s to about 2.0 s, or from about 0.8 s
to about 2.0 s, or from about 0.9 s to about 2.0 s, or from about 1.0 s to about 2.0
s, or from about 1.1 s to about 2.0 s, or from about 1.2 s to about 2.0 s, or from
about 1.3 s to about 2.0 s, or from about 1.4 s to about 2.0 s, or from about 1.5 s
to about 2.0 s, or from about 1.6 s to about 2.0 s, or from about 1.7 s to about 2.0
s, or from about 1.8 s to about 2.0 s, or from about 1.9 s to about 2.0 s, or from
about 0.1 s to about 1.9 s, or from about 0.2 s to about 1.9 s, or from about 0.3 s
to about 1.9 s, or from about 0.4 s to about 1.9 s, or from about 0.5 s to about 1.9
s, or from about 0.6 s to about 1.9 s, or from about 0.7 s to about 1.9 s, or from
about 0.8 s to about 1.9 s, or from about 0.9 s to about 1.9 s, or from about 1.0 s
to about 1.9 s, or from about 1.1 s to about 1.9 s, or from about 1.2 s to about 1.9
s, or from about 1.3 s to about 1.9 s, or from about 1.4 s to about 1.9 s, or from
about 1.5 s to about 1.9 s, or from about 1.6 s to about 1.9 s, or from about 1.7 s
to about 1.9 s, or from about 1.8 s to about 1.9 s, or from about 0.1 s to about 1.8
s, or from about 0.2 s to about 1.8 s, or from about 0.3 s to about 1.8 s, or from
about 0.4 s to about 1.8 s, or from about 0.5 s to about 1.8 s, or from about 0.6 s
to about 1.8 s, or from about 0.7 s to about 1.8 s, or from about 0.8 s to about 1.8
s, or from about 0.9 s to about 1.8 s, or from about 1.0 s to about 1.8 s, or from
about 1.1 s to about 1.8 s, or from about 1.2 s to about 1.8 s, or from about 1.3 s
to about 1.8 s, or from about 1.4 s to about 1.8 s, or from about 1.5 s to about 1.8

s, or from about 1.6 s to about 1.8 s, or from about 1.7 s to about 1.8 s, or from
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about 0.1 s to about 1.7 s, or from about 0.2 s to about 1.7 s, or from about 0.3 s
to about 1.7 s, or from about 0.4 s to about 1.7 s, or from about 0.5 s to about 1.7
s, or from about 0.6 s to about 1.7 s, or from about 0.7 s to about 1.7 s, or from
about 0.8 s to about 1.7 s, or from about 0.9 s to about 1.7 s, or from about 1.0 s
to about 1.7 s, or from about 1.1 s to about 1.7 s, or from about 1.2 s to about 1.7
s, or from about 1.3 s to about 1.7 s, or from about 1.4 s to about 1.7 s, or from
about 1.5 s to about 1.7 s, or from about 1.6 s to about 1.7 s, or from about 0.1 s
to about 1.6 s, or from about 0.2 s to about 1.6 s, or from about 0.3 s to about 1.6
s, or from about 0.4 s to about 1.6 s, or from about 0.5 s to about 1.6 s, or from
about 0.6 s to about 1.6 s, or from about 0.7 s to about 1.6 s, or from about 0.8 s
to about 1.6 s, or from about 0.9 s to about 1.6 s, or from about 1.0 s to about 1.6
s, or from about 1.1 s to about 1.6 s, or from about 1.2 s to about 1.6 s, or from
about 1.3 s to about 1.6 s, or from about 1.4 s to about 1.6 s, or from about 1.5 s
to about 1.6 s, or from about 0.1 s to about 1.5 s, or from about 0.2 s to about 1.5
s, or from about 0.3 s to about 1.5 s, or from about 0.4 s to about 1.5 s, or from
about 0.5 s to about 1.5 s, or from about 0.6 s to about 1.5 s, or from about 0.7 s
to about 1.5 s, or from about 0.8 s to about 1.5 s, or from about 0.9 s to about 1.5
s, or from about 1.0 s to about 1.5 s, or from about 1.1 s to about 1.5 s, or from
about 1.2 s to about 1.5 s, or from about 1.3 s to about 1.5 s, or from about 1.4 s
to about 1.5 s, or from about 0.1 s to about 1.4 s, or from about 0.2 s to about 1.4
s, or from about 0.3 s to about 1.4 s, or from about 0.4 s to about 1.4 s, or from
about 0.5 s to about 1.4 s, or from about 0.6 s to about 1.4 s, or from about 0.7 s
to about 1.4 s, or from about 0.8 s to about 1.4 s, or from about 0.9 s to about 1.4
s, or from about 1.0 s to about 1.4 s, or from about 1.1 s to about 1.4 s, or from
about 1.2 s to about 1.4 s, or from about 1.3 s to about 1.4 s, or from about 0.1 s
to about 1.3 s, or from about 0.2 s to about 1.3 s, or from about 0.3 s to about 1.3
s, or from about 0.4 s to about 1.3 s, or from about 0.5 s to about 1.3 s, or from
about 0.6 s to about 1.3 s, or from about 0.7 s to about 1.3 s, or from about 0.8 s
to about 1.3 s, or from about 0.9 s to about 1.3 s, or from about 1.0 s to about 1.3
s, or from about 1.1 s to about 1.3 s, or from about 1.2 s to about 1.3 s, or from
about 0.1 s to about 1.2 s, or from about 0.2 s to about 1.2 s, or from about 0.3 s
to about 1.2 s, or from about 0.4 s to about 1.2 s, or from about 0.5 s to about 1.2

s, or from about 0.6 s to about 1.2 s, or from about 0.7 s to about 1.2 s, or from
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about 0.8 s to about 1.2 s, or from about 0.9 s to about 1.2 s, or from about 1.0 s
to about 1.2 s, or from about 1.1 s to about 1.2 s, or from about 0.1 s to about 1.1
s, or from about 0.2 s to about 1.1 s, or from about 0.3 s to about 1.1 s, or from
about 0.4 s to about 1.1 s, or from about 0.5 s to about 1.1 s, or from about 0.6 s
to about 1.1 s, or from about 0.7 s to about 1.1 s, or from about 0.8 s to about 1.1
s, or from about 0.9 s to about 1.1 s, or from about 1.0 s to about 1.1 s, or from
about 0.1 s to about 1.0 s, or from about 0.2 s to about 1.0 s, or from about 0.3 s
to about 1.0 s, or from about 0.4 s to about 1.0 s, or from about 0.5 s to about 1.0
s, or from about 0.6 s to about 1.0 s, or from about 0.7 s to about 1.0 s, or from
about 0.8 s to about 1.0 s, or from about 0.9 s to about 1.0 s, or from about 0.1 s
to about 0.9 s, or from about 0.2 s to about 0.9 s, or from about 0.3 s to about 0.9
s, or from about 0.4 s to about 0.9 s, or from about 0.5 s to about 0.9 s, or from
about 0.6 s to about 0.9 s, or from about 0.7 s to about 0.9 s, or from about 0.8 s
to about 0.9 s, or from about 0.1 s to about 0.8 s, or from about 0.2 s to about 0.8
s, or from about 0.3 s to about 0.8 s, or from about 0.4 s to about 0.8 s, or from
about 0.5 s to about 0.8 s, or from about 0.6 s to about 0.8 s, or from about 0.7 s
to about 0.8 s, or from about 0.1 s to about 0.7 s, or from about 0.2 s to about 0.7
s, or from about 0.3 s to about 0.7 s, or from about 0.4 s to about 0.7 s, or from
about 0.5 s to about 0.7 s, or from about 0.6 s to about 0.7 s, or from about 0.1 s
to about 0.6 s, or from about 0.2 s to about 0.6 s, or from about 0.3 s to about 0.6
s, or from about 0.4 s to about 0.6 s, or from about 0.5 s to about 0.6 s, or from
about 0.1 s to about 0.5 s, or from about 0.2 s to about 0.5 s, or from about 0.3 s
to about 0.5 s, or from about 0.4 s to about 0.5 s, or from about 0.1 s to about 0.4
s, or from about 0.2 s to about 0.4 s, or from about 0.3 s to about 0.4 s, or from
about 0.1 s to about 0.3 s, or from about 0.2 s to about 0.3 s, or from about 0.1 s
to about 0.2 s.

