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of his 70th birthday

The morphology of freshly preparedas well as of aged cadmium dodecylbenzene-
sulphonateprecipitatesshowedsignificantdifferencesbetweenthe crystallineandliquid
crystallinesamples,asshown by transmission-,andscanningelectronmicroscopy at room
temperature.Sincewater evaporatedfrom the samplesduring the investigation,the re-
mainingmaterialfrom the liquid crystallinephasegave dataon theshapeandsizeof the
aggregates.It wasshown thatelectronmicroscopy at roomtemperaturegivesusefulinfor-
mationon thelyotropic liquid crystallinephases,presumingthephysicalparameterswere
comparedwith someothertechniques,suchasX-ray diffractionandlight microscopy us-
ing crossedpolarizers.

1. Introduction

Precipitationinteractionsbetweenheavy metal ions andsurfactantsin aqueoussolu-
tionsfind their importancein many aspectsof application,e.g.,in environmentalprotec-
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tion of naturalwaters.The dynamicsand the formation of crystallinesolid, as well as
of liquid crystallinephases,from thehomogeneoussolutionsdueto thereactionbetween
dodecylbenzenesulphonicacid(HDBS) (thathasbeenusedin theindustrialandin house-
hold detergents)andmetalionswereinvestigatedearlier[1-3]. It wasshown thatkinetics
of both phases,crystallineand liquid crystalline,is different; indeed,it dependson the
concentrationrelationshipbetweenthereactingcomponents[4].

It is known that the surfactantmoleculesform amphiphilicaggregates,whosestruc-
tures dependon surfactantconcentrationin the solution. The structuresbuilt by am-
phiphilic moleculesin the presenceof wateraredifferentfrom classicalmolecularcrys-
tals.Themicellesof variousshapes,liquid crystals,spongephases,bicontinuousphases,
vesicles,microemulsions,andcrystallinesolidswerefoundin thebinarysurfactant/water
systems,andin many-componentsystems[5-7]. AlthoughFournier[8] describedrecently
the way in which focal conicunits of lamellarphasesassembleto give largerstructures,
thesestructureshave alreadybeenunderstoodby Sir W. Bragg [9]. Although the focal
conicarrangementshave beenstudiedin smecticphases[8,9], thesamestructurescanbe
appliedto lamellarphases,while suchtextureshavebeenfoundalsoin theviscoussamples
of lamellarphasesseparatedfrom supernatantsolutions.

In thiswork, theshapeandsizeof bothphases,crystallineandliquid crystalline,were
investigatedusingtransmission-(TEM) andscanningelectronmicroscopy (SEM);in addi-
tion, thestructuralpropertiesof phaseswererepresentedby X-ray diffractionpatterns,and
by texturesfrom light microscope(LM) equippedwith crossedpolarizers.Theresultscon-
cerningliquid crystallinestructureconfirmedtherecentinvestigationusinglight scattering
technique[10]. Thegoalsof theinvestigationrepresentedherewereto provethepossibil-
ity of EM identificationof lyotropic liquid crystallinephasesat roomtemperature,aswell
as to show the differencebetweenliquid crystalsandcrystallinesolid by usingthe EM
techniques;in addition,we intendedto emphasisetheconformityof determinationof the
structuresrepresentedby EM observationwith theresultsachievedwith othertechniques.

2. Experimetal

The samplesfor TEM, ZeissEM 10 A, and for SEM, CambridgeStereoscan600,
werepreparedby mixing solutionsof cadmiumnitrateandHDBS.All measurementswere
performedat roomtemperature.

Requiredconcentrationsfor the formation of liquid crystals from solution were:
[Cd(NO3)2] � 5 � 0 � 10� 3 mol dm� 3, [HDBS] � 1 � 0 � 10� 2 mol dm� 3, while thosefor
the nucleationof crystalswere equimolar, i.e., both reactingcomponentsamountedto
[Cd(NO3)2] � [HDBS] � 5 � 0 � 10� 3 mol dm� 3. TheX-ray diffractionpatternsof thehet-
erogeneoussystemswereobtainedusinga standardSiemensX-ray diffractometerwith a
counterandSi-crystalmonochromatizedCuKα radiation.

Identificationof liquid crystallinephasesandcrystallinesolidswereperformedon a
Leitz Wetzlarlight microscope(LM) with polarizingequipment.Sampleswereprepared
by puttingthecolloidalsuspensionfrom atesttubebetweentheobjectiveandcoverglass.
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3. Resultsanddiscussion

Thedifferentappearanceof crystallineandliquid crystallinephasesis shown in SEM
micrographsin Figs.1a-band2a-b,respectively.

Fig. 1. SEM photomicrographspresentingthecrystallinesolid of Cd(DBS)2: a) oneday
afterpreparationof thesample,bar � 6 µm; b) sampleagedtwo months.Bar � 9 µm.

Fig. 2. SEM photomicrographsof the liquid crystallinephaseof Cd-dodecylbenzene-
sulphonate:a) onedayafterpreparationof thesample,Bar � 4 µm; b) sampleagedtwo
months.Bar � 6 µm.

Thesampleswereobservedonedayandtwo monthsafterpreparation.At theconcen-
trationsof HDBSandcadmiumnitraterequiredfor theformationof thecrystallinephase,
a greatnumberof crystalnuclei from thesolutionform muchfasterthanthe liquid crys-
tallinephase.After severalmonths,all crystalinesolidrepresentedin Fig.1bagglomerated
into a compactphaseof largeclusters.
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Fig. 3. Photomicrographsfrom polarizationLM: a) crystals(dark),b) liquid crystals(ex-
hibitingopticalbirefringence),onedayafterpreparationof theCd-dodecylbenzenesulphonate
samples;crossedpolarizersandλ plate.Bar � 140µm.

