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Spatiotemporalpattemsofchemicalwavepropagationintheassembliesofninecation-exchange 
beadsloadedwiththecatalystferroinofBelousov-ZhabotinskyreactionarereportedThebeadsare 
immersedinthereactionmixture，onwmchperiodicchemicalwavesareemerged、Inthebead

assembUes，abmptchangesofimtiationsiteanddirectionoftheperiodicchemicalwaveswere 
observedlnsomecases，itwasobservedthattransientoscillationcessationsandthefO11owing 

rotatingspiralwaveoccur,oI997Amerjcα"肋s伽req/P/u)'sics.[SOO21-9606(97)51708-9］

ｏｎｅｂｅａｄＴｈｅｖｉｄｅｏｉｍａｇｅｓｆＯｒａｎｅｘａｌnpleofthebeads 

assemblyintheunstablesynchronizationstatesareshownm 
FigLInonesynchronizationmode[Figl(a)],theimtiation 
siteandthedirectionofperiodicchemicalwavesdidnot 

changefOrabouttwentytimesHowever,hsmodechanged 
abruptlytoanothermode[Fig.１(b)]whichthencontinued 

RecenUy，catalyst-fixedgelshavebeenextensivelyusedto 

studyspanotemporalpatternsexhibitedinchemical 
reactions・'－４Strikingstudiesmtmsareaarethestudies5-7by
MaselkoandShowalter・Intheirsmdies,theferroincatalyst

intheBelousov-Zhabotinsky（BZ)reactionwasinⅢnobi‐ 

Uzedoncation-exchangebeads、Theystudiedthechemical

wavepatternsonthesphericalsurfaceofasinglebeadandin 
thethinlayersofthebeads・Withthesameexperimental

system，wehaveexaminedthesynchronizationofthreeto 
nmebeadassembliesinoscillatorystates､８，９１tisthoughtthat 
thisexperimentalsystemprovidesusefUlmodelsfOramod-
eratenumberofcoupledoscillatoryorexcitableelements,ｏｆ 
ｗｈｉｃｈｄａｔａｉｓｓｔｉｌｌｌａｃｋｉｎｇｄｕＱｔｏthemanydifficultieswith 

experimentsHere，wereportthedynamicbehaviorsofas-
sembnesofmnebeads､Weobservedunstablesynchromza-

tionstatesinwhichthewaveimtiationbeadtemporally 

changeslnsomecases，itwasobservedthattheunstable 

synchronizationstatewithtransientoscillationcessations 

switchesabruptlytoastablerotatingspiralwave 

Ourexperimentalsystemisahnｏｓｔｔｈｅｓａｍｅａｓｔｈａｔｏｆ 
ＭａｓｅｌkoandShowalter5-7anddescribedinourearUer 

reports8，gCation-exchangebeads（DOWEX，S0W-X2） 
loadedwiththecatalystferroinwereimnersedintheBZ 
solution・TheinitialconcentrationsoftheBZreactantswere

asfOUows:potassiumbromateO・ZMmalomcacidO､４Ｍ;
sulfUricacidLOM・Theimtialfelroinamountoftheloaded

beadswas３．６×１０~４mol/gbeads・Ｔｈｅｂｅａｄｓｗｉｔｈｓｏｍｅｍａ－
ｍpulationapproachedeachothertofOnnanassemblyof 
ninebeads、Thepositionsofmnebeadswerefixedinan

expenmentalrun・Ｓｏｍｅｂｅａｄｓｔｏｕｃｈｅｄａｎｄｓｏｍｅｂｅａｄｓｄｉd
nottouchbutwerecloselylocated(＜50ﾉum)Chencalwave 

propagauonswereobservedbyaninvertedlnicroscope 
coupledtoaCCDvideocameraandmomtoredasthechange 
ofthetransnttedlightintensityfOrsomebeadsinabead 

assembly・AtthesaInetne,thechencalwavepropagations
andthecorrespondingchangesofmnebeads，colorwere 

recordedwithatime-lapsevideorecorder、Measurements

wereperfbmledatroomtemperatures(22±２°Ｃ)． 
Bothstableandunstablesynchromzationstateswereob-

servedInthestablesynchromzationstates,theimtiationsite 

ofchemicalwavespropagatmgperiodicallywerefixeｄｔｏ 
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FIGLAbrupttransitionfromonesynchronizationmode（a）toanother 
mode(b).I､(a),achencalwavestartedfrombeam(1)andpropagatesover 
themnebeadsassemblyandthatwasrepeatedIn(b),themtiationsitewas 
bead(2).(c)showsthetransmittednghtintensitiesandthenghtmtensity 
differenceasafUnctionoftimefOrthetwobeads[(1)and(2)]・Thearrow

denotesthetransitionpoｍｔ． 
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ⅢG､２.Thetransitionfromtheunstablesynchromzationstatewithoscillationcessationstospiralwaverotation.(a)TransmittedUghtintensiUasafilnction 
oftimefbrasinglebeadofninebeadsassemblyinanunstablesynchronizationstatewithoscillationcessation・Oneregion(★)oftheunstablesynchromzation
stateisenlargedandshownin(b).Thetimepointsdenotedbynumbers(1),(3),(4),and(5)correspondstotheimages(1),(2),(3),and(4)of(c),respectively． (d)showsspiralwaverotation[see(a)]emergedinthesamebeadsassembly． 