In an embodiment, the copolymer may have, for example, an R value of 50 % or
greater. In an embodiment, the copolymer may have, for example, an R¢ value of
from 50 % to 100 %, or from about 55 % to 100 %, or from about 60 % to 100 %,
or from about 65 % to 100 %, or from about 70 % to 100 %, or from about 75 % to
100 %, or from about 80 % to 100 %, or from about 85 % to 100 %, or from about
90 % to 100 %, or from about 95 % to 100 %, or from about 98 % to 100 %, or
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Applications in biomedical devices may require high strain changes. lithe desired insertion technique is
through a small orifice (eg, the use of a catheter), a large change in the shape dimensions may be in
order to implant the device and subsequently to recover the original dimensions for use in the desired

ste. n Figure A Iahiag698d shanariseouely (a4 of 9%iie Hagdos N sralgs o o leas

200 % for the polymers. Samples DC1-CD4 exhibited fast recovery processes as evidenced by the fast

recovery speet8MTEIA0ViRAR Heifh BNIRO BRotryo PR ke lieimtBRPHd 9ckdde? process
depends on the,elstisity-8oatiory of iberatesiatandbiat dosreases ¥ resperseddmessfdhe copolymer

be attribut t lasticity, | l, i [ t Its. i in th
rooovery ime. AbAAR dF R BHUATD (4l by Bk HRER e SR ory R om decreases
due to increased w@&g/afd]hbaﬂmmmmﬂai%aamwmiabd\s ﬂ‘j@@n@%f’/s;tma‘rismigboimt entropy,
recovery to ‘%8”@%5‘%{%%%%%‘%@&W‘BV%%?B{)F YOUEDIEAGOING B8, ajopghtropic state to a

high entropic state eing y tcﬁeory, itis e%eve that the incorporation of soft amorphous

segment decré®sed GrdertovARifeifs frrdtiRonnd $cTe 88 entrsHPBT aveWritirnalteyd8em Rfading to a
faster recoverygfteatsinioomatiosn oBxanapiecn aséRioxicHy 1studies iRy BIDMEB/BE, usethane)s Cell

culture L929 mouse fibroblasts were obtained from ATCC and cultivated in DMEM containing 10% fetal
bovine serum (1O853204 295/ ERRANTR: LEPRRARIECE G ghovp a8 A RB ARV By dre passaged

upon confluc_ene/e ushn@m_rypem ©.584ong% M,RBﬁbm%meﬂS wemmmmmmmy incubating in
trypsin S°'“"°@o“%§Lg,g&mﬁ%&&#ﬁ%ﬁ&%@t%? ?ﬂ&ﬂ%ﬁ%ﬁt%%%@@%ﬁ’%?ﬁ aged, 3 mL of
was adde y

serum-supplemente to neutralize any residual trypsin. The cells were resuspended in

serum-suppler¥@éfte @ IR NRAUA 22 eén RAtTon D BRPHHS Thito19 el Swers @navhfidd at 37C and
5% CO2. % to 90 %, or from about 70 % to 90 %, or from about 75 % to 90 %, or from

about 80 % to 90 %, or from about 85 % to 90 %, or from 50 % to 85 %, or from
about 55 % to 85 %, or from about 60 % to 85 %, or from about 65 % to 85 %, or
from about 70 % to 85 %, or from about 75 % to 85 %, or from about 80 % to 85
%, or from 50 % to 80 %, or from about 55 % to 80 %, or from about 60 % to 80
%, or from about 65 % to 80 %, or from about 70 % to 80 %, or from about 75 %
to 80 %, or from 50 % to 75 %, or from about 55 % to 75 %, or from about 60 % to
75 %, or from about 65 % to 75 %, or from about 70 % to 75 %, or from 50 % to
70 %, or from about 55 % to 70 %, or from about 60 % to 70 %, or from about 65
% to 70 %, or from 50 % to 65 %, or from about 55 % to 65 %, or from about 60 %
to 65 %, or from 50 % to 60 %, or from about 55 % to 60 %, or from 50 % to 55 %.
In an embodiment, the copolymer may have, for example, an R; value of 50 % or
greater. In an embodiment, the copolymer may have, for example, an R; value of
from 50 % to 100 %, or from about 55 % to 100 %, or from about 60 % to 100 %,
or from about 65 % to 100 %, or from about 70 % to 100 %, or from about 75 % to
100 %, or from about 80 % to 100 %, or from about 85 % to 100 %, or from about
90 % to 100 %, or from about 95 % to 100 %, or from about 98 % to 100 %, or
from about 99 % to 100 %, or from 50 % to 99 %, or from about 55 % to 99 %, or
from about 60 % to 99 %, or from about 65 % to 99 %, or from about 70 % to 99
%, or from about 75 % to 99 %, or from about 80 % to 99 %, or from about 85 %
to 99 %, or from about 90 % to 99 %, or from about 95 % to 99 %, or from about
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Cytotoxicity of the film extracts In vitro cytotoxicity tests on the extracts of the polymer films were
performed by
(3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxypheny1)-2-(4-sulfophenyl)-2Htetrazolium) (MTS) assay

in a 96-well cegscyltw%@lgt Vﬁ’&g\ tgtefsigg /OQQAgme%N%fegg@glv u’h élueratlon Assay Kit

(Promega). Sterile films were cut into iameter = 8 mm) and incubate WI e complete culture

medium in theG@tle ©F BcmOR{m EREE] fﬁé%ﬁﬁ‘a@eoérfé%ﬁﬂ@h?&te@@ SBIenerEIme of extraction
vehicle. The masiunvsooaioing, tlae Rawass fram dhefims, WasrareatisallEsliyiechetayolime ratio of 1:0,

1:1,1:2,1:4and 1:8 usm re medium. Cells ere S d ata de |t 04 cells. mL-1 into
wells contalnlr?éofbé %?tfé hé TCS %8%98%& PR t%%g\z’ S H8H1 %g r'%é( e%ells and the
culture mediurirseraboubd 5 eg&iids egrirdtenT hleoplades /svier &5k batechabBIUCGH % haididified 5% CO2

atmosphere. ALch3 A HiFlcs:o PhEnaBAR oA aolign, g acded to each

well. After3h o mcubatlon at e absorbance 0 roduct was measured at 492 nm

using a spectrépBdttmet&iofTRERN 8Spédedthutrrr s mirb eyt A ity Ui ThetdpBTyATLYs ims was

evaluated by ingugatingéhe 43\% WiEIhe SXYADH b 8RR S TSI bSO wetrmeiAiogs 8 h at 37 C.
The extraction d;‘;rocedures were performed based on the ISO 10993 rotocol The aim of this experiment

is to simulate iR EPcENAEAT LU (P dadGmthe 1L FoTeARgH J)ﬁcé’leﬁ%%l/h’a%ram Without affecting the
chemical or mabban&atpto@ertesoof it abpoiwﬁ%ﬁbmwﬂammomréﬁ of th8EWtotanxdimnresponse was

done using th sho e r do not show
significant cytaoxmlty agalnst L§2 Wgr%agrrg% g}s% utlon% %1? romﬁ Ei‘géllrg%’sgassay results of
the extracts offtRE @G5Sl AeToriPrEd %e%df%@b@@ﬂrﬁa&é@ 8@ Be %féomr%h@%@@ié/altaﬁﬁlcatlons

Example 6: Hydrolysisrgoevine Bis L herdeshasssiassking @@%‘y&‘%ﬂm&&@@%&@@tﬁd by mass loss
studies. Copolymer films Wereg O/ared by solvent castmgm om a 10 wt% chloroform_solution. The

resultant films ®ePé IRRRRPYLER T RIS P18 8PeHt i8R0 daRidiam &RRH: 4hi Sness, 80 mm)
and used for the 8gsadetiom &R tm&b6t36, or from about 55 % to 75 %, or from about 60 % to

75 %, or from about 65 % to 75 %, or from about 70 % to 75 %, or from 50 % to
70 %, or from about 55 % to 70 %, or from about 60 % to 70 %, or from about 65
% to 70 %, or from 50 % to 65 %, or from about 55 % to 65 %, or from about 60 %
to 65 %, or from 50 % to 60 %, or from about 55 % to 60 %, or from 50 % to 55 %.

