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Framework and Non－FrameworkCation Ordering Phenomena

John M．Newsam

Molecular SimulationsInc．

Theinterplay between short－andlong－rangeinteractionsleads tointeresting phenomena，

both with zeolite constituents as wellas with those researching them．In considering over

adecadeofinteractionswithProf・Takaishiandhiswork，Ontheoccasionofhis77thbirthday，

itis the number ofoverlapsin the paths that our separate researchinterests have fol10Wed

thatis perhaps most notable．Itis a privilege to have the opportunity to recount some of

these overlapsin a personalfashion and，in so doing，tO eXPreSS my reSPeCt for Prof．

Takaishiand my appreciation for the many fruitfulideas he has already contributed；Iam

Certain there willbe many more．

Keywords：Aluminumdistributions，Si－29NMR，gal10Silicates，nOn－什ameworkcations，StmCture

design，mOlecularsimulation

Althoughindirect overlaps came earlier，aS

notedbeneath，my伽stdirect，yet Stil110ng柑nge

interaction with Prof．Takaishioccurredin1987，

immediately followlng his analysIS Of aluminum

distributionsin zeolite omegal）．Having just

COmPletedastructuralstudyoft11eMAZ－什amework

gallosilicate analog of zeolite omega2），We had

SCrutinizedalsoaluminosilicate3－4）andgal10Silicate5）

LTL－framework materials uslng POWder neutron

diffraction．Of particularinterest were the

distributions of the framework cations．While

29SiNMRhadalreadyyieldeddetailedinformation

On thelocalorderings of aluminum and gallium

in FAU－framework materials such as zeolite X

andY andtheirgallosilicatecounterparts6〉，these

StruCtureS bave but a single unique T－Site（T＝

Tetrahedralspecies，SiorAl）．Zeoliteomega（MAZ－

framework）and L（LTL－Fig．1）possess two，

With averagelocalenvironments that are similar

inL，butquitedif托rentinomega．Thus，払rexample，

theSト2Albandpositionsinthe29siNMRspectrum

9685ScrantonRoad，SanDiego，CA92121，U．S．A．

OfLoverlapclosely，Whilethoseinomegaareo抒set

什om each other by severalppm．The di肘action

data on the LTL－托amework materials provided

information on the partitionlng Of aluminum3）or

gallium5）0VerthetwoinequlValentT－Sitestogether

With good geometricaldata・We then applied a

PrO鎖1eanalysISmethod，alreadywellestablishedfor

analysisofpowderdi肘actiondata，tOthe29SiNMR

SPeCtrum7）tohelpinterpretationofthedetails・The

Peak positions for both zeolite omega and zeolite

L，COmPuted on the basis ofour analyses of tbe

geometrica18）andcompositiona19）dependenciesof

the29Sichemicalshiftsagreedencouraglnglywell

With experimentlO）．

We were，tO SOme degree，Satisfied，but

Prof．TakaishiwasimmediatelylntereStediIl

extracting stillmore from the data．At his direct

instigation，We aPPliedprofile analysis to the29Si

NMR spectrum ofgallosilicate zeoliteL．We did

not，though，eStimate Si－〃Gapeakpositions asthe

data on the compositionaldependence ofthe29Si

Chemicalshiftsin FAUイramework gallosilicates，

thebasisforquanti付ingthedeshieldinginnuence

Of first and second neighbor gallium atoms，WaS
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Fig・1The LTし什amework structure drawn so as to

illustrat¢the10bein the one－dimensiona112－dng

Channels（right），the two crysta110graf血ically

inequivale爪t T－Sites and the accepted numbering

ofthe什ameworkconstituents（a触r4））．

muchsparser（Fig．2）．Amedwiththealuminosilicate

and gallosilicate data，Prof・Takaishideveloped a

detailedanalysisofthe10Calaluminumandgallium

Orderings that reproduced wellthe experimental

SトnAland Si一〃Gaintensitiesll〉．He also used

similarmethods
to consideraluminum distributions

in mordenite12），in zeolite X13），in analcimes14），

inZK－19andchabazite15），SOme Ofwhich results

were highlightedin this same publication16），and

in mordenite12）．In thelattermost study Prof．

TakaishiproposedalimitingcompositionofSi4Al

払r5－ring units．

Theddversofmeasuredaluminumdistributions

havebeenveryintensivelystudied・Loewenstein’s

mle ofA1－0－Allinkage avoidance was known to

be followedinvariablyin Si：Al＞1materials

PrOduced by hydrothermalcrystallization・The

role of’Dempsey■s rule’of AトOISト0－AIsecond

neighboravoidancewaslessclear，andtheanalysis

of Takaishiet a1．of mordeniteindicatedit to be

inconsequentia117）・Here，agaln，Ourinterests

intertwined，but from quite different directions・

Rather than detailed analyses of combinations of

localcon凸gurations，inourworkweleveragedthe

burgeonlng POWer Ofdirect computer simulation・

WeexploredhowLoewenstein－sruleandDempsey’s

mlewouldbemanifestedinaluminumdistributions

in LTA andFAU－什amework zeolites as a function
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Fig．2 Thequantitativedeshieldingin爪uenceofsecond－