fbrseveraltimesatleast・Figulel(c)showsthetra1iSmttedbeadandpropagatedoverthebeadassembly・Justafterthe
lightintensitiesandthelightintensitydiffelenceasafUnc-singlebluebeadchangedthecolortored,theunstablesyn‐ 
tionoftimefbrtwobeads(beadl,bead2)inthebeadassem‐chromzationwithoscmationcessationsemerged・Onereglon
blyofFigs､１(a)andl(b).TheaIrowdenotesthetimepoint［(★)ｍFig.２(a)]intheunstablesynchromzationstatewith 
ofthetransitionfromoncsynchromzationmode[Fig.１(a)］oscnlationccssationsisenlargedinFig.２(b)andthecolre‐ 
toanothermode[Fig.１(b)]．spondingvideoimagesareshowninFi9.2(c)Onechemical 

lnsomeexperimentalrunsweobselvedthattheunstablewave[thealrow(1)ｉｎＦｉｇ２(b)andtheimage(1)ｍＦｉｇ・
synchromzationstateswitchedtoastablewaverotationFig-2(c)]startedfromonebead[bead(3)ｍＦｉｇ２(c)］Inunedi-
ure2(a)showstransmittedUghtintensityasafimctionofatelyafterthat,secondwavc[thealrow(2)ｍＦｉｇ２(b)］ 
timefbrasmglebead[bead(1)inFig.２(c)]ofabeadas-startedfrombead(1)ｉｎＦｉｇ２(c)(thecoIrespondingimage 
sepddlyeXhibitingtheswitching,Thecolorofbeadsim‐notshown).TYletwosequentialchemicalwavespropagating 
mersedintheleactionsolutionwasdarkbluefbraninduc-fromdifferentbeadsresultedinthetransientcessationsof 
tiontime(<２h).Afterthat,thebead，scolorchangedtobeoscillationinallbeads[theaｴrow(3)ｉｎＦｉｇ２(b)andthe 
redandperiodicchencalwavestartedtopropagateTheimage(2)ｉｎＦｉｇ２(c)],whichalsobecameshauowblue､It 
inductiontimefOreachbeadwasdifferent・ＩｎＦｉｇＺ(a),ｉｎwasfbllowedthatthecentralbead[bead(4)ｉｎＨｇ２(c)］
謡辮H鰯繍.鰐鷲騨:hf(\聾tiRP§写EWiii>ミゥHIih藁遮ＣＭ;fPt炎tfflH:ｌａＨｉ::;臓峨臘継
cmationcessations,asinglebead[bead(2)ｉｎFig.２(c)］image(3)ｉｎＨｇ２(c)]andfinallyallthebeadschangedtheir 
whichpelRhapshadlongerinductiontimestayedtobebluecolorstored[thearrow(5)ｍＦｉｇ２(b)andtheimage(4)m 
andtheothereightofmnebeadsalreadychangedthecolorsFi9.2(c)]､Thisrepeatedseveraltimes・Atonepomtintime
tored・Periodicchemicalwavesstartedfromthesinglebluedulingtheunstablesynchromzationstate，ｔｗｏｃｈｅｎｃａｌ
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wavesstartedfromdifferentbeadsbrokeintoeachotherand 

astablerotatlngspiralwaveabruptlyocculredFigure2(｡） 
showstherotatingWavefOroneperiod・Thedirectionis
counterclockwise・

Intheorigmalstudywithcation-exchangebeadsbyMa-

selkoandShowalter,６ｉｔｈａｄｂｅｅｎｒｅｐｏｒｔｅｄｔｈａｔａｃircular 
wavepatterninthethinfilmofferroinloadedcation‐ 

exchangebeadsgraduaUytransitstoanlrregularpattemwith 

anmcreasingBrO30rH2SO4concentrationinthereaction 
solution・Thefirstirregularpatternwithincreasedconcentra-

tionsbecamethetargetpatternandhadaspiralcenter・Our
observationofthetransitionfromtheunstablesynchroniza-

tionstatetothespiralwaverotationnghtprovideaninsight 

totheoliginofthespiralcenterinthetargetpatternobserved 
byMaselkoandShowalter，althoughtheH2SO4concentra-

tlonwasmuchmgherinourexperiments、

ＷｅｎｏｗｈａｖｅnoexplanationsfOrthecomplexdynanuc 
behaviorasshowninFig2(c).Thebehaviorsin1artotran‐ 
sientcessationsofoscnlationinabeadassemblywasalso 

obselvedinourprevioussmdy9ofthreebeadsdistlibutedin 
atriangularfbrmnotincontactwitheachotheLWeob-

servedonlythetransientcessationsofoscillationwhereall 
thebeadsareredandnotthestatewhereallthebeadsare 

shallowblue・Ithadbeensuggestedthatreversibleswitching

betweenoscillatoryandexcitablestatesofthebeadsnght 
occur・Ourobservationoftheunstablesynchronizationstate

withthetransientcessationsofoscillationsmightbeinherent 

mcouPledoscnlatoryand/orexcitableelementslnaddition， 

theH2SO4concentrationwasverymghinourexperiments， 
ThehighH2SO4concentrationresUltsintheferroin，sdisso‐ 

ciationfromthebeadsandthedecompositionoftheferrOin 

inthereactionsolution､Thus,thecoupUngstrengtllamong 
thebeadsandthenativeperiodsofeachbeadsarethOughtto 
changegradually・Theunstablesynchromzationstatewith

theosciUationcessationsmightbealsoresponsiblefOrthe 
felroindissociatiOnanddecomposition・Ｔｈｅdynanncbehav-

iordependentontheH2SO4concentrationmthereaction 
solutionshouldbepursuedfUrthertoexamnethecauseof 

theunstablesynchromzationandthatstudyisｎｏｗｍｐｒｏ－ 
ｃｅｓｓ・

Experinlentalresults[Fig.１(c)andFigs､2(a)and2(b)in 
thetext]werevisualizedwiththesoftwareWolframRe‐ 
search，Ｍ、/ＺｅｍａｒｊｃａＪＷｅｔｈａｎｋＭｒ・BobServeterfbrhis

calefUlreadingofthemanuscript． 
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