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Abstract:MicrostructureanddynamicrheologicalpropertiesoflamellarliquidcrystalsformedinBrij97/water/bmim-BF4 andBrij

97/water/ bmim-PF6 systemswereinvestigatedbymeansofSAXSandsmallamplitudeoscillatoryshearmeasurements.Itisshownthat

twosystemsexhibitgel-likeandfluid-likerheogramsrespectively, alongwiththedifferentlocationsofbmim-PF6 andbmim-BF4 pene-

tratingthroughthelamellarphase.
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Animportantareaofgreenchemistryisthere-
placementofhazardoussolventsinchemicalprocesses.
Ionicliquids( ILs), astheprimarycandidatesforsuch
greenreplacementsolvents, havebeenextensivelyin-
vestigatedformanyapplications.However, theforma-
tionofsupramolecularassembliesrelatedtoILsremains
tobeexploredandhasbeenattractingincreasinglyin-
terestsinboththechemistryofionicliquidsandsupra-
molecularassembliesofamphiphilies

[ 1]
.Inthiswork,

lamellarliquidcrystalsformedinBrij97/ water/
bmim-BF4 andBrij97/water/bmim-PF6 systemswere
investigatedusingsmallangleX-rayscattering( SAXS)
andrheologicalmethods, tofindanynewpropertiesbe-
tweenthem.

1　Experiments
1.1　Materials.

ThenonionicsurfactantBrij97 ofpurity>99%
waspurchasedfromSigma-Aldrichandusedwithout
furtherpurification.Ionicliquidsbmim-PF6 andbmim-
BF4 werepreparedusingtheproceduresthesameasour

previouswork
[ 2]
.

1.2　Experimentmethods
Thelamellarsampleswerepreparedandstabilized

accordingtoliterature
[ 2]
.

Small-angleX-rayscattering( SAXS) wereper-
formedonaHMBG-SAXX-raysmallanglesystem,
andrheologicalmeasurementswerecarriedwitha
HAAKERS75 rheometer, asdescribedpreviously

[ 3]
.

Thelamellarstructuredimensionswerecalculatedusing

theequationsreported
[ 3]
.

2　Resultsanddiscussion

Accordingtothereportedphasediagrams
[ 2]

, three

lamellarliquidcrystalsamplesLα1 ( Brij97/ water),

Lα2 ( Brij97/ bmim-BF4 / water) andLα3 ( Brij97/
bmim-PF6 /water) wereprepared.Thecompositionsof

thesamplesare80 /20, 76/4 /20and76 /4/20 respec-

tively.DynamicrheologyandSAXSinvestigationson

thelamellarsamplesaremadecomparatively.

2.1　Microstructure
FromSAXSdatalistedinTable1, Itisseenthat

atthesamewatercontent, thevalueofaSisinorderof

Lα3 >Lα2 >Lα1;whilethevaluesofdW followsLα2 >

Tab.1　Characteristicparametersforthelamellarphases

Lamellar

phase

d

( )

d
W

( )

d
apolar

( )

aS

( 2 )

Lα1 55.72 36.5 19.2 52.0

Lα2 56.52 37.9 18.6 53.7

Lα3 55.72 37.3 18.4 54.2

　　Note:aSistheeffectivecrosssectionalareapersurfactantatthein-

terface;dapolaristhethicknessoftheapolardomainanddWthepolardo-

main.
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Lα3 >Lα1.SinceaSusuallychangesveryslightlywith
thesurfactantconcentrationwhenthetypeofliquid
crystalisunchanged

[ 4]
, thesedifferencesshouldbere-

latedtothewaysofbmim-PF6 orbmim-BF4 penetrating
throughthelamellarphase.

ItisclearthatthereisanincreasebothinaSand
dW forLα2 andLα3 comparingtoLα1, reflectingthat
bothbmim-BF4 andbmim-PF6 aresolubilizedinthehy-
drophilicdomainofthelamellarphases.Alsofromthe
microstructureparameters, itisreasonabletoconclude
thatbmim-BF4 ismainlylocalizedinthewaterlayerof
thelamellarphasesandresultinginalargervalueindW
( Lα2 >Lα3 ) , whereasbmim-PF6 isdominantlypene-
tratedbetweentheEOchainsofBrij97 molecules
whichcausingalargervalueinaS ( Lα3 >Lα2 ).
2.2　Dynamicrheologicalbehavior.

Moreinformationonthenetworkstructureofthe
lamellarphasescanbeobtainedfromsmallamplitude
oscillatoryshearmeasurements.Thefrequencydepend-
enceofbothstoragemodulus( G′) andlossmodulus
( G″) forthelamellarliquidcrystallinesamplesare
demonstratedinFigure1.

Fig.1　Dynamicrheogramsforthe
lamellarsamplesat25 °C

　　FromFig.1, twodifferentmechanicalspectrum
areshownbythelamellarphasesinvestigated.Lα1 and
Lα2 arecharacterizedbythesametypeofmechanical
spectrum, typicalgel-likerheogram.Therheogramof
Lα3 isobviouslydifferentfromthatofLαí andLα2.The
slopeofthefrequencydependenceofG′isfarsharper,
asaconsequenceittendsto“crossover” G″atlowfre-
quency, andexhibitsfluidlikeviscoelasticpropertyto
someextent.

3　Conclusions

( 1) SAXSdataindicatedthatbmim-PF6 isdomi-

nantlylocatedbetweentheoxyethylenepartofsurfac-
tantandbmim-BF4 ismostlysolubilizedinthewaterar-
ea.

( 2) Thefrequencysweepspectrumofbmim-BF4

containinglamellarphaseistypicalgel-like, whereas
thebmim-PF6 containingoneshowsviscoelasticityto
someextent.
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摘　要:利用小角 X射线散射和小幅振荡实验研究了 Brij97/H2O/ bmim-BF4和 Brij97/H2O/bmim-PF6体系层状液晶的微

观结构和动态流变性质。结果表明两层状液晶体系分别表现 gel-like和 fluid-like的动态流变行为, 而且 bmim-PF6和 bmim-

BF4增溶在液晶结构的不同位置。
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