Fig. 4. Photomicrographfrom polarizationLM of NaDBScrystalsshowing birefringence
undercrossedpolarizersandλ plate.Bar � 50µm.

An equilibriumregardingthesizeandtheshapeof theglobular liquid crystallinepar-
ticlesis reachedafteroneday, andthesystemdoesnot changemuchwithin a periodfrom
onedayuntil severalmonths(Fig. 2a-b).Thesizeof the liquid crystallineglobular parti-
clesamountedto

�
472 � 84	 nm afteroneday, and

�
661 � 160	 nm two monthsafter the

preparationof thesystem.Theparticlesizeswereestimatedfrom 30 determinations.The
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measuredsizesof both, theaggregatedandthe”free” particlesin a solution,arein good
agreementwith thosemeasuredearlierby dynamiclight scattering[10].

The formationof lamellarphases,as followed by LM, is alwaysexhibited by opti-
cal birefringence,as it is shown in Fig. 3b. This effect is not alwaysobserved for solid
crystallinephase.In Fig. 3a,anexampleof a ”dark” crystallinephasewith noopticalbire-
fringenceis represented.On the contrary, a well-orderedsurfactantcrystallinephaseof
otherdodecylbenzenesulphonatescanexhibit opticalbirefringenceasit is shown in Fig. 4.
Thecrystalsshow a hexagonalshape.

CorrespondingTEM micrographsshown in Fig.5 arelessindicative,but thehexagonal
contoursof thecrystallizedsamplearealsoshown.

Fig. 5. TEM photomicrographof theCd(DBS)2 crystalsonedayafterthesampleprepara-
tion. Bar 
 0 � 7 µm.

The liquid crystallinesamplesof other alkylbenzenesulphonatesurfactantsin elec-
trolytic solutionsalsoshow birefringenttexturesasobservedby usingLM equippedwith
the crossedpolarizers.Indeed,the characteristictextures,all of them belongingto the
lamellararrangement,canbe seenin Figs. 6a-b. In Fig. 6a, the lamellardropletsin the
solution(at thetop), thefanshapedtextureasformedof thechainsof droplets(at theleft
side)andfocal conicssimilar to thearrangementof a setof focal coneswithin a polygon
obtainedby crossedpolarizersalreadyby Sir W. Bragg[9] (in themiddle),arerepresented
for theAl-dodecylbenzenesulphonatesample.Muchbetterexampleof the”polygon” focal
conicarrangementis shown in Fig. 6b for theNi-dodecylbenzenesulphonatesample.
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Fig. 6. Photomicrographsof the lamellar phasesof the electrolyte/dodecylbenzene-
sulphonatesystemsfrom LM: a) aluminium, crossedpolarizersand λ plate; b) nickel,
crossedpolarizerswithout λ plate.Bar � 50 µm. Fig. 7. X-ray diffractionpatternof Cd-

dodecylbenzenesulphonate liquid crystallinephase.Y-axes: intensity in arbitrary units,
X-axes:diffractionanglein degrees.
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Thearrangementof self-associatingsurfactantmoleculeswastestedby determination
of theX-ray diffractionpatterns.TheX-ray diffractionpatternscontainseveralordersof
sharpmaximaat low angleswhich confirmthattheliquid crystallinephaseis lamellar, as
it is seenin Fig. 7. In addition,it canbeseenin Fig. 8 thatcrystallinesolid showedalsoa
lamellararrangement.

Fig. 8. X-ray diffractionpatternof Cd(DBS)2 crystals.Y-axes:intensityin arbitraryunits,
X-axes:diffractionanglein degrees.

Theinterplanardistancefor lamellarphaseof Cd-dodecylbenzenesulphonateis found
to be 
 3 � 14 � 0 � 06� nm, andfor crystallinesolid it is 
 3 � 07 � 0 � 06� nm. For comparison,
the calculatedlengthof the linearC12-isomeris 2.65nm. It is quite understandablethat
the interplanardistanceof a crystallinephaseshows betteragreementwith thecalculated
valuethantheliquid crystallinephasedoes,sincethereis nohydrationlayeronthecrystal
surface,andonly theconstitutivewateroccurredto bewithin thesurfactantbilayers.

Themorphologyof phases,asinvestigatedusingEM, hasbeenimprovedwith diffrac-
tion dataandwith the dataobtainedby polarizationLM. For the future, it is plannedto
investigatethemicro-morfologyof phasesby usingEM selectedareaelectrondiffraction.
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KARAKTERIZACIJA LIOTROPNIHTEKUĆIH KRISTALA UPOTREBOM
TRANSMISIJSKEI ”SCANNING” ELEKTRONSKEMIKROSKOPIJE

Pri promatranjupomócu transmisijske i ”scanning” elektronske mikroskopije, mor-
fologija liotropnihtekúcihkristalakadmiumdodecilbenzensulfonata,kakosvjězepripreml-
jenog, tako i starenoguzorka, pokazujeznǎcajne razlike u usporedbis morfologijom
kristalnefaze.Budúci daistrǎzivanjeuzrokujeisparavanjevodeiz uzorka,obrisizaostalog
čvrstogmaterijalafazetekúcih kristalamoguindicirati oblik i veličinu čestica.Pokazano
je da elektronskamikroskopija pri sobnojtemperaturimože dati korisneinformacijeza
istrǎzivanjeliotropnih tekúcih kristala,ako sefizikalni parametrimogupotvrditi i drugim
tehnikama,̌stoje nǎcinjenoistrǎzivanjemdifrakcijeX-zračenjai svjetlosnommikroskopi-
jom uzukriženepolari- zatore.
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