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MagneticOrientationofSide-ChainLiquid
CrystallinePolyguanamines

YoshiyukiOishi,TakahideSuzuki,HiroshiAwano,andKoichiroYonetake

AbsfracL-Novelside･chainliquidcrystallinepolyguanamine
withmesogenicgroups(LCPGs)exhibitedsmecticliquidcrys-
tallinity.Thepolym ershadanorientedstructureunderamagnetic
fieldduetohigherdiamagneticsusceptibilityofthemesogenie
group.Themesogenicgroupscouldbeperpendicularlyarranged
onaglasssubstrateunderaverticalmagneticfield.Furthermore,
theywereobliquelyalignedontheglasssubstratebyatiltmag-
neticGeld･Tiltanglesbetweenthemesogenandtheglasssubstrate
werealmostconsistentwiththedirectionsofappliedmagnetic
Gelds.MagneticGeldsaffordedvariousorientedstructures,and
themagneto-OrientedstructureswereBxedinthesamples.

IIZdex Temzs-MagneticGeld,magneticorientation,mag-
neto-OrientedstructlJre,meSOgenicgroup,side-chaincrystalline
polymer.

P

Ⅰ.INTRODUCT10N

OLYGUANAMm Scanbereadilymodifiedwithvarious
functionalgroups,becauseitiseasytointroducethemon

triazineringsinthemainchain[11.Thepolyguanaminemod-

ifiedwithmesogenicgroupswouldexhibitaliquidcrystalline

nature,anditsfinestructureiseasilycontrolledusingextemal

fieldssuchaselectricfields,mechanicalfields,polarizedUV

lightfields,ormagneticfields.Particularly,themagneticfields

cana汀angethemesogenicgroupsinalldirections.

Inthisstudy,novelside-chainliquidcrystallinepolygua-

nam ineswereusedformagneticorientation.Amagneticfield

wasappliedparallel,Vertically,orobliquelytotheliquid

crystallinepolyguanamine.Magneto-Orientedstructuresinthe

polymersampleswereanalyzedbyuslngpOlarlZlngOptlCal

microscopy(POM)andX-raydiffraction(XRD)methods.

II.ExpERIMENTAL

A PolymerSample

Liquid crystalline polyguanamines (LCPGs) With a

cyanobiphenylormethoxybiphenylmesogenicgroupwere

synthesizedaccordingtotheliterature[2]andshowninFigs.1
and2.

B.Measurement

Differentialscanningcalorimetry(DSC)wasperformedby

aDSC200(SeikoI&ELtd.)Undernitrogenataheatingand
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Fig.1.ChemicalstnJCtureOrLCPG-I(m-6),andLCPG-2(m=12)･

N

H3C′

Fig,2.ChemicalstructureofLCPG-3･

coolingrateofloo°/mim Opticaltexturesofthesamples

duringaheatlngandcoolingprocesswereobtaineduslng

apolarizingopticalmicroscope(POM:OlympusBX-50P)

equippedwithahotstage(Linkam TH-600RMS)under

nitrogen･X-raydiffractionexperimentswerecarriedoutbya

PAD-rAdiffractometer(RigakuDenkiCo一Ltd)･Nickel-m-
teredCuKαradiationwasemployed.X-raydiffraction(m )

profilesweremeasuredbyascintillationcountersystemwitha

LOmm-diameterpinholecollimatorand1xlorecelVlngSlit

usingastepscanningmethod(0･050Stepsevery4seconds)A

TheXm photographsweretakenbyaflatLauecamerawitha

0.5mm-diameterpinholecollimator･

C.MagneTicOrientation

ThesampleswereheateduptotheirisotroplCmeltstates,and

themagneticfieldwasappliedtothemduringcoolingatarate

ofloC/min.Thefieldsof2ATand10Tweregeneratedby

anelectromagmetTM-WV86I5MRC-156(TamagawaCo.)and

asuperconductingmagnetJMTD-10T100M (JapanMagnet

Technology),respectively･

III.RESULTSANDDISCUSSTON

A StructweofPolyguanamines

Thephasetransitiontemperaturesofpolyguanamjneswere

deteminedbyDSC･LCPG-1exhibitedsingleendothemic

peakat92.90CintheheatingDSC the-ogram shownin

Fig.3.Above92.9oC,itbecameisotroplCmeltstate,because
dark丘eldwasobservedunderPOM withcrossedpolarizers･

A typicalschlierentextureduetonematicphaseappeared

around90.70Concooling.Theschlierentexturebecametlny

onfurthercooling･Thus,ahigherorderedliquid-Crystalline

structurewasfbmedatroomtemperature･DSCthemograms

ofLCPG-2exhibitedsinglepeakonheatlngandtwopeaks

oncoolingasshowninFig.4.Aschlierentextureappeared
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Fig.4･DSCthermo g ra m s an d o p tlCa l te x turesofLCPG-2.
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Flg.5.DSCthemogTamSandoptlCaltextureofLCPG-3.

around920Candatinytexturewasobservedbelow71_7oC;

twoliquidcrystallinephasesfomedoncooling.Thus,LCPG-2

isanenantiotropICliquidcrystalshowingnematicandsmectic

liquidcrystallinephasesoncooling.DSCthemogramsand

optlCaltextureofLCPGl3areshowninFig.5.Singlepeakwas

observedaround1500Contheheatingandcoolingscans.The

phasetransitionofLCPGl3issimilartothatofLCPG-1.

Fig.6showsXm tracesofLCPG-1,LCPG-2,andLCPGl3

measuredatroomtemperature.TheXRDpattemofLCPG-Ihas

threeperiodicpeaksatlow-anglearea,whicharecharacteristic

ofsmecticlayerstructure,andadiffusereflectionatwide-angle

area･Thed-SpaclngSOftheperiodicpeaksatlow-anglearea

were2,90mm,1.52nm,and1.llnm,whichwereasslgnedto

lst,2nd,and3rdrenections,respectively.Thus,theliquidcrys-

tallinephaseofLCPG-1issmecticBatroomtemperature.From

theXRDtraceofLCPG-2,theperiodicpeaksatlow-anglearea
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Fig･6･XRDtracesofLCPG-I,LCPGI2,andLCPG-3･

andcomparativelysharpreflectionsatwide-angleareawereob-

served.ThesmecticphaseofLCPG-2atroomtemperatureis

likelyassignedtosmecticE.TheXRDprofileofLCPG-3is

similartothatofLCPG-1.TheliquidcrystallinephaseofLCP-3

isalsosmecticB.ThelayerspaclngSOfLCPG-1,LCPG-2,and

LCPG-3weredeterminedtobe2.90,3.05,and3.10nm,respec-

tively.Theywereconsistentwiththemolecularlengthsofthe

sidemesogenicgroups,Sothattheirsmecticlayerstructureis

monolayer.

B.MagneE71COrientationofPolyguanamines

Amagneticfieldof10Twasappliedparalleltotheside-

Chainliquidcrystallinepolyguanamines,LCPG-1,LCPG-2,and

LCPG-3duringcoolingatloC/min.TheoptiCaltexturesob-

servedundercrossedpolarizersareshowninFig･7･Extended
texturesareobservedinLCPG-1andLCPG-2.Astreaktex-

tureisclearlyobservedinLCPG-1,wheretheschlierentex-

turewasextendedinthemagneticfielddirection.Thereisno

consplCuOuSChangeintheopticaltextureofLCPG-3･How-

ever,theXRDphotographofLCPG-3exhibitedanoriented

pattemasshowninFig･81Theorientationcoefficientwasesti-

matedtobe0.74.Themesogenicgroupswerehighlyorientedto

themagneticfield,andthesmecticlayerwasformedvertically

tothemagneticfield.Thus,liquidcrystallinepolyguanamines

(LCPGs)Couldbeorientedbymagneticfieldaswellasother

side-Chainliquidcrystallinepolymers【3】･
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Flg.7.Opticaltexturesofmagnet0-OrientedLCPGs.Themagneticfieldof10
Twasappuedparalleltothesamples.
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Fig.8.XRDpattemofmagnet0-OrientedLCPG-3.MagneticfieldwaslOT･

Themagneticfieldwasappliedverticallytothepolymer

sampleontheglasssubstrate･Themagneto-Orientedsamples

exhibitedadarkfieldunderPOMwithcrossedpolarizers,and

aconoscoplCimageobtainedatthedarkareawasatyplCal

isogyrepattemasshowninFig.9.Themesogenicgroupswere

perpendicularlyorderedontheglasssubstrate,becauseacross

polntOftheisogyrepattemliedinthecenteroftheconoscoplC

image_A homeotropICStructureWasformedinthesample.

Thus,themesogenicgroupscouldbearrangedparalleltothe

magneticfielddirection･

Themagneticfieldswereappliedtothesamplesattiltangles

of30,45,and60degreein2.4Tand10T,respectively.Optical

texturesandconoscoplCimagesofthemagneto-Orientedsam-

plesareshowninFig･10･DarkandsmalloptlCaltexturesap-
pearedinthesampletowhichthemagneticfieldwasobliquely

appliedat30degree.IntheconoscoplCimageobseⅣedinthe

area,thecrosspolntOftheisogyrepatterngreatlydeviatedtothe

Fig.9.OpticaltexturesandconoscoplCimagesofmagneto-0nentedsamples
observedunderPOMwithcrossedpolarizers.Themagneticfieldof)0Twas
applledperpendiculartothesamples･

2.4T 1OT

Fig･10･OpticaltexturesandconoscopICimagesofnlagnet0-OrientedLCPG-1
observedunderPOMwithcrossedpolarizers.Themagneticfieldswere2･4and
10T.Thesettlngangleswere30,45,and60degree.

rightside･Thissuggeststhatthemesogenicgroupsweretilted
totherightsideontheglasssubstrate･SimilaroptlCaltextures
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Fig･11･RelationshlpbetweeninclinedangleofmesogenorLCPG-1and
settingangleofmagneticfielddirection.ThemagneticfIeldswere2Aand10T.

andconoscoplCimagesofmagneto-Orientedsampleswereob-

tainedatthetiltanglesof45and60degree.Thedeviationofthe

crosspolntOftheisogyrepattemincreasedwithdecreaslngthe
settlngangleofthemagneticfielddirection.

Furthermore,interferencecolorsofthesamplesobserved

underPOM withsensitivecolorplate(A- 530nm)have
changed;theirretardationbecamelargerwithdecreaslngthe

settlngangle･Theseresultsconfirmedthatthemesogenic

groupsofLCPGswerealignedtothemagneticfielddirection.

Aninclinedanglebetweenthemesogenicgroupandtheglass

substrateweremeasuredbyuslngPOM･Fig.11representsthe

1607

relationshipbetweentheinclinedangleandthesettlngangle･

Theinclinedangleswerealmostconsistentwiththesettlngan-

gles.ThemesogenicgroupsofLCPG-1werealignedparallelto

themagneticfieldapplied,andthetiltstructuresweresuccess-

fullyfixedontheglasssubstrates.Similarresultswereobtained

inotherpolymericliquidcrystallinematerials･

ⅠV CoNCLUSION

Novelside-Chainliquidcrystallinepolyguanamines(LCPGs)

withmesogenicsidegroupsexhibitedsmecticliquidcrystalline

phase.ThecoolingLCPGsinamagneticfieldfromtheisotropIC

tosmecticphaseresultedinamagneticorientationofthemes0-

genicgroupsofLCPGs.Thehomogeneous,homeotroplC,and

tiltorientedstructuresweresuccessfullyobtainedontheglass

substrates.Therefわre,itcouldbepossibletoenhancetheop-

ticalandelectricalpropertiesofpolymericmaterialsbyusing

themagneticorientationtechnique･
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