neighbor gallium atoms can be extracted from

the distinct variationsin th¢29Sichemicalshi銃

Of silicon atoms with O，1，2，3and4first

neighbor gallium atoms，in FAU一托amework

ga110Silicates（for more comf〉1ete data on

aluminosilicates see9））．

OfSi：Alratio．Takingperiodicmodelsoftheactual

framework topo10gleS，an eXtenSion of f汀eCurSOr

work based on cubic and diamondlattices18），We

used simulated annealing to optimize aluminum

distributionssu叫ectto variablyweightedfirstand

SeCOnd neighboravoidance19・20）

As wouldbe predicted什om Prof．Takaishi－s

analysesof10Calorderings，theexperimentalSト〃AI

POPulations could not be reproduced satisfactorily

by these random simulations19）・The aluminum

distributionsinzeolitesoftypeXaremoreordered

thatwouldbedevelopedsolelythroughapplication

OfLoewenstein－sandDempsey’smles・Prof・T水aishi

explored the concept that the details ofa zeolite

materialmight，infact，COnVeylnSightintocertain

ofthemolecularcontroIsatsynthesis21），aCOnCePt

also deve10Pedin Melchior’s detailed analysIS

of aluminum distributionsin FAUイramework

materials22・23〉

Aluminumdistributionswa汀antSCrutiny，glVen

the slgnificantimpact they have onintrinsic

PrOPerties．Prof．Takaishi，for example，has

COnSidered the acidityln ZeOlite L24）and the

distribution of non－什amework cationsin systems

such as sodium zeolite
A25）and analcimes14）



（13） vol．16，No．3（1999）
101

Fig・3 Twoc昭eSSuitable払rconstructlngZeOlite什ameworks，drawnasinterconnectedT－atOmnOdes，bothofwhich

havetwo7－memberrings（highlightedwithsphe化S）andねcesymboIs4241728〃（和＝11拍，乃＝2right）・Theたすdcage

〈1eft）has been descri如d byJ．Ⅴ．Smithin his compilation ofpolyhedra and cages（J・Ⅴ・Smith，Private

communication1994）．The cage at right has not，tO the best ofthe author’s knowledge，be¢n CategOrized

previouslyand，havinga77motif，isof托redhereasthe”Takaishicage’’・

Thelatter什ameworktyperepresentsanotheroverlap

POint，havingbeen the su叫ect ofcrysta110graPhic

Studies26）．Aparticularlyinterestingcaseissodium

ZeOlite X，glVenits complexity，the role ofnon－

framework cation placementin determining

PrOPerties，andthedataavailableoncrystallographic

sけuctures and on aluminum distributions．Prof．

Takaishiconsidered which sites would be the

most favorable for non一什amework sodium cations

glVen aSSumedlocalaluminum distributions・For

sodium zeolite
X he obtained good agreement

withtheaverageddi肘actionresults27）・Ourrelated

Pathin this area，beyond adding to accumulated

CryStallographic
knowledge，WaS tO deve10P

simulationprotocoIsthatwouldbeabletoautomate，

reliably，this prediction ofnon一什amework cation

con鎖guration．AppliedfirsttozeolitesLi－A（BW）28）

肌dA28，29），thenalsotozeoliteX30），themethodology

hasbeenimprovedsubstantially31）andappearsto

havebroad applicability・Itmayindeed provide a

usefulvehicle，SOughtbyProf・Takaishi，払rrelating

measured non－framework configurations to

什amework cation distributions．

Short rangeinteractions had opportunity to

OPeratein1990，atthetimeofthe‥Chemistry of

Microporous CrystalMeeting‖in Tokyo，WhenI

爪nallyhadtheopportunitytomeetProf・Takaishi

in person and to e叫Oy both scient泊c and social

discussions．Thelatter，Iwellrecall，COntinuedover

severalhours andlocales．

Our overlaps predate，though，the first

COmmunications and meetings．Our recent

COIISideration，analyticallyandbysimulation，Ofthe

effbct of varylr噌COnCentrations ofpore－block昭e

inト，2－and3－Dporesystems32・33），StePS伽mly

in the footprintsleft earlier by Prof・Takaishi

Who，SOme20years ago now，aPPliedpercolation

theorytozeoliteAwithvarylngdegreesofcalcium

substitutionねr sodium34）and potassium35）・A

long－Standinginterestin developlng methods to

Simulatethebehaviorofsoねateswithinmicroporous

CryStals36），reSOnateS With Prof・Takaishi－s recent

con5iderationsofthein爪uenceoflocalenvironment

on the clustering of dioxygen molecules37，38）

WithananalysISOfpossiblepolyhedralconstituents

Of zeolite frameworks（Fig．3），Simulation also

PrOVides a route to virtuallibraries of zeolite

StruCtureS．

While never having had the opportunity to

be a formalcollaborator，these many overlaps

evidence that my own researchinterests have

followed closely those of Prof・Takaishi・Based

On this close alignment ofinterests over the past

decadeorso，IcanonlyguessthatProf・Takaishi

isnowintriguedbytheapplicationofcombinatorial

andhighthroughputexperimentationtecbniques39，40）
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toopportuれitiesinzeolitescie爪Ceandapplication・

Ilook forward to stim山ating discussions with

himonthistopIC，an aPPrOPriatelyexpansive one

with whicb to start the next mi11ennium．
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