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The morphology of freshly preparedas well as of aged cadmium dodeglbenzene-
sulphonateprecipitatesshaved significantdifferenceshetweenthe crystallineandliquid
crystallinesamplesasshovn by transmission-andscanningelectronmicroscopy atroom
temperature Sincewater evaporatedrom the samplesduring the investigation,the re-
mainingmaterialfrom theliquid crystallinephasegave dataon the shapeandsizeof the
aggreyateslt wasshowvn thatelectronmicroscoly atroomtemperaturgivesusefulinfor-
mationon thelyotropic liquid crystallinephasespresuminghe physicalparametersvere
comparedvith someothertechniquessuchasX-ray diffractionandlight microscopy us-
ing crossedolarizers.

1. Introduction

Precipitationinteractionshetweenheary metalions andsurfactantsin aqueoussolu-
tionsfind their importancen mary aspectof application,e.g.,in environmentalprotec-
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tion of naturalwaters. The dynamicsand the formation of crystallinesolid, aswell as
of liquid crystallinephasesfrom the homogeneousolutionsdueto thereactionbetween
dodeglbenzenesulphoniacid (HDBS) (thathasbeenusedin theindustrialandin house-
hold detegents)andmetalionswereinvestigatedearlier[1-3]. It wasshavn thatkinetics
of both phasescrystallineand liquid crystalline,is different; indeed,it dependson the
concentratiomelationshipbetweerthereactingcomponent$4].

It is known thatthe surfactantmoleculesform amphiphilicaggreyates,whosestruc-
tures dependon surfactantconcentrationin the solution. The structuresbuilt by am-
phiphilic moleculesin the presencef wateraredifferentfrom classicalmolecularcrys-
tals. The micellesof variousshapesliquid crystals,spongephasesbicontinuousphases,
vesiclesmicroemulsionsandcrystallinesolidswerefoundin the binary surfactant/vater
systemsandin mary-componensystemg5-7]. AlthoughFournier[8] describedecently
the way in which focal conic units of lamellarphasesassembldo give larger structures,
thesestructureshave alreadybeenunderstoodby Sir W. Bragg[9]. Although the focal
conicarrangementbave beenstudiedin smecticphase$8,9], the samestructurecanbe
appliedto lamellarphaseswhile suchtextureshave beenfoundalsoin theviscoussamples
of lamellarphaseseparatedrom supernatargolutions.

In this work, the shapeandsizeof bothphasescrystallineandliquid crystalline,were
investigatedisingtransmissionfTEM) andscanningelectronmicroscoly (SEM);in addi-
tion, thestructuralpropertieof phasesvererepresentetly X-ray diffractionpatternsand
by texturesfrom light microscop&LM) equippedvith crossegolarizersTheresultscon-
cerningliquid crystallinestructureconfirmedtherecentinvestigatiorusinglight scattering
techniqug10]. The goalsof theinvestigatiorrepresentetierewereto prove the possibil-
ity of EM identificationof lyotropicliquid crystallinephasesatroomtemperatureaswell
asto shaw the differencebetweenliquid crystalsand crystallinesolid by usingthe EM
techniquesin addition,we intendedto emphasis¢he conformity of determinatiorof the
structuregepresentetly EM obsenationwith theresultsachiezedwith othertechniques.

2. Experimetal

The samplesfor TEM, ZeisséM 10 A, and for SEM, CambridgeStereoscar600,
werepreparedy mixing solutionsof cadmiumnitrateandHDBS. All measurementsere
performedatroomtemperature.

Required concentrationdor the formation of liquid crystalsfrom solution were:
[CA(NO3)2]= 5.0 x 10-3 mol dm~2, [HDBS]= 1.0 x 102 mol dm~2, while thosefor
the nucleationof crystalswere equimolar i.e., both reactingcomponentsamountecto
[CA(NOs),]= [HDBS]= 5.0 x 10~2 mol dm~3. The X-ray diffraction patternsof the het-
erogeneousystemsvereobtainedusinga standardSiemensX-ray diffractometemwith a
counterandSi-crystalmonochromatize@€uKa radiation.

Identificationof liquid crystallinephasesandcrystallinesolidswere performedon a
Leitz Wetzlarlight microscopgLM) with polarizingequipmentSamplesvereprepared
by puttingthe colloidal suspensiofrom atesttubebetweerthe objectve andcover glass.
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3. Resultsanddiscussion

Thedifferentappearancef crystallineandliquid crystallinephasess shovn in SEM
micrographsn Figs.la-band2a-b,respectiely.

Fig. 1. SEM photomicrographgresentinghe crystallinesolid of Cd(DBS): a) oneday
afterpreparatiorof the sample par= 6 pym; b) sampleagedtwo months.Bar= 9 pum.

Fig. 2. SEM photomicrographef the liquid crystalline phaseof Cd-dodeglbenzene-
sulphonatea) oneday after preparatiorof the sample,Bar= 4 ym; b) sampleagedtwo
months.Bar= 6 pm.

Thesamplesvereobseredonedayandtwo monthsafterpreparationAt the concen-
trationsof HDBS andcadmiumnitraterequiredfor theformationof the crystallinephase,
a greatnumberof crystalnucleifrom the solutionform muchfasterthanthe liquid crys-
talline phaseAfter severalmonthsall crystalinesolid representeth Fig. 1bagglomerated
into acompactphaseof largeclusters.
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Fig. 3. Photomicrograph&om polarizationLM: a) crystals(dark), b) liquid crystals(ex-
hibiting opticalbirefringence)pnedayafterpreparatiorof theCd-dodeglbenzenesulphuate
samplescrossegbolarizersand\ plate.Bar= 140um.