When the temperature of the copolymer is below Tians, the molecular motion of
the segment is minimal. The increased order of the switching segment leads to
the formation of rigid network points which holds the copolymer together. When
the temperature of the copolymer is above Tians, the rigid network points soften
and the copolymer recovers its original shape. In an embodiment, the stimuli may
be, for example, application of electromagnetic irradiation. In an embodiment, the
stimuli may be, for example, changing temperature of the copolymer. In an
embodiment, the first stimulus may be, for example, changing temperature of the
copolymer. In an embodiment, the first stimulus may be, for example, decreasing
temperature of the copolymer. In an embodiment, the first stimulus may be, for
example, decreasing temperature of the copolymer to below Tians. In an
embodiment, the first stimulus may be, for example, application of electromagnetic
irradiation to the copolymer. In an embodiment, the second stimulus may be, for

example, changing temperature of the copolymer. In an embodiment, the second
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Film samples (-15 mg) were placed in tubes containing 10mL of aqueous buffer solutions at 37 C. Buffer
solutions of pH 7.4 were used. The pH 7.4 buffer solution contained 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of
Na2HPO4, and 0.24 g of K2H2PO4 in 1L of solution. Pseudomonas lipase was added at a concentration

of 0.01 mg / mL;: I ion. ight 0 r films after
degradation vrcgtslﬂivq ug@g%{:ﬁ?%?éﬁ ;g@%%%%éé&g t%vﬂ?c%%ﬂv%% éimeeé%? '@glﬁﬁ égsidual Weight =
W1/ Wo x 10095"Q9dimens the $a5@W shdidunamitg vieigrearienacirRagnodettreratsgictively. W,

was obtained ﬂﬁ@&@b}éi?ﬁ\8?@05%69@%@];5.591%N@ﬁ'ﬁfo\dﬁﬁéHmF@rébWstﬁﬂﬂ%’m@y fngincubated in
buffer solutions Withciut the |ipase sh%/ved negli ible mﬁﬂss loss afﬁfr 10 months (< 1%). The incorporation
2 i

of the poly(dinfEPRifo,2aR45 LGRS4 HERIPIREEYPAHREH B IRHFORANEIE (Fik2d). The degradation
rates of the pofynhedimare iheletctditonaggaiicerdeiGliion D@Y beDo4 eXdheiethd\mtfe culaeaveight of the

I iS | d ' - d ' lecul
eight copolL B e G e e %Y ermbodiments

of the inventioRAYGREIBSSH Hia SlecHrngePipthtRshatigndab Sfickiera M9 BB nade within the scope

of the inventiogriibagrRsdanae wEbHHM SQRMon S8Re5A ﬂﬁ'&?‘%@%?@@‘%@@, Akidlerin this art. Such
modifications include the substitution of known equivalents tor any aspect of the invention in order to

hi h i [ : ' . ' ' f b
Gifining the T T e e T ) von

to the phrase 'GABRIYME. BLR AENRNEH GBPOAAEIh VAt 8 MERHPHE stheaePRBBMEE PRYI®y meaning. As

used herein, the - dpgwiaefe MeaR cosdlyded s BirbsianRbatrelespaisHEless e qentext clearly
dictates otherwise. Thus, for examPIe, reference to "a thing" includes more than one such thing.
example, a graft copolymer. In an embodiment, the copolymer may be, for

example, a dendrimer copolymer.

In an embodiment, the copolymer may be used, for example, to form a part of a
polymer blend. In an embodiment, there is provided a polymer blend comprising at
least one copolymer as described herein. In an embodiment, the polymer blend
may comprise, for example, at least two copolymers as described herein. In an
embodiment, the polymer blend may further comprise, for example, a
semicrystalline homopolymer, a semicrystalline copolymer, a thermoplastic
elastomer with linear chains, a thermoplastic elastomer with side chains or a

dendritic structural element, a branched copolymer, or any combination thereof.

In an embodiment, there is also provided a polymer blend comprising at least one
switching segment having a Tians from 10 to 70 °C; and at least one soft segment,
wherein the polymer blend transforms from a first shape to a second shape by
application of a first stimulus and the polymer blend transforms back to the first
shape from the second shape by application of a second stimulus. In an
embodiment, at least one of the soft segments may be, for example, a
thermoplastic polymer. In an embodiment, at least one of the switching segments
may be, for example, a thermoplastic polymer. In an embodiment, the polymer
blend may be, for example, selected from the group consisting of physical

mixtures of polymers, blends of polymers comprising switching segments with
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Citation of references herein is not an admission that such references are prior art to the present
invention. Any priority document(s) and all publications, including but not limited to patents and patent
applications, cited in this specification are incorporated herein by reference as if each individual

publication wefiapanifivg afhnchidualnidicaisn iy ihincalperatee by dRIGIENGF Iifgewn and as

though fully set forth herein. The inventionincludes all embodiments and variations substantially as
hereinbefore deRNVYBEENUNRIGIT efeledficoretRb BRTABIBS U @ IRalilfh FOPMRidscrRiptikdeis: A shape

memory block R @l eestcomaPsisiRg:segments of a second copolymer, and blends of at least

one multiblock copolymer and at least one homo- or copolymer.

In an embodiment, the copolymer or polymer blend as described herein may
have, for example, at least one shape in memory. In an embodiment, the
copolymer or polymer blend as described herein may have, for example, at least
one shape in memory in addition to the first shape and the second shapes. For

example, in an embodiment, the copolymer or the polymer blend may transform

1St 1St

from a 1% shape to a 2" shape by application of a 1%! stimulus, transform to a 3™

shape by application of a 2" stimulus and transform back to the 1°'

shape by
application of a 3rd stimulus. For example, in an embodiment, the copolymer or
the polymer blend may transform from a 1% shape to a 2" shape by application of
a 1% stimulus, transform to a 3" shape by application of a 2" stimulus, transform
to a 4" shape by application of a 3" stimulus and transform back to the 1% shape

by application of a 4™ stimulus.

Those of ordinary skill in the art will appreciate that different methods may be
used for processing the copolymer or polymer blend. In an embodiment, a solution
of the copolymer may be solution casted to form a copolymer film of any shape,
depending on the casting mold used.

The copolymer or polymer blend as described herein may be use, for example, as

fibers for textiles or for manufacturing packaging materials.

The copolymer or polymer blend as described herein may be used, for example,
as a biomaterial. As used herein, the expression “biomaterial” is used as it is
normally understood to a person of skill in the art and often refers to a material
which is used in situations and under circumstances where it comes into contact

with cells and/or bodily fluids of a subject.

In an embodiment, the copolymer or polymer blend as described herein may be
used, for example, for encapsulation of drugs and/or biologically active agents. In

an embodiment, there is provided a composition comprising at least one
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at least one switching segment having a Ttrans from 10 to 70 C; and at least one soft segment, wherein
the copolymer has a molecular weight, Mw, of about 50,000 g/mol to about 1,000,000 g/mol, wherein the
switching segments and soft segments are randomly arranged in the copolymer, wherein at least one of

the switching igdi 10 at f soff ; - linkage, wherein the
copolymer tra%%%@r_z@%oarﬁ gé‘lgr%tl S %ﬂ%@ﬁﬁg%éﬂ%hgég E@E%ﬂﬁiaa%&%t E%%?%r%?%timulus and the
copolymer trarfSfoRina R ey et fﬁﬁ%ﬁﬁ@é"%\?ﬁﬂn@@&tﬁwﬂr@ﬂ%@ BPAPPREHIh of a second stimulus,

and wherein the gRRelMEglas\asHenaalmesefilresHbrimlshaeaands, WhrRyeldhg response time is
the time for the co&ol mer to transform back to the first shape from thgﬁésﬁfﬁﬁgnd sga e after application of

the second stififdl .efHé’rcS;? BANRT AheP) V\I/Pléﬂa qg'ggfrgn es is selected from the
group consistibip obicathacty e sigentineay barionatamgiyencipsaitdd anteoahpdgieediokages. 3The

copolymer of Giairg dh o - MM B ALBREHG W UdBEINKPYPTHIE FolfiaLIEH KRGS he drug
and/or biologically active agent in a suitable solvent and preparing a solvent cast
film with the drug and/or biologically active agent dispersed within the copolymer
or the polymer blend matrix. Other methods of encapsulating the drug and/or
biologically active agent in the copolymer or the polymer blend would be
understood by those of ordinary skill in the art. The composition as described
herein may further comprise one or more carriers, excipients or diluents
acceptable for the mode of administration of the composition. Suitable carriers,
excipients or diluents are those known in the art for use in such modes of
administration. Suitable compositions may be formulated by means known in the
art and their mode of administration and dose determined by the skilled

practitioner.

In an embodiment, the drug may be, for example, a therapeutic agent, a
diagnostic agent, or a prophylactic agent. In an embodiment, the biologically
active agent may be, for example, a therapeutic agent, a diagnostic agent, or a
prophylactic agent. In an embodiment, the drug or biologically active agent may
be, for example, an antiproliferative agent, an antineoplastic agent, an antimitotic
agent, an anti-inflammatory agent, an antiplatelet agent, an anticoagulant agent,
an antifibrin agent, an antithrombin agent, an antibiotic, an antiallergic agent, an
antioxidant agent or any combination thereof. In an embodiment, the drug or
biologically active agent may be, for example, an anti-inflammatory agent. In an
embodiment, the drug may be, for example, a nonsteroidal anti-inflammatory drug
(NSAID). In an embodiment, the drug may be, for example, an NSAID including
ibuprofen, naproxen, nabumetone, ketorolac, sulindac and diclofenac. In an
embodiment, the drug may be, for example, a hydrophobic drug. In an

embodiment, the drug may be, for example, paclitaxel.
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4. The copolymer of claim 3, wherein at least one of the switching segments is linked to at least one of the
soft segments by two urethane linkages. 5. The copolymer of claim 3 or 4, which further comprises
alkylene groups between segments, the alkylene groups connected to each segment by a urethane

linkage. 6. Thﬁr?oé’f?é}éﬂ‘\feré?%lﬁif”o'?'t%‘%ﬂﬁﬁégﬁ&}{ké’é‘éeﬁ&rg’tﬁ%ﬁ{?ngﬁfﬁ%@ﬁthy'e“e groups. 7. The

copolymer of any one of claims 1 to 6, wherein at least one of the switching segments and/or at least one

of the soft segeirRastirmhiitestiyp aatddpla RIgRIYY et u sflertiverameYlitbhing segments is linked
to at least one-gfdhpsoficanprastis hEpnaing Rinsiegraiabiadiviestectie TAcoeeRgBERIHOf claim 7,

e e D I S Sl L9 TP LRR SRl 2 & st
increased life span or increased life expectancy. A therapeutically effective
amount of a drug or biologically active agent may vary according to factors such
as the disease state, age, sex, and weight of the subject, and the ability of the
drug or biologically active agent to elicit a desired response in the subject. A
therapeutically effective amount is also one in which any toxic or detrimental
effects of the drug or biologically active agent are outweighed by the
therapeutically beneficial effects. A “prophylactically effective amount” refers to an
amount effective, at dosages and for periods of time necessary, to achieve the
desired prophylactic result, such as increased life span, increased life expectancy
or prevention of the progression of the disease state. Typically, a prophylactic
dose is used in subjects prior to or at an earlier stage of disease, so that a
prophylactically effective amount may be less than a therapeutically effective
amount. It is to be noted that dosage values may vary with the severity of the
condition to be alleviated. For any particular subject, specific dosage regimens
may be adjusted over time according to the individual. The amount of the drug or
biologically active agent in the composition may vary according to factors such as
the disease state, age, sex, and weight of the subject. As used herein, a “subject”
may be a human, non-human primate, rat, mouse, cow, horse, pig, sheep, goat,

dog, cat, etc.

In an embodiment, the copolymer, polymer blend, or composition as described
herein may be used, for example, for biomedical applications. In an embodiment,
the copolymer, polymer blend, or composition as described herein may be used,
for example, in the manufacture of an article. For example, the copolymer,
polymer blend, or composition as described herein may be used to manufacture a
portion of the article or the whole article itself. In an embodiment, there is provided
a method of manufacturing an article comprising the copolymer, polymer blend, or
composition as described herein. In an embodiment, the copolymer, polymer
blend or composition as described herein may be used, for example, as a coating

for an article. In an embodiment, the method may comprise, for example,
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9. The copolymer of claim 7 or 8, wherein the biodegradable region is independently selected from the
group consisting of polyhydroxy acids, poly(ether ester)s, polyorthoesters, poly(amino acids), synthetic
poly(amino acids), polyanhydrides, polycarbonates, poly(hydroxyalkanoate)s, and poly(Ecaprolactone)s.

10. The copolypesfians esLhia Be 40, adt BB R FUM B BN oK gLaighiem dsie copolymer of

any one of claims 1 to 10, rein at least one of the switching segments has crystallinity below Ttrans.
12. The copolyRfeP SIS 1R0WREF&ISRH | SASPBIROSHBRcAS AESRITRF dRFRIP AR from about 1 %

crystallinity to aheidRAdk ansiailnpyidad Besangbsnasraimnenesiipainasldestbuderein at least

o e BT e Aok o BONSRI) iy one of cms 10
polymer blend as described herein. In a further embodiment, there is provided a
coating comprising the composition as described herein. In an embodiment, the
coating may be for an article. As used herein, the expression “coating” is used as
it is normally understood to a person of skill in the art and often refers to a layer or
a film of material deposited directly or indirectly over at least a portion of the
surface of the article. Deposited directly means that the coating is applied directly
to the exposed surface of the article whereas deposited indirectly means that the
coating is applied to an intervening layer that is deposited directly or indirectly
over at least a portion of the surface of the article. Methods for directly or indirectly
depositing the copolymer, polymer blend, or composition as described herein over
at least a portion of the surface of the article would be known to or understood by
those of ordinary skill in the art. In an embodiment, there is provided an article
comprising the copolymer as described herein. In another embodiment, there is
provided an article comprising the polymer blend as described herein. In a further
embodiment, there is provided an article comprising the composition as described
herein. In an embodiment, the body of the article may comprise, for example, a
drug, a biologically active agent, or a combination thereof. In an embodiment, the
article may be, for example, implantable. In an embodiment, the article may be, for
example, a medical device. In an embodiment, the article may be, for example, a
medical device selected from the group consisting of stents, catheters,

prosthetics, grafts, screws, pins, pumps, sutures and meshes.

In an embodiment, there is provided a method for preventing or treating a disorder
using the copolymer, polymer blend, or composition as described herein. In an
embodiment, for example, the copolymer or polymer blend as described herein
may be used as a drug delivery vehicle to deliver the drug or biologically active
agent to a target cell or tissue in a subject. In an embodiment, for example, the
composition as described herein may be used for preventing or treating a
disorder. In an embodiment, for example, the article as described herein may be

used for preventing or treating a disorder. In an embodiment, for example, there is
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15. The copolymer of any one of claims 1 to 14, wherein at least one of the switching segments is
selected from the group consisting of polyhydroxy acids, poly(ether ester)s, polyorthoesters, poly(amino
acids), synthetic poly(amino acids), polyanhydrides, polycarbonates, poly(hydroxyalkanoate)s and

PO (Eeaprolagioflag %hHE ORI ) 3Py 008 ' AR -4 msREiFiD Abisag one of he

switching segments is poly i -capr actone The co oezmer of any one of claims 1 to 16,
wherein at lea¥PBiREHIAHR %éﬁ@é@fﬁ@l%ﬂ@'%ﬁ% iRseshesgimerr e@mmie. éBPolymer of any one of

claims 1 to 17 cystyeidradd easirheeoiibasefé sa s MsrisrentagmaoplamisRREshapkd. The copolymer

of any one of CJ"SWHS gietl?v%r%/ Qﬁéeellrr]tlg}el?g :tsﬁé) Pargoeft site in the subject, after reaching the
target site, the second stimulus may be applied to the copolymer or polymer blend
to transform it back to the first shape. Methods of applying the first and/or second
stimulus would be known to and understood by those of ordinary skill in the art. In
an embodiment, for example, where the stimulus is thermal, the stimulus may be
provided by, for example, a laser, ultrasonic wave, high frequency wave, infrared
radiation, hot air stream or hot water. In an embodiment, the stimulus may be
provided by, for example, a catheter. In an embodiment, the disorder may be, for
example, atherosclerosis, thrombosis, restenosis, or vulnerable plaque. In an
embodiment, the article as described herein may be used, for example, for
repairing damaged arteries. For example, the article may comprise the copolymer
or polymer blend as described herein with an inflammatory agent encapsulated
within the copolymer or polymer blend matrix. For example, the inflammatory
agent may be an NSAID such as, ibuprofen, naproxen, nabumetone, ketorolac,
sulindac or diclofenac. In an embodiment, the copolymer or polymer blend as
described herein may be used as a superelastic and/or thermal shape recovery
material in biomedical applications. For example, in an embodiment, the article as
described herein may be a vena cava filter. In an embodiment, the vena cava filter
may comprise the copolymer or polymer blend as described herein, and may be
used, for example, in one of the outer heart chambers to trap blood clots. Blood
clots may cause a fatality if allowed to travel freely around the blood circulation
system. In an embodiment, the vena cava filter traps these small clots, preventing
them from entering the pulmonary system and causing a pulmonary embolism. In
an embodiment, the vena-cava filter may be introduced in a compact cylindrical
form. In an embodiment, the cylindrical form may be, for example, about 2.0-
2.5mm in diameter and when released it forms an umbrella shape. In an
embodiment, the vena cava filter may comprise a wire mesh with spacing

sufficiently small to trap clots.

In an embodiment, the copolymer or polymer blend as described herein may be

used as superelastic and/or thermal shape recovery materials for orthodontic
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the soft segments is biocompatible. 20. The copolymer of any one of claims 1 to 19, wherein at least one
of the soft segments has a melting temperature, Tim of from about -30 to about 30 C. 21. The copolymer
of any one of claims 1 to 20, wherein at least one of the soft segments is selected from the group

consisting of pabb aldrEe AR SO AR YRRl (FRMACZ, dbe:pagglymer of any one

of claims 1 to 21, wherein at least one of the soft s nts is poly(dimethylsiloxane) (PDMS). 23. The
copolymer of dIffREGY AgiHEed, {92%30MIS a8APALEINIBSKLIpKRTBPOSIMeRe feh SERMRIR of claim 23,

wherein the crggsdiRkpevRiei s GRERIRRS dBIKBling the copolymer or polymer blend as

described herein. Archwires made of conventional materials have been employed
as a corrective measure for misaligned teeth for many years. Owing to the limited
“stretch” and tensile properties of these wires, considerable forces are applied to
teeth, which can cause a great deal of discomfort. When the teeth succumb to the
corrective forces applied, the wire has to be re-tensioned. Visits may be needed to
the orthodontist for re-tensioning every three to four weeks in the initial stages of
treatment.

The present invention includes isomers such as geometrical isomers, optical
isomers based on asymmetric carbon, stereocisomers and tautomers and is not

limited by the description of the formula illustrated for the sake of convenience.

Various alternative embodiments and examples of the invention are described

herein. These embodiments and examples are illustrative, and not limiting.

Examples

Example 1: Synthesis and characterization of poly(PDMS/PCL urethane)s

Poly(PDMS/PCL urethane)s were prepared by randomly coupling PCL and PDMS
segment blocks using the isocyanate, 1,6-hexamethlyene diisocyanate (HMDI)
with dibutyltin dilaurate as the catalyst. The synthesis of the poly(PDMS/PCL
urethane)s is presented in Scheme 1.
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25. The copolymer of claim 23 or 24, which comprises cross-linking in the absence of chemical
cross-linking. 26. The copolymer of any one of claims 1 to 25, which is soluble in an organic solvent. 27.
The copolymer of claim 26, wherein the organic solvent is chloroform, tetrahydrofuran,

N,N-dimethylformamide, 1,4-diaxane or any combination thereof. 28. The coopolymer of any one of claims

1 to 27, which has a response time of from 0.3 t 10 secondg wherein the gesponse tirge is the time for
the copolymer to transform RTQ) e first shageTﬁm/s%l&;n\d/ SFT@\eoffLmWEéti of the second
stimulus. 29. The copolymer of &y 6ne of claims 1 to 28, which has a response time of from 0.3 to 2
seconds, wherein the response time is the time for thes€6p2Aymser to transform back to the first shape from
the second shape after application of the second| stinfLAwkichi3@etNhesd tyt@hpdrefusfrany one of claims 1 to

29, wherein the first stimulus is changing a tempéeratH@uWrtrdidgisiymer.
OCN/\/\/\/NCO

CHj
| o o o (i
O,éSi\\OQ/ : /(o\/\/\)l)zo/\,o\/\oéj\/\/\/ot\ )]\c/n\/\/\/\u/c\
y

CHs

Scheme 1 depicts a synthesis of poly(PDMS/PCL urethane)s.
Materials

Poly(e-caprolactone)-diol (PCL-diol) with M, of ca. 2000 g.mol™* and dihydroxyl-
terminated poly(dimethylsiloxane) (PDMS) was purchased from Aldrich. The M,
and M,, of PCL-diol were found to be 1040 and 2320 g.mol™, respectively. The M,
and M,, of PDMS were found to be 1890 and 2060 g.mol™, respectively. Dibutyltin
dilaurate (95%), 1,6-hexamethylene diisocyanate (HMDI) (98%), anhydrous
tetrahydrofuran, hexane and 1,2-dichloroethane (99.8%) were purchased from

Aldrich. 1,2-dichloroethane was distilled over CaH- before use.
Synthesis of Poly(PDMS/PCL urethane)s

In a typical preparation, 8.05279g of dihydroxy-terminated poly(dimethylsiloxane)
(PDMS-diol) and 12.2669 of dihydroxy-terminated poly(e-caprolactone) (PCL-diol)
was dried in a 3-necked round bottom flask (RBF) in vacuo at 80 °C overnight. On
the next day, the temperature was lowered to 60 °C and the RBF was purged with
nitrogen and kept under nitrogen atmosphere. 15 mL of anhydrous
tetrahydrofuran (THF) was added to the molten polymers to dissolve the sample.
Upon dissolution, 1.44g of hexamethylene diisocyanate (HMDI) and 4 drops of
dibutyltin dilaurate (~16 mg) were added and the solution was allowed to stir at 60
°C. After 1 hour, the solution was observed to thicken and the solution turned from
clear to milky. At this juncture, 10 mL of anhydrous dichloroethane (DCE) was

added to the mixture and the solution was allowed to stir. It was observed that the
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31. The copolymer of any one of claims 1 to 30, wherein the first stimulus is decreasing the temperature
of the copolymer to below Ttrans. 32. The copolymer of any one of claims 1 to 31, wherein the second
stimulus is changing a temperature of the copolymer. 33. The copolymer of any one of claims 1 to 32,

wherein the seqgnHiSLIAIS STERSING USRS BIUES AL AR B RN Firags: 34. The

copolymer of any one ims 1 to 29, wherein the first stimulus anad/or sec%nd stimulus Is application of
electromagnet®@HYSir48dPC By apRdded AYibe P BN @i o MaaiFASacér3h \hidhiks a linear copolymer.

36. The copolymgtieharksMewes R Podcsudsr whielhdis paanatt HBRSHIMER00 mL) was
added and the polymer was solution cast to form a polymer film. The film was
dried overnight in air at room temperature. Following that the film was washed in
hexane for 2 hours and then dried overnight in vacuo at 45 °C.

Molecular characterization

Gel permeation chromatography (GPC) analysis was carried out with a Shimadzu
SCL-10A and LC-8A system equipped with a Phenogel in series and a Shimadzu
RID-10A refractive index detector. THF was used as eluent at a flow rate of 1.0
ml/min at 45 °C. Monodisperse polystyrene standards of M, between 1.36 x 10°
and 1.29 x 10° were used to obtain a calibration curve. 'H NMR (400 MHz) and
'3C NMR (100 MHz) spectra were recorded on a Bruker AV-400 NMR
spectrometer at room temperature. The 'H NMR measurements were carried out
with an acquisition time of 3.2 s, a pulse repetition time of 2.0 s, a 30 degree pulse
width, 5208 Hz spectral width, and 32K data points. Chemical shift was referred to
the solvent peaks (PPM= 7.3 for CHCI3).

A series of random multiblock poly(PDMS/PCL urethane)s with different PDMS
and PCL contents were synthesized, and their molecular weights and molecular
weight distributions were determined by GPC (Table 1). Typical GPC
chromatographs of the poly(PDMS/PCL urethane)s show a unimodal peak in the
GPC chromatograph as shown in FIG. 2. The non-overlapping nature of the plot
with those of corresponding precursors indicates that a complete reaction took
place with no unreacted precursor remaining. The molecular weights of the
poly(PDMS/PCL urethane)s and their polydispersities are tabulated in Table 1.
The copolymers can be processed into different shapes by melt processing and
they are soluble in common organic solvents such as chloroform, tetrahydrofuran,
N,N-dimethylformamide and 1,4-dioxane.
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37. The copolymer of any one of claims 1 to 34, which is a dendrimer copolymer. 38. The copolymer of
any one of claims 1 to 37, which is biocompatible. 39. A composition comprising the copolymer as
defined in any one of claims 1 to 38 and a coating, wherein the coating alters a degradation rate of the

copolymer. 4G, EQNRCSHIRY SRPRLisgHP the copolymer as defined in any one of claims 1 to 38 and a
therapeutic agent, a diagnostic agent a prophylactic agent, or any combination thereof. 41. An article

comprising th mmpf%cl% ‘j? n%er(% :I% {?I%%Q;fopol ﬁPB?\ﬁSa}B&I_euret ai él wherein the article is

implantable an

My (x 10%)2/ Content (Wt%)°
Sample ID . M/ M2

g-mo PDMS PCL
PCL 12.2 1.89 0 100.0
DC1 12.0 2.13 3.9 96.1
DC2 28.7 2.31 40.6 59.4
DC3 21.3 2.75 19.0 81.0
DC4 11.9 2.43 19.3 80.7

aDetermined by GPC, ° Determined by 'H NMR

The chemical structure of poly(PDMS/PCL urethane)s was verified by '"H NMR
spectroscopy as shown in FIG. 3. FIG. 3 shows the '"H NMR spectrum of DC1 in
CDCls, in which all proton signals belonging to PCL and PDMS segments are
confirmed. Signals corresponding to methylene protons alpha to the ester group of
PCL segments are observed at 4.04 ppm and the signals at 0.66 ppm are
assigned to the methyl protons of PDMS. As the content of HMDI among the
starting materials is below 1 wt%, the PDMS and PCL contents of the
poly(PDMS/PCL urethane)s could be determined from the integration ratio of
resonances at 0.66 and 4.02 ppm within the limits of '"H NMR precision, and the

results are shown in Table 1.

'H NMR (CDCls) of poly(PDMS/PCL urethane), DC1:  (ppm) 0.66 (-CHs of PDMS
segment), 1.34-1.40 (OCH,CH2CH.CH.CH,CO), 1.49
(OOCNHCH2CH,CHoC H:CH2CH2NHCOO), 1.61-1.66 (OCH,CH.CH2CH,CH>CO),
2.28-2.37 (OCH,CH2CH.CH.CH,CO), 3.15
(OOCNHCH2CHCH,CH>CH2CH,NHCOO), 3.68-3.70
(OOCNHCHC HoCHoCH2CH.CHoNHCOO), 4.04-4.07 (OC HxCH2CH2CH,CH,CO),
4.23 (OOCNHC H>CH2CH.CH>CH>C H.NHCOO).

112



43. The article of claim 41 or 42, wherein the copolymer does not contain aromatic groups. 44. The
article of any one of claims 41 to 43, wherein the article is a medical device selected from the group
consisting of stents, catheters, prosthetics, grafts, screws, pins, pumps, and meshes. 45. A polymer

blend comprisi@)ga RASL PRS- GP ly. kSt %j %M§} 5 rﬂﬁe(?itlg s 1to 38. 46. A composition

comprising the polymer blend as detined in clal anda a therapeutic agent a diagnostic agent, a

hylacti t, bination th 47. An art th defined i
i 4. 45 TR ARG 8T B 00 L 60 S bt RS EOpoer 5

biocompatible 2960. Samples were heated at 20 °C min™" from room temperature to 800 °C in a
dynamic nitrogen atmosphere (flow rate = 70 ml min™"). Differential scanning
calorimetry (DSC) measurements were performed using a TA Instruments 2920
differential scanning calorimeter equipped with an autocool accessory and
calibrated using indium. The following protocol was used for each sample: the first
heating run started from 25 °C to 150 °C at 5 °C min™', with an isothermal step,
holding at 150 °C for 5 min, the second cooling run started from 150 to -30 °C at 5
°C min™', with an isothermal step, holding at -30 °C for 5 min, and finally the
second heating run took place from -30 to 150 °C at 5 °C min™. Data were
collected from the first and second heating runs, as well as the second cooling

run. Transition temperatures were taken as peak maxima.

Crystallization behavior of PCL segments in the poly(PDMS/PCL urethane)s was
studied using DSC. FIG. 4 shows the DSC thermogram of the copolymers
obtained in the second heating run after the removal of thermal history. PCL is a
semi-crystalline polymer that has a melting temperature at about 40 °C. The
crystalline content and the enthalpy of melting of the polymers are tabulated in
Table 2.

Table 2. Transition Temperatures, Corresponding Enthalpies, Crystallinity, and

Decomposition Temperatures for Poly(PDMS/PCL urethane)s

Tl AH° X.° T4

SmRelR e we e o)

PCL 43.5 721 50.8 349.7
DC1 42.0 31.3 22.0 352.2
DC2 42.5 37.3 26.3 334.3
DC3 42.3 31.0 21.9 335.4
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49. The article of claim 47 or 48, wherein the copolymer does not contain aromatic groups. 50. The
article of any one of claims 47 to 49, wherein the article is a medical device selected from the group
consisting of stents, catheters, prosthetics, grafts, screws, pins, pumps, and meshes.

DC4 31.0 25.4 17.9 332.0

2 Melting point determined in the DSC second heating run. ° Enthalpy change
during melting determined in the DSC second heating run. AH,, = AH/W;, where
AH; is the area of the endothermic peak for the PCL segment read from the DSC
curves and W; is the weight fraction of the corresponding segment. ¢ Crystallinity
calculated from melting enthalpies. Reference value of 142.0 J/g for completely
crystallized PCL was used. ¢ Temperature at which 10% mass loss has occurred
from TGA curves.

Example 3: Measurement of thermo-mechanical properties of poly(PDMS/PCL

urethane)s

Linear viscoelastic thermo-mechanical properties of the materials were
determined using dynamic mechanical analysis (DMA). A TA Instruments DMA
2980 apparatus was employed in tensile mode with a preload force of 0.01 N, an
oscillation amplitude of 20 um, static stress/dynamic stress amplitude ratio (“force
tracking”) of 150%, and an oscillation frequency of 1 Hz. Samples were cut from
the cast films in dimensions of 10 mm (length) x 3.0 mm (width) x 0.4 mm
(thickness). After loading each film specimen at room temperature under tensile
stress, they were cooled to T = —100 °C, thermally equilibrated, and finally ramped
to 130 °C at a rate of 3 °C/min.

FIG. 5 (a and b) show the change in the tensile storage modulus and tan(s) data
for the poly(PDMS/PCL urethane)s with a variation in temperature. The Ty values
and the temperatures corresponding to the peaks of tan (3) are tabulated in Table
3. The polymer samples show two thermal transitions. The first transition
corresponds to the glass transition of the PCL segments and the second transition
can be attributed to the melting of the PCL crystals. When the temperature is low
at about -60 °C (T < Ty), the polymer films are glassy. The elastic modulus is in
the GPa range. When the temperature is higher than T, the storage modulus of
the polymer films drop drastically, ranging from about 70 — 800 MPa. When
comparing DC3 and DC4, it was observed that an increase in the molecular
weight of the polymer increases the storage modulus of the polymer. In addition,

an increase in the PCL content also increases the storage modulus of the
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polymer. This modulus drops by a further two decades when the temperature is
raised to about 40 °C. Without being bound by theory, it is believed that this
change is attributed to the melting of the PCL crystallites which further softens the
polymer. When raised to a higher temperature up to 100 °C, the polymer did not
become fully molten. Without being bound by theory, it is believed that this is due
to the presence of the hexamethylene group present in the urethane linking group

which holds the polymer chains together.

Table 3. Glass Transition Temperature, Tan & peak values, and Storage Modulus
at 25 °C for Poly(PDMS/PCL urethane)s

Sample ID T, (°C) Tan(3)”(°C) Storage Modulus at 25 °C¢ (MPa)

PCL -66.5 -33.6 184.4
DCH1 -63.6 -31.4 246.9
DC2 -64.0 -29.6 49.1
DC3 -56.4 -31.6 109.9
DC4 -58.7 -29.1 22.5

2 T, was determined from the onset of the Tan § peak. ° Peak value of Tan 5. ©

Storage modulus determined from DMA results.

Example 4: Dynamic Mechanical Analysis and Shape Memory Characterization of
poly(PDMS/PCL urethane)s

Shape memory properties of the materials were determined using dynamic
mechanical analysis (DMA). A TA Instruments DMA 2980 apparatus was
employed in controlled force mode with a preload force of 0.01 N, an oscillation
amplitude of 20 um, static stress/dynamic stress amplitude ratio (“force tracking”)
of 150%, and an oscillation frequency of 1 Hz. Samples were cut from the cast
films in dimensions of 10 mm (length) x 3.0 mm (width) x 0.4 mm (thickness). In a
typical example, for shape memory characterization of DC1, samples (in tension)

were equilibrated at 60 °C, elongated to a force of 0.6 N at a rate of 0.03 N/min
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(the strain was recorded as €m), cooled to 5 °C at a rate of 2.5 °C/min, unloaded to
0.001 N at a rate of 0.1 N/min (the strain was recorded as ¢,), then heated to 60
°C at a ramp rate of 2.5 °C/min to observe the recovery (the strain was recorded
as &;). This process was then repeated four more times on the same sample in
order to obtain multiple cycles. The shape recovery ratio (R;) and the shape fixity
ratio (R¢) were calculated by the following equations:

|: Em—Sr(N) :|
Shape recovery ratio, R, = L& &NV =D | y 1009

[&(N)}
Shape fixity ratio, Ri= L " 1 x 100%

Measuring the speed of shape memory recovery

Samples were cut from the cast films in dimensions of 10 mm (length) x 3.0 mm
(width) x 0.4 mm (thickness). All samples were prestretched to 200 % strain
before experiments. A Nikon camera was used to record the recovery of the
polymer film as it was immersed into warm water at 45 °C. The obtained .mov file
was converted into a .wmv file and the frame analysis of the recovery process was
done using Windows Movie Maker software. In all, five samples were used and

the average recovery time was recorded.

Thermocyclic shape memory experiments were carried out for the polymer films
using DMA. FIG. 6 shows the sequence of five one-way shape memory cycle for
DC1. The asterisk marks the beginning of the cycle and the arrows denote the
different stages of the thermocycle: (a) elongation at 60 °C, (b) shape fixation with
cooling, (c) unloading to evaluate shape fixity and (d) heating to 60 °C to induce
recovery.

In particular, the polymers were deformed at 60 °C, above the T, of the polymer
(determined by DSC experiments). The shape was then allowed to fix at 5 °C to
allow for crystallization to take place. Finally, the load was removed to observe the
shape fixing and recovery of the original shape of the polymer was carried out by
elevating the temperature to 60 °C. Good shape fixing properties were observed
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for the polymers as evidenced by the non-retraction of the polymer films upon the
removal of the external applied force at the shape fixing temperature of 5 °C.
Recovery was also generally very good for the 5 cycles (>90%), after an initial
conditioning cycle of the polymers (Table 4). The photographs of the shape
memory polymers before deformation, after deformation and after recovery are
shown in FIG. 7: (a) The permanent spiral shape was obtained by molding at 60
°C, followed by fixation at 25 °C, (b) The temporary elongated shape was made at
25 °C and (c) The recovered shape was obtained after 1s immersion in water at
45 °C. The scale bar in FIG. 7 denotes 1 cm.

Table 4. Shape Fixity and Shape Recovery Ratio for Poly(PDMS/PCL urethane)s

Sample Recovery
0—1 152 2—-3 3—-4 4—-5
ID Speed (s)
100.1
Rs . 99.3% 99.1% 100.2% 99.2%
PCL %o 1.121 0.223

R 702% 852% 88.7% 89.5% 91.7 %

101.8
Rt 100.4 % 99.9% 100.6%  99.5 %

%

DCH1 0.620 +0.156

R 695% 883% 955% 94.2% 96.5 %

Rt 89.1% 96.0% 99.5% 98.1% 98.3 %
DC2 0.460 = 0.083
Rr 855% 824% 93.7% 94.7% 98.8 %

Rt 546% 589% 67.3% 68.0% 82.8 %
DC3 0.464 +0.195
Rr 513% 107.7% 759% 96.4 % 87.9 %

Ri 34.0% 734% 71.8% 724% 72.2 %
DC4 0.592 +0.175
Rr 304% 869% 925% 94.9% 93.1 %
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Applications in biomedical devices may require high strain changes. If the desired
insertion technique is through a small orifice (eg, the use of a catheter), a large
change in the shape dimensions may be in order to implant the device and
subsequently to recover the original dimensions for use in the desired site. In
Figure 5 and Table 4, a good shape recovery ratio of >90% is shown for high
strains of at least 200 % for the polymers.

Samples DC1-CD4 exhibited fast recovery processes as evidenced by the fast
recovery speeds (Table 4). Without being bound by theory, it is believed that the
recovery process depends on the elasticity entropy of the material and that
decreases in response time of the copolymer may be attributed to entropy
elasticity. In general, an increase in entropy results in a decrease in the recovery
time. When an ordered state is stretched or compressed, the entropy of the
system decreases due to increased ordering of the domains within a material. As
the original state is high in entropy, recovery to the original state becomes more
energetically favourable (going from a low entropic state to a high entropic state).
Without being bound by theory, it is believed that the incorporation of soft
amorphous segment decreases order within the matrix and increases entropy of

the original system leading to a faster recovery after deformation.

Example 5: Cytotoxicity studies on poly(PDMS/PCL urethane)s

Cell culture

L929 mouse fibroblasts were obtained from ATCC and cultivated in DMEM
containing 10% fetal bovine serum (FBS) and 1% penicillin / streptomycin. Cells
grow as a monolayer and were passaged upon confluence using trypsin (0.5%
w/v in PBS). L929 cells were harvested from culture by incubating in trypsin
solution for 15 min. The cells were centrifuged and the supernatent was
discarded. 3 mL of serum-supplemented DMEM was added to neutralize any
residual trypsin. The cells were resuspended in serum-supplemented DMEM at a
concentration of 2 x 10* cells mL™". Cells were cultivated at 37 °C and 5% COs.
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Cytotoxicity of the film extracts

In vitro cytotoxicity tests on the extracts of the polymer films were performed by
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) (MTS) assay in a 96-well cell culture plate using the CellTiter 96
AQueous Non-Radioactive Cell Proliferation Assay Kit (Promega). Sterile films
were cut into discs (diameter = 8 mm) and incubated with the complete culture
medium in the ratio of 6 cm? mL" between the surface area of the material and
the volume of extraction vehicle. The medium, containing the extracts from the
films, was aseptically diluted at volume ratio of 1:0, 1:1, 1:2, 1:4 and 1:8 using the
culture medium. Cells were seeded at a density of 3 x 10* cells. mL™" into wells
containing 100 microlitres of the respective extracts. The wells containing only the
cells and the culture medium served as negative controls. The plates were
incubated at 37 °C in a humidified 5% CO, atmosphere. After 3 days, 20
microlitres of phenazine methosulfate (PMS) solution was added to each well.
After 3 h of incubation at 37 °C, the absorbance of the formazan product was
measured at 492 nm using a spectrophotometer (TECAN SpectrofluorPlus).

The cytotoxicity of the copolymers films was evaluated by incubating the cells with
the extracts of the copolymer films over a period of 48 h at 37 °C. The extraction
procedures were performed based on the ISO 10993 protocol. The aim of this
experiment is to simulate clinical conditions so as to determine the potential
toxicological hazard without affecting the chemical or mechanical properties of the
copolymer film. Quantification of the cytotoxic response was done using the MTS
assay as shown in FIG. 8. Aqueous extracts of the copolymer film do not show
significant cytotoxicity against L929 cells, regardless of the dilution factor. From
the MTS assay results of the extracts of the copolymer films, the polymer is

expected to be safe for biomedical applications.

Example 6: Hydrolysis experiments

The degradation of the copolymer films were evaluated by mass loss studies.
Copolymer films were prepared by solvent casting from a 10 wt% chloroform
solution. The resultant films were dried in vacuo at 50 °C for 2 days, cut into discs

(diameter, 8 mm; thickness, 80 mm) and used for the degradation experiments.
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Film samples (~15 mg) were placed in tubes containing 10mL of aqueous buffer
solutions at 37 °C. Buffer solutions of pH 7.4 were used. The pH 7.4 buffer
solution contained 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of Na,HPO,4, and 0.24 g of
K2H2POy4 in 1L of solution. Pseudomonas lipase was added at a concentration of
0.01 mg / mL of buffer for accelerated degradation. The weight loss of the polymer
films after degradation was evaluated with Residual Weight (%), which was
defined by Eq. (1):

Residual Weight = W/ Wy x 100% (1)

where Wy and W; were the initial weight and the weight at time t, respectively. W;
was obtained after drying the samples at 50 °C under vacuum for 1 week.
Copolymer films incubated in buffer solutions without the lipase showed negligible
mass loss after 10 months (< 1%). The incorporation of the poly(dimethylsiloxane)
slowed down the degradation of the copolymers (Fig. 9). The degradation rates of
the polymers were in the following order PCL > DC1 > DC4. When the molecular
weight of the copolymer is increased, the degradation rate of the copolymers
slowed down. The higher molecular weight copolymers, DC2 and DC3 degraded
much more slowly than DC4.

Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the

invention in order to achieve the same result in substantially the same way.

Numeric ranges are inclusive of the numbers defining the range. The word
"comprising" is used herein as an open-ended term, substantially equivalent to the
phrase "including, but not limited to", and the word "comprises" has a

corresponding meaning. As used herein, the singular forms "a", "an" and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for

example, reference to "a thing" includes more than one such thing.

Citation of references herein is not an admission that such references are prior art

to the present invention. Any priority document(s) and all publications, including
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but not limited to patents and patent applications, cited in this specification are
incorporated herein by reference as if each individual publication were specifically
and individually indicated to be incorporated by reference herein and as though

fully set forth herein.

The invention includes all embodiments and variations substantially as
hereinbefore described and with reference to the examples and drawings.
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What is claimed is:

1. A shape memory block copolymer comprising:
at least one switching segment having a Tyans from 10 to 70 °C; and
at least one soft segment,

wherein the copolymer has a molecular weight, My, of about 50,000 g/mol to
about 1,000,000 g/mol, wherein the switching segments and soft segments are
randomly arranged in the copolymer, wherein at least one of the switching
segments is linked to at least one of the soft segments by at least one linkage,
wherein the copolymer transforms from a first shape to a second shape by
application of a first stimulus and the copolymer transforms back to the first shape
from the second shape by application of a second stimulus, and wherein the
copolymer has a response time of less than 10 seconds, wherein the response
time is the time for the copolymer to transform back to the first shape from the
second shape after application of the second stimulus.

2. The copolymer of claim 1, wherein at least one of the linkages is
selected from the group consisting of urethane, ester, urea, carbonate, anhydride,
amide and orthoester linkages.

3. The copolymer of claim 1 or 2, wherein at least one of the linkages is
a urethane linkage.

4. The copolymer of claim 3, wherein at least one of the switching

segments is linked to at least one of the soft segments by two urethane linkages.

5. The copolymer of claim 3 or 4, which further comprises alkylene
groups between segments, the alkylene groups connected to each segment by a
urethane linkage.

6. The copolymer of claim 5, wherein the alkylene groups are
hexamethylene groups.

7. The copolymer of any one of claims 1 to 6, wherein at least one of
the switching segments and/or at least one of the soft segments comprises a
biodegradable region or at least one of the switching segments is linked to at least
one of the soft segments through a biodegradable linkage.
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8. The copolymer of claim 7, wherein the biodegradable linkage is
independently selected from the group consisting of ester, carbonate, amide,
anhydride, and orthoester groups.

9. The copolymer of claim 7 or 8, wherein the biodegradable region is
independently selected from the group consisting of polyhydroxy acids, poly(ether
ester)s, polyorthoesters, poly(amino acids), synthetic poly(amino acids),
polyanhydrides, polycarbonates, poly(hydroxyalkanoate)s, and poly(e-

caprolactone)s.

10. The copolymer of any one of claims 1 to 9, which is completely
biodegradable.
11. The copolymer of any one of claims 1 to 10, wherein at least one of

the switching segments has crystallinity below Tians.

12. The copolymer of claim 11, wherein at least one of the switching

segments has from about 1 % crystallinity to about 90 % crystallinity.

13. The copolymer of any one of claims 1 to 12, wherein at least one of
the switching segments is a thermoplastic polymer.

14. The copolymer of any one of claims 1 to 13, wherein at least one of

the switching segments is biocompatible.

15. The copolymer of any one of claims 1 to 14, wherein at least one of
the switching segments is selected from the group consisting of polyhydroxy
acids, poly(ether ester)s, polyorthoesters, poly(amino acids), synthetic poly(amino
acids), polyanhydrides, polycarbonates, poly(hydroxyalkanoate)s and poly(e-

caprolactone)s.

16. The copolymer of any one of claims 1 to 15, wherein at least one of
the switching segments is poly(e-caprolactone) (PCL).

17. The copolymer of any one of claims 1 to 16, wherein at least one of
the soft segments is an amorphous segment.

18. The copolymer of any one of claims 1 to 17, wherein at least one of
the soft segments is a thermoplastic polymer.

19. The copolymer of any one of claims 1 to 18, wherein at least one of
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the soft segments is biocompatible.

20. The copolymer of any one of claims 1 to 19, wherein at least one of
the soft segments has a melting temperature, T,,, of from about -30 to about 30
°C.

21. The copolymer of any one of claims 1 to 20, wherein at least one of
the soft segments is selected from the group consisting of poly (alkylene glycol)s
and poly(dimethylsiloxane)s (PDMS).

22. The copolymer of any one of claims 1 to 21, wherein at least one of
the soft segments is poly(dimethylsiloxane) (PDMS).

23. The copolymer of any one of claims 1 to 22, which comprises cross-
linking.

24. The copolymer of claim 23, wherein the cross-linking is physical
cross-linking.

25. The copolymer of claim 23 or 24, which comprises cross-linking in

the absence of chemical cross-linking.

26. The copolymer of any one of claims 1 to 25, which is soluble in an

organic solvent.

27. The copolymer of claim 26, wherein the organic solvent is
chloroform, tetrahydrofuran, N,N-dimethylformamide, 1,4-dioxane or any

combination thereof.

28. The copolymer of any one of claims 1 to 27, which has a response
time of from 0.3 to 10 seconds, wherein the response time is the time for the
copolymer to transform back to the first shape from the second shape after

application of the second stimulus.

29. The copolymer of any one of claims 1 to 28, which has a response
time of from 0.3 to 2 seconds, wherein the response time is the time for the
copolymer to transform back to the first shape from the second shape after

application of the second stimulus.

30. The copolymer of any one of claims 1 to 29, wherein the first
stimulus is changing a temperature of the copolymer.
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31. The copolymer of any one of claims 1 to 30, wherein the first
stimulus is decreasing the temperature of the copolymer to below Tians.

32. The copolymer of any one of claims 1 to 31, wherein the second
stimulus is changing a temperature of the copolymer.

33. The copolymer of any one of claims 1 to 32, wherein the second

stimulus is increasing the temperature of the copolymer to above Tians.

34. The copolymer of any one of claims 1 to 29, wherein the first
stimulus and/or second stimulus is application of electromagnetic irradiation.

35. The copolymer of any one of claims 1 to 34, which is a linear
copolymer.

36. The copolymer of any one of claims 1 to 34, which is a graft
copolymer.

37. The copolymer of any one of claims 1 to 34, which is a dendrimer
copolymer.

38. The copolymer of any one of claims 1 to 37, which is biocompatible.
39. A composition comprising the copolymer as defined in any one of

claims 1 to 38 and a coating, wherein the coating alters a degradation rate of the

copolymer.

40. A composition comprising the copolymer as defined in any one of
claims 1 to 38 and a therapeutic agent, a diagnostic agent, a prophylactic agent,
or any combination thereof.

41. An article comprising the composition as defined in claim 40.

42. The article of claim 41 wherein the article is implantable and the

copolymer is biocompatible.

43. The article of claim 41 or 42, wherein the copolymer does not

contain aromatic groups.

44. The article of any one of claims 41 to 43, wherein the article is a
medical device selected from the group consisting of stents, catheters,
prosthetics, grafts, screws, pins, pumps, and meshes.
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45. A polymer blend comprising at least one copolymer as defined in
any one of claims 1 to 38.

46. A composition comprising the polymer blend as defined in claim 45
and a therapeutic agent, a diagnostic agent, a prophylactic agent, or any
combination thereof.

47. An article comprising the composition as defined in claim 46.

48. The article of claim 47, wherein the article is implantable and the
copolymer is biocompatible.

49. The article of claim 47 or 48, wherein the copolymer does not

contain aromatic groups.

50. The article of any one of claims 47 to 49, wherein the article is a
medical device selected from the group consisting of stents, catheters,

prosthetics, grafts, screws, pins, pumps, and meshes.
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