Fig. 4. Photomicrograplirom polarizationLM of NaDBS crystalsshawing birefringence
undercrossegolarizersand\ plate.Bar= 50 pm.

An equilibriumregardingthe sizeandthe shapeof the globular liquid crystallinepar
ticlesis reachedafteroneday, andthe systemdoesnot changemuchwithin a periodfrom
oneday until sereralmonths(Fig. 2a-b). The size of theliquid crystallineglobular parti-
clesamountedo (4724 84) nm afteroneday, and (6614 160) nm two monthsafterthe
preparatiorof the system.The particlesizeswereestimatedrom 30 determinationsThe
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measuredizesof both, the aggrgatedandthe "free” particlesin a solution,arein good
agreementvith thosemeasure@arlierby dynamiclight scatterind10].

The formation of lamellar phasesas followed by LM, is always exhibited by opti-
cal birefringence asit is shovn in Fig. 3b. This effect is not always obsened for solid
crystallinephaseln Fig. 3a,anexampleof a"dark” crystallinephasewith no opticalbire-
fringenceis representedOn the contrary a well-orderedsurfactantcrystallinephaseof
otherdodeglbenzenesulphatescanexhibit opticalbirefringenceasit is shavn in Fig. 4.
Thecrystalsshov a hexagonalshape.

Corresponding EM micrographshavnin Fig. 5 arelessindicative, but thehexagonal
contoursof the crystallizedsamplearealsoshavn.

Fig. 5. TEM photomicrograplof the Cd(DBS) crystalsoneday afterthe sampleprepara-
tion. Bar= 0.7 ym.

The liquid crystalline samplesof other alkylbenzenesulphonatsurfactantsin elec-
trolytic solutionsalsoshaw birefringenttexturesasobsenedby usingLM equippedwith
the crossedpolarizers.Indeed,the characteristidextures, all of them belongingto the
lamellararrangementcanbe seenin Figs. 6a-h In Fig. 6a, the lamellardropletsin the
solution(at thetop), thefanshapedexture asformedof the chainsof droplets(at theleft
side)andfocal conicssimilar to the arrangemendf a setof focal coneswithin a polygon
obtainedby crossedolarizersalreadyby Sir W. Bragg[9] (in themiddle),arerepresented
for theAl-dodeg/lbenzenesulphon@sample Much betterexampleof the”polygon” focal
conicarrangemernis shavn in Fig. 6b for the Ni-dodeg/lbenzenesulphatesample.
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Fig. 6. Photomicrograph®f the lamellar phasesof the electrolyte/dodegbenzene-
sulphonatesystemsfrom LM: a) aluminium, crossedpolarizersand\ plate; b) nickel,
crossedgpolarizerswithout\ plate.Bar= 50 um. Fig. 7. X-ray diffraction patternof Cd-
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dodeglbenzenesulphomaliquid crystallinephase.Y-axes: intensityin arbitrary units,
X-axes:diffractionanglein degrees.
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Thearrangementf self-associatingurfactantmoleculesvastestedoy determination
of the X-ray diffraction patterns.The X-ray diffraction patternscontainseveral ordersof
sharpmaximaat low angleswhich confirmthattheliquid crystallinephases lamellar as
it is seenin Fig. 7. In addition,it canbe seenin Fig. 8 thatcrystallinesolid shovedalsoa
lamellararrangement.

T+ 7 T 1 1T T 1 T 1T~ T T 177

Intensity (arbitrary units)
i
T

0 E’T\.P PR SR RO U SN SN NN WA NSNS N S NN
9 8 7

6 5 4 3 2 1
Diffraction angle ()

Fig. 8. X-ray diffractionpatternof Cd(DBS) crystals.Y-axes:intensityin arbitraryunits,
X-axes:diffractionanglein degrees.

Theinterplanadistanceor lamellarphaseof Cd-dodeglbenzenesulphateis found
to be (3.14+ 0.06) nm, andfor crystallinesolid it is (3.07+ 0.06) nm. For comparison,
the calculatedength of the linear Cy2-isomeris 2.65nm. It is quite understandablthat
theinterplanardistanceof a crystallinephaseshavs betteragreementvith the calculated
valuethantheliquid crystallinephasedoes sincethereis no hydrationlayeronthecrystal
surface andonly the constitutve wateroccurredo bewithin the surfactantilayers.

Themorphologyof phasesasinvestigatedisingEM, hasbeenimprovedwith diffrac-
tion dataandwith the dataobtainedby polarizationLM. For the future, it is plannedto
investigatehe micro-morfologyof phasedy usingEM selectedareaelectrondiffraction.
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KARAKTERIZACIJA LIOTROPNIH TEKUCIH KRISTALA UPOTREBOM
TRANSMISIISKEI "SCANNING” ELEKTRONSKEMIKROSKOPIJE

Pri promatranjupomctu transmisijsk i "scanning” elektronsle mikroslkopije, mor-
fologijaliotropnihtekutih kristalakadmiumdodecilbenzensulfonatieako svjezepripremi-
jenog, tako i starenoguzorka, pokazujeznaajnerazlike u usporedbis morfologijom
kristalnefaze BudLEi daistrazivanjeuzrokujeisparaanjevodeiz uzorka,obrisizaostalog
Cvrstogmaterijalafazetekutih kristalamoguindicirati oblik i veliinu estica.Pokazano
je daelektronskamikroskopija pri sobnojtemperaturimoZe dati korisneinformacije za
istrazivanjeliotropnih tekutih kristala,ako sefizikalni parametrimogupotvrditi i drugim
tehnikamastoje naCinjenoistrazivanjemdifrakcije X-zratenjai svjetlosnonmikroskopi-
jom uz ukrizenepolari- zatore